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Abstract: (1) Background: Urinary tract infections (UTI) are the most common infections after kidney
transplantation. Given the risk of urosepsis and the potential threat to the graft, the threshold for
treating UTI and asymptomatic bacteriuria with broad spectrum antibiotics is low. Historically
fluoroquinolones were prescription favorites for patients that underwent kidney transplantation (KT).
After the recent recommendation to avoid them in these patients, however, alternative treatment
strategies need to be investigated (2) Methods: We retrospectively analyzed the charts of 207 consecu-
tive adult kidney transplantations that were performed at the department of General, Visceral and
Transplantation Surgery of the University Hospital of Tuebingen between January 2015 and August
2020. All charts were screened for the diagnosis and treatment of asymptomatic bacteriuria (ASB) and
urinary tract infections (UTI) and the patients’ clinical characteristics and outcomes were evaluated.
(3) Results: Of the 207 patients, 68 patients suffered from urinary tract infections. Patients who devel-
oped UTI had worse graft function at discharge (p = 0.024) and at the 12 months follow-up (p < 0.001).
The most commonly prescribed antibiotics were Ciprofloxacin and Piperacillin/Tazobactam. To both,
bacterial resistance was more common in the study cohort than in the control group. (4) Conclusions:
Urinary tract infections appear to be linked to worse graft functions. Thus, prevention and treatment
should be accompanied by antibiotic stewardship teams.

Keywords: urinary tract infection; kidney transplantation; asymptomatic bacteriuria; fluoroquinolones;
antibiotic stewardship

1. Introduction

Urinary tract infections (UTI) are the most common infection in the early postoper-
ative phase after kidney transplantation (KT) [1,2]. The incidence of a UTI ranges from
4–80% [3–5]. UTIs are defined as the growth of 105 colony forming units on a proper urine
sample (i.e., morning urine, puncture urine or from sterile single catheterization) in the
presence of symptoms such as dysuria, urinary frequency or localized pain [6]. In contrast
to UTIs asymptomatic bacteriuria (ASB) is defined as the presence of ≥105 colony-forming
units of bacteria in the absence of symptoms [7]. Asymptomatic bacteriuria is encountered
in around 25% of KT recipients [8]. Thus, ASB is commonly screened for and treated in the
early posttransplant phase [9], even though there is ongoing controversy about the impact
of ASB and UTI on the overall patient and graft outcome [10–12]. Several studies have put
infections in the context of limited long-term graft function [13–15]. In transplant recipients
the threshold for treatment is commonly set lower due to the increased risk of septicemia
or atypical presentation due to immunosuppression. The incidence of UTI is assumed to
be lower in living donation kidney transplantation since these patients often have shorter
waiting time, higher volume urine output prior to and during transplantation as well as
early onset graft function [16].

A perioperative antibiotic prophylaxis is standard in KT. Overall very heterogeneous
regimens exist [17]. Since 2018 the European Association of Urology Guidelines recommend
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a single shot antibiotic prophylaxis based on a multicentric randomized trial [18,19]. The
most common pathogens found in urine samples after KT are Escherichia coli Enterococcus
faecalis and Klebsiella pneumoniae [6,17]. Gram-negative bacteria are usually more pathogenic
than gram-positive Enterococci. Fluoroquinolones were among the most common antibiotics
in the treatment of urinary tract infections in KT recipients given their widespread avail-
ability, intravenous and peroral formulations and excellent penetration into the urinary
tract [20,21]. On top of that fluoroquinolones offer decent coverage of most uropathogenic
bacteria, including Pseudomonas species [22,23]. After the FDA warning in 2019 regarding
the use of fluoroquinolones both in general and KT recipients in particular, clinicians were
forced to reevaluate their empiric antibiotic choice of antibiotics in these patients [24].

For the purpose of this study we evaluated our antibiotic prescription practice during
the first 30 days after kidney transplant, the incidence of ASB and UTIs and compared the
antibiotic susceptibility of the isolated urinary tract bacteria from KT recipients to those
isolated from the local population based on data provided by our hygiene department.

2. Materials and Methods
2.1. Data Acquisition

We retrospectively screened our hospital information system for all patients who
underwent kidney transplantation at the department of General, Visceral and Transplan-
tation Surgery of the University Hospital of Tuebingen, Germany. All adult patients (age
≥ 16 years) who underwent KT at our center between January 2015 and August 2020
were included in the final analysis. Patients that underwent simultaneous pancreas or
liver transplantation were excluded. The medical reports of these patients were screened
for intra- and perioperative microbiological cultures within 30 days after transplantation.
Urinary cultures were sent at the surgeon’s discretion as well as routinely every Monday
until discharge. The control group consisted of all urinary tract bacterial isolates cultured
by the department of microbiology and hygiene from both outpatients and inpatients.
Duplicate isolates were removed.

The study was performed on a consecutive database and was approved by the local
ethics committee.

2.2. Immunosuppressive Protocol

Induction therapy was 500 mg of iv Methylprednisolone as well as either Basiliximab
(20 mg/day on Day 0 and Day 4) for low immunologic risk or Anti-Thymocyte Globulin
(1.5 mg/kg/day on Day 0 Day 1 Day 2) for intermediate risk or an Anti-CD56-Antibody
(Alemtuzumab 20 mg) for high risk patients (without mycofenolic acid until lymphocytes
have regenerated). Maintenance immunosuppression consisted of steroid tapering, cal-
cineurin inhibitor (usually tacrolimus 0.1 mg/kg/day starting day 1) as well as mycofenolic
acid (1 g Q12h).

2.3. Perioperative Antibiotic Prophylaxis

Perioperative antibiotics consisted either of a Single-Dose Beta-Lactam (Ampicillin/
Sulbactam or Cefotaxime) or 3 × 3 g of Ampicillin/Sulbactam (Q0h/12h/24h) at the trans-
plant surgeons’ discretion. Prior to 2018 patients with a leukocyte depleting induction
therapy received Trimethoprim-Sulfametoxazole (TMP-SMX) 960 mg 3×/week for Pneu-
mocystis prophylaxis. From 2018 all patients received Pneumocystis prophylaxis with
TMP-SMX 960 mg 3× per week. Prior to ureteral anastomosis the bladder was irrigated
with Gentamicin.

2.4. Treatment Protocols for Urinary Tract Infections

Per protocol all episodes of urinary tract infections and asymptomatic bacteriuria were
supposed to be treated with antibiotics. When clinical suspicion for a UTI arose (abnormal
urinary dipstick with typical symptoms of UTI or systemic signs of inflammation) empiric
antibiotics were initiated. Those were terminated if urinary cultures were negative or a
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different reason for symptoms/inflammation was detected. Prior to the recommendation
to avoid fluoroquinolones the suggested empiric treatment was Ciprofloxacin with a
dose equivalent of 250 mg twice daily for 5 days with dose adjustments according to the
glomerular filtration rate (GFR). After the recommendation to avoid fluoroquinolones the
recommended empiric antibiotic was Piperacillin/Tazobactam 4500 mg 3×/day for 5 days
with dose adjustments according to GFR. For critically ill patients Meropenem 1000 mg
3×/day was the recommended substance and dose.

Whenever possible deescalation of treatment according to urinary culture results and
antibiotic resistance testing was recommended.

2.5. Urinary Catheter and Double-J-Stent Management

Urinary catheters were placed preoperatively and removed on postoperative day
(POD) 5 in patients with retained diuresis prior to transplant. In patients with reduced
urine output prior to transplantation the urinary catheter was scheduled to be removed on
POD. Ureterocystoneostomy was performed according to Lich-Gregoir. Intraoperatively a
Double-J-ureteral stent was placed which was removed on POD 21 per protocol (or earlier
if urinary tract infection was detected).

2.6. Postoperative Follow-Up

Until discharge all patients received blood workup three times per week (per protocol)
as well as routine urinary sampling (chemistry and culture) every Monday or whenever
clinical or laboratory signs of inflammation/infection were present. All patients had at
least two ultrasounds per week to evaluate graft perfusion, rule out ureteral stenosis and
perirenal fluid collections. Renal biopsies were taken on indication and assessed according
to the Banff classification. Approximately one week after discharge all patients were seen
at the outpatient clinic for blood and urine workup, clinical and sonographic follow-up.

2.7. Clinical Definitions

Urinary tract infections were defined according to the guidelines of the Center of Dis-
ease Control. Asymptomatic patients without systemic signs of infection and >105 colony
forming units on a proper urinary sample were considered to have asymptomatic bacteri-
uria. When symptoms were present the diagnosis of an uncomplicated UTI was made
unless signs of septicemia were present. In ten patients we found clinical symptoms in
combination with pathologic urinary findings (nitrite and/or leukocyturia) in combina-
tion with systemic signs of inflammation but were unable to culture a pathogen. We still
recorded these patients as urinary tract infections.

Multi-resistant gram-negative bacteria were defined as follows: when bacteria were
resistant to three out of four of the following substance classes (acylureidopenicillin, 3rd
generation cephalosporins, fluoroquinolones, carbapenems) they were classified as 3-
MRGN. Bacterial strains that were resistant to all four of the aforementioned substance
classes were classified as 4-MRGN.

2.8. Microbiological Culture, Identification of Strains and Resistance Testing

Urinary samples were sent to the microbiology department for urinary culture every
Monday and once there was suspicion for urinary tract infections. Bacteria were cul-
tured on standard columbia sheep blood agar (Oxoid, Wesel, Germany), Cystine Lactose
Electrolyte Deficient (CLED)-agar (self-made by the department of microbiology) and
Colistine-Nalidixic Acid (CNA)-agar (BioMerieux, Marcy-l’Etoile, France). Identification
of strains was done using matrix-assisted laser desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF) (Bruker, Billerica, MA, USA). Antimicrobial resistance was
defined according to European Committee on Antimicrobial Susceptibility Testing (EU-
CAST) thresholds and minimal inhibitory concentrations were measured with a VITEK® 2
(BioMerieux, Marcy-l’Etoile, France)
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2.9. Statistics

Comparison between groups was carried out by the Chi-Square test (X2) or Fisher’s
exact test (FET) for nominal variables and the Mann–Whitney U-test (MWU) for continuous
variables, as appropriate. A probability of less than 0.05 was considered to be statistically
significant. All p-values reported were the result of 2-sided testing. Where needed, Bonfer-
roni correction was applied. Statistical analysis was carried out using IBM SPSS Statistics
for Windows, Version 26.0 (IBM Corp., Armonk, NY, USA).

3. Results
3.1. Clinical Characteristics

We analyzed the charts of all consecutive adult (age ≥ 16 years) kidney transplant
recipients that have undergone KT at the department of General, Visceral and Transplan-
tation Surgery of the University Hospital Tuebingen, Tuebingen, Germany from January
2015 to August 2020. Per protocol all KT recipients had urine samples sent for culture every
Monday of their initial stay as well as at the surgeons’ discretion based on postoperative
labs and clinical course.

The median length of stay was 20 days (range 10–53).
During the study period, 207 patients met the inclusion criteria. Of these 207 patients

73 patients underwent living donation kidney transplantation (35%) 134 received a kidney
from a deceased donor (65%). Overall 119 (57%) of patients were male compared to 88
(43%) females. The median age during KT was 55 years with a standard deviation (SD) of
±14 years. During the first 30 days after their transplant 130 patients (63%) were suspected
to have a urinary tract infection. Clinical suspicion was raised when symptoms of a UTI
were present and urinary dipstick showed leukocyturia or nitrite. Of these 130 patients
68 patients fulfilled the criteria of a UTI (typical symptoms and/or clinical/laboratory signs
of inflammation) In 58 of these 68 patients growth of a urinary pathogen on urine culture
was recorded. In ten patients we found typical symptoms accompanied by laboratory and
urine chemistry findings consistent with UTI (e.g., nitrite, increase of c-reactive protein,
leukocytosis) but were unable to culture the pathogen. For details, see Table 1.

Table 1. Patient Characteristics.

No UTI
(n = 139)

UTI
(n = 68) Total p

Gender m (Percentage) 86 (62%) 33 (49%) 119 (57%) 0.068

Living Donor Kidney Transplantation (Percentage) 54 (38%) 19 (30%) 73 (35%) 0.123
Median age in years (Range) 54 (19–82) 60 (18–77) 55 (18–82) 0.034

Mean Body mass index (BMI) in kg/m2 (±Standard Deviation (SD)) 24.8 (±3.9) 25.6 (±4.1) 25.3 (±4.0) 0.035

Diagnosis
Glomerulopathy

Polycystic Kidney Disease
Hypertension

Diabetes
Ureteral Disease and Reflux

Graft Loss
Other

45 (32%)
25 (18%)
9 (6%)
8 (6%)
2 (1%)

12 (9%)
38 (27%)

26 (38%)
14 (21%)

5 (7%)
5 (7%)
3 (4%)
5 (7%)

10 (15%)

71
39
14
13
5

17
48

0.450

Induction Immunosuppression
Basiliximab

Thymoglobulin
Alemtuzumab

88 (63%)
32 (23%)
19 (14%)

51 (75%)
8 (12%)
9 (13%)

139
40
28 0.140

Mean Kidney function in Glomerular Filtration Rate in ml/min (±SD)
Discharge

3 Months Follow-Up
12 Months Follow-Up

46.5 (±20)
49.1 (±9)

51.1 (±18)

38.9 (±17)
41.2 (±15)
41.1 (±15)

44.8 (±19)
46.8 (±18)
48.0 (±18)

0.013
0.005

<0.001
Trimetroprime-Sulfamethoxazole Prophylaxis (Percentage) 86 (62%) 31 (46%) 117 (57%) 0.036

This table shows overall patient characteristics and a comparison of both the patients with and without a urinary
tract infection (UTI).
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3.2. Microbiological Results

The most common isolates from urinary cultures were gram-negative enterobacteri-
aceae as well as enterococcus species. E. coli was the leading pathogen and was found in
49 cultures followed by E. faecium (n = 23) and E. faecalis (n = 23). From 68 cultures drawn
during UTI 73 uropathogenic bacteria were cultured. Mixed cultures of two uropathogenic
cultures were recorded in 5 cultures. One patient developed four individual episodes of
urinary tract infections and grew four different bacteria (E. coli, Vancomycin sensitive E.
faecium, Vancomycin-resistant E. faecium followed by a different strain of E. coli). Fifty-nine
individual episodes of ASB were recorded. A total of 62 uropathogenic bacteria were
cultured during ASBs. For details see Table 2.

Table 2. Bacterial isolates from urinary samples of Kidney Transplant recipients.

UTI ASB n

E. coli
Klebsiella pneumoniae

Klebsiella oxytoca
Klebsiella variicola

Pseudomonas aeruginosa
Enterobacter cloacae
Serratia marcescens
Citrobacter species
Proteus mirabilis

Raoultella planticola
Ureaplasma urealyticum
Acinetobacter baumanii

E. faecalis
E. faecium

31
13
3
1
2
1
2
2
1

1

6
10

18
1
3

4
2
1
1

1

1
17
13

49
14
6
1
6
3
3
3
1
1
1
1

23
23

This table shows all bacterial strains that were cultured in the cohort and whether a certain bacterial strain was
associated with urinary tract infections (UTI) or asymptomatic bacteriuria (ASB). Gram-negative bacteria were
more likely to be found in UTIs while gram-positive bacteria were more commonly seen during episodes of ASB.

The culture results during urinary tract infections compared to asymptomatic bac-
teriuria is distinctly different. In total, 135 bacterial isolates were cultured. Of these, 88
(65%) were gram-negative and 46 (34%) were gram-positive. Ureaplasma (1%) was excluded
from this analysis due to its inability to stain on gram stains. Additionally, five cultures
yielded two uropathogenic bacteria in relevant colony forming units. Given that we cannot
determine their individual impact on the infection these bacteria are considered individual
entities for the following analyses. Of the 88 gram-negative bacteria 56 were recorded
during a UTI (64%) compared to 32 (36%) isolates that were found in ASB. In contrast, 30
out of 46 (65%) of gram-positive isolates were found to be asymptomatic bacteriuria and
only 16 (35%) gram-positive bacteria were recorded during an episode of urinary tract
infections (p = 0.001).

3.3. Antibiotic Prescription

Of the 207 kidney transplant recipients 166 (80%) underwent at least a single course of
antibiotic treatment (excluding perioperative and periinterventional prophylaxis). The me-
dian duration of antibiotic treatment was 5 days with a SD of ±4 days. Overall, 262 courses
of antibiotic treatments were prescribed to the patient cohort within the first 30 days post
transplant. The most common indication for antibiotic treatment was (suspected) urinary
tract infection. Five patients in our cohort were treated for urosepsis (2.4%). One of these
patients was treated for an uncomplicated UTI prior to the development of urosepsis
and one was treated for an episode of uncomplicated UTI after successful treatment of a
urosepsis. Excluding the three patients that were treated for urosepsis as their only urinary
tract infection a total of 127 patients were treated for suspected UTI. Overall, 180 courses
of antibiotics were prescribed to these 127 patients. Of these 127 patients, 85 patients
received a single course of antibiotics, 33 patients received two courses, 7 received three
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courses and two patients received four courses of antibiotics. Patients that underwent at
least a single course of antibiotics during their initial stay had significantly worse GFR at
discharge (Mean 49.4 mL/min ± 17 vs. 39.7 mL/min ± 19; p = 0.024), 3 month follow-up
(53.6 mL/min ± 18 vs. 44.8 mL/min ±18; p = 0.002) and 12 month follow-up (53.4 mL/min
± 15 vs. 46.4 mL/min ± 19; p = 0.009). Approximately 10% of patients received dosages
that were above the commended doses. In contrast in about 25% of these patients a rise in
creatinine was documented.

Of the 180 suspected UTIs, fluoroquinolones were the most commonly prescribed
antibiotic (Ciprofloxacin n = 101, Levofloxacin n = 1) followed by Piperacillin/Tazobactam
(n = 17), aminopenicillins (Ampicillin/Sulbactam n = 6; Amoxicillin/Clavulanic acid n = 6),
Meropenem (n = 8), Trimethoprim-Sulfamethoxazole (n = 5), cephalosporins (Cefuroxime
n = 4, Cefpodoxime n = 1, Ceftriaxone n = 1), Fosfomycin (n = 4), Pivmecillinam (n = 1)
Nitrofurantoin (n = 1), Linezolid (n = 17) and others (n = 7).

3.4. Antibiotic Resistance

Overall nine patients presented with multiresistant gram-negative bacteria (MRGN).
All nine were 3-mrgn (E. coli n = 7, Enterobacter cloacae n = 1, Citrobacter koseri, n = 1). Of
the gram-negative bacteria a relevant percentage was resistant to Piperacillin/Tazobactam,
3rd generation cephalosporins and Ciprofloxacin. None of our patients had carbapenem-
resistant gram-negative bacteria. Ciprofloxacin was by far the most prescribed antibiotic
in our department. While there were only a few Ciprofloxacin-resistant non-coli gram-
negative bacteria, E. coli—the most common isolate—was resistant to fluoroquinolones
in 45%.

We specifically compared resistance patterns in the bacteria grown from urinary sam-
ples of KT recipients and the general population (control group) that had urine sent for
urinary culture at the university hospital of Tuebingen. Resistance patterns were dis-
tinctly different between the KT recipients and the control group (CG). The most commonly
isolated gram-negative bacteria was E. coli (n = 49 in KT recipients, n > 9000 in CG). In KT re-
cipients E. coli was resistant to Ampicillin/Sulbactam in 73%, to Piperacillin/Tazobactam in
14%, to 3rd generation cephalosporins in 16%, to fluoroquinolones in 45%, to carbapenems
in 0%, to TMP-SMX in 67%, to Fosfomycin in 0% and to Nitrofurantoin in 0%. In the control
group E. coli was resistant to Ampicillin / Sulbactam in 37%, to Piperacillin/Tazobactam in
5%, to 3rd generation cephalosporins in 9%, to fluoroquinolones in 17%, to carbapenems in
0%, to TMP-SMX in 20%, to Fosfomycin in 1% and to Nitrofurantoin in 1%. For details see
Figure 1.

The most commonly isolated gram-positive bacteria was E. faecalis (n = 23 in KT
recipients, n > 4500 in CG). In KT recipients E. faecalis was resistant to Ampicillin/Sulbactam
in 0%, to Piperacillin/Tazobactam in 0%, to Fluoroquinolones in 87%, to carbapenems
in 4%. In the control group E. faecalis was resistant to Ampicillin/Sulbactam in 0%, to
Piperacillin/Tazobactam in 0%, to fluoroquinolones in 10%, to carbapenems in 0%. For
details see Figure 2.



J. Clin. Med. 2022, 11, 226 7 of 13

Figure 1. This figure shows the antimicrobial resistance to commonly used antibiotics of E. coli in
our Kidney Transplant (KT) cohort compared to the local general public. Resistance to Ampicillin
/ Sulbactam, fluoroquinolones and Trimethoprime-Sulfamethoxazole (TMP–SMX) is substantially
higher in the Kidney Transplant cohort.

Figure 2. This figure shows the antimicrobial resistance to commonly used antibiotics of E. faecalis in
our KT cohort compared to the local general public. While the resistance to betalactam antibiotics is
comparable, nearly all isolates in the KT cohort are resistant to fluoroquinolones whereas resistance
to fluoroquinolones was uncommon in the general public.

3.5. Bacterial Resistance to Empiric Antibiotic Treatment Options

We calculated the resistance rates all isolated bacteria had to different empiric treat-
ment options. Including both gram-negative and gram-positive bacteria in both UTI and
ASB overall bacterial resistance was high. Resistance to Ampicillin/Sulbactam was present
in 76 of the 135 strains (56%), to Piperacillin/Tazobactam in 35 strains (26%), to 3rd gen-



J. Clin. Med. 2022, 11, 226 8 of 13

eration cephalosporins in 62 strains (46%), to fluoroquinolones in 52 strains (39%) and to
carbapenems in 23 strains (17%).

A large proportion of the resistance to Piperacillin/Tazobactam and carbapenems is
due to the prevalence of Enterococcus species. Excluding Enterococcus antimicrobial resis-
tance to Ampicillin/Sulbactam was present in 58 bacteria (65%) to Piperacillin/Tazobactam
in 13 strains (15%), to 3rd generation cephalosporins in 17 strains (19%), to fluoroquinolones
in 26 strains (29%) and to carbapenems in zero bacteria (0%).

4. Discussion

Urinary tract infections are the most common infection in the early postoperative phase
after kidney transplantation [1,2]. They can lead to sepsis and are a potential threat to life.
Aside from progression to septicemia, recent data has suggested a negative impact of even
single episodes of (complicated) urinary tract infections on allograft function [13,15,25–28].
In our cohort urinary tract infections were accompanied by significantly worse creatinine
clearance both at the end of our study period and one year after KT. Thus, prevention and
adequate treatment of urinary tract infections in KT recipients is crucial. While there is
increasing data that asymptomatic bacteriuria (ASB) does not affect graft function [26],
inadequate use of antibiotics certainly has the potential to do so [29]. However, the
decreased GFR in patients that underwent antibiotic treatment in our cohort should not
be interpreted in a vacuum. While about 10% were treated with antibiotic doses that
were above the recommended limit more than 25% of patients had a deterioration of graft
function. The increasing use of extended donor allocation and overall comorbidities of the
recipients adds to this complexity.

Several measures have been proposed to prevent infections in KT recipients. A single
shot antibiotic is administered prior to incision [18]. Prolonged antibiotics have not proven
beneficiary for the prevention of urinary tract or surgical site infection [17]. In order to
decontaminate the bladder we perform intraoperative Gentamicin irrigation of the bladder
prior to ureteral anastomosis, which has been proven promising in patients with recurrent
UTIs [30]. The presence of indwelling catheters, mainly ureteral stents and Foley catheters
is an independent risk factor of urinary tract infections [31]. Our ongoing practice is to
remove the ureteral stent 21 days after KT or earlier if there is suspicion for bacteriuria
or infection in order to remove biofilms. This approach is backed by Visser et al. who
proclaimed that the ideal timing of stent removal is three weeks post-transplant [32].

Several prophylactic antibiotic regimens have been studied. Ciprofloxacin was shown
to prevent UTIs 25 years ago, but was later reserved for treatment rather than prophy-
laxis [33]. Aside from a recent randomized trial that showed the preventative efficacy of
Fosfomycin [34] the best studied drug is TMP-SMX. TMP-SMX is recommended for the
prevention of Pneumocystis jirovecii pneumonia and is usually administered in a prophy-
lactic dose for 6–12 months after KT [3]. The Mayo clinic group reported a reduction in
UTIs when TMP-SMX was prescribed for 6 months after KT [6]. Horwedel et al. also
described a lower rate of septicemia while patients were on TMP-SMX prophylaxis [35].
In contrast, Singh et al. reported no difference in the incidence of urinary tract infections
and asymptomatic bacteriuria in patients that underwent Pneumocystis prophylaxis in their
cohort [36]. We changed our protocol in 2018 and initiated TMP-SMX prophylaxis in all
KT recipients. At our center the UTI rate was significantly lower in patients that were on
TMP-SMX.

While it used to be common practice to administer periinterventional antibiotics
(usually Ciprofloxacin) for ureteral stent removal [37], Lee et al. reported that the omission
of additional periinterventional antibiotics was not disadvantageous as long as the patient
was on TMP-SMX prophylaxis at the time of stent removal [38].

Urinary tract infections in KT recipients require empiric antibiotic coverage of mainly
gram-negative bacteria. In our cohort 89 gram-negative strains of bacteria were isolated
compared to 46 gram-positive ones. Gram-negative bacteria were more frequently asso-
ciated with infections, while gram-positive bacteria were more common in bacteriuria.
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Empiric antibiotics should therefore always cover gram-negative enterobacteria. There
was no resistance to carbapenems in our gram-negative bacteria, which makes them the
most attractive choice for critically ill patients. Of the remaining antibiotics Piperacillin
/ Tazobactam was the substance to which the least gram-negative resistance existed to,
at a rate of 15%. Quite frankly, we were surprised how high the bacterial resistance to
Ciprofloxacin was in our cohort (29%). Following the 2019 FDA warning against the use of
fluoroquinolones in KT recipients, our prescription policy has slowly led to a decrease in
Ciprofloxacin use. Given the low susceptibility of uropathogenic bacteria in this cohort the
Ciprofloxacin use is still too high to be reasoned. Oral treatment alternatives for empiric
treatment of UTIs are highly sought after, but simply did not exist in our study. With a
resistance to aminopenicillins in over 50% and a resistance to cephalosporins of nearly
20% we strongly recommend treating urinary tract infections after Kidney Transplantation
with empiric intravenous antibiotics according to local resistance patterns. An early step-
down to an oral narrow-spectrum antibiotic appears possible once the bacterial strain is
identified.

In order to detect ASB and UTI early, our patients undergo weekly screening for
urinary pathogens for the first month post-transplant. During this time-frame we identified
59 episodes of ASB (29%) in our cohort which is comparable to other reports [2,8]. Given the
lack of randomized controlled trials, most transplant centers treat asymptomatic bacteriuria
within the first month after KT [39,40] but other timeframes have been described as well
(e.g., treating for 3 months post-op) [41]. At our center we treat ASB within the first
month. Recently, more data is becoming available on the treatment of ASB early after
transplantation. A meta-analysis from Spain recommended not to treat ASB after the
first month post KT [11]. This practice has been backed by two randomized controlled
multicenter trials by Origuën et al. and Coussement et al. which both reported no benefits
in treating ASB two months after kidney transplant [42,43]. After that time, the prevalence
of asymptomatic bacteriuria was reported to be decreasing to about 4% of patients [44].
Thus, further screening is likely unnecessary. Unfortunately, to our knowledge, there are
no randomized controlled trials on the treatment of ASB within the first month after KT.
Bohn et al. reported on a small cohort of ASBs during the first month post-transplant and
found no difference in progression to UTI both when treated or left untreated in their
cohort [12]. A potential alternative to screening cultures could be reflex urinary cultures
triggered by positive urinary nitrite or a threshold urinary white blood count [45].

The treatment of asymptomatic bacteriuria is the niche for narrow-spectrum antibiotics
such as TMP-SMX/Fosfomycin/Nitrofurantoin/Pivmecillinam which are currently not
recommended as first line therapy for urinary tract infections in transplant recipients.
Nearly all isolated bacteria in our study cohort had a “weak spot” to one of these agents.
These agents will grow in popularity given that they are safe and effective even against
MRGN bacteria [46,47]. In our study cohort, not a single strain of E. coli was resistant to
Fosfomycin or Nitrofurantoin, while over 40% were resistant to TMP-SMX. The latter may
be an effect of Pneumocystis prophylaxis. Keeping in mind that a large proportion of ASB
was caused by Enterococci however, we need more in-patient studies on the efficacy of
the aforementioned antibiotics against Enterococcus species [48]. Since there are excellent
options available, we strongly advocate against the use of fluoroquinolones in ASB.

While symptomatic patients need to be treated empirically to avoid development of
septicemia, we believe it is safe to wait for the final antibiotic resistance testing in ASB and
use targeted therapy rather than empiric broad spectrum coverage followed by a step- down
approach. This is common practice in pregnant patients but to our knowledge there is yet
to be consensus for transplant recipients [9]. The choice of antibiotic for empiric treatment
of UTIs must be made with the centers’ urinary tract infection’s spectrum and antibiotic
resistance in mind which may vary a lot regionally. Data from antibiotic stewardship teams
and hospital hygiene can be helpful, but needs to be observed critically with a regular
update. More specifically, the resistance to commonly used antibiotics appears higher in
dialysis patients and transplant recipients than in healthy peers. We experienced nearly
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twice as many resistant strains of E. coli in our transplant cohort compared to the regional
public. Similarly, while E. faecalis was resistant to fluoroquinolones in only 10% of our
general population, nearly 90% of E. faecalis isolates in our KT recipients were resistant
to Ciprofloxacin. Prevention of the development of resistant strains in dialysis patients
will be an upcoming challenge for antibiotic stewardship teams worldwide. Only recently
have these teams found increasing interest in urologic patients, who are prone to be treated
with antibiotics [49]. Antibiotic stewardship data for solid organ transplant recipients and
transplant programs appears to be even scarcer [50].

While our MRGN rate of 10% was similar to other German KT centers [51] it was
considerably lower than described by Tekkarismaz et al., who reported 41% MRGN urinary
tract infections in their cohort in Turkey. Nevertheless 10% was considerably higher than
the average of 5% described in a 2017 meta-analysis [52]. The global numbers are increasing
and vary considerably even within states and countries.

Strengths and Limitations

We presented single center data on bacterial isolates from urine samples of over
200 kidney transplant recipients early after kidney transplantation. The retrospective nature
of this analysis slightly complicates distinguishing between colonization/bacteriuria and
urinary tract infection. Still, we were able to demonstrate distinctly different resistance
patterns to commonly used antibiotics in urinary tract infections between our KT recipients
and the control group that consisted of all urinary cultures ordered at this tertiary university
hospital. Given the uneven sample sizes between the study and control group statistical
comparisons were limited to exploratory data. Therefore, multicentric comparative data
will be necessary prior to generalization of our data.

5. Conclusions

Prevention of infections after surgery as well as rational use of antibiotics is a main
goal of antibiotic stewardship programs. Solid organ transplant recipients are at increased
risk of fatal infection. This leads to a low threshold for initiating antibiotic treatment
when infection is suspected. In our cohort between 207 patients 262 courses of antibiotics
were prescribed. Of these, 180 were prescribed antibiotics for suspected urinary tract
infection. Lowering these numbers is a team effort of transplant surgeons and physicians
accompanied by antibiotic stewardship teams.
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Abbreviations

ASB Asymptomatic Bacteriuria
BMI Body Mass Index
CG Control Group
CI Confidence Interval
FET Fisher’s Exact Test
GFR Glomerular Filtration Rate
KT Kidney Transplantation
MRGN Multi-resistant Gram-Negative
MWU Mann-Whitney U-Test
PAP Perioperative Antibiotic Prophylaxis
POD Postoperative Day
SD Standard Deviation
SSI Surgical Site Infection
TMP-SMX Trimethoprim-Sulfamethoxazole
UTI Urinary Tract Infection
X2 Chi-Square test
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25. Warzyszyńska, K.; Zawistowski, M.; Karpeta, E.; Dziewa, N.; Kosieradzki, M. How Early Postoperative Urinary Tract Infections
Affect Renal Graft Function at 1-Year Follow-up. Transpl. Proc. 2020, 52, 2403–2408. [CrossRef]

26. Bodro, M.; Sanclemente, G.; Lipperheide, I.; Allali, M.; Marco, F.; Bosch, J.; Cofan, F.; Ricart, M.; Esforzado, N.; Oppenheimer,
F.; et al. Impact of urinary tract infections on short-term kidney graft outcome. Clin. Microbiol. Infect. 2015, 21, 1104.e1–1104.e8.
[CrossRef]

27. Pesce, F.; Martino, M.; Fiorentino, M.; Rollo, T.; Simone, S.; Gallo, P.; Stallone, G.; Grandaliano, G.; Schena, A.; Margiotta, M.;
et al. Recurrent urinary tract infections in kidney transplant recipients during the first-year influence long-term graft function: A
single-center retrospective cohort study. J. Nephrol. 2019, 32, 661–668. [CrossRef]

28. Al Midani, A.; Elands, S.; Collier, S.; Harber, M.; Shendi, A.M. Impact of Urinary Tract Infections in Kidney Transplant Recipients:
A 4-Year Single-Center Experience. Transpl. Proc. 2018, 50, 3351–3355. [CrossRef]

29. Morales-Alvarez, M.C. Nephrotoxicity of Antimicrobials and Antibiotics. Adv. Chronic Kidney Dis. 2020, 27, 31–37. [CrossRef]
30. Cox, L.; He, C.; Bevins, J.; Clemens, J.Q.; Stoffel, J.; Cameron, A.P. Gentamicin bladder instillations decrease symptomatic urinary

tract infections in neurogenic bladder patients on intermittent catheterization. Can. Urol. Assoc. J. 2017, 11, E350–E354. [CrossRef]
31. Liu, S.; Luo, G.; Sun, B.; Lu, J.; Zu, Q.; Yang, S.; Zhang, X.; Dong, J. Early Removal of Double-J Stents Decreases Urinary Tract

Infections in Living Donor Renal Transplantation: A Prospective, Randomized Clinical Trial. Transpl. Proc. 2017, 49, 297–302.
[CrossRef]

32. Visser, I.J.; van der Staaij, J.P.T.; Muthusamy, A.; Willicombe, M.; Lafranca, J.A.; Dor, F. Timing of Ureteric Stent Removal and
Oc-currence of Urological Complications after Kidney Transplantation: A Systematic Review and Meta-Analysis. J. Clin. Med.
2019, 8, 689. [CrossRef] [PubMed]

33. Moysés Neto, M.; Costa, R.S.; Reis, M.A.; Ferraz, A.S.; Saber, L.T.; Batista, M.E.; Muglia, V.; Garcia, T.M.; Figueiredo, J.F. Use of
ciprofloxacin as a prophylactic agent in urinary tract infections in renal transplant recipients. Clin. Transpl. 1997, 11 Pt 1, 446–452.

34. Rosado-Canto, R.; Parra-Avila, I.; Tejeda-Maldonado, J.; Kauffman-Ortega, C.; Rodriguez-Covarrubias, F.T.; Trujeque-Matos,
M.; Cruz-Martínez, R.; Maravilla-Franco, E.; Criollo-Mora, E.; Arreola-Guerra, J.M.; et al. Perioperative fosfomycin disodium
prophylaxis against urinary tract infection in renal transplant recipients: A randomized clinical trial. Nephrol. Dial. Transpl. 2020,
35, 1996–2003. [CrossRef] [PubMed]

35. Horwedel, T.; Bowman, L.; Saab, G.; Brennan, D. Benefits of sulfamethoxazole-trimethoprim prophylaxis on rates of sepsis after
kidney transplant. Transpl. Infect. Dis. 2014, 16, 261–269. [CrossRef]

36. Singh, R.; Bemelman, F.J.; Hodiamont, C.J.; Idu, M.M.; Berge, I.J.M.T.; Geerlings, S.E. The impact of trimethoprim-
sulfamethoxazole as Pneumocystis jiroveci pneumonia prophylaxis on the occurrence of asymptomatic bacteriuria and
urinary tract infections among renal allograft recipients: A retrospective before-after study. BMC Infect. Dis. 2016, 16, 1–10.
[CrossRef]

37. Wolters, H.; Palmes, D.; Lordugin, E.; Bahde, R.; Senninger, N.; Hölzen, J.-P.; Kebschull, L. Antibiotic Prophylaxis at Urinary
Catheter Removal Prevents Urinary Tract Infection After Kidney Transplantation. Transpl. Proc. 2014, 46, 3463–3465. [CrossRef]

38. Lee, J.H.; Muthukumar, T.; Kim, J.; Aull, M.J.; Watkins, A.; Kapur, S.; Hartono, C. Antibiotic prophylaxis for ureteral stent removal
after kidney transplantation. Clin. Transpl. 2019, 33, e13491. [CrossRef]

39. Coussement, J.; Maggiore, U.; Manuel, O.; Scemla, A.; López-Medrano, F.; Nagler, E.V.; Aguado, J.M.; Abramowicz, D. Diagnosis
and management of asymp-tomatic bacteriuria in kidney transplant recipients: A survey of current practice in Europe. Nephrol.
Dial. Transpl. 2018, 33, 1661–1668. [CrossRef]

http://doi.org/10.1007/s00345-018-2440-2
http://doi.org/10.1016/j.euf.2018.07.014
http://doi.org/10.1016/j.surg.2014.06.007
http://doi.org/10.1016/0924-8579(94)90019-1
http://doi.org/10.1111/j.1399-3062.2012.00744.x
http://doi.org/10.1002/j.1875-9114.1988.tb04058.x
http://doi.org/10.1007/BF01967009
https://www.fda.gov/drugs/drug-safety-and-availability/fda-drug-safety-communication-fda-updates-warnings-oral-and-injectable-fluoroquinolone-antibiotics
https://www.fda.gov/drugs/drug-safety-and-availability/fda-drug-safety-communication-fda-updates-warnings-oral-and-injectable-fluoroquinolone-antibiotics
http://doi.org/10.1016/j.transproceed.2020.03.033
http://doi.org/10.1016/j.cmi.2015.07.019
http://doi.org/10.1007/s40620-019-00591-5
http://doi.org/10.1016/j.transproceed.2018.08.022
http://doi.org/10.1053/j.ackd.2019.08.001
http://doi.org/10.5489/cuaj.4434
http://doi.org/10.1016/j.transproceed.2016.12.007
http://doi.org/10.3390/jcm8050689
http://www.ncbi.nlm.nih.gov/pubmed/31100847
http://doi.org/10.1093/ndt/gfz261
http://www.ncbi.nlm.nih.gov/pubmed/31883327
http://doi.org/10.1111/tid.12196
http://doi.org/10.1186/s12879-016-1432-3
http://doi.org/10.1016/j.transproceed.2014.04.019
http://doi.org/10.1111/ctr.13491
http://doi.org/10.1093/ndt/gfy078


J. Clin. Med. 2022, 11, 226 13 of 13

40. Kotagiri, P.; Chembolli, D.; Ryan, J.; Hughes, P.D.; Toussaint, N.D. Urinary Tract Infections in the First Year Post-Kidney
Trans-plantation: Potential Benefits of Treating Asymptomatic Bacteriuria. Transpl. Proc. 2017, 49, 2070–2075. [CrossRef]

41. Lee, J.R.; Bang, H.; Dadhania, D.; Hartono, C.; Aull, M.J.; Satlin, M.; August, P.; Suthanthiran, M.; Muthukumar, T. Independent
risk factors for urinary tract infection and for subsequent bacteremia or acute cellular rejection: A single-center report of 1166
kidney allograft recipients. Transplantation 2013, 96, 732–738. [CrossRef]

42. Origüen, J.; López-Medrano, F.; Fernández-Ruiz, M.; Polanco, N.; Gutiérrez, E.; González, E.; Mérida, E.; Ruiz-Merlo, T.; Morales-
Cartagena, A.; Pérez-Jacoiste Asín, M.A.; et al. Should Asymptomatic Bacteriuria Be Systematically Treated in Kidney Transplant
Recipients? Results from a Randomized Controlled Trial. Am. J. Transplant. 2016, 16, 2943–2953. [CrossRef]

43. Coussement, J.; Kamar, N.; Matignon, M.; Weekers, L.; Scemla, A.; Giral, M.; Racapé, J.; Alamartine, É.; Mesnard, L.; Kianda,
M.; et al. Antibiotics versus no therapy in kidney transplant recipients with asymptomatic bacteriuria (BiRT): A pragmatic,
multicentre, randomized, controlled trial. Clin. Microbiol. Infect. 2020, 27, 398–405. [CrossRef]

44. Coussement, J.; Scemla, A.; Hougardy, J.M.; Sberro-Soussan, R.; Amrouche, L.; Catalano, C.; Johnson, J.R.; Abramowicz, D.
Prevalence of asymptomatic bac-teriuria among kidney transplant recipients beyond two months post-transplant: A multicenter,
prospective, cross-sectional study. PLoS ONE 2019, 14, e0221820. [CrossRef]

45. Richards, K.A.; Cesario, S.; Best, S.L.; Deeren, S.M.; Bushman, W.; Safdar, N. Reflex urine culture testing in an ambulatory urology
clinic: Implications for antibiotic stewardship in urology. Int. J. Urol. 2018, 26, 69–74. [CrossRef]

46. López-Medrano, F.; Silva, J.T.; Fernández-Ruiz, M.; Vidal, E.; Origüen, J.; Calvo-Cano, A.; Luna-Huerta, E.; Merino, E.; Hernández,
D.; Jironda-Gallegos, C.; et al. Oral fosfomycin for the treatment of lower urinary tract infections among kidney transplant
recipients—Results of a Spanish multicenter cohort. Arab. Archaeol. Epigr. 2019, 20, 451–462. [CrossRef]

47. Ten Doesschate, T.; van Werkhoven, H.; Meijvis, S.; Stalenhoef, J.; van Zuilen, A.; de Vries, A.; Bonten, M. Fosfomycin-trometamol
for urinary tract infections in kidney transplant recipients. Transplantation 2019, 103, 1272–1276. [CrossRef]

48. Mercuro, N.J.; Davis, S.L.; Zervos, M.J.; Herc, E.S. Combatting resistant enterococcal infections: A pharmacotherapy review.
Expert Opin. Pharmacother. 2018, 19, 979–992. [CrossRef]

49. Schneidewind, L.; Kranz, J.; Tandogdu, Z. Rising significance of antibiotic stewardship in urology and urinary tract infections—A
rapid review. Curr. Opin. Urol. 2021, 31, 285–290. [CrossRef]

50. Frenette, C.; Sperlea, D.; Leharova, Y.; Thirion, D.J.G. Impact of an Infection Control and Antimicrobial Stewardship Program
on Solid Organ Transplantation and Hepatobiliary Surgical Site Infections. Infect. Control. Hosp. Epidemiol. 2016, 37, 1468–1474.
[CrossRef]

51. Brakemeier, S.; Taxeidi, S.I.; Zukunft, B.; Schmidt, D.; Gaedeke, J.; Dürr, M.; Hansen, S.; Budde, K. Extended-Spectrum
Beta-Lactamase-Producing Enterobacteriaceae-Related Urinary Tract Infection in Kidney Transplant Recipients: Risk Factors,
Treatment, and Long-Term Outcome. Transpl Proc. 2017, 49, 1757–1765. [CrossRef]

52. Alevizakos, M.; Nasioudis, D.; Mylonakis, E. Urinary tract infections caused by ESBL-producing Enterobacteriaceae in renal
transplant recipients: A systematic review and meta-analysis. Transpl. Infect. Dis. 2017, 19, e12759. [CrossRef]

http://doi.org/10.1016/j.transproceed.2017.07.008
http://doi.org/10.1097/TP.0b013e3182a04997
http://doi.org/10.1111/ajt.13829
http://doi.org/10.1016/j.cmi.2020.09.005
http://doi.org/10.1371/journal.pone.0221820
http://doi.org/10.1111/iju.13803
http://doi.org/10.1111/ajt.15614
http://doi.org/10.1097/TP.0000000000002427
http://doi.org/10.1080/14656566.2018.1479397
http://doi.org/10.1097/MOU.0000000000000897
http://doi.org/10.1017/ice.2016.213
http://doi.org/10.1016/j.transproceed.2017.06.033
http://doi.org/10.1111/tid.12759

	Introduction 
	Materials and Methods 
	Data Acquisition 
	Immunosuppressive Protocol 
	Perioperative Antibiotic Prophylaxis 
	Treatment Protocols for Urinary Tract Infections 
	Urinary Catheter and Double-J-Stent Management 
	Postoperative Follow-Up 
	Clinical Definitions 
	Microbiological Culture, Identification of Strains and Resistance Testing 
	Statistics 

	Results 
	Clinical Characteristics 
	Microbiological Results 
	Antibiotic Prescription 
	Antibiotic Resistance 
	Bacterial Resistance to Empiric Antibiotic Treatment Options 

	Discussion 
	Conclusions 
	References

