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Urinary tract infection (UTI) is the most common bacterial infection encountered in kidney transplant
recipients. Graft pyelonephritis (GPN) is associated with acute kidney injury and renal allograft scarring.
However, the influence of GPN on renal allograft outcome in kidney transplant recipients remains
controversial. Two hundred sixty-five kidney transplant recipients were evaluated for the impact of early-
onset GPN on renal allograft functions between January 2001 and December 2011. Early-onset GPN was
defined as the first GPN episode occurring within 6 months after kidney transplantation. Thirty recipients
(11.3%) were diagnosed with early-onset GPN. During the mean follow-up period of 69.1 + 28.9 months,
56 (21.1%) recipients showed renal allograft outcomes of a > 30% reduction in the estimated glomerular
filtration rate (eGFR) over 2 years. The poor outcome was significantly more frequent in the early-onset
GPN group (13 patients; 43.3%) than in those without early-onset GPN (43 patients; 18.3%) (P = 0.002).
Moreover, the linear mixed model revealed a significant difference in the eGFR decline rate over time
between the two groups (P < 0.001). Kaplan-Meier analysis showed that renal allograft event-free survival
was significantly lower in the early-onset GPN group (P = 0.006). Multivariate Cox regression analyses
revealed that early-onset GPN was independently predictive of poor renal allograft outcomes (hazard ratio,
1.96; 95% confidence interval, 1.02-3.77; P = 0.04). In conclusion, early-onset GPN is independently
associated with impaired renal functions in kidney transplant recipients. Thus, early-onset GPN could be a

predictor for long-term outcome of renal allografts.
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Introduction

Urinary tract infection (UTI) in kidney transplant
recipients is directly attributable to pathogen exposure dur-
ing the early postoperative period and to immunosuppres-
sive therapy (Rubin and Tolkoff-Rubin 1991; Goya et al.
1997; Schmaldienst and Horl 1998). Although improved
surgical procedures, rapid urethral catheter removal, and
antibiotic prophylaxis have reduced the incidence of UTI
during the immediate postoperative period (Sagalowsky et
al. 1983; Rabkin et al. 1998), the use of more potent immu-
nosuppressive drugs to reduce the incidence of rejection
predisposes kidney transplant recipients to increased risks
of UTI (de Souza and Olsburgh 2008).

UTI is the most common infectious complication
affecting kidney transplant recipients, and its incidence is
much higher among kidney transplant recipients than in the
general population (Abbott et al. 2004; Chuang et al. 2005).
While these infections are considered relatively benign and
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are easily managed in outpatient clinics (Brown 2002), the
finding from one study suggested that late UTI is not benign
and is associated with increased risks of death and renal
allograft loss (Abbott et al. 2004). However, their study did
not establish whether the UTI was the direct cause of death
or whether UTI was simply a marker for serious underlying
disease. Additionally, most studies have not distinguished
between simple UTI and graft pyelonephritis (GPN) (Massy
et al. 1996; Giral et al. 2002).

GPN is associated with frequent hospitalizations and
acute kidney injury. The findings from some studies have
shown that GPN is associated with interstitial scarring in
renal allografts (Dupont et al. 2007) and that it can activate
an alloimmune response to the donor organ and subse-
quently contribute to acute or chronic rejection (Audard et
al. 2005; Locke et al. 2009). In a previous cohort study, the
occurrence of early-onset GPN following kidney transplan-
tation was significantly associated with increased rates of
renal allograft loss (Giral et al. 2002). Conversely, Abbott
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et al. (2004) demonstrated the association between late-
onset GPN and subsequent renal allograft loss. However,
Kamath et al. (2006) suggested that GPN did not contribute
independently to poor renal allograft outcomes. In other
words, recipients with GPN were more prone to the devel-
opment of bacteremia, acute rejection, and cytomegalovirus
(CMV) disease, which could lead to poor renal allograft
outcomes (Kamath et al. 2006). Hence, the impact of GPN
on long-term renal allograft outcomes remains still contro-
versial. Therefore, we undertook a retrospective study to
determine the risk factors for early-onset GPN following
kidney transplantation and to explore the effect of early-
onset GPN on glomerular filtration rate (GFR) changes in
kidney transplant recipients.

Methods

Patients

We conducted a retrospective cohort study at Kangdong Sacred
Heart Hospital, which is a 600-bed teaching hospital where 462 kid-
ney transplants have been performed in the last 30 years. Kidney
transplantations were performed on 308 patients between January
2001 and December 2011. Of these patients, 43 were excluded,
because they underwent simultaneous kidney-pancreas transplant (n =
11), they had positive crossmatches (n = 7), they were dying or under-
going renal allograft losses within the first 6 months after kidney
transplantation (n = 5), they were accompanied by the rapid deteriora-
tion of the renal allografts, caused by cardiovascular events during
the first 6 months after kidney transplantation (n = 4), they had esti-
mated GFRs (eGFR) of < 10 ml/min per 1.73 m? during the first 2
years after kidney transplantation (n = 5), and they had follow-up
duration of <36 months (n = 11). The remaining 265 recipients were
included in this study.

Ethics statement

This study was carried out in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board (IRB) of
Kangdong Sacred Heart Hospital (Approval number: 14-2-46). None
of the transplant donors were from vulnerable populations or were
subject to coercion. All of the patients who participated in this study
were aware of this investigation; however, given that this was a retro-
spective medical records-based study and the subjects were anony-
mized, the IRB waived the need for written consent from the patients.

Definitions

GPN was defined as the simultaneous presence of fever and a
urine culture showing significant bacterial growth of > 10° colony-
forming units/ml and/or bacteremia accompanied by one or more of
the following: graft pain, chills, and/or cystitis (Rubin 1994). Early-
onset GPN was defined as the first GPN episode that occurred within
6 months after kidney transplantation. Acute rejection was suspected
in recipients with established graft renal function and who experi-
enced within 1-2 days a rapid increase in their plasma creatinine con-
centration of 10-25% over baseline with or without decreased urine
output, graft tenderness, or fever in the absence of other obvious
causes of acute renal allograft dysfunction (European Expert Group
on Renal Transplantation et al. 2000). Acute rejection was diagnosed
on the basis of histological examinations of the graft renal biopsy
samples, if possible. Delayed graft function (DGF) was defined as

the necessity for dialysis during the first week after transplantation
(Sagedal et al. 2002). CMYV disease was defined as the presence of
fever with one or more of the following: leukopenia, gastrointestinal
disease, pancreatitis, hepatitis, pneumonitis, or nephritis as well as
virological proof obtained using the quantitative polymerase chain
reaction or histological evidence of the endothelial cell inclusion of
viral particles (Ljungman et al. 2002).

Data collection

Data were collected regarding the dialysis modality and dura-
tion before kidney transplantation, recipients’ initial renal disease,
recipients’ age and gender, use of cadaveric or living-related donor,
cold ischemic time, and the serum creatinine. Additionally, post-graft
data including the occurrence of CMV disease and acute rejection
were assessed. The eGFRs (ml/min/1.73 m?) were calculated using
the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI)
equation (Levey et al. 2009). Recipients were seen at our institution
every 2 weeks during the first 3 months after transplantation, monthly
up to the first year after transplantation, and then every 2 months after
the first year following transplantation. At each visit, blood samples
were obtained for serum creatinine and immunosuppressive drug
monitoring. Furthermore, all recipients were asked about the pres-
ence of UTI symptoms, and urine cultures, microscopic urinalysis,
and leukocyte esterase stick tests were performed regardless of symp-
toms for the first 6 months after transplantation. Then, only micro-
scopic urinalysis and leukocyte esterase stick tests were conducted at
each visit. Additional urine cultures were performed if the kidney
transplant recipients developed UTI symptoms.

Immunosuppressive regimens

All of the recipients were initially maintained on a triple-drug
immunosuppressive regimen that included cyclosporine (10 mg/kg/
day, adjusted to a target level of 100-300 ng/ml) or tacrolimus (0.1
mg/kg/day, adjusted to a target level of 10-15 ng/ml for the first
month, then 5-10 ng/ml for maintenance), prednisone (1 mg/kg/day,
tapered to 5 mg weekly), and azathioprine (1.5 mg/kg/day) or myco-
phenolate mofetil (MMF) (500 mg-2 g/day).

Antibiotic prophylaxis

All of the recipients were administered antibiotic prophylaxis
consisting of 2 g intravenous cefazolin intraoperatively. The postop-
erative antibiotic prophylaxis consisted of trimethoprim-sulfamethox-
azole (160 mg/800 mg daily) administered during the first 6 months
to prevent bacterial infections and Prneumocystis jirovecii pneumonia.
Recipients who were allergic to trimethoprim-sulfamethoxazole were
treated with any of the oral quinolones such as ciprofloxacin (500 mg
daily). All of the recipients also received oral fluconazole (50 mg
daily) for 1 month. In the case of a CMV seropositive donor/CMV
seronegative recipient, CMV prophylaxis was mostly performed
using valganciclovir at a dose of 900 mg daily for 3 months, which
was adjusted according to renal allograft function.

Surgical procedure

A double-J ureteric stent was placed during surgery, when indi-
cated, and was removed 2 weeks after the kidney transplantation. If
the patient developed GPN with the stent in situ, the stent was
removed immediately. The common indications for stent placement
included thin bladder, anatomic outflow restrictions, and ureteric
anastomoses into the intestinal segments. The indwelling bladder
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catheter was removed 5 days after kidney transplantation.

Study endpoints

The study’s endpoints were renal allograft loss and a > 30%
reduction in the eGFR compared with the baseline renal allograft
function over 2 years. Renal allograft loss was defined as the initia-
tion of renal replacement therapy that included permanent hemodialy-
sis, peritoneal dialysis, or kidney re-transplantation.

Statistical analyses

All of the Statistical analyses were performed using SPSS soft-
ware, version 17.0 (SPSS Inc., Chicago, Illinois, USA). The continu-
ous variables were expressed as mean + standard deviation and the
categorical variables were express as numbers (percentages). To
compare the differences between the groups, Student’s ¢ test, the y?
test, or Fisher’s exact test were used. The Kolmogorov-Smirnov test
was used to analyze the normality of the distributions of the parame-
ters. Nonparametric variables were expressed as medians and inter-
quartile range [IQR] and they were compared using the Mann-
Whitney test. Multivariate logistic regression, which included all of
the covariates with P values < 0.1 in the univariate analysis, was per-
formed to identify the potential independent risk factors associated
with early-onset GPN. The slope of the decline in renal allograft
function over time was calculated from the linear regression analysis
of serial eGFRs for each patient, and the slope was expressed as the
regression coefficient (ml/min/year/1.73 m?). The changes in the
eGFRs over time were compared between patients with and without
early-onset GPN using a linear mixed model. Cumulative survival
curves were generated using the Kaplan-Meier method to determine
the effect of early-onset GPN on the renal allograft outcomes, and the
between-group renal allograft event-free survival was compared using
a log-rank test. The independent prognostic value of early-onset GPN
on the renal allograft outcome was determined using multivariate Cox
proportional hazards regression analysis, which included all of the
covariates with P values < 0.05 in the univariate analysis.

Results

Recipients’ baseline characteristics

The baseline demographic, clinical and biochemical
data of the kidney transplant recipients are presented in
Table 1. Of the 265 kidney transplant recipients, 30 recipi-
ents (11.3%) had early-onset GPN. The mean age of the
recipients was 49.5 years, and 134 (50.6%) patients were
women. Compared to recipients without early-onset GPN,
those with early-onset GPN had more proportions of
women (73.3% vs. 47.4%; P = 0.01), more use of MMF-
based regimens (96.7% vs. 65.5%; P =0.01), and more dia-
betes mellitus (DM) (46.7% vs. 21.3%; P = 0.02) or glo-
merulonephritis (33.3% vs. 14.5%; P = 0.01) as the initial
end-stage renal disease. Additionally, CMV disease (30.0%
vs. 6.4%; P < 0.001) and the occurrence of bacteremia
(10.0% vs. 1.7%; P = 0.03) were more prevalent in recipi-
ents with early-onset GPN when compared to those without
early-onset GPN. In recipients with early-onset GPN,
CMV disease manifested after early-onset GPN episodes in
six recipients, while it preceded early-onset GPN in two
recipients, and it occurred at the same time in one recipient.
Of note, in recipients with early-onset GPN, all bacteremia

was induced by GPN.

However, there were no differences between recipients
with early-onset GPN and those without early-onset GPN
with respect to age, the eGFR following kidney transplanta-
tion, the dialysis duration and modality before kidney trans-
plantation, the type of kidney transplant, the proportion of
subjects with vesicoureteral reflux, DGF, and acute rejec-
tion following kidney transplantation.

GPN episodes

Among the 265 kidney transplant recipients, 36
(13.2%) recipients presented with 42 episodes of GPN dur-
ing the study period as follows: one episode in 31 recipi-
ents; two episodes in four recipients; and three episodes in
one recipient, resulting in an incidence of 2.8 episodes per
100 patient-years. The median time interval between kid-
ney transplantation and the first GPN episode was 19 days
(IQR: 1-117 days). Specifically, 30 (11.3%) recipients
experienced their first GPN episode within the first 6
months of kidney transplantation. Among these, 27 recipi-
ents developed GPN once only, and three recipients experi-
enced recurrent episodes during the study period as follows:
two episodes in two recipients and three episodes in one
recipient. Among the recurrent episodes, five occurred
within the first 6 months of kidney transplantation.
Therefore, 32 out of 42 GPN episodes (76.2%) occurred
within the first 6 months of kidney transplantation.

Risk factors for early-onset GPN

Risk factors for the development of early-onset GPN
after kidney transplantation are analyzed in Table 2. The
variables that were independently related to the develop-
ment of early-onset GPN in the final multivariate analysis
were female sex (odds ratio [OR], 2.94; 95% confidence
interval [CI], 1.11-7.78; P = 0.03), DM (OR, 3.76; 95% CI,
1.05-13.43; P = 0.04) or glomerulonephritis (OR, 5.34;
95% CI, 1.42-20.07; P = 0.01) as the initial end-stage renal
disease, use of MMF-based regimens (OR, 9.72; 95% ClI,
1.24-76.31; P = 0.03), and CMV disease following kidney
transplantation (OR, 5.30; 95% CI, 1.77-15.87; P = 0.003).

Comparison of renal allograft function over time in recipi-
ents with and without early-onset GPN

As shown in Fig. 1 and Table 3, recipients with early-
onset GPN had similar baseline eGFRs compared with
recipients without early-onset GPN. At 4 years, the eGFRs
became significantly lower in recipients who experienced
early-onset GPN (P < 0.01). Additionally, the overall rate
of the decline in the eGFRs was significantly greater in
recipients with early-onset GPN compared with recipients
without early-onset GPN (—4.8 + 6.5 ml/min/year/1.73 m?
vs. —2.1 + 6.8 ml/min/year/1.73 m? P = 0.04). A linear mix
model revealed a significant difference between recipients
with and those without early-onset GPN with respect to in
the rate of the eGFR decline over time (P < 0.001).
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Table 1. Demographic and clinical characteristics of the 265 kidney transplant recipients according to early-onset graft pyelonephritis.

Total

With early-onset GPN*

Without early-onset GPN

Variable (n=265) (n=30) (n=235) P value
Age (years) 49.5+09.1 49.6 £ 8.9 49.5+9.1 0.97
Female, n (%) 134 (50.6) 22 (73.3) 112 (47.4) 0.01
Creatinine (mg/dL) 1.2+0.6 1.2+0.5 1.2+£0.6 0.73
eGFR (ml/min/1.73 m?) 73.5+252 73.3+£352 73.5+23.7 0.97
Initial end-stage renal disease
Hypertension, n (%) 60 (22.6) 3(10.0) 57 (24.3) 0.08
Diabetes, n (%) 64 (24.2) 14 (46.7) 50 (21.3) 0.002
Glomerulonephritis, n (%) 44 (16.6) 10 (33.3) 34 (14.5) 0.02
CIN, n (%) 55(20.8) 2(6.7) 53 (22.6) 0.04
Polycystic kidney, n (%) 20 (7.5) 1(3.3) 19 (8.1) 0.71
Unknown, n (%) 22 (8.3) 0(0.0) 22 (9.4) 0.15
Dialysis duration before KT (years) 5.1+3.6 52+32 5.1+3.6 0.87
Dialysis modality before KT 0.54
Hemodialysis, n (%) 182 (68.7) 21 (70.0) 161 (68.5)
Peritoneal dialysis, n (%) 68 (25.7) 9 (30.0) 59 (25.1)
Combine, n (%) 10 (3.8) 0(0.0) 10 (4.3)
Transplantation type 0.54
Living, n (%) 59 (22.3) 8(26.7) 51(21.7)
Deceased, n (%) 206 (77.7) 22 (73.3) 90 (78.3)
Vesicoureteral reflux, n (%) 86 (32.5) 12 (40.0) 74 (31.5) 0.35
Immunosuppressive regimen
Tacrolimus, n (%) 180 (67.9) 24 (80.0) 156 (66.4) 0.13
Cyclosmoprine, n (%) 83 (31.3) 6 (20.0) 77 (32.8) 0.16
Mycophenolate mofetil, n (%) 183 (69.1) 29 (96.7) 154 (65.5) 0.001
Azathioprine, n (%) 80 (30.2) 1(3.3) 79 (33.6) 0.001
Number of AGPN episode 0.17
One, n (%) 31 (11.6) 27 (90.0) 4(1.7¢
Two, n (%) 4(1.5) 2(6.7) 2 (0.8)°
Three, n (%) 1(0.4) 1(3.3) 0(0.0)
DGF, n (%) 54 (20.4) 5 (16.7%) 49 (20.9) 0.59
Acute rejection (> 1 episode) 44 (16.6) 4(13.3) 40 (17.0) 0.80
CMV disease 24 (9.1) 9(30.0) 15 (6.4) <0.001
Bacteremia 7(2.6) 3(10.0) 4(1.7) 0.03

The values are express as the means + standard deviations, or number (percentage).
CIN, chronic interstitial nephropathy; CMV, cytomegalovirus; DGF, delayed graft function; eGFR, estimated glomerular filtration

rate; GPN, graft pyelonephritis; KT, kidney transplantation.

aThe first graft pyelonephritis episode occurring within 6 months after kidney transplantation.
The first graft pyelonephritis episode occurring after 6 months after kidney transplantation.

Renal allograft outcomes in recipients with and without
early-onset GPN

None of the recipients progressed to renal allograft
loss before 30% reduction in eGFR had occurred during the
mean follow-up duration of 69.1 + 28.9 months. A > 30%
reduction in the eGFR over 2 years occurred more often in
recipients with early-onset GPN (13 patients out of 30
patients; 43.3%) compared with recipients without early-
onset GPN (43 patients out of 235 patients; 18.3%), result-
ing in rates of 8.60 and 3.56 per 100 patient-years, respec-
tively (P = 0.002) (Table 4). The renal allograft loss

incidence was also significantly higher in recipients with
early-onset GPN relative to recipients without early-onset
GPN (1.99 vs. 0.41 per 100 patients-years; P = 0.05). The
relative risks for a > 30% reduction in the eGFR and renal
allograft loss in recipients with early-onset GPN were 3.42
(95% CI, 1.54-7.56; P = 0.002) and 5.11 (95% CI, 1.16-
22.59; P =0.05), respectively (Table 4). The Kaplan-Meier
estimate also indicated that renal allograft event-free sur-
vival was significantly lower in recipients with early-onset
GPN (Fig. 2).
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Table 2. Multivariate analysis for risk factors associated with early-onset graft pyelonephritis.

Variables OR (95% CI) P value
Age 1.00 (0.96-1.05) 0.86
Female 2.94 (1.11-7.78) 0.03
Initial end-stage renal disease
Diabetes 3.76 (1.05-13.43) 0.04
Hypertension 0.85 (0.18-4.08) 0.86
Glomerulnonephritis 5.34 (1.42-20.07) 0.01
MMF-based regimen 9.72 (1.24-76.31) 0.03
CMV disease 5.30 (1.77-15.87) 0.003

OR, odds ratio; CI, confidence interval; MMF, mycophenolate mofetil; CMV, cytomegalovirus.
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Fig. 1. Change in the estimated glomerular filtration rate over time in kidney transplant recipients.
The dotted line and the solid line depict kidney transplant recipients with early-onset graft pyelonephritis (GPN) (n =
30), shown as GPN (+), and those without early-onset GPN (n = 235), shown as GPN (-), respectively. Data are pre-
sented as the means and standard deviations. A liner mixed model revealed a significant difference in the rate of the

eGFR decline over time between the groups (P < 0.001).

Independent predictive value of the impact of early-onset
GPN on renal allograft function

Risk factors for reaching a > 30% reduction in the
eGFR and renal allograft loss are analyzed in Table 5. The
variables that were related to a higher risk with renal
allograft outcome in univariate Cox regression analysis
were acute rejection (hazard ratio [HR], 3.14; 95% CI,
1.82-5.41; P <0.001), early-onset GPN (HR, 2.31; 95% CI,
1.24-4.31; P=0.01), DGF (HR, 1.80; 95% CI, 1.03-3.13; P
= 0.04), CMV disease (HR, 3.04; 95% CI, 1.63-5.67; P <
0.001), and bacteremia (HR, 5.15; 95% CI, 2.33-11.41; P <
0.001). The impact of early-onset GPN on renal allograft
function remained significant even after adjusting for acute
rejection, DGF, CMV disease, and bacteremia (HR, 1.96;
95% CI, 1.02-3.77; P =0.04).

Discussion

Given previously reported conflicting results, the
adverse effect of GPN on renal allograft function has not
been established. Although findings from some studies
have demonstrated that GPN exerts an adverse effect on
renal allograft function (Giral et al. 2002; Pelle et al. 2007),
whether GPN had a direct effect on renal allograft function
or was simply a marker for serious underlying diseases such
as bacteremia, CMV infection, and acute rejection has not
been established. Our results suggest that early-onset GPN
following kidney transplantation is associated with the
deterioration of renal allografts that is independent of bac-
teremia, CMV infection, and acute rejection.

The prevalence of GPN found in this study was similar
to that determined by others (13-16.5%) (Giral et al. 2002;
Kamath et al. 2006). Additionally, most GPN episodes in
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Table 3. Comparison of changes in the estimate glomerular filtration rates over time in kidney transplant
recipients with and without early-onset graft pyelonephritis.

With early-onset

Without early-onset

Variables GPN* GPN P value
(n=30) (n=235)
eGFR (ml/min/1.73 m?)
At baseline 73.3+35.2 73.5+23.7 0.97
1 year 64.6 £30.9 64.8+20.4 0.97
2 years 58.8+17.6 62.6 £20.5 0.38
3 years 48.9+16.7 56.2+22.3 0.14
4 years 50.4+10.5 63.5+22.6 <0.001
5 years 479+ 11.1 63.2+233 0.01
6 years 45.0+24.4 63.1+243 0.001
7 years 42.0+11.1 5794224 0.03
8 years 30.0+134 59.0+41.7 0.03
9 years 31.2+12.8 58.8+334 0.02
10 years 304 +£11.8 43.7+23.6 0.02
The slope of decline —4.8+6.5 -2.1+6.8 0.04

in eGFR (ml/min/year/1.73 m?)

eGFR, estimated glomerular filtrations rate; GPN, graft pyelonephritis.

Values are expressed as the means + standard deviations. The estimated glomerular filtration rate was
calculated using the Chronic Kidney Disease Epidemiology Collaboration formula.

“The first graft pyelonephritis episode occurring within 6 months after kidney transplantation.

Table 4. Incidence of recipients with 30% reduction in the estimated glomerular filtration rate or renal allograft loss according to early-

onset graft pyelonephritis.

Early-onset GPN*

No early-onset GPN

Odds ratio (95% CI)
N Rate N Rate P value
n (%) (100 patient-years) n (%) (100 patient-years)
30% reduction in eGFR 13 (43.3) 8.60 43 (18.3) 3.56 3.42 (1.54-7.56) 0.002
Renal allograft loss 3(10.0) 1.99 5(2.1) 0.41 5.11 (1.16-22.59) 0.05

ClI, confidence interval; eGFR, estimated glomerular filtration rate; GPN, graft pyelonephritis.
The estimated glomerular filtration rate was calculated using the Modification of Diet in Renal Disease Study Equation.
“The first graft pyelonephritis episode occurring within 6 months after kidney transplantation.

these studies were diagnosed within the first 6 months after
kidney transplantation. The higher rate of early-onset GPN
among kidney transplant recipients is explained by the sur-
gical and immunological trauma and the influence of early
intensive immunosuppression.

The multivariate analysis enabled us to define a num-
ber of predictive variables for the development of early-
onset GPN. Importantly, glomerulonephritis was an inde-
pendent predictive factor for early-onset GPN. Although
the rationale for this previously undescribed association is
far from clear, Fiorante et al. (2011) hypothesized that the
presence of immune-compromising comorbidities in these
patients, for example, systemic lupus erythematous or sys-
temic vasculitis, or the amounts and duration of the pre-
transplant immunosuppressive regimens administered to
transplant recipients might affect the incidence of early-
onset GPN after kidney transplantation. Additionally, being
administered MMF-based immunosuppressive regimens

was associated with a higher infection rate compared to
other immunosuppressive regimen. MMF potently inhibits
proliferation of human T- and B-lymphocytes and reduces
recruitment of lymphocytes and monocytes to sites of
inflammation, thus impairing both the cellular and humoral
immunity directed towards infection (Allison et al. 1993).
Furthermore, CMV infection was significantly associated
with a higher risk of early-onset GPN in this study. In a
majority (66.7%), CMV disease followed an occurrence of
early-onset GPN among recipients with early-onset GPN.
Docke et al. (1994) suggested that the variety of cytokines
released in response to the bacterial invasion of the urinary
tract might trigger CMV replication by generating nuclear
transcription factor kappa B. Therefore, our study supports
the view that UTI reactivates CMV.

GPN after kidney transplantation may have important
implications, for example, it may be associated with bacte-
remia and patients may require hospitalization. Although
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Fig. 2. Kaplan-Meier plot of renal allograft event-free survival in kidney transplantation.
The dotted line and the solid line depict kidney transplant recipients with early-onset graft pyelonephritis (GPN) (n =
30), shown as GPN (+), and those without early-onset GPN (n = 235), shown as GPN (-), respectively. Renal allograft
events were defined as a greater than 30% reduction in the estimated glomerular filtration rate over 2 years and renal
allograft loss. The cumulative renal allograft event-free survival was significantly higher in kidney transplant recipients
without early-onset GPN (P = 0.006).

Table 5. Prediction of renal allograft outcomes using the Cox proportional hazards model.
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Univariate analysis

Multivariate analysis

Variables
HR (95% CI) P value HR (95% CI) P value

Age (per 1 year) 0.99 (0.96-1.02) 0.38 - -
Female (vs. male) 1.04 (0.61-1.75) 0.90 - -
Creatinine (per 1 mg/dL) 0.80 (0.45-1.42) 0.45 - -
Initial end-stage renal disease

Hypertension 1.17 (0.63-2.18) 0.62 - -

Diabetes 1.29 (0.72-2.31) 0.39 - -
Dialysis duration before KT (per 1 year) 0.97 (0.90-1.05) 0.43 - -
Transplantation type

Deceased (vs. living) 1.08 (0.57-2.05) 0.81 - -
Vesicoureteral reflux 1.00 (0.57-1.76) 0.99 - -
Immunosuppressive regimen

Tacrolimus 1.02 (0.59-1.78) 0.93 - -

Cyclosporine 0.88 (0.50-1.54) 0.65 - -
Early-onset GPN* (vs. no early-onset GPN) 2.31(1.23-4.31) 0.01 1.96 (1.02-3.77) 0.04
DGF 1.80 (1.03-3.13) 0.04 2.10(1.19-3.70) 0.01
Acute rejection (> 1 episode) 3.14 (1.82-5.41) <0.001 2.57 (1.44-4.58) 0.001
CMV disease 3.04 (1.63-5.67) <0.001 2.16 (1.12-4.15) 0.02
Bacteremia 5.15(2.33-11.41) <0.001 2.56 (1.12-5.88) 0.03

ClI, confidence interval; CMV, cytomegalovirus; DGF, delayed graft function; GPN, graft pyelonephritis; HR, hazard ratio;
KT, kidney transplantation.
aThe first graft pyelonephritis episode occurring within 6 months after renal transplantation.
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the findings from some studies have shown that GPN
induces graft dysfunction (Giral et al. 2002; Pelle et al.
2007), the mechanism of graft dysfunction following GPN
has not been clarified. The finding from one study sug-
gested GPN could cause interstitial scars in renal allografts
and a subsequent reduction in the functional nephron mass
(Dupont et al. 2007). On the other hand, bacterial infection
is also likely to induce the activation of the immune system,
leading to acute or chronic rejection. Preliminary data have
shown that proinflammatory events such as infections
evoke a significant human leukocyte antigen specific anti-
gen (HSA) increase (Locke et al. 2009). Eventually,
increases in HSA escalate the risk of acute rejection (Locke
et al. 2009). Additionally, Audard et al. (2005) reported
two documented cases of acute rejection that occurred in
the context of GPN, which strongly suggested that the
immunological reaction was initiated by the infectious pro-
cess. They suggested that bacterial products located within
the graft regulate toll-like receptors, which (re)activate the
alloreactive T-cells (Goldstein et al. 2003). Furthermore,
high concentrations of cytokines, including tumor necrosis
factor alpha, interleukin (IL)-1, IL-6, and IL-8 following
GPN might strengthen the alloimmune response (Inston and
Cockwell 2002). However, whether GPN triggers the acti-
vation of the immune system, which could lead to acute or
chronic rejection, is uncertain. Giral et al. (2002) demon-
strated that early-onset GPN episodes were significant
determinants of renal allograft outcomes that were appar-
ently independent of acute rejection episodes. These find-
ings suggest that a previously described potential “danger
signal,” which claims that self constituents can trigger an
immune response, could be insufficient, and that some reg-
ulatory mechanisms that occur following transplantation
could be efficient (VanBuskirk et al. 2000). In line with
their finding, the current study’s findings showed that early-
onset GPN causes the deterioration of renal allograft func-
tion that is independent of acute rejection.

As the new immunosuppressive drugs have reduced
the incidence of rejection and improved short-term graft
survival, most kidney transplant recipients experience a
chronic kidney disease (CKD) status (Meier-Kriesche et al.
2004). Most CKD clinical trials require long follow-up
periods and large sample sizes, because the established
renal endpoints, a doubling of the serum creatinine concen-
tration from baseline or renal replacement therapy, used to
document CKD progression are late events (Palmer et al.
2011). Thus, the same problems that occurred in CKD clin-
ical trials have happened in kidney transplantation clinical
trials. To overcome this limitation, Coresh et al. (2014)
recently reported that lesser declines in the eGFR calculated
using CKD-EPI equation, for example, a 30% reduction
over 2 years, could be considered an alternative endpoint
for CKD progression. They suggested that declines in the
eGFR that were smaller than a doubling of the serum creati-
nine concentrations occurred more commonly and were
strongly and consistently associated with the risk of end-

stage renal disease and mortality (Coresh et al. 2014).
Although some studies have defined the renal outcome as
an increase in the serum creatinine levels of > 0.33 mg/dl
between 3 months and 1 year after kidney transplantation
(Pelle et al. 2007; Fiorante et al. 2011), the representation
of renal allograft loss using this renal outcome is difficult to
represent to renal allograft loss because less deterioration in
renal allograft function occurs during short time periods.
However, in this study, the renal allograft outcome was
defined as a > 30% reduction in the eGFR compared with
the baseline renal allograft function over 2 years. Although
eGFR formulas have been tested in kidney transplant recip-
ients, no formula has been consistently shown to be supe-
rior to any other formula (Kidney Disease: Improving
Global Outcomes (KDIGO) Transplant Work Group 2009).
Therefore, the eGFR calculated using the CKD-EPI equa-
tion in this study, which was in contrast to other studies.

This study has some limitations. First, it was an
uncontrolled retrospective study based on a small number
of patients who underwent kidney transplantations at a sin-
gle center. Thus, this study was limited in its assessments
of some of the variables, which may have influenced the
risk of GPN as well as the impact of GPN on renal allograft
function. Second, it is difficult to assess the incidence of
GPN after kidney transplantation, because these infections
may either be asymptomatic or have atypical clinical pre-
sentations. Thus, GPN may be more common than we sus-
pect clinically. Therefore, the impact of allograft infection
on graft function may be underestimated. Third, in this
cohort study, protocol renal allograft biopsies were not per-
formed. Often, GPN induces subclinical allograft rejection,
which has been reported to occur in about 30% of stable
renal transplant patients, thereby contributing to chronic
allograft nephropathy (Veronese et al. 2004). Therefore, the
real incidence of allograft rejection following GPN might
be underestimated.

In conclusion, we have shown that early-onset GPN is
independently associated with poor renal function in kidney
transplant recipients, suggesting that early-onset GPN could
be a predictor for long-term renal allograft outcomes.
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