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SUMMARY

There is no consensus regarding the optimal duration of antibiotic therapy
for urinary tract infection (UTI) following kidney transplantation (KT).
We performed a retrospective study comparing short (6-10 days) versus
prolonged (11-21 days) antibiotic therapy for complicated UTI among KT
recipients. Univariate and inverse probability treatment weighted (IPTW)
adjusted multivariate analysis for composite primary outcome of all-cause
mortality or readmissions within 30 days and relapsed UTI 180 days were
performed. Overall, 214 KT recipients with complicated UTI were
included; 115 short-course treatment (median 8, interquartile range [IQR]
6-9 days), 99 prolonged course (median 14, IQR 12-21 days). The com-
posite outcome occurred in 33 (28.6%) in the short-course group and 30
(30%) in the prolonged-course group; relapsed UTI occurred in 19
(16.5%) vs. 21 (21%), respectively. Duration of antibiotic treatment was
not associated with any of these outcomes. The only risk factor for mortal-
ity/readmissions in multivariate analysis was deceased donor. No differ-
ences between groups were demonstrated for length of hospital stay, rates
of bacteraemia, resistance development, and serum creatinine at 30 and
90 days. In conclusion, we found no difference in clinical outcomes
between KT recipients treated for complicated UTI with short-course
antibiotic (6-10 days) versus longer course (11-21 days).
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Introduction

transplantation  [1,4,7,9]. These infections carry

increased risk for mortality and UTI recurrence [10].

Urinary tract infection (UTI) is the most common
infection after kidney transplantation (KT). The
reported prevalence varies widely across studies, with
rates as high as 75% [1-8]. The highest incidence has
been reported in the first 3—6 months after
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There is no consensus regarding the optimal duration
of treatment of UTI in kidney transplant recipients. The
Kidney disease improving global outcome (KDIGO)
guidelines recommend that all KT recipients with kid-
ney allograft pyelonephritis should be hospitalized and
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treated with intravenous antibiotics, at least initially,
and be treated for 14 days in the absence of kidney
abscess [11]. These recommendation is based on expert
opinion. Two major guidelines dedicated for the diag-
nosis and treatment of UTI in solid organ transplant
(SOT) recipients were published recently [10,12]. The
Group for the Study of Infection in Transplant Recipi-
ents (GESITRA) of the Spanish Society of Infectious
Diseases and Clinical Microbiology (SEIMC) and the
Spanish Network for Research in Infectious Diseases
(REIPI), as well as the American Society of Transplanta-
tion Infectious Diseases Community of Practice guideli-
nes, recommends that kidney transplant recipients with
allograft pyelonephritis should undergo a 14-21 days
course of antibiotics, depending on the time elapsed
from transplantation. They state that no data are avail-
able on short courses (7 days) of antibiotic therapy for
pyelonephritis in SOT recipients; therefore, short-term
treatment is not recommended in SOT [10].

Rates of resistant bacteria, especially of Enterobac-
terales producing extended-spectrum [-lactamases
(ESBLs) species are increasing and represent a growing
threat to kidney transplant recipients [13-15]. The
emergence of resistance has raised awareness to the
importance of antibiotic stewardship intervention [16].
An important stewardship measure is to treat infections
for the shortest duration of therapy. The majority of
studies that evaluated duration of antibiotic courses for
complicated UTI/pyelonephritis, including bloodstream
infections (BSI), in adults, have demonstrated no signif-
icant difference in clinical outcomes in favour of the
prolonged courses over the short course [17,18]. Shorter
duration of antibiotics may provide an advantage of
reducing duration of hospital stay; cost; adverse events;
and superinfections, including Clostridioides difficile, a
common infection among SOTs. Therefore, we sought
to examine whether short-course antibiotic therapy for
complicated UTI/ pyelonephritis in hospitalized KT
recipients is applicable.

Methods

This is a retrospective cohort study. All consecutive adult
(age >18 years) KT recipients who were admitted with
complicated UTI (as defined below) between 1/2011 and
7/2019 were included. All were transplanted at Rabin
Medical Center and were followed in the outpatient
clinic, hence all data related to transplantation were avail-
able. For each patient, only the first episode of hospital-
ized symptomatic UTI was recorded, at any time
following transplantation. Our policy is not to treat

Transplant International 2021; 34: 2686-2695
© 2021 Steunstichting ESOT. Published by John Wiley & Sons Ltd

Antibiotic duration for UTI after KT

asymptomatic bacteriuria, except during the first month.
These patients were not included in the cohort. Partici-
pants were identified from the computerized database of
the transplantation department and microbiology labora-
tory at Rabin Medical Center. The retrieved data were
crossed-referenced with the electronic medical chart
looking for: (i) diagnoses in the discharge document of
pyelonephritis or UTI (ICD9 code) or the presence of
leukocytosis of more than 15.000 K/micrl or fever >38 on
admission or during hospital stay and (ii) positive urine
culture for a wuropathogen. Computerized medical
records of identified patients were reviewed to include
patients fulfilling complicated UTI criteria, as defined
below. Recipients of multiple organ transplantation (e.g.,
kidney—pancreas); recipients with undrained kidney
abscess (as they require prolonged treatment); recipients
with no access to their medical record and recipients who
had allograft failure for other reasons before developing
UTI were excluded.

Duration of treatment was dichotomized into short
(6-10 days) and prolonged (11-21 days) courses. This
dichotomy is based on the most common clinical practice
in our institute and was used as well in other studies of
antibiotic duration for similar indications [18-20]. In our
hospital, there is no written protocol to guide the dura-
tion of therapy for UTI, and the accepted duration is
between the ranges of 6-21, on the discretion of treating
physician. Patients who received less than 5 days or
longer than 21 days of antibiotic therapy were excluded
from the analyses, as this probably indicate inadequate
treatment or reflecting an uncontrolled source of infec-
tion such as an abscess that was not documented, respec-
tively. The first day of treatment was counted as the first
day of appropriate antibiotic treatment. Completion of
the course was either during admission or after discharge.

The primary outcomes were as follows: (i) A com-
posite of all-cause mortality or readmission for any
cause within 30 days from index culture and (ii) relapse
of UTI within 180 days. Secondary outcomes were indi-
vidual components of the primary outcome; readmis-
sion for any cause within 90 days; overall hospital stay;
documentation of bacteraemia within 30 days; serum
creatinine within 30 and 90 days; the emergence of
multidrug resistant (MDR) bacteria in any clinical or
surveillance cultures in 180 days after the index UTI
and the development of C. difficile infection. The out-
comes of this study were reported according to
STROBE guidelines [21].

This study was approved by the local institutional
review board and conducted in accordance with the
declaration of Helsinki and the declaration of Istanbul.

2687



Avni-Nachman et al.

Definitions and microbiological methods

For complicated UTI, we used the definition used by
Goldman et al. [12]: Complicated UTI (pyelonephritis
or upper tract UTI) includes significant (>10* CFU/ml)
growth of a uropathogen and at least one of the follow-
ing: fever, chills, malaise, hemodynamic instability,
leukocytosis (>15 000/ml), and bacteraemia with same
organism as in the urine or pain over the allograft or
the costovertebral angles for allograft or native kidney
involvement. All infections were microbiologically docu-
mented.

Relapse of UTI was defined as a recurrent UTI within
180 days with the same pathogen as the index UTI
[12].

Multidrug resistance (MDR) organisms were defined
as those micro-organisms that were resistant to at least
one agent in three or more antimicrobial categories [22].

Urine cultures were analysed for bacterial infection
using the Diaslide method. Cultures are transferred to
the microbiology laboratory already inoculated on dip
slides. Colony forming units (CFU) per ml is deter-
mined using NOVAMED Colony Density Chart. Cul-
tures are considered positive if CFU/ml >10 000 for
midstream urine collection or >1000 for catheter urine
collection, for a single pathogen. Bacterial identification
is performed using Bruker MALDI-TOF MS system.
Resistance is determined using the Clinical and Labora-
tory Standards Institute breakpoints.

Immunosuppression regimen

The standard maintenance calcineurin inhibitors (CNIs)
for the majority of KT recipients in our institute is
tacrolimus (Prograf, Astellas Pharma, Ireland or Tacro-
cel, Sandoz, Switzerland) with a target 12-h trough level
of 8-12 ng/ml during the first three months after trans-
plantation, and 5-8 ng/ml thereafter. Minority of KT
recipients receive cyclosporine (Sandimmune Neoral,
Novartis Pharmaceutical, Basel, Switzerland) with a tar-
get 12-h trough level of 150-300 ng/ml during the first
three months and 100-200 ng/ml thereafter. Mam-
malian target of rapamycin (mTOR) inhibitors are less
frequently used without any CNI. Immunosuppressant
therapy also (usually
mycophenolate mofetil) and corticosteroids. Induction
is given with one of the following: anti-IL-2 receptor
antagonist basiliximab (Simulect, Novartis Pharma, East
Hanover, NJ, USA) or daclizumab (Zenapax, Roche
Pharmaceuticals); for the low-risk group (1st transplant
without DSA); rabbit anti-thymocyte globulin (ATG)

includes an antimetabolite
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(Thymoglobulin; Genzyme Corp, Cambridge, MA,
USA) for any re-transplantation and for the high risk
patients who are highly-sensitized with positive DSA
and negative serological crossmatch; rituximab, IVIG,
and plasmapheresis.

Surgical stent policy

All transplants were done in the regular fashion using
mostly Leich-Gregoir Technique ureterocystostomy leav-
ing a double ] stent for 4-6 weeks after transplant.
Stents were removed earlier in patients with compli-
cated UTI unresponsive to antibiotic therapy within the
first 24 h. In any patient with a complicated UTI associ-
ated with increased creatinine levels, an ultrasound
Doppler of the allograft was performed to exclude other
causes for allograft dysfunction and to assure prior stent
extraction.

Antimicrobial prophylaxis

Recipients routinely received prophylactic anti-CMV
treatment with valganciclovir (Valcyte) for three to six
months (according to donor/recipient IgG status) and
prophylactic antibiotic against Pneumocystis jirovecii
(PCP) with trimethoprim-sulfamethoxazole (TMP/
SMX) at a dose of 160/800 mg three times a week for
1 year. No additional antibacterial prophylaxis is rou-
tinely provided in our centre.

Statistical analysis

Data were expressed as means with SD or medians with
interquartile range (IQR) as appropriate for continuous
variables and as numbers (percentages) for categorical
variables.

Comparisons between continuous variables
made using parametric tests for normally distributed, or
nonparametric tests for non-normally distributed vari-
ables. Comparisons between categorical variables were
conducted using Chi-square test or Fisher’s exact test,
when appropriate. Baseline characteristics of patients
receiving short versus long treatment were compared
and Inverse probability of treatment weighting (IPTW)
using propensity score was performed to adjust for con-
founders affecting the choice of treatment duration. We
examined whether balance between the measured
covariates was achieved in the weighted population by
comparing standardized mean differences. Variables sta-
tistically significant (P < 0.05) or clinically plausible
were inserted into the propensity score model. The

were
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weighted score was introduced into the multivariate
analysis of the primary outcome. Risk factors for the
composite outcome were evaluated in a univariate and
multivariate, IPTW adjusted, logistic regression.

Results

Overall, 646 adult KT recipients were hospitalized with
complicated UTI during the study period, and 214 were
included in the study (see Fig. 1 for study flow chart
describing reasons for exclusion); 115 received short-
course treatment [median 8, interquartile range (IQR)
6-9 days] and 99 received prolonged-course treatment
(median 14, IQR 12-21 days). Patients’ characteristics
are described in Table 1. Mean age was 51.1 (£15.2)
years, females were ~50% of the cohort (109/214).
There were similar rates of transplantation from
deceased donor; 52 (45.2%) vs. 51 (51.5%). Other
donor characteristics were also similar between the
groups (Table 1). Enterobacterales were the most com-
mon bacteria isolated, in 185 (86.4%), with Escherichia
coli the dominant bacteria; 125/184 (68%) microbiologi-
cally documented Enterobacterales infections were resis-
tant to TMP/SMX, 89/98 (91%)
documented during the first year post-transplantation.
A third of the Enterobacterales infections (61/182, 33%)
were ESBL; 1/16 (6%) of the pseudomonas infections
was MDR. There were no vancomycin-resistant entero-
coccus (VRE) infections. Only six patients (2.8%) were
admitted to intensive care unit. Patients who received

of them were

Search of potentially
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prolonged course were more likely to be hospitalized
during the first 6 months after transplantation, to have
BSI accompanying UTI and higher mean serum crea-
tinine level on admission (Table 1).

Eleven of the patients who had UTI during the first
6 months after transplantation (five in the short-course
and six in the prolonged-course group) had postopera-
tive urological complications; six required a collection
drainage, one had wound dehiscence, all others had uri-
nary leak. Nephrostomy during the UTI episode was
present in eight patients (five in the short-course and
three in the prolonged-course group). Time of double |
(DJ) removal was available for 60 patients who had UTI
during the first 6 months after transplantation; 23 in
the short course and 37 in the prolonged course; mean
24.6 £ 13.6 days from transplantation (21.2 £ 12.3 vs.
26.1 + 15.2, respectively).

Baseline characteristics of study populations with
standardized mean difference of the original and
weighted cohorts are presented in Table S1. Baseline
differences were 0.1 or less standardized differences after
weighting.

Outcomes

The composite outcome of all-cause mortality, or read-
mission for any cause within 30 days of from index cul-
ture occurred in 30 (30%) patients in the prolonged-
course group and 33 (28.6%) in the short-course group
(Table 2). Only two patients died during the study

Further analysis
(N=559)

relevant cases
(N=646)
Sepsis from
= another source
(N=98)

Multiple organ

Relevant cases

= transplation
recipient (N=36)

Asymptomatic
= bacteruria
(N=64)

(N=341)

| Treatment shorter
than 5 days or longer

Collection/Abscess

(N=14)

|| Sterile urine
culture (N=18)

than 21 days (N=127)

Dialysis (N=37)

Incompatible
— antibiotic
treatment (N=7)

Missing data
(N=31)

Cases analysed
(N=214)

Figure 1 Exclusion flow chart.
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Table 1. Patient Characteristics by length of treatment.
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Table 1. Continued.

ADL, activities of daily living; CHF, congestive heart failure; CMV, cytomegalovirus; DM, diabetes mellitus; ICU, intensive care

unit.

Table 2. Outcomes.

MDR, multidrug resistance.

follow up, both in the short-course group. Relapse of
UTI within 180 days occurred in 21 (21.2%) in the
prolonged-course and 16 (16.5%) in the short-course
group (P = 0.38; Table 2).

No significant difference between groups was found
for all other outcomes evaluated, including readmis-
sions, length of stay, rates of bacteraemia, and MDR
development. Only two episodes of C. difficile infection
occurred in the entire cohort (both in the short-course
group). Median serum creatinine within 30 and 90 days
of admission was similar for both groups (see Table 2
for details). Univariate analysis for risk factors for the
primary outcomes is presented in Table 3 (and
Tables S2 and S3). Risk factors that were found to be
significantly associated with the composite outcome of

Transplant International 2021; 34: 2686-2695
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all-cause mortality or readmission for any cause were
male gender, obesity, admission for UTI during the first
6 months after transplantation, longer dialysis vintage
before transplantation, congestive heart failure (CHF),
history of cancer and transplantation from deceased
donor and higher creatinine level on admission. Risk
factors that were found to be significantly associated
with relapse UTI were admission for index UTI during
the first 6 months after transplantation and higher crea-
tinine level on admission. Duration of treatment was
not associated with either outcome, even when examin-
ing separately those in the prolonged-duration group
who received up to 14 days or more than 14 days treat-
ment. Using multivariate logistic regression analysis
adjusted by inverse propensity score weighting, the only
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Table 3. Risk factors for primary outcomes — univariate analysis.

risk factor that remained significantly associated with
the composite outcome of all-cause mortality or read-

mission for any cause for the entire cohort was trans-
plant from deceased donor (OR 2.04, 95% CI 1.02-4.1,
P = 0.044; Table 4).

A separate analysis was performed for the patients
who were admitted with early UTI (during the first

2692

6 months after transplantation). There were overall 93
patients; 43 received short-course treatment and 50
received prolonged-course treatment. No significant dif-
ferences in baseline characteristics were demonstrated
between patients receiving short versus prolonged
course in this group of patients, excluding baseline
serum creatinine, which was higher in the long duration

Transplant International 2021; 34: 2686-2695
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Table 4. Risk factors for the primary outcomes —
multivariate analysis.

All-cause mortality/readmission

Gender (female) 0.68 (0.34-1.35) 0.271

Time from transplant to 1.71 (0.86-3.42) 0.127
admission (<180 days)

Creatinine admission 1.002 (0.84-1.2) 0.981
Dialysis duration 1(0.99-1.001) 0.500

Treatment duration (long) 1.01 (0.52-1.96) 0.983
Donor (deceased) 2.04 (1.02-4.1) 0.044

Cancer 2.52 (0.87-7.36) 0.089

Relapse UTI

Treatment duration (long) 1.15 (0.55-2.42) 0.702

Time from transplant to 1.9 (0.86-4.23) 0.113
admission (<180 days)

Diabetes mellitus 0.41 (0.16-2.66) 0.078

Creatinine admission 1.04 (0.87-1.23) 0.674

Cl, confidence interval; OR, odds ration.

arm (data not shown). Severity of UTI, defined by sep-
tic shock, BSI or the need for ICU, was not different
between those who had early or late UTL. The compos-
ite outcome of all-cause mortality or readmission
occurred more frequently in this population compared
to those with late UTI, with 35/93 (38%) having this
outcome. No difference in the primary outcome was
observed in this population between short-term and
long-term groups.

Discussion

In this retrospective cohort of KT recipients hospitalized
with complicated UTI, we found no significant differ-
ence in clinical outcomes between patients who were
treated with a short course of antibiotics (6-10 days)
versus prolonged course (11-21 days). Duration of ther-
apy was not associated with significant difference in
either mortality, readmission or relapse of UTI, as well
as subsequent bacteraemia, length of stay, resistance
development or graft function after 30 and 90 days.
Among patients with early UTI (during the first
6 months), the composite outcome occurred more fre-
quently compared with patients who had late UTI, with
no difference between patients who received short
course or prolonged course. The presence of DJ or
nephrostomy tube was also not associated with any of
the outcomes.

Previous studies evaluating duration of antibiotic
therapy for complicated UTI or Gram-negative

Transplant International 2021; 34: 2686-2695
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bacteraemia in general population demonstrate noninfe-
riority of short (<7 days) versus longer treatment
(>7 days) [18,20,23]. A recent retrospective observa-
tional study examining
pyelonephritis in children, showed no difference in odds
of treatment failure for patients prescribed a short
course (6-9 days) versus a prolonged course (=10 days)
of antibiotics (11.2% vs. 9.4%; odds ratio, 1.22; 95%
CI, 0.75-1.98) [24].

Most interventional studies excluded solid organ
transplant recipients. Yahav et al. [18] conducted a
randomized-controlled trial including 604 patients with
Gram-negative bacteraemia, mostly Enterobacterales
from a urinary source, and found noninferiority of 7 vs.
14 days of antibiotic therapy. Fifty-one KT recipients
were included in this study, and no significant differ-
ence in the composite primary outcome of mortality,
relapse, complications, and readmissions was demon-
strated between 25 KT recipients receiving 7 days and
26 receiving 14 days of antibiotics. Even in retrospective
studies on duration of therapy for UTI or Gram-
negative bacteraemia, KT recipients are poorly repre-
sented. Sousa et al. [25] included 85 immunocompro-
mised patients (out of 395 patients) in a study
comparing short (7-10 days) versus long (>10 days)
antibiotic therapy for Gram-negative bacteraemia, and
demonstrated no difference in mortality between arms
among immunocompromised patients.

Limited data from these studies suggest higher relapse
rates among immunocompromised patients treated with
a short antibiotic course. Gianella et al. [26] retrospec-
tively compared short (<10 days) versus long (>10 days)
antibiotic treatment for E. coli bacteraemia. Among 51
solid organ transplant recipients included, higher risk of
relapse was demonstrated in the short duration arm.
Nelson et al. [27] included 45 immunocompromised
patients in a retrospective study comparing short (7-
10 days) versus long courses (>10 days) of antibiotics
for  uncomplicated  Gram-negative
Immunocompromise was a statistically significant risk
factor for mortality or recurrent infection. In our
cohort, we did not find differences between treatment
duration groups in relapse of UTI or readmission rates.
Since the above studies evaluated relapsed bacteraemia
(rather than UTI), and addressed various immunocom-
promised populations, further studies are needed to
confirm our findings.

Transplant from deceased donor was found to be
associated with the primary composite outcome. Previ-
ous studies have similarly demonstrated an association
between deceased donor and re-hospitalization. Several

treatment duration in

bacteraemia.
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explanations were suggested, including that these recipi-
ents tend to spend longer time on waiting lists and
longer time on dialysis; receive more immunosuppres-
sion, and experience worse graft and patient survival
[28].

More than 50% of patients receiving prolonged
course in our cohort were transplanted less than
6 months before hospitalization. An association between
early time from transplantation and the composite out-
come was demonstrated in univariate, but not multi-
analysis, probably reflecting the higher
immunosuppression level and postoperative complica-
tions in these patients. Antibiotic duration did not
affect the primary outcome among this group. In the
guidelines for the treatment of UTI in SOT, the authors
recommend that patients with allograft pyelonephritis
in the early post-transplant period presenting with sep-
sis should be treated for at least 14-21 days [10]. Our
results warrant further discussion as to those recom-
mendations.

There are increasing evidence that the use of antibi-
otics may be harmful for kidney transplant recipients.
Solid organ transplant recipients are at increased risk
for C. difficile infection and are prone to have compli-
cated infection [29]. Infections with multidrug resistant
bacteria in organ recipients are associated with limited
therapeutic options and worse outcomes. Hence, antibi-
otic policies and strategies to limit these infections are
considered essential in the management transplanted
patients [30]. Programs for antibiotic stewardship are
being implemented for SOT patienty [16]. Shortening
antibiotic courses is considered an important compo-
nent of antibiotic stewardship.

Our study has several limitations. It is an observa-
tional study, thus although we used a propensity score
analysis, residual confounding factors that might influ-
ence the physicians’ decision on antibiotic duration can-
not be ruled out. While there was no difference in the
hospital presentation between the groups, there is clini-
cal heterogeneity among the patients in terms of under-
lying cause for ESKD or the time elapsed from
transplantation. This, however, reflects real life hetero-
geneity of the KT population.

variate

In conclusion, in our cohort, we found that short-
course antibiotic of 6-10 days was as effective as longer
course of 11-21 days in KT recipients hospitalized with
UTI Further
randomized-controlled studies are needed in order to
confirm the safety and efficacy of short-course antibi-
otics in KT recipients with UTI and/or BSIs, and define
optimal duration.

without collection or abscesses.
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