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1  |  INTRODUC TION

Urinary tract infection (UTI) is the most frequent infection after renal 
transplantation and the highest incidence is observed within the first 
year post- transplant.1,2 The prevalence of UTI varies greatly depend-
ing on the study, the population studied, the use of antimicrobial pro-
phylaxis, and the length of the follow- up, ranging from 7% to 80% 
with larger studies reporting 1- year incidence around 30%.3– 6

Although UTI in renal transplantation has been studied exten-
sively, many issues are still incompletely understood due to conflict-
ing results in previous studies.6 One important question is whether 
the occurrence of UTI impairs allograft function. While some studies 
showed a negative impact,7,8 other investigators reported no differ-
ence in graft function between patient cohorts with and without 
UTI.9,10 Another not yet conclusively clarified issue is whether the 
occurrence of UTI is associated with a lower patient and allograft 
survival. Some studies showed a negative impact on both, patient 
and graft survival,5,11 while other investigators found only a negative 
impact on allograft survival12 or no association between UTI and pa-
tient or allograft survival at all.13,14 These divergent results might be 
related to individual limitations in these studies such as low number 
of included patients, short follow- up time, as well as different defini-
tions and incomplete inclusion of UTI phenotypes.

Additionally, in the past, episodes of asymptomatic bacteriuria/
colonization were considered as risk factors for the development of 
symptomatic UTI and were often treated, although there was little 
evidence to support this approach.15– 17 Indeed, two recent random-
ized controlled trials demonstrated that treatment of asymptomatic 
bacteriuria is not beneficial.18,19 However, several larger studies in-
vestigating the clinical relevance of UTI have either not distinguished 
between asymptomatic bacteriuria/colonization and symptomatic 
UTI or have not included asymptomatic bacteriuria/colonization as 
an independent UTI phenotype.5,9,11,20,21

To increase the knowledge regarding the described gaps in the 
literature, we investigated the impact of different UTI phenotypes 
(i.e., [i] no UTI or colonization, [ii] colonization(s) only, [iii] occasional 
UTI, and [iv] recurrent UTI) within the first year after renal transplan-
tation on the allograft function, as well as long- term allograft and 
patient survival in a large, contemporary national cohort.

2  |  MATERIAL S AND METHODS

2.1  |  Study design and patient population

The STCS is a multicenter observational long- term follow- up cohort 
including all solid organ transplant recipients from the six Swiss trans-
plant centers. Details on design and methodology of the STCS have 
been published elsewhere.22 In the period from May 2008 to December 
2017, 2874 kidney transplantations were performed in Switzerland. 
Five hundred and six of 2874 (18%) transplantations were excluded 
for the following reasons: no informed consent (n = 217), multiorgan 
transplants (n = 158), pediatric recipients (n = 90), missing pretrans-
plant donor- specific HLA antibody assignment (n = 28), missing base-
line data (n = 10), no complete one- year follow- up (n = 3). Therefore, 
the final population consisted of 2368 adult kidney- only transplanta-
tions with complete datasets and at least one year of follow- up. The 
study was approved by the ethics committee of Northwestern and 
Central Switzerland (www.eknz.ch; project ID 2021– 00360).

2.2  |  Definitions and grouping of UTI events

Urine cultures were taken at all six transplant centers in case of leu-
kocyturia and/or symptoms referring to a UTI. Additionally, at one 
center, urine cultures were taken at each consultation during the 
first 6 months after transplantation. All UTI events were classified by 
an infectious disease specialist and/or nephrologist based on micro-
biological cultures, urine analyses, and recorded clinical symptoms 
as follows:

 (i) Urinary colonization was defined as the presence of bacteria 
and/or fungi in the urine with ≥10⁵ CFU/ml in the absence of 
local and systemic signs or symptoms of infection. This can be 
regarded as equivalent to ‘asymptomatic bacteriuria/UTI'.

 (ii) UTI was defined as the presence of bacteria and/or fungi in the 
urine with ≥10⁵ CFU/ml in the presence of local and/or systemic 
signs or symptoms of infection. No distinction between lower 
UTI (i.e., cystitis) and upper UTI (i.e., pyelonephritis) was re-
corded in the STCS database.

(p < .001). Furthermore, recurrent UTI was a strong and independent risk factor for 
reduced death- censored allograft survival in a multivariable analysis (HR 4.41, 95% 
CI 2.53– 7.68, p < .001). We conclude that colonization and occasional UTI have no 
impact on pertinent outcomes, but recurrent UTI are associated with lower one- year 
eGFR and lower long- term death- censored allograft survival. Better strategies to pre-
vent and treat recurrent UTI are needed.

K E Y W O R D S
allograft loss, patient survival, renal transplantation, urinary tract infection
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 (iii) Urosepsis was defined as the detection of the same pathogen in 
urine and blood cultures in the presence of local and/or systemic 
symptoms of infection.

Based on all recorded UTI events within the first year post- 
transplant, the recipients were categorized into four groups:

 (i) No colonization or UTI,
 (ii) Colonization only,
 (iii) Occasional UTI (1– 2 UTI episodes), and
 (iv) Recurrent UTI (≥3 UTI episodes).

2.3  |  Catheter policy and infection prophylaxis

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

2.4  |  Treatment of UTI

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

2.5  |  Diagnosis of rejection and screening for CMV 
as well as BKV

Rejection episodes were graded according to the Banff 2013/2015 
classification, excluding the “borderline changes” category.23 
Screening for CMV and BKV replication was performed in all centers 
according to local practice.

2.6  |  Outcomes

The investigated outcomes were graft function (i.e., estimated 
glomerular filtration rate [eGFR] according to the Chronic Kidney 
Disease Epidemiology Collaboration [CKD- EPI] equation24) at 

one- year post- transplant, as well as short-  and long- term patient and 
death- censored allograft survival.

2.7  |  Statistical analysis

JMP software version 16.1 (SAS Institute Inc.) was used for statisti-
cal analysis. Categorical data are presented as counts and/or per-
centages and were analyzed by chi- square test or Fisher's exact test 
as appropriate. Continuous data are shown as median and interquar-
tile ranges [IQR] and compared by Wilcoxon rank sum tests. For all 
tests, a (two- tailed) p- value < .05 was considered to indicate statisti-
cal significance. To investigate the impact of UTI phenotypes ob-
served within the first year post- transplant on long- term outcomes, 
only functioning transplants at one year were included. Time- to- 
event analyses were performed by the Kaplan- Meier method and 
compared by the log- rank test. A multivariable Cox regression model 
was used to investigate independent risk factors for death- censored 
graft survival beyond the first- year post- transplant.

3  |  RESULTS

3.1  |  Incidence of infection events and infection 
phenotypes

Overall, 2363 UTI events were recorded in 2368 transplantations. 
Colonizations and UTI each accounted for 47% of all events, and 
urosepsis was observed in 6%. While only about a quarter of all colo-
nization were treated with antibiotics, almost all UTI and urosepsis 
events were managed with antibiotics (Figure 1A). In the first month 
post- transplant, colonization was the most frequent clinical pres-
entation. From post- transplant month two to twelve, the relative 
proportion of colonization (~45%), UTI (~50%), and urosepsis (~5%) 
remained very stable (Figure 1B).

The 1- year incidence of colonization was significantly higher in 
females compared to males (38% vs. 23%; p < .001). The same obser-
vation was made for UTI (40% vs. 19%; p < .001), but the incidence 
of urosepsis was similar between females and males (4.4% vs. 4.7%; 
p = .71) (Figure 1C).

Based on all recorded UTI events within the first year post- 
transplant, 1404/2368 (59%) patients had no colonization or UTI, 
353/2368 (15%) had only colonization(s), 456/2368 (19%) had occa-
sional UTI, and 155/2368 (7%) had recurrent UTI (Figure 1D).

3.2  |  Pathogens

During the 2363 UTI events, a total of 2751 pathogens were detected. 
Bacteria accounted for the vast majority of detected pathogens, 
while fungi were cultured only in 56/2751 (2%) cases. We observed 
a different pathogen profile in colonization(s) compared to UTI and 
urosepsis. This was driven by a higher proportion of Enterococcus sp. 
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and coagulase- negative staphylococci in colonization(s). The pathogen 
profile in UTI and urosepsis was very similar with a dominance of 
E.coli, Enterococcus sp., and Klebsiella sp. accounting for about 85% 
of all pathogens (Figure 2A).

Interestingly, the pathogen profiles in colonization(s), UTI, and 
urosepsis remained very stable within the first year post- transplant 

and did not significantly change from before/after removal of the 
double J- stent as well as before/after stop of prophylaxis with TMP/
SMX (Figure 2B).

More than one pathogen was detected in 360/2363 (15.2%) 
UTI events, with two pathogens detected in the vast majority (two 
pathogens: n = 336; three pathogens: n = 20; four pathogens: n = 4). 

F I G U R E  1  Overview of the frequency/incidence and temporal distribution of infection phenotypes observed within the first year post- 
transplant [Color figure can be viewed at wileyonlinelibrary.com]
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The frequency of more than one pathogen detected per UTI event 
was higher in colonization (232/1111; 20.9%) than in UTI (117/1121; 
10.4%) and urosepsis (11/131; 8.4%) (p < .001). For episodes with 
two pathogens, the most frequent combinations were E. coli plus 

Enterococcus sp. (with 22%, 27%, and 55% for colonization, UTI, and 
urosepsis), E. coli plus Klebsiella sp. (with 12%, 19%, and 27% for col-
onization, UTI, and urosepsis), and Klebsiella sp. plus Enterococcus sp. 
(with 9%, 12%, and 9% for colonization, UTI, and urosepsis).

TA B L E  1  Baseline characteristics of patients grouped according to UTI phenotype in the first year post- transplant

Parameter
No colonization or UTI
(n = 1404)

Colonization
only
(n = 353)

1– 2 UTI
(n = 456)

≥3 UTI
(n = 155) p- value

Recipient age 54 (43– 62) 54 (44– 63) 57 (46– 65) 58 (47– 65) <.001

Female sex 384 (27%) 136 (39%) 237 (52%) 91 (59%) <.001

Recipient renal disease <.001

ADPKD 251 (18%) 69 (20%) 103 (23%) 33 (21%)

Diabetic nephropathy 108 (8%) 28 (8%) 46 (10%) 15 (10%)

Reflux/pyelonephritis 47 (3%) 24 (7%) 33 (7%) 16 (10%)

Other 998 (71%) 232 (65%) 274 (60%) 91 (59%)

RRT prior to transplantation .24

HD 966 (69%) 252 (71%) 318 (70%) 111 (71%)

PD 187 (13%) 48 (14%) 53 (12%) 26 (17%)

None 251 (18%) 51 (15%) 84 (18%) 18 (12%)

Donor age 54 (45– 63) 54 (45– 62) 56 (43– 65) 54 (45– 64) .75

Deceased donor 827 (59%) 190 (54%) 290 (64%) 105 (68%) .006

Cold ischemia time [h] 9.2 (7.0– 12.0) 9.7 (7.2– 12.7) 9.8 (7.6– 13.1) 9.3 (7.4– 12.0) .02

CMV constellation .70

High risk 270 (19%) 64 (18%) 80 (18%) 27 (17%)

Intermediate risk 847 (61%) 225 (64%) 283 (62%) 101 (66%)

Low risk 269 (19%) 62 (18%) 90 (20%) 27 (17%)

unknown 18 (1%) 2 3 - 

Pretransplant HLA- DSA 247 (18%) 55 (16%) 88 (19%) 37 (24%) .13

AB0 incompatible 89 (6%) 24 (7%) 30 (7%) 10 (6%) .99

A/B/DRB1 mismatches (n = 2368) 4 (3– 5) 4 (3– 5) 4 (3– 5) 4 (3– 5) .92

A/B/DRB1- 5/DQB1 mismatches
(n = 1905)

5 (4– 7) 5 (4– 7) 5 (4– 6) 5 (3– 7) .26

Induction therapy .05

ATG/Thymoglobulin 304 (22%) 81 (23%) 129 (28%) 45 (29%)

Basiliximab 1060 (75%) 262 (74%) 315 (69%) 103 (66%)

None 40 (3%) 10 (3%) 12 (3%) 7 (5%)

Maintenance immunosuppression .36

CyA/MPA/Pred 249 (18%) 53 (15%) 75 (16%) 31 (20%)

FK/MPA/Pred 1111 (79%) 293 (83%) 371 (82%) 117 (75%)

Other 44 (3%) 7 (2%) 10 (2%) 7 (5%)

Transplant center <.001

#1 (culture at each visit for first 6 months) 63 (26%) 82 (33%) 78 (31%) 25 (10%)

#2 (prolonged AB prophylaxis) 181 (67%) 22 (8%) 44 (17%) 22 (8%)

#3 180 (43%) 125 (30%) 87 (21%) 26 (6%)

#4 145 (76%) 8 (4%) 30 (16%) 8 (4%)

#5 421 (71%) 24 (4%) 111 (19%) 33 (6%)

#6 414 (64%) 92 (14%) 106 (16%) 41 (6%)

Abbreviations: AB, antibiotic; ADPKD, autosomal polycystic kidney disease; ATG, anti- T cell globulin; CMV, cytomegalovirus; HD, hemodialysis; HLA- 
DSA, donor- specific HLA- antibodies; MPA, mycophenolic acid; PD, peritoneal dialysis; Pred, prednisone; RRT, renal replacement therapy;  
Tac, tacrolimus; UTI, urinary tract infection.
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3.3  |  Baseline characteristics of patient groups

Table 1 summarizes baseline characteristics of patients grouped 
according to the UTI events within the first- year post- transplant. 
Recipients with occasional and recurrent UTI were older, more often 
female, were more likely to have ADPKD, diabetic nephropathy or 
reflux/pyelonephritis as primary renal disease, and received more 
often a kidney from a deceased donor. However, there were no sig-
nificant differences regarding immunological parameters, as well as 
induction therapy and maintenance immunosuppression.

3.4  |  One- year outcomes

Overall, graft loss occurred in 74/2638 (3.1%) cases and death in 
49/2368 (2.1%) patients. There were no differences regarding graft 
loss or death among the four groups. However, patients in the recur-
rent UTI group had 7- 10 ml/min lower eGFR than the other groups 

(p < .001). In addition, the recurrent UTI group had a higher propor-
tion of patient with an eGFR < 25 ml/min (p < .001). The number, 
phenotype, and severity of rejection episodes was not different 
among the four groups (Table 2).

3.5  |  Impact of infection phenotype on long- term 
patient and graft survival

To investigate the long- term impact of the UTI phenotype observed 
within the first- year post- transplant, we studied 2245 patients hav-
ing a functioning allograft at one- year post- transplant. These pa-
tients were followed for a median of 4.9 years (2.8– 7.1 years). A total 
of 196 deaths were observed after the first year post- transplant. 
Overall patient survival was not different among the four UTI 
groups (p = .33). Stratified by sex, the same observation was made 
in females (p = .32), while in males, there were differences between 
the four UTI groups (p = .006) with lower survival in males with 

TA B L E  2  First- year outcomes

Parameter
Total
(n = 2368)

No colonization or 
UTI
(n = 1404)

Colonization
only
(n = 353)

1– 2 UTI
(n = 456)

≥3 UTI
(n = 155) p- Value

Graft loss or death 123 (5.2%) 80 (5.7%) 12 (3.4%) 24 (5.3%) 7 (4.5%) .36

Death 49 (2.1%) 27 (1.9%) 5 (1.4%) 12 (2.6%) 5 (3.2%) .45

Graft loss 74 (3.1%) 53 (3.8%) 7 (2.0%) 12 (2.6%) 2 (1.3%) .13

eGFR [ml/min] 53 (41– 66) 54 (42– 67) 53 (43– 67) 51 (39– 66) 44 (34– 58)a <.001

Patients with eGFR <25 107 (4.5%) 50 (3.6%) 8 (2.3%) 30 (6.6%) 19 (12.3%) <.001

Number of biopsies <.001

None 982 (41.5%) 571 (40.7%) 169 (47.9%) 185 (40.6%) 57 (36.8%)

One 774 (32.7%) 435 (31.0%) 134 (38.0%) 144 (31.6%)
93 (20.4%)

61 (39.3%)
26 (16.8%)

Two 429 (18.1%) 268 (19.1%) 42 (11.9%) 34 (7.4%) 11 (7.1%)

More than two 183 (7.7%) 130 (9.2%) 8 (2.2%)

Number of rejections .38

None 1917 (81.0%) 1144 (81.5%) 295 (83.6%) 358 (78.5%) 120 (77.4%)

One 342 (14.4%) 199 (14.2%) 45 (12.7%) 72 (15.8%) 26 (16.8%)

Two 75 (3.2%) 38 (2.7%) 12 (3.4%) 18 (4.0%) 7 (4.5%)

More than two 34 (1.4%) 23 (1.6%) 1 (0.3%) 8 (1.7%) 2 (1.3%)

Most severe TCMR .58

IA 109 (4.6%) 73 (3.1%) 11 (3.1%) 18 (3.9%) 7 (4.5%)

IB 11 (0.5%) 7 (0.5%) — 3 (0.7%) 1 (0.6%)

IIA 198 (8.4%) 113 (8.0%) 30 (8.5%) 41 (9.0%) 14 (9.0%)

IIB 17 (0.7%) 8 (0.6%) 3 (0.8%) 6 (1.3%) — 

III 5 (0.2%) 4 (0.3%) — 1 (0.2%) — 

Most severe ABMR .76

Acute/active ABMR 130 (5.5%) 67 (4.8%) 17 (4.8%) 31 (6.8%) 15 (9.7%)

Chronic active ABMR 18 (0.8%) 9 (0.6%) 3 (0.8%) 5 (1.1%) 1 (0.6%)

Susp. for active ABMR 2 1 1 — — 

Abbreviations: ABMR, antibody- mediated rejection; TCMR, T cell– mediated rejection, UTI, urinary tract infection.
a Versus no colonization or UTI (p < .001), vs colonization only (p < .001), versus 1– 2 UTI (p = .002).
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occasional and recurrent UTI compared to males without coloniza-
tions or UTI (Figure 3A).

Death- censored allograft survival in the whole cohort was 
around 10% lower in the recurrent UTI group compared to the other 
groups (p < .001). Stratified by sex, we made the same observation 
in females and males (p < .001 and p < .001, respectively). In addi-
tion, in males even occasional UTI showed a lower death- censored 
allograft survival compared to the 'no colonization or UTI' group 
(p = .02) (Figure 3B).

Next, we investigated the impact of UTI phenotypes on 
death- censored allograft survival in a multivariable Cox propor-
tional hazards model. One hundred and thirty death- censored 
allograft failures were observed in the cohort of 2245 patients 
with a functioning allograft at one- year post- transplant. Of these, 
61, 15, 29, and 25 events were observed in the no colonization 
or UTI, the colonization only, the occasional UTI, and recurrent 
UTI group, respectively. To minimize statistical problems related 
to overfitting the model, only 14 variables considered as proven 
or potential risk factors were included. Recurrent UTI was a 
strong and independent risk factor with a hazard ratio of 4.41 
(95% CI 2.53– 7.68; p < .001). Other significant risk factors were 
male sex (HR 2.21; p < .001), donor age (HR 1.47 per decade; 
p < .001), deceased donor status (HR 1.93; p = .001), pretrans-
plant HLA- DSA (HR 1.73; p = .01), and rejection within the first 
year (HR for one rejection 1.88 [p = .01], HR for ≥2 rejections 
3.00 [p < .001]). Neither the occurrence of urosepsis within the 

first- year post- transplant nor the primary renal disease were in-
dependent risk factors (Table 3).

3.6  |  Comparison between patients with 
occasional and recurrent UTI

Patients with recurrent UTI had more frequently colonizations and 
urosepsis than patients with occasional UTI. Other parameters 
including primary renal disease, sex, age, donor type, transplant 
center, induction therapy as well as maintenance immunosuppres-
sion were not different between the two groups (Table 4). The pro-
file of detected pathogens was very similar between the two groups. 
However, we observed a numerically higher proportion of Klebsiella 
sp. in the recurrent UTI group across all three UTI phenotypes 
(Figure 4).

4  |  DISCUSSION

The key observations in this study were that (i) colonizations and 
occasional UTI are not associated with inferior outcomes and (ii) re-
current UTI are a strong and independent risk for lower eGFR at year 
one and lower long- term death- censored allograft survival.

These observations are consistent with studies showing that recur-
rent UTI in renal transplant recipients are associated with an increased 

F I G U R E  3  Long- term patient and death- censored allograft survival among 2245 patients having a functioning allograft at 1 year post- 
transplant, grouped by UTI phenotypes observed within the first year post- transplant. [Color figure can be viewed at wileyonlinelibrary.com]

(A) Pa�ent survival

All pa�ents (n=2245) Females (n=801) Males (n=1444)

p=0.33 p=0.32 p=0.006

100%

1 3 5 97

80%

60%

40%

20%

0%

Years post-transplant

Su
rv

iv
al

pr
ob

ab
ili

ty

146
45
61
23

365
103
145
51

586
194
239
83

884
270
325
118

1324
341
432
148

At risk

100%

1 3 5 97

80%

60%

40%

20%

0%

Years post-transplant

Su
rv

iv
al

pr
ob

ab
ili

ty

31
18
37
16

81
44
79
31

139
82

128
51

216
105
177
73

356
130
227
88

At risk

100%

1 3 5 97

80%

60%

40%

20%

0%

Years post-transplant

Su
rv

iv
al

pr
ob

ab
ili

ty

117
28
25
8

285
59
66
21

448
113
112
33

668
166
149
46

968
211
205
60

At risk

No coloniza�on or UTI
Coloniza�on only
1-2 UTI
≥3 UTI

(B) Death-censored gra� survival

All pa�ents (n=2245) Females (n=801) Males (n=1444)

p<0.001 p<0.001 p<0.001

100%

1 3 5 97

80%

60%

40%

20%

0%

Years post-transplant
Su

rv
iv

al
pr

ob
ab

ili
ty

100%

1 3 5 97

80%

60%

40%

20%

0%

Years post-transplant

Su
rv

iv
al

pr
ob

ab
ili

ty

100%

1 3 5 97

80%

60%

40%

20%

0%

Years post-transplant

Su
rv

iv
al

pr
ob

ab
ili

ty

146
45
61
23

365
103
145
51

586
194
239
83

884
270
325
118

1324
341
432
148

At risk
31
18
37
16

81
44
79
31

139
82

128
51

216
105
177
73

356
130
227
88

At risk
117
28
25
8

285
59
66
21

448
113
112
33

668
166
149
46

968
211
205
60

At risk

p=0.02

p=0.08p<0.0001



1830  |   
AJT

BRUNE Et al.

risk for development of renal allograft fibrosis.25,26 We hypothesize that 
repeated, probably also persisting, infection- related injuries might ex-
haust the regenerative capacity of the allograft and induce irreversible 
fibrosis. Intriguingly, the occurrence of urosepsis as a model of a single 
severe UTI episode was not an independent risk factor for poorer death- 
censored graft survival in the multivariable analysis, suggesting that the 
allograft can fully recover, if a single UTI event resolves. However, in this 
study, we did not perform surveillance biopsies, which could confirm 
the postulated mechanism of graft damage due to fibrosis. Interestingly, 
a recently published study showed that death- censored graft failure 
often has multifactorial causes, with medical events (including infec-
tions) being the most common cause with 36.3%.27

Britt et al. reported in a study of similar population size that re-
current UTI were not only associated with inferior graft survival but 
also reduced patient survival compared to patients with occasional 
or no UTI.20 In our study, we observed no significant differences in 
patient survival among the four UTI phenotypes when analyzing 
the whole cohort. There are several potential explanations for this 
discrepancy. First, in our study, we investigated only recurrent UTI 
in the first year after transplantation, whereas Britt et al. included 

the whole post- transplant observation period to classify patients. It 
might be possible that late recurrent UTI are associated with a higher 
mortality. Other factors explaining the observed difference in pa-
tient survival might be local differences in demographics, comorbid-
ities, antibiotic resistance profiles, and access to health care.

Interestingly, only males had significant differences in patient 
survival among the four UTI phenotypes. In addition, even occa-
sional UTI were associated with a lower death- censored allograft 
survival in males. This suggests that UTI has a more pronounced clin-
ical impact in males compared to females. Indeed, even occasional 
UTI in males might be indicative of a more severe underlying prob-
lem (e.g., prostatitis), whereas UTI in females are more likely to have 
a benign course. Notably, although females had a significantly higher 
frequency of UTI, we observed no differences in the incidence of 
urosepsis between females and males, suggesting that males are at 
higher risk for transition from UTI to urosepsis.

In the multivariable Cox regression analysis, recurrent UTI were a 
very strong and independent risk factor for death- censored graft loss, 
having a hazard ratio similar to recurrent rejection (i.e., ≥2 rejection 
episodes within the first year post- transplant). Therefore, treatment 

Variable HR (95%CI) p- value

UTI phenotype at 1 year post- transplant

No colonization or UTI Reference

Colonization only 1.00 (0.55– 1.81) .98

1– 2 UTI 1.52 (0.93– 2.47) .10

≥3 UTI 4.41 (2.53– 7.68) <.001

Urosepsis in the first year 0.74 (0.37– 1.47) .39

Recipient age (per decade) 0.87 (0.75– 1.01) .07

Recipient renal disease

Other nephropathy Reference

ADPKD 0.95 (0.59– 1.54) .83

Diabetic nephropathy 1.59 (0.88– 2.87) .12

Reflux/pyelonephritis 0.64 (0.25– 1.61) .34

Male sex 2.21 (1.44– 3.37) <.001

Donor age (per decade) 1.47 (1.27– 1.70) <.001

Deceased donor 1.93 (1.28– 2.90) .001

CMV replication within first year 1.44 (1.00– 2.06) .05

BKV replication within first year 1.16 (0.75– 1.79) .50

Pretransplant HLA- DSA 1.73 (1.12– 2.66) .01

A/B/DRB1- Mismatches (per mismatch) 0.98 (0.86– 1.12) .98

Number of rejections within first year

None Reference

One 1.88 (1.15– 3.06) .01

Two or more 3.00 (1.61– 5.62) <.001

ABMR within the first year 1.40 (0.75– 2.61) .29

Note: One hundred and thirty death- censored graft failures occurred in 2245 patients having a 
functioning allograft at 1 year post- transplant. The model is corrected for transplant centers.
Abbreviations: ABMR, antibody- mediated rejection; ADPKD, autosomal polycystic kidney disease; 
BKV, polyomavirus BK; CMV, cytomegalovirus; HLA- DSA, donor- specific HLA- antibodies; UTI, 
urinary tract infection.

TA B L E  3  Multivariable Cox regression 
model
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and prevention of recurrent UTI is important. Unfortunately, this 
is very challenging, because risk factors for recurrent UTI such as 
female gender, increased age, deceased donor status, diabetes mel-
litus, and vesicourethral reflux are not well established.25,28– 30 In 

addition, many proposed risk factors are either not modifiable or 
difficult to correct. In our analysis, only the occurrence of urosepsis, 
the frequency of colonizations, and a slightly higher proportion of 
Klebsiella sp. as causative bacteria were associated with recurrent 
UTI. This suggests that local immunity in the urinary tract and new or 
pre- transplant unrecognized urological/gynecological problems play 
a major role for the development of recurrent UTI. To address this 
question, in- depth analysis of patients with recurrent UTI including 
the response to various interventions might be very informative.

The most common pathogens observed were E.coli, Enterococcus 
sp., and Klebsiella sp. accounting for 66% of colonization, 83% of UTI, 
and 85% of urosepsis, respectively. We noticed a higher proportion 
of gram positive bacteria in colonization, while the pathogen profile 
was very similar in UTI and urosepsis. The distribution of causative 
pathogens in UTI does not differ relevantly from other studies.31 
However, some investigators reported a particularly high rate of col-
onization or infection with Enterococcus sp. in the first month after 
transplantation. This finding was attributed on the one hand to a 
positive selection of gram- positive bacteria in the context of periop-
erative antibiotic therapy and on the other hand to a colonization of 
the double J- stent by Enterococcus sp.32,33 Interestingly, the tempo-
ral distribution of the causative microorganisms remained relatively 
stable within the first year post- transplant in our study, even after 
stopping TMP/SMX prophylaxis and removal of the double J- stent. 
This suggests that both, TMP/SMX prophylaxis and double J- stent 
placement, do not significantly alter the microbial profile.

Two or more pathogens were recorded in 20.9% of all coloniza-
tions as well as in around 10% of UTI or urosepsis episodes. Recent 
studies in non- transplant patients reported rates of polymicrobial 
UTIs between 4 and 10%, which is slightly lower than in our kidney 
transplant cohort.34– 36 Most of the polymicrobial UTI events in our 
study were related to co- infection with common UTI- causing bac-
teria such as E.coli, Enterococcus sp., and Klebsiella sp. Although we 
believe that the majority of these episodes occurred due to real co- 
colonization or co- infection, we cannot exclude the possibility that 
a certain proportion are due to contamination. Although urogenital/
urointestinal fistula might also be a potential explanation for this ob-
servation, we regard this a very unlikely.

The strength of this study are the multicenter design with pro-
spective data collection, the size of the investigated population, the 
inclusion of all UTI phenotypes, and the long follow- up time. Previous 
studies on the clinical impact of UTI were either smaller, had less gran-
ular data, did not include all UTI phenotypes, did not corrected for rel-
evant confounders, or did not have such a long follow- up. Therefore, 
we believe that this study provides novel and robust information on 
this highly relevant topic in the current era of immunosuppression.

Our study has also some limitations. First, we could not take into 
account the severity of UTI (e.g., cystitis vs. acute allograft pyelo-
nephritis), as the STCS does not contain any data in this regard. We 
assume that this additional granularity of the UTI phenotypes would 
not have significantly changed the overall conclusion, because the oc-
currence of urosepsis, representative of a more severe UTI, was not 
an independent risk factor for impaired death- censored graft survival. 

TA B L E  4  Comparison of patients with occasional (1– 2 UTI) and 
recurrent UTI (≥3 UTI)

Parameter
1– 2 UTI
(n = 456)

≥3 UTI
(n = 155) p- value

Number of colonization(s) <.001

None 250 (55%) 63 (41%)

One 113 (25%) 38 (25%)

More than one 93 (20%) 54 (34%)

Patients with urosepsis 61 (13%) 45 (29%) <.001

Recipient age 57 (46– 65) 58 (47– 65) .88

Female sex 237 (52%) 91 (59%) .16

Recipient renal disease .68

ADPKD 103 (23%) 33 (21%)

Diabetic nephropathy 46 (10%) 15 (10%)

Reflux/Pyelonephritis 33 (7%) 16 (10%)

Other 274 (60%) 91 (59%)

Donor age 56 (43– 65) 54 (45– 64) .67

Deceased donor 290 (64%) 105 (68%) .38

Pretransplant HLA- DSA 88 (19%) 37 (24%) .25

AB0 incompatible 30 (7%) 10 (6%) 1.00

A/B/DRB1 mismatches 
(n = 611)

4 (3– 5) 4 (3– 5) .99

A/B/DRB1- 5/
DQB1 mismatches 
(n = 458)

5 (4– 6) 5 (3– 7) .91

Induction therapy .48

ATG/Thymoglobulin 129 (28%) 45 (29%)

Basiliximab 315 (69%) 103 (66%)

None 12 (3%) 7 (5%)

Maintenance 
immunosuppression

.17

CyA/MPA/Pred 75 (16%) 31 (20%)

FK/MPA/Pred 371 (82%) 117 (75%)

Other 10 (2%) 7 (5%)

Transplant center .56

#1 (culture at each visit for 
first 6 months)

78 (76%) 25 (24%)

#2 (prolonged AB 
prophylaxis)

44 (67%) 22 (33%)

#3 87 (77%) 26 (23%)

#4 30 (79%) 8 (21%)

#5 111 (77%) 33 (23%)

#6 106 (72%) 41 (28%)

Abbreviations: ADPKD, autosomal polycystic kidney disease; ATG, 
anti- T cell globulin; HLA- DSA, donor- specific HLA- antibodies; MPA, 
mycophenolic acid; Pred, prednisone; Tac, tacrolimus; UTI, urinary tract 
infection.
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Second, we only assessed UTI episodes within the first year. We have 
chosen to do so, because most UTI episodes occur in this time frame. 
In addition, we could classify patients according to first- year UTI 
events and investigate the impact of different UTI phenotypes on 
subsequent outcomes in a clean way. Third, although this is a national 
multicenter study, the results might not be transferable to countries 
with different health care systems, non- Caucasian ethnicities, and 
populations/transplant centers with a lower rate of polymicrobial UTI.

In conclusion, colonizations and occasional UTI have no negative 
impact on patient and allograft survival. By contrast, recurrent UTI— 
affecting 7% of all renal allograft recipients— are associated with a 
lower eGFR at one year and a lower long- term death- censored al-
lograft survival. Therefore, there is an urgent need to improve treat-
ment strategies and preventive measures for recurrent UTI.
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