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Running head: Urinary tract infection by MDR bacteria 

 

Abstract 

Freire, MP1; Mendes, C; Piovesan, AC; de Paula, FJ; Spadão, F; Nahas, WC; David-Neto, E; Pierrotti, 

LC. 

Does the urinary tract infection caused by carbapenem-resistant Gram-negative bacilli impact the 

outcome of kidney transplant recipients? 

 

The incidence of urinary tract infection (UTI) after kidney transplantation (KT) caused by multidrug-

resistant (MDR) bacteria is growing. The aim of this study was to analyze the impact of UTI caused by 

carbapenem-resistant Gram-negative bacteria (CR-GNB) in the survival of graft and recipients 

following KT. 

This was a retrospective cohort study involving patients who underwent KT between 2013 and 2016. 

Patients were followed since the day of the KT until loss of graft, death or end of the follow-up 

period (31th December 2016). The outcomes measured were UTI by MDR following KT and graft and 

patient survival. Analyses were performed using Cox regression; for the graft and patient survival 

analysis we used a propensity score for UTI by CR-GNB to matching a control group.    

UTI was diagnosed in 178 (23.9%) of 781 patients, who developed 352 UTI episodes. 44.6% of the 

UTI cases were caused by MDR bacteria. Identified risk factors for UTI by MDR bacteria were: DM, 

urologic disease as the cause of end-stage renal failure, insertion of ureteral stent, carbapenem use, 

and delayed graft function (DGF). Risk factors for death during the follow-up period were female 
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gender, patients over 60 years old at the time of KT, DM, body mass index over 31.8, UTI caused by 

CR-GNB.  

In conclusion, UTIs caused by CR-GNB have great impact on patients’ survival after KT. 

Key words: carbapenem-resistance, urinary tract infection, mortality, Klebsiella pneumoniae, kidney 

transplantation, Pseudomonas aeruginosa, multidrug-resistance, diabetes mellitus, risk factor 

1 - Correspondence and reprint requests must be addressed to Maristela P. Freire, MSc, Working 

Committee for Hospital Epidemiology and Infection Control, Hospital das Clínicas da Faculdade de 

Medicina da Universidade de São Paulo, Rua Dr Eneas de Carvalho Aguiar, 255, São Paulo, SP, 05403-

900, Brazil 

 

Introduction 

Urinary tract infection (UTI) is the most common bacterial infection following kidney transplantation 

(KT). The incidence of UTI after KT varies widely due to the heterogeneity of definitions, existence of 

urinary exam protocols, follow-up duration and use of UTI prophylaxis.(1)(2)(3) The UTI incidence 

varies from 16 to 75 percent; in a meta-analysis study that included 13 studies, the pooled 

prevalence was 38%. (3) UTI is more frequent in the earlier periods of KT and becomes less so after 

the first year. In a Spanish cohort study that included 2052 kidney transplant recipients, 36.5% of the 

UTI happened in the first month. (4) 

The risk factors most commonly identified for UTI after KT are: the female gender, older age, 

diabetes mellitus (DM), prolong urinary catheter use, acute rejection, deceased donor, use of 

mycophenolate mofetil or anti-thymocyte globulin (ATG), delayed graft function (DGF), re-
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transplantation, use of ureteral stent and reflux kidney disease. (5)(6)(1)(7) The risk factors for UTI 

caused by multidrug-resistant (MDR) bacteria are poorly defined. 

The most common microorganisms causing UTI following KT, E. coli, K. pneumoniae, P. aeruginosa 

and Enterococcus sp, were the same agents found in the general population. However, the incidence 

of Gram-negative bacillus resistance has been increasing in recent years.(8)(9)(4) In a study that 

compares two KT cohort studies in the same institution with a time gap of nine years, the proportion 

of extended spectrum beta-lactamases (ESBL)-producing Enterobacteriaceae in symptomatic UTI 

increased from 9.4% to 42.9%.(8) The rate of ESBL-producing strains in a RESITRA cohort study was 

26.3% among E. coli isolates, and other cohort studies has described the prevalence of ESBL-

producing Enterobacteriaceae in up to 52% of KT recipients (KTR). (10)(11)(4) Infections caused by 

carbapenem-resistant Enterobacteriaceae (CRE) are also on the increase and solid organ transplant 

(SOT) recipients are a high risk group. (12) In endemic regions, it can reach up to 26% of bacterial 

infections among KTR, and urinary tract is the most common site of infection. (13) (14)  

UTI after KT is also associated with a high recurrence rate, particularly among UTI caused by MDR 

bacteria when compared to UTI caused by multi-sensitive bacteria. In a cohort study of 867 KTR, 

ESBL–producing K. pneumoniae was responsible for 31% of the recurrent UTI and multidrug-resistant 

(MDR) pathogens were the agents in 61% of relapse episodes.(11) UTI caused by CRE is also 

associated with a high recurrence rate, described as up to 50% of the cases. (13)(14) 

The urinary tract site is known to be connected with a lower mortality rate when compared to other 

sites of CRE infection in general population (15). Although the mortality rate of CRE infection among 

SOT recipients is higher than in the general population, ranging between 28% and 68%, in a 

multicentric study among SOT recipients with CRE infection, UTI seems to be related to low mortality 

rates when compared to other types of infections. Therefore, the impact of UTI caused by CRE in the 

survival of grafts and KT recipients is not known. (16)(12) (15) (17)(18) 
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The aim of this study was to analyze the impact of UTI caused by MDR Gram-negative bacilli in the 

survival of grafts and recipients after KT.  

 

Patients and Methods 

Study design and patient sample 

This was a retrospective cohort study involving all patients who underwent KT between January 

2013 and July 2016 at the Hospital das Clínicas da Faculdade de Medicina da Universidade de São 

Paulo, Brazil. Patients were followed from the day of the KT until loss of graft, death or the end of 

the follow-up period (31st December 2016). We excluded patients who died within the first 48 hours 

after transplantation, patients who underwent combined transplant or who were followed up post-

KT at another institution or who were not followed up at all.  

All bacteriuria events during the follow-up period were included. We defined bacteriuria as one 

voided urine specimen with isolation of a given bacterial strain in quantitative counts of ≥105 cfu/mL, 

or a single catheterized urine specimen with one bacterial species isolated in quantitative counts of ≥ 

102 cfu/mL for both women and men (2). Asymptomatic bacteriuria was defined as bacteriuria in a 

person without symptoms or signs of urinary infection; otherwise the bacteriuria was classified as 

UTI. UTI was further classified as cystitis, defined by the presence of bacteriuria and clinical 

manifestations such as dysuria, frequency, or urinary urgency in the absence of pyelonephritis 

criteria; and pyelonephritis that was defined by the simultaneous presence of a urine bacteria count 

≥105cfu/ml and/or bacteremia and fever with one or more of the following four categories: 

costovertebral angle pain (if native kidney was involved), renal allograft tenderness (if transplanted 

kidney was involved), chills, criteria for cystitis (bacteriuria and clinical manifestations such as 

dysuria, frequency, or urinary urgency).(19)  
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Bacteriuria was identified through retrospective reviews of all urine cultures performed from KT 

until the end of follow-up. Bacteriuria was classified as UTI through both prospective surveillance in 

the KT ward during the hospitalization periods and retrospective review of cultures and medical 

records during the outpatient attendance period, if signs or symptoms were not described in the 

outpatients’ medical records, the bacteriuria episode was classified as asymptomatic.  

We defined UTI relapse as the isolation of the same microorganism that caused the preceding 

infection, with the same antibiotic sensitivity pattern, in urine culture obtained ≥2 weeks after the 

end of the previous treatment. Every positive urine culture obtained with the same microorganism 

with a different antibiotic sensitivity pattern or with a different microorganism was defined as a new 

episode of bacteriuria. The patients with three episodes of symptomatic UTI in one year or two UTI 

episodes in the previous six-month period were classified as having recurrent UTI. (20) 

We defined the category of MDR bacteria according to the criteria established by the Centers for 

Disease Control and Prevention and the European Centre for Disease Prevention and Control; the 

following microorganisms were categorized as MDR: carbapenem-resistant (CR) or ESBL-producing 

Enterobacteriaceae, CR A. baumannii, CR P. aeruginosa, methicillin-resistant S. aureus, 

vancomycin-resistant Enterococcus. (21) 

DGF was defined as the use of dialysis within seven days of the transplantation. (22) Acute cellular 

rejection was clinically suspected in patients experiencing an increase in serum creatinine by more 

than 0.3 mg/dL, and was confirmed by histological findings according to BANFF criteria. (23) 

The standard surgical prophylaxis in use during the study period was a 24-h course of amikacin.(24) 

The standard immunosuppression regimen was made up of tacrolimus, mycophenolate mofetil plus 

a corticosteroid, and immunosuppression was induced by administration of basilixmab or ATG. All 

patients received prophylaxis for P. jirovecii during six months after KT with sulfamethoxazole-

trimethoprim 400 mg/80 mg daily. 
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During the follow-up period, there was no routine protocol for collecting urine cultures and clinical 

samples were collected for culture if any infection was suspected. The asymptomatic bacteriuria was 

systematically treated in the first month after KT. To identify organisms and perform antimicrobial 

susceptibility testing, we used an automated system (VITEK 2; BioMérieux, Marcy l’Étoile, France); 

minimum inhibitory concentrations (MICs) were interpreted according to the breakpoints 

established by the Clinical and Laboratory Standards Institute. (25) 

Statistical analysis 

The main outcome measure was the first UTI by MDR bacteria episode after KT; secondary outcome 

measures were the first UTI episode after KT, the graft lost and the patient survival during follow-up 

period. For UTI risk factor analysis we considered only the first episode of UTI for each patient. We 

evaluated the following independent variables: 1- related to the KT process: number of KT’s 

performed previously, cold ischemia time duration; duration of KT surgical procedure, presence of 

urinary stent, and presence of surgical drain; anatomic variation in the recipient’s genitourinary 

tract; 2 – donor-related characteristics:  type (living or deceased), age, vascular ureter condition, 

total number of HLA mismatches; 3 – recipient-related characteristics: age at the time of KT; gender; 

cause of end-stage kidney disease, DM at KT, previously performed KT and body mass index (BMI) at 

KT; and 4 - variables related to post-KT intercurrence: DGF, cytomegalovirus (CMV) infection (26), 

acute cellular rejection and antibiotic use (cephalosporin, piperacillin-tazobactan, carbapenem, 

vancomycin). For risk factor analysis for graft lost (censored for death) and death during the follow-

up period, we also included the following variables: UTI, recurrent UTI, UTI caused by MDR bacteria, 

UTI caused by carbapenem-resistant Gram-negative bacteria (CR-GNB), UTI with bacteremia and the 

period during which UTI occurred after KT (first 30 days after KT, between 31 and 180 days and more 

than 180 days after KT).  
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We ran a propensity score for balancing measured and unmeasured confounders among patients 

with and without UTI caused by CR-GNB. The propensity score for UTI caused by CR-GNB was 

calculated using a logistic regression model and included the following variables: age at KT, DM, 

uropathy as the cause of end-stage kidney disease, BMI at KT, type of KT (living or deceased), 

vascular alteration of ureter at KT, cold ischemia duration, ureteral stent at KT, induction therapy 

with ATG and DGF. The matching was performed through the Full matching method using a 

minimum of one and a maximum of 10 controls. Besides that, we used a back to back histogram to 

analyze the fit and degree of overlap between the two distributions. The C-statistic for the 

propensity score model was 0.743. This matching database resulted in a group of 53 patients with 

UTI by CR-GNB and 198 controls and was used to analyze risk factors for graft lost and patient 

survival. 

 Univariate and multivariate analyses were performed by Cox regression. Continuous variables were 

transformed into dichotomous variables through cluster analysis. We tested proportional hazard 

assumption for variables included in the analysis through Schoenfeld residuals plots. For UTI by MDR 

risk factor analysis the following variables were treated as time-dependent variables: CMV infection, 

antibiotic use, reoperation and acute cellular rejection; for survival analysis, the following variables 

were also treated as time-dependent: UTI, recurrent UTI, UTI caused by MDR bacteria, UTI caused by 

CR bacteria, and UTI with bacteremia. We considered only the first episode for all time-dependent 

events. The criterion for inclusion in the multivariate analysis was p< 0.2 in the univariate analysis. 

Variables that then reduced the −2 log likelihood or showed p< 0.05 were retained in the model. 

Data were processed and analyzed with the program R (http://www.R-project.org/). 

This study was approved by the Ethics Committee of Human Experimentation of our institution. 
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Results 

A total of 781 patients were submitted to KT during the study period. 36 of them were excluded; 

therefore, 745 (95.3%) patients were analyzed. The median age at KT was 49 years old, 358 patients 

(48.0%) were female, 45 (6.0%) patients had been submitted to re-transplantation, and in all of them 

the first KT was performed before 2013. A total of 519 (69.7%) patients had a deceased donor, and 

the two most common causes of end stage renal failure was glomerulonephritis in 230 (30.9%) 

individuals and diabetic nephropathy in 159 (21.3%) of them.  The median length of time of follow-

up was 676 days (range from 10 to 1368 days).  

Bacteriuria was detected during the follow-up period in 215 (28.9% - 215/745) patients. The 

prevalence of patients with symptomatic infection was 23.9% (178/215); 37 (17.2% - 37/215) 

patients had only asymptomatic bacteriuria. (Figure 1) Among patients with UTI, 16 (9.0%) had 

asymptomatic bacteriuria before UTI. The incidence of patients that had at least one episode of UTI 

during the study period was 0.89 per 1000 patients-day (IC95% 0.87-0.91).  

The median length of time between KT and the first episode of UTI was 68 days (range from 3 to 

1296 days). In 61 (34.3%) patients, UTI was detected in the first month after KT and in 167 (71.3%) 

patients developed UTI in the first six months.  

 A total of 352 episodes of UTI were identified during the study period, 179 (50.9%) of which were 

classified as pyelonephritis; 62 (17.6%) UTI episodes had positive blood culture; 81 (23.0%) episodes 

occurred in patients with ureteral stent, and in 142 (40.3%) episodes, some anatomic variation was 

detected.  

In 58 (16.4%) episodes of UTI, more than one microorganism was isolated. The most common 

bacteria identified in the UTI episodes was E. coli, followed by K. pneumoniae, irrespective of the 

period when the UTI occurred following KT. The majority of K. pneumoniae strains associated with 
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UTI were classified as MDR. Approximately half of them were ESBL-producing and the other half, CR. 

34.3% of the CR-K. pneumoniae strains were or became polymyxin-resistant. Overall 85 (11.4%) 

patients had at least one episode of UTI caused by a MDR bacteria. The resistance profile of E. coli 

and K. pneumoniae did not change over the three periods after KT (the first month, from 31 to 180 

days and after 6th month after KT). The proportion of CR-GNB in UTI decreased over time; 26.3% in 

the first month; 22.7% from 30 to 180 days and 16.4% more than 180 days after KT (P 0.026). (Table 

1)   

Seventy-one (39.9%) patients had more than one UTI episode during the study period, ranged 

between 2 and 12 episodes; the recurrent UTI episodes were identified in 42 (23.6%) patients. 

Relapse UTI was identified in 61 (34.2%) patients during the study period. CR P. aeruginosa was 

connected with the highest rate of relapse (5/12, 41.7%), followed by ESBL-producing E. coli (41.4%) 

and ESBL-producing K. pneumoniae (40.9%). Overall, CR-GNB was connected with a relapse rate of 

26.9% (14/52).  

Risk factors identified for UTI in multivariate analysis were: the female gender P <0.001, HR (CI95%) 

2.04 (1.49-2.79), patients over 60 years old at the time of KT P = 0.02, HR (CI95%) 1.56 (1.09-2.24), 

DM P= 0.001, HR (CI95%) 1.79 (1.29-2.50), urologic disease as the cause of end-stage renal failure P < 

0.001, HR (CI95%) 4.92 (2.77-8.73), BMI over 31.8 at the time of the KT, P = HR (CI95%) 1.67 (1.12-

2.51), insertion of ureteral stent during KT P < 0.001 HR (CI95%) 1.91 (1.40-2.60), induction therapy 

with ATG P = 0.05HR (CI95%) 1.40 (1.01-1.95), and DGF P = 0.003 HR (CI95%) 1.63 (1.19-2.23). 

Risk factors identified in multivariate analysis for UTI by MDR bacteria when compared to all cohort 

were: DM, P= 0.001, HR (CI95%) 2.05 (1.36-3.34); urologic diseases as the cause of end renal disease, 

P= 0.001, HR (CI95%) 3.81 (1.69-8.56); previous carbapenem use, P <0.001 HR(CI95%) 3.03 (1.92-

4.77);  insertion of ureteral stent during KT, P= 0.04 HR (CI95%) 8.06 (1.15-3.34.06); and DGF, P= 

0.006 HR(CI95%) 1.83 (1.19-2.84) (Table 2). When only the cohort of patients with UTI were 

analyzed, risk factors for UTI by MDR bacteria identified in multivariate analysis were: female 
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gender, P= 0.04, HR (CI95%) 1.52 (1.04-2.29); insertion of ureteral stent during KT, P= 0.04, HR 

(CI95%) 1.55 (1.02-2.36) and DGF P= 0.009, HR (CI95%) 1.74 (1.15-2.63). 

During the study period, 42 (5.6%) patients had death-censored loss of renal graft. In the analysis of 

death-censored graft survival, risk factors identified in the final model of Cox regression were: 

previously performed KT (P< 0.001), and DGF (0.04). (Table 3) 

During the study period, 96 (12.9%) patients died and the median length of time between KT and 

death was 128 days. Patient survival analysis was performed in a propensity score matching group of 

251 patients (Supporting information). The risk factors for death during the study period were: 

female gender (P=0.04), patients over 60 years old at the time of KT (P =0.002), DM (P= 0.04), BMI 

over 31.8 (P= 0.03), and UTI caused by CR-GNB (P 0.004) (Table 4).  When only the cohort of patients 

with UTI were analyzed, UTI by MDR bacteria and UTI by CR-GNB were associated with high 

mortality rate (Figure 2). 

 

Discussion 

This study analyzed a large cohort with a long follow-up period. The incidence of UTI in our center is 

similar to that of other cohort studies, namely 0.89 UTI episode per 1000 patients per day, compared 

to a Spanish multicentric cohort study that reported an incidence of 0.45 UTI episode per 1000 

patients per day after KT. (4) The reported data about UTI prevalence are very heterogenic due to 

different definitions, duration of follow-up and a different prophylaxis regimen.  (3)  

One point that should be noted about our study is the low rate of asymptomatic bacteriuria prior to 

UTI. Some studies claimed that asymptomatic bacteriuria increases the risk for UTI, and one study 

that included 189 KTR observed that 82.6% of UTI episodes were preceded by asymptomatic 
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bacteriuria, in contrast with the rate of 9% found in the present study. (27) At our institution there is 

no routine urine culture surveillance after KT, which may play a major role in this finding. 

We observed that agents profile of UTI episodes did not differ significantly when UTI were sorted 

according to post-KT time periods, although the proportion of CR-GNB did decreased with time after 

KT; the two most frequent agents were E. coli and K. pneumoniae. Those bacteria are commonly 

described as agents of UTI in the general population and also in KTR, due to their capacity to adapt 

to the human intestine and urinary tract. (8)(4) 

Despite the significant decrease in CR-GNB, during the period after KT, the number of UTI 

episodes by those agents remains high even more than 180 days post-transplant, i.e., more than 

50% of K. pneumoniae isolated beyond 180 days after KT remained resistant to carbapenem; one 

possible explanation for this fact is that patients who developed infection after 180 days were more 

complex patients with more urological complications and in that way more frequently exposed to 

the healthcare system, invasive procedures and antibiotics. In a multicentric study that included 164 

SOT recipients with CRE infection, KTR were more likely to develop CRE infection after one year post-

transplantation when compared to liver transplant recipients. (17) 

In our study we performed a risk factors analysis for UTI and for UTI caused by MDR bacteria, the 

main reason for that was to try identifying specific risks for UTI by MDR. The only risk factor that was 

connected with UTI by MDR but not for any episode of UTI was carbapenem use prior to UTI. Use of 

antibiotic was previously associated to an increased risk of infection by MDR bacteria in the general 

population and also among SOT patients; among all antibiotic that we analyzed the only one that 

remained significant in multivariate analysis was carbapenem. The best explanation for this fact is 

that CR-GNB were the most common MDR bacteria isolated from UTI. (28)(29) 

The risks factors for UTI and also for UTI by MDR bacteria identified in our study were similar to 

those found in the literature and related to the recipients’ characteristics (female gender, age older 
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than 60 years old, DM) and related to the management of KTR in the early post-KT (such as DGF, and 

ureteral stent).  DM and use of ureteral stent are commonly associated with UTI after KT. (30)(3)(6) 

Also it was described that patients with DM were almost three times more likely to develop 

bacteriuria by CR K. pneumoniae. (31) In our service the use of ureteral stent was previously 

connected to higher risk of infection by CR K. pneumonia and other types of CRE. (14)(32)  

Elevated BMI is not usually described as a risk factor for UTI after KT; however, it has been 

associated to an increased risk of surgical site infection (SSI) after KT; patients who developed SSI 

were more likely to have urological complications after KT such as urinary fistula, ureteral stenosis or 

lymphocele. We found urological diseases as cause end-stage kidney disease as a risk factor for both 

UTI and UTI by MDR bacteria. Urological underline diseases are associated with a higher risk of UTI in 

our study and also in the literature; such pathologies are also associated with an increased risk of 

patients with bacteriuria developing UTI and recurrent UTI. (33) 

DGF was previously associated with an increased risk for ITU in a large cohort study with 1166 KTR 

and in a case-control study about the risk of ITU caused by ESBL-producing Enterobacteriaceae; 

although it is not so clear why DGF is associated with UTI, DGF is likely to be a marker of patients 

with worse graft function, and this fact can occur due to surgical complications, acute cellular 

rejection or a prolonged cold ischemic time, all factors that can contribute to an increased risk for 

UTI. Patients with DGF more commonly need strict monitoring of urinary output and therefore more 

frequently use urinary catheter, which can increase the risk of UTI. Besides that, DGF is more 

common in deceased donors, which has also been associated to a risk for UTI. (10)(4)(34)(7)  

Induction with ATG has not been associated with a higher risk of UTI; however, various studies have 

demonstrated that the overall incidence of bacterial infection is lower in patients receiving 

basiliximab compared to those receiving ATG as an induction therapy. (35) ATG has a less specific 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

effect when compared to basilixmab, interacting with all types of T lymphocytes, causing more 

profound lymphocyte depletion. (36)  

In the literature, recurrence rates range between 2.9 and 46.9%, and the factors associated with this 

phenomenon are: the female gender, DM, urological malformation in native kidney, renal cysts, 

reoperation, age over 60 years old, renal calculi, benign prostate hyperplasia, urinary catheter, 

ureteral stent, vesicoureteral reflux, ureteric stenosis, urinary fistula, CMV disease and re-

transplantation.(9)(37)(11)(6) In our study, the recurrence rate was 23.6%, and was higher in 

patients with CR-GNB. 

UTI caused by MDR bacteria in KTR is associated with a high risk of recurrence and relapse;(11) (13) 

in a case-control study, patients with UTI caused by ESBL-producing Enterobacteriaceae were more 

likely to relapse (44.9%) when compared to 22.4% of the patients with UTI caused by ESBL-negative 

GNB. (10) Bodro et al in a cohort study of 174 KTR with UTI found that patients with MDR bacteria 

were more likely to have UTI recurrent and relapse, and among all the relapse cases, K. pneumoniae 

was the most common microorganism, all of them being ESBL-producing, and MDR P. aeruginosa 

was the second most common agent (11). In our cohort study, K. pneumoniae was also the most 

common microorganism in UTI relapse; the possible reasons for the higher rate of relapse in MDR 

UTI is the delayed introduction of effective therapy, a shorter duration of therapy due to few options 

for outpatient treatment and suboptimal therapeutic options.(38)(12) 

 The limited therapeutic options, low capacity for treating urinary tract infection, and the 

high proportion of invasive infections (bacteremia) explain the high mortality rates reported in the 

literature and also in this study among CRE infections. Although in the general population UTI is a 

protective factor in the survival analysis of CRE infections, in KTR, many studies have described an 

increased risk of death among patients with UTI caused by CRE. (12)(31)(13)(14) One case-control 

study reported a 46% mortality rate of patients with CR-K. pneumoniae infection versus an 8% 

mortality rate of patients with infections caused by carbapenem-sensitive K. pneumoniae . (16) In 
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our center, the mortality rate among KTR with KPC-producing K. pneumoniae infection was 41.9% 

and patients with KPC-producing K. pneumoniae infection had a lower 2-year survival compared to 

those with non-KPC producing K. pneumoniae infection (76% versus 90.1%, P = 0.01).(14)  

The main difference between other UTI studies in KTR and ours is that we have a high incidence 

of CR-K. pneumoniae, but surprisingly enough, CR- K. pneumoniae cases had a lower relapsing rate 

when compared to ESBL-producing K. pneumoniae (23% vs 41%). (9)(8)(11) One possible reason is 

that CR-GNB had a higher mortality rate in this study; among all patients with UTI caused by ESBL-

producing K. pneumoniae, none died in the following 30 days, compared to 24% of 30-day mortality 

rate of patients with CR- K. pneumoniae UTI. Also, in the risk factor analysis for patient survival, 

infection by CR-GNB was associated to more than a twofold increase in the risk of death. 

This study has shown that infections by MDR bacteria did not affect censored graft survival. UTI is 

usually not associated with a reduction in graft survival; even recurrent episodes are not clearly 

associated with graft loss. (33) (6) (3)(9) Additionally, the high number of UTI by MDR bacteria and 

the elevated rate of mortality among these patient in our cohort, could also contribute for the lack 

of association between UTI and graft loss found in this study, since patients evaluated to death 

before develop graft failure.   

In conclusion, the UTI by CR-GNB was associated with a high rate of relapse, which affects the 

sensitivity profile of UTI microorganisms even in the late period of KT. Besides that, such infections in 

our cohort were strongly associated with a decreasing in patient survival; therefore, suspicion of 

MDR infections should be higher and empirical therapy should be introduced early in the process. 
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Table 1 – Distribution of microorganism causative of urinary tract infection distributed by period after kidney transplantation excluding the relapse cases 

 First 30 days after KT Between 31 and 180 days after KT More than 180 days after KT 

Microorganism N (%) MDR (%) N (%) MDR (%) N (%) MDR (%) 

E. coli 20 (26.3%) 5 (25%)* 42 (27.6%) 20 (47.6%)*** 95 (39.7%) 29 (30.5%)***** 

K. pneumoniae 18 (23.7%) 16 (88.9%) 38 (28.3%)** 36 (93.0%)**** 52 (21.8%) 45 (86.5%)****** 

E. faecalis 11 (14.5%) 2 (18.1%) 22 (15.1%) 5 (21.7%) 24 (10.0%) 5 (20.8%) 

E. cloacae 6 (7.9%) 3 (50%) 6 (3.9%) 0 5 (2.1%) 0 

P. aeruginosa 4 (5.3%) 3 (75%) 15 (9.9%) 11 (73.3%) 24 (10.0%) 14 (58.3%) 

E. faecium 3 (3.9%) 2 (66.7%) 3 (2.0%) 2 (66.7%) 12 (5.0%) 7 (58.3%) 

A. baumannii 3 (3.9%) 3 (100%) 2 (2.0%) 2 (100%) 1 (0.4%) 1 (100%) 

E. gergoviae 2 (2.6%) 2 (100%) 2 (1.3%) 2 (100%) - - 

P. mirabilis 2 (2.6%) 0 3 (2.0%) 1 (33.3%) 7 (2.9%) 0 

S. marcencens 2 (2.6%) 0 5 (3.3%) 0 7 (2.9%) 0 

C. albicans 2 (2.6%)  2 (1.3%)  2 (2.1%) NA 

K. oxytoca 1 (1.3%) 0 1 (0.7%) 0 -  

S. aureus 1 (1.3%) 1 (100%) 1 (0.7%) 1 (100%) -  

C. glabrata 1 (1.3%)  -  1 (0.4%) NA 

M. morganii   2 (1.3%) 0 2 (0.8%) 0 

S. fonticola   1 (0.7%) 0 -  

E. aerogenes     2 (0.8%) 0 

C. koseri     1 (0.4%) 0 

A. lwofii     1 (0.4%) 1 (100%) 

P. vulgaris     1 (0.4%) 0 

E. gallinarium     1 (0.4%) 0 

C. non albicans     1 (0.4%) NA 

Total 76 (100%) 37 (50.7%) 152 (100%) 85 (56.7%) 239 (100%) 102 (43.4%) 
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* 5 (100%) ESBL-producing; * *9 (50.0%) carbapenem-resistant; *** 20 (100%) ESBL-producing; ****18 (47.4%) carbapenem-resistant; ***** 1 (1.0%) carbapenem-resistant; ******26 
(50.0%)carbapenem-resistant 

 

 

Table 2 – Cox proportional regression for risk of developing urinary tract infection by MDR bacteria comparing to those with non-MDR bacteria after kidney 

transplantation – univariate and multivariate analysis 

Variables Patients with 
UTI by MDR 
(N= 85) 

Patients without 
UTI by MDR 
(N=567) 

Univariate analysis Multivariate Analysis 

HR (IC95%) P HR (IC95%) P 

Recipient gender (F) 49 (57.6%) 309 (47.3%) 1.24 (0.83-1.87) 0.30   

Recipient age at KT ≥ 60  56 (60.9%) 310 (47.5%) 1.75 (1.15-2.66) 0.009   

Diabetes mellitus 37 (40.2%) 153 (23.4%) 2.09 (1.38-3.16) 0.001 2.05 (1.36-3.34) 0.001 

Systemic lupus erythematosus  2 (2.2%) 24 (3.7%) 0.60 (0.15-2.45) 0.48   

Urologic diseases as cause of end renal disease 7 (7.6%) 16 (2.5%) 3.12 (1.44-6.74) 0.004 3.81 (1.69-8.56) 0.001 

Polycystic renal diseases 4 (4.3%) 44 (6.7%) 0.62 (0.23-1.69) 0.35   

BMI at KT >31.8  18 (19.6%) 57 (8.7%) 2.71 (1.61-4.53) <0.001   

KT performed previously 8 (8.7%) 37 (5.7%) 1.33 (0.42-4.21) 0.63   

Total mismatch (median, min-max) 3 (0-6) 3 (0-6) 1.07 (0.94-1.22) 0.32   

Dialysis before KT 87 (96.7%) 604 (95.6%) 1.22 (0.39 – 3.86) 0.74   

Deceased donor 77 (83.7%) 442 (67.7%) 2.54 (1.46-4.42) 0.001 1.67 (0.93 – 2.98) 0.08 

Donor age (median, min-max) 44 (18-74) 42 (8-73) 1.01 (0.99-1.03) 0.23   

Cold ischemic time >4hours 77 (84.6%) 445 (68.1%) 2.66 (1.50-4.70) 0.001   

Anatomic variation of urinary tract in the recipient  27 (29.3%) 171 (26.2%) 1.17 (0.75-1.84) 0.48   

Vascular alteration of ureter at KT 13 (14.1%) 52 (8.1%) 1.71 (0.95-3.07) 0.07   

Duration of KT procedure >240 minutes 28 (30.4%) 181 (27.7%) 1.21 (0.78-1.89) 0.40   

Drain insertion at KT 64 (75.3%) 428 (65.9%) 1.20 (0.77-1.87) 0.42   

Ureteral stent at KT 54 (58.7%) 272 (42.0%) 2.12 (1.40-3.22) <0.001 8.06 (1.15-
3.34.06) 

0.04 

Induction therapy with ATG 55 (64.7%) 327 (50.1%) 1.47 (0.97-2.23) 0.07   
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Reoperation 5 (5.9%) 33 (5.1%) 1.03 (0.94-1.13) .51   

Carbapenem use 34 (40.0%) 129 (19.8%) 3.94 (2.54-6.12) <0.001 3.03 (1.92-4.77) <0.001 

Cephalosporin use 21 (24.7%) 137 (21.0%) 2.82 (1.72-4.62) <0.001   

Vancomycin use 22 (25.9%) 140 (24.7%) 1.45 (0.79 – 4.01) 0.14   

Piperacillin-tazobactam use 16 (18.8%) 102 (18.0%) 1.14 (0.76-3.32) 0.63   

Delayed graft function 43 (46.7%) 167 (25.6%) 2.52 (1.67-3.80) <0.001 1.83 (1.19-2.84) 0.006 

Acute cellular rejection 15 (16.3%) 135 (20.7%) 1.21 (0.65-2.24) 0.55   

CMV disease 13 (14.1%) 120 (18.4%) 1.57 (0.76-3.27) 0.22   

ATG, anti-thymocyte globulin; BMI, body mass index; CMV, cytomegalovirus; F, female; KT, kidney transplantation;  
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Table 3 – Cox Proportional regression of risk for censored lost graft after kidney transplantation in a subgroup of patients matching according to a 

propensity score – univariate and multivariate analysis 

Variables Censored Graft 
Loss (N=22) 

Non-graft Loss 
(N=229) 

Univariate analysis Multivariate Analysis 

N (%) N (%) HR (IC95%) P HR (IC95%) P 

Recipient gender (F) 11 (50.0%) 113 (49.3%) 1.12 (0.48-2.58) 0.79   

Recipient age at KT >60y 1 (4.5%) 63 (27.5%) 1.16 (0.85-2.40) 0.08   

Diabetes mellitus 4 (18.2%) 78 (34.1%) 1.96 (0.66-1.79) 0.23   

Systemic lupus erythematosus  3 (13.6%) 7 (3.1%) 3.19 (0.94-10.82) 0.06   

Urologic diseases as cause of end renal disease 2 (9.1%) 6 (2.6%) 3.11 (0.72-13.35) 0.13   

Polycystic renal diseases 0 (0%) 16 (7.0%) 0.12 (0.05-18.45) 0.41   

BMI at KT >31.8 2 (9.1%) 27 (11.8%) 2.09 (0.93-4.69) 0.08   

KT performed previously 9 (40.9%) 9 (3.9%) 9.90 (4.22-15.25) <0.001 10.40 (4.42-24.46) <0.001 

Total mismatch (median, min-max)  3 (1-6) 3 (0-6) 1.01 (0.76-1.36) 0.97   

Dialysis before KT 21 (95.5%) 216 (95.6%) 0.92 (0.12-6.84) 0.93   

Deceased donor 19 (86.4%) 170 (74.2%) 2.44 (0.72 – 8.26) 0.15   

Donor age (median, min-max) in years 44 (19-69) 43 (8-74) 1.01 (0.98-1.04) 0.74   

Cold ischemic time >4h 19 (86.4%) 171 (74.7%) 2.37 (0.70-8.01) 0.17   

Anatomic variation of urinary tract in the recipient  8 (36.4%) 67 (29.3%) 1.40 (0.59-3.34) 0.45   

Vascular alteration of ureter at KT 3 (13.6%) 21 (9.4%) 1.27 (0.38-4.30) 0.70   

Duration of KT procedure >240min 8 (36.4%) 74 (32.3%) 1.26 (0.53-3.01) 0.61   

Ureteral stent at KT 11 (50.0%) 110 (48.2%) 1.21 (0.53-2.80) 0.65   

Induction therapy with ATG 13 (59.1%) 142 (62.0%) 0.83 (0.36-1.95) 0.67   

Delayed graft function 13 (59.1%) 87 (38.0%) 2.29 (0.98- 5.36) 0.06 2.47 (1.05-5.79) 0.04 

Acute cellular rejection 6 (27.3%) 50 (21.8%) 2.11 (1.77 – 6.35) 0.14   

CMV disease 6 (27.3%) 50 (21.8%) 2.37 (0.87-6.43) 0.09   

UTI 8 (36.4%) 80 (34.9%) 1.06 (0.44-2.51) 0.90   

Polymicrobial UTI 4 (18.2%) 14 (6.1%) 2.95 (1.00-8.54) 0.05   

UTI caused by MDR bacteria 6 (27.3%) 56 (24.5%) 1.26 (0.49-3.22) 0.63   

UTI caused by carbapenem-resistant GNB 5 (22.7%) 48 (21.0%) 1.24 (0.46-3.36) 0.68   

UTI with positive blood culture 5 (22.7%) 29 (12.7%) 2.14 (0.79-5.81) 0.14   

Recurrent UTI 1 (4.5%) 36 (15.7%) 0.30 (0.06-1.47) 0.17   

ATG, anti-thymocyte globulin; BMI, body mass index; CMV, cytomegalovirus; F, female; GNB, Gram-negative bacteria; KT, kidney transplantation; MDR, 

multidrug resistance; UTI, urinary tract infection. 
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Table 4 – Cox proportional regression for kidney transplant recipients’ survival transplantation in a subgroup of patients matching according to a propensity 

score – univariate and multivariate analysis  

Variables Survival (N=212) Non-survival 
(N=39) 

Univariate analysis Multivariate Analysis 

HR (IC95%) P HR (IC95%) P 

Recipient gender (F) 100 (47.2%) 27 (69.2%) 2.49 (1.26-4.91) 0.009 2.14 (1.05-4.33) 0.04 

Recipient age at KT >60 years 43 (20.3%) 21 (53.8%) 4.17 (2.22-7.84) <0.001 2.88 (1.49 – 5.57) 0.002 

Diabetes mellitus 58 (27.4%) 24 (61.5%) 3.63 (1.91-6.93) <0.001 2.06 (1.05- 4.06) 0.04 

Systemic lupus erythematosus  10 (4.7%) 0 (0%) 0.12 (0-26.58) 0.34   

Urologic diseases as cause of end renal disease 7 (3.3%) 1 (2.6%) 0.75 (0.10-5.43) 0.77   

Polycystic renal diseases 15 (7.1%) 1 (2.6%)  0.37 (0.10-2.70) 0.33   

BMI at KT >31.8 20 (9.4%) 9 (23.1%) 2.49 (1.18-5.25) 0.02 2.38 (1.09 – 5.22) 0.03 

KT performed previously 17 (8.0%) 1 (2.6%) 0.64 (0.19-2.16) 0.47   

Total mismatch (median, min-max) 3 (0-6) 3 (0-6) 0.98 (0.84-1.13) 0.75   

Dialysis before KT 201 (95.7%) 36 (94.7%) 0.73 (0.24-2.26) 0.58   

Deceased donor 155 (73.1%) 34 (87.2%) 2.51 (1.00-6.41) 0.06   

Donor age (median, min-max) in years  42.5 (8-74) 50 (26-70) 1.01 (1.00-1.02) 0.41   

Cold ischemic time >4h 156 (73.6%) 34 (87.2%) 2.43 (0.95-6.23) 0.06   

Anatomic variation of urinary tract  in the 
recipient  

63 (29.7%) 12 (30.8%) 0.94 (0.60-1.47) 0.79   

Vascular alteration of ureter at KT 22 (10.6%) 2 (5.4%) 0.45 (0.11-1.89) 0.28   

Duration of KT procedure >240min 68 (32.1%) 14 (35.9%) 1.30 (0.67-2.50) 0.43   

Ureteral stent at KT 105 (49.8%) 16 (41.0%) 0.83 (0.44-1.58) 0.58   

Induction therapy with ATG 133 (62.7%) 22 (56.4%) 0.77 (0.43 – 1.38) 0.39   

Delayed graft function 78 (36.8%) 22 (56.4%) 1.11 (0.87-1.42) 0.39   

Acute cellular rejection 52 (24.5%) 4 (10.3%) 0.66 (0.23-1.90) 0.44   

CMV disease 47 (22.2%) 9 (23.1%) 2.52 (1.12-5.68) 0.03   

UTI 70 (33.0%) 18 (46.2%) 3.68 (1.85-7.33) 0.16   

UTI by fungus 2 (0.9%) 1 (2.6%) 2.18 (0.30-15.93) 0.44   

Polymicrobial UTI 15 (7.1%) 3 (7.7%) 1.63 (0.57-4.66) 0.37   

UTI by MDR bacteria 46 (21.7%) 16 (41.0%) 4.77 (2.40-9.48) <0.001   

UTI by carbapenem-resistant GNB 37 (17.5%) 16 (41.0%) 36.50 (6.06-144.05) <0.001 2.62 (1.37-5.00) 0.004 
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UTI with positive blood culture 24 (11.3%) 10 (25.6%) 5.32 (2.52-11.22) <0.001   

Recurrent UTI 30 (14.2%) 7 (17.9%) 3.59 (1.47-8.80) 0.005   

ATG, anti-thymocyte globulin; BMI, body mass index; CMV, cytomegalovirus; F, female; GNB, Gram-negative bacteria; KT, kidney transplantation; MDR, 

multidrug resistance; UTI, urinary tract infection.  
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Figures captions: 

 

Figure 1 - Study flowchart: number of kidney transplant recipients at each stage of the study.    

 

Figure 2 - Kaplan-Meier cumulative survival curve of kidney transplant recipient adjusted by the 

propensity score –A: Among patients that developed urinary tract infection (UTI) stratified by UTI by 

carbapenem-resistant Gram-negative bacteria (CR-GNB); B: Among all patients stratified by UTI 

caused by CR-GNB. 
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