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risk factors of post‑transplant UTI.[2,3] Diagnosis of AGPN 
is usually based on a constellation of features, e.g. fever, 
graft tenderness, leucocytosis, pyuria and bacteruria and 
biopsy is not included in the diagnostic algorithm. Clinical 
profile of upper and lower UTI is alike except for graft 
tenderness; therefore, if there is no graft tenderness, one 
may miss AGPN and patient shall get mistreated as a lower 
UTI. It is logical to presume that AGPN should result in graft 
dysfunction; however, literature is silent on this aspect. 
It may be appropriate to presume that milder forms of 
AGPN may not be causing graft dysfunction and in severe 
cases, graft dysfunction should be the rule. The association 
of concomitant acute rejection with AGPN has not been 
reported in literature since biopsies are not done for AGPN.

How AGPN impacts graft outcome has remained debatable. 
Pellé et al., observed poor graft outcome in patients affected 
by AGPN.[4] Abbott et al., observed that outcome of late 
AGPN is not benign while Giral et al., observed that early 
AGPN is a risk factor for graft loss.[5,6] However, Fiorante 
et al., found that AGPN has no impact on patient or graft 
survival.[1] Possibly because of the wide spectrum of AGPN, 
subjects included in different studies were different.

In view of this conflicting data on impact of AGPN on graft 
outcome, we planned to prospectively follow all biopsy 
proven cases of AGPN with graft dysfunction.

Introduction

Urinary tract infection  (UTI) is the most common 
bacterial infection encountered in 30‑60% of renal 
transplant recipients. However, data on acute graft 
pyelonephritis (AGPN) is scant with reported incidence of 
around 10‑17%. Fiorante et al., reported 10% incidence 
of AGPN in the first 36 months with an incidence rate 
of 4.4 episodes/100 patient‑years.[1,2] Variety of factors 
such as prolonged bladder catheterization, age, female 
sex, diabetes, pre‑transplant UTI, underlying structural 
abnormalities of urinary tract, use of double J (DJ) stent, 
vesicoureteric reflux, episodes of acute rejection and 
cytomegalovirus (CMV) infection have been identified as 
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Materials and Methods

All patients who had been transplanted between January 
2002 and November 2006 and presented with acute graft 
dysfunction were subjected to biopsy even if clinical 
profile suggested AGPN. The histological criteria defined 
as per literature and followed by us for acute (bacterial) 
graft pyelonephritis was presence of neutrophils 
in tubular lumina forming casts, between tubular 
epithelial cells and in the edematous interstitium.[7] 
Evidence of concomitant rejection was looked for and 
C4d staining by immunohistochemistry was performed 
on all biopsies. Humoral rejection was excluded by 
negative C4d staining. The viral etiologies were also 
excluded by doing BK Polyoma viral and CMV staining by 
immunohistochemistry. These patients with AGPN are the 
subjects of the study. However, in patients with features 
of sepsis, biopsy was delayed for 2‑5 days until toxemia 
subsided after appropriate antibiotics.

The immunosuppressive protocol consisted of a calcineurin 
inhibitor (tacrolimus or cyclosporine), anti‑proliferative 
agent  (mycophenolate or azathioprine) and steroids. 
Induction with interleukin‑2 inhibitor  (basiliximab or 
daclizumab) or anti‑thymocyte globulin (ATG) was given 
as per discretion of the nephrologist. As per our center 
protocol, high risk patients receive ATG. DJ stents were 
routinely placed during transplant surgery. The urinary 
catheter and the DJ stent were removed on the 3rd day and 
14th post‑operative day respectively. All patients received 
routine prophylactic sulfamethaxazole‑trimethoprim 
combination for 6  months period. A  bacterial growth 
of >105 CFU was taken as significant bacteruria. A rise 
in creatinine rise >25% above baseline was defined as 
impaired graft function.

In all patients of AGPN included in the study, baseline 
demographic data, history of UTIs, immunosuppressive 
protocol, routine blood counts, urine cultures, blood 
cultures, calcineurin blood levels and ultrasound findings 
were documented. Biopsies were performed after 
informed consent was obtained. The study protocol was 
cleared by the Ethics Committee of the Hospital.

Patient with AGPN were treated for 4‑6  weeks with 
antibiotics that included parenteral antibiotics for the first 
3 weeks. After completion of treatment, patient received 
6 months of antibiotic prophylaxis. Patients with rejection 
were given three daily pulses of 500 mg methylprednisolone 
injections after completion of at least 5 days of antibiotics. 
Steroid pulses were given only after patient was afebrile for 
at least 2 days and the urine cultures had been rendered 
sterile. Graft pyelonephritis was classified as early if it 

occurred within 6 months post‑transplant and late if it 
occurred after that. Inability of the creatinine level to settle 
to less than 25% over baseline, 6 months after onset of 
pyelonephritis was taken as adverse outcome of the graft. 
Any patient with relapse of pyelonephritis was again treated 
along the same lines as the initial episode.

Statistical analysis
Continuous and categorical variables were analyzed 
using the paired t‑test and Fisher’s exact test respectively. 
Correlation between continuous variables was determined 
using the Pearson correlation coefficient.
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Results

A total of 265 patients transplanted in the time period 
January 2002‑November 2006 were followed‑up for a 
mean duration of 30.9 months (range: 1.7‑58.8 months). 
110 of them developed graft dysfunction and all of them 
underwent biopsy. The demographic data and the risk 
factors of patients with AGPN and the control population 
are represented in Table 1. Only hepatitis C virus (HCV) 
infection was found in our study to be a statistically 
significant risk factor  (12/26 vs. 58/239, P = 0.016). 
Out of the 110 biopsies performed for evaluation of 
graft dysfunction, 26 had evidence of AGPN (25%). The 
clinical profile and laboratory findings are summarized in 
Table 2. Five of these patients had no clues to suggest UTI 
in the form of fever, dysuria, pyuria or graft tenderness. 
However, three of these patients were oliguric and two of 
them had grown Escherichia coli. The offending organism 
was E. coli in 73% and Klebsiella in 8%; 19% had sterile 
urine cultures despite showing biopsy evidence of graft 
pyelonephritis. None of the 26 biopsies including the five 
patients with no clinical features of UTI were positive 
for C4d staining. Seven of these 26 patients with acute 
graft pyelonephritis  showed evidence of concomitant 
acute cellular rejection in the form of tubulitis [Figure 1]. 
Median time to AGPN after transplantation was 
10.9  months (range: 0.3‑56.2  months). Nine patients 
had early AGPN (within 6 months) and the other 17 had 
late AGPN.

Our data showed that AGPN didn’t augur well for the 
long‑term graft outcome. Over a median follow‑up of 
14.6 months, patients with early as well as late AGPN 
showed deterioration of graft functions with most patients 
not returning to baseline graft function [Table 3]. Out 
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of the seven patients with concomitant rejection and 
pyelonephritis, five received methylprednisolone pulses 
with no clear response to antirejection therapy. Outcome of 

patients with AGPN with or without concomitant rejection 
was no different (P > 0.05). 75% of AGPN patients had 
relapse requiring repeat courses of antibiotics.

Discussion

During 3 year follow‑up period, the incidence of AGPN in 
our center was 10% (26/265) and it was responsible for 
24% (26/110) cases of graft dysfunction. The incidence 
of AGPN is as picked up when evaluating cases of graft 
dysfunction, hence if there were milder cases that did not 
cause graft dysfunction, they would have not got included 
in the present study. In a recent retrospective study, the 
incidence of bacteruria, irrespective of symptoms, was 
recorded to be as high as 59%; however, incidence of 
graft pyelonephritis was 10%.[1] We have documented 
nearly a quarter of graft dysfunction being attributable 
to graft pyelonephritis. This seemingly high percentage is 
because of the methodology used in the study where all 
patients of graft dysfunction irrespective of whether they 
had evidence of UTI or not were biopsied. Most centers 
exclude transplant recipients with clear evidence of UTI 
from biopsy; hence do not encounter graft pyelonephritis 
so commonly. Most studies have demonstrated the value 
of antibiotic prophylaxis in lowering the incidence 
of UTIs.[8] Despite the fact that all our patients were 
on cotrimoxazole prophylaxis for 6  months, 9 of the 
265  patients on follow‑up had developed early graft 
pyelonephritis.

A variety of risk factors for AGPN identified in different 
studies have been indwelling bladder catheters, handling 
and trauma to the kidney and ureter during surgery, 
anatomic abnormalities of the native or transplanted 
kidneys (such as vesicoureteric reflux, stones, or stents), 
neurogenic bladder especially in diabetic patients, 
mycophenolate, female gender, history of acute rejection, 

Figure 1: Neutrophilic casts with tubulitis (white blood cell casts to the left 
with lymphocytic tubulitis in the tubule to the right)

Table 1: Demographic data and risk factors of AGPN 
patients and controls
Characteristic AGPN 

(n=26)
Controls 
(n=239)

P value

Age (years) mean±SD 33.3±8.9 36.3±10.7 0.17
Sex (M/F ratio) 22/4 181/58 0.46
Diabetes 1 14 1.0
Type of transplant (live related)

First transplant 24 216 0.68
Second transplant 2 17 0.68

Immunosuppression
Induction (ATG/Simulect) 7 84 0.52
Tacrolimus 12 91 0.53
Mycophenolate 21 178 0.63
Azathioprine 5 61 0.63

CMV disease Nil 5 ‑
HCV 12 58 0.03
Basic disease (when clearly known)

Glomerulonephritis 9 97 0.67
Nephrolithiasis 3 24 0.74
Polycystic kidney disease 1 5 0.46

History of acute rejection≥1 episode 3 71 0.06
UTI prior to transplant 4 24 0.49
Duration of bladder catheterization 
(days)

3.8±1.2 3.5±1.6 0.35

Placement of DJ stent (days) 14.5±2.3 15.1±2.8 0.29
AGPN: Acute graft pyelonephritis, SD: Standard deviation, ATG: Anti‑thymocyte 
globulin, CMV: Cytomegalovirus, HCV: Hepatitis C virus, UTI: Urinary tract 
infection, DJ: Double J, M: Male, F: Female

Table 2: Summary of clinical profile and lab results in 
patients who had presented with graft dysfunction and 
had biopsy evidence of acute graft pyelonephritis
Characteristic Numbers (%)
Symptoms and signs

Fever 17 (65)
Dysuria 20 (77)
Increased frequency of micturition 20 (77)
Oliguria 12 (46)
Graft tenderness 15 (58)

Lab findings
Leucocytosis 22 (85)
Pus cells in urine (>5/HPF) 21 (81)
RBCs in urine (>3/HPF) 6 (23)

Organisms on urine culture
Escherichia coli 19 (73)
Klebsiella 2 (8)
Sterile 5 (19)

Biopsy
Concomitant acute rejection 7 (27)

Urine culture sensitivity E. coli (%) Klebsiella
Amoxycillin 4/19 (21) 0/2
Cefotaxime 9/19 (47) 0/2
Cefoperazone 14/19 (74) 0/2
Cefipime 18/19 (95) 2/2
Amikacin 11/19 (58) ½
Meropenem 19/19 (100) 2/2
Imipenem 19/19 (100) 2/2
Colistin 19/19 (100) 2/2

RBCs: Red blood cells, HPF: High power field
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CMV infection and glomerulonephritis in native 
kidneys.[1,2] The use of mycophenolate, azathioprine or 
any specific immunosuppressive agent did not seem to 
predict AGPN. Our data being generated in a service 
hospital in South Asia, is limited by the fact that there is a 
bias, with younger non‑diabetic adult males more likely to 
find a living donor; hence we refrain from commenting on 
age, sex and diabetes as a risk factor in our study. In our 
center, we do not pre‑emptively follow‑up CMV infection 
except in the immediate post‑transplant period and in 
the developing world most transplants are D+R+; this 
could possibly explain our inability to find an association 
of CMV infection with AGPN. Unlike other studies, we 
did find a significant association of HCV infection with 
AGPN.[1,2] The high incidence of HCV infection (22.6%) 
in our transplant recipients could be the reason we found 
this association that has not been described until date. 
We attribute the association to the immunosuppressive 
effects of chronic HCV infection.

Remarkably, we found that 19% of our patients grew 
no organisms on urine culture. The diagnosis of graft 
pyelonephritis was a surprise finding on biopsy in 
5/26 patients who had no symptoms of UTI. Absence of 
“classic” diagnostic tetrad of fever, positive urine cultures, 
lower urinary tract symptoms and graft dysfunction has 
been observed by other authors too.[9] We conclude that 
the gold standard of evaluation of graft dysfunction is 
a graft biopsy and that absence of typical symptoms of 
AGPN does not rule out the diagnosis.

An interesting association between acute rejection 
and graft pyelonephritis was discovered. It has been 
well‑documented in anecdotal reports that graft 
pyelonephritis can provoke acute rejection; however, 
there has been no systematic study of the association.[10] 
Some of the authors have even refuted the claim that 
AGPN can provoke acute rejection.[6] This is the first 
study that has looked at the histopathology of graft 
pyelonephritis closely and demonstrated the association 
in 23% (6/26) of AGPN. A recent study demonstrated 
neutrophilic tubulitis as a marker of infection in patients 
with concomitant rejection.[11] We found neutrophilic 
casts with lymphocytic tubulitis in a quarter of our 
patients with AGPN. This finding could be attributed to 
the aggressive biopsy policy used in our study protocol. 

However, we could not demonstrate a response to 
therapy, possibly because of the nearly 1‑2 weeks delay 
in giving the steroid pulses and the inability to use 
more aggressive immunosuppressive regimens in the 
face of severe AGPN. It is possible that an earlier use 
of immunosuppressives under antibiotic cover would 
have made a difference to the graft function, but we 
doubt if that policy can be adopted in the presence of 
active infection.

Contrary to popular belief, we found that after an 
episode of AGPN, the graft never recovered function 
to baseline levels.[1,12] There have been studies that 
have found AGPN is a predictor of an unfavorable 
graft and patient outcome.[4,5,13,14] The reason for such 
conflicting evidence in published literature is unclear; 
heterogeneous policies in defining and treating AGPN 
may be responsible to some extent.[6] The treatment 
protocols and post‑transplant prophylactic strategies 
also are not standardized, which could be responsible for 
the discordant results in different studies. We attribute 
the poor graft outcome in our study to the severity of 
the AGPN with 28% of our patients having evidence 
of bacteremia. Our patients of graft pyelonephritis 
are a subset of patients who had presented with graft 
dysfunction in the first place; hence it is no surprise that 
they had a poor outcome. In addition, nearly a quarter 
of the patients had concomitant acute rejection that may 
have also contributed; although we could not prove it 
statistically. Giral et al., found difference in outcome with 
early AGPN showing greater association with bacteremia 
and hence, a poorer outcome.[6] In our study, both early 
as well as late AGPN didn’t fare well; however, late AGPN 
seemed to have poorer outcome in terms of residual graft 
dysfunction. In the absence of randomized controlled 
trials, Kidney Disease: Improving Global Outcomes 
(KDIGO) has recommended initial hospitalization 
and parenteral antibiotics with no comment on the 
duration of antibiotics.[15] We used a 4‑6 week antibiotic 
course that was successful in eradicating infection; 
albeit unable to reverse graft dysfunction completely. 
Despite the prolonged course, we had a significant 
percentage (75%) of relapse requiring repeat courses 
of antibiotics. Recurrent UTIs occur in 5.5‑27% of cases 
and studies with longer durations of follow‑up report the 
highest rates of recurrence.[16,17] Mortality in our data of 

Table 3: Renal functions of patients with early and late AGPN and their response to treatment
Type of 
AGPN

Basal S. creatinine 
(mg/dl)

Peak S. creatinine 
(mg/dl)

S. creatinine after 
treatment (mg/dl)

S. creatinine 6 months 
after treatment (mg/dl)

Comparison of 6 month 
S. creatinine with basal level

Early AGPN 
(0‑6 m) (n=9)

1.56±0.33 2.99±0.84 1.82±0.39 2.02±0.51 P=0.02

Late AGPN 
(>6 m) (n=17)

1.68±0.48 6.79±2.32 2.44±0.85 2.76±0.85 P<0.01

AGPN: Acute graft pyelonephritis, S. creatinine: Serum creatinine
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AGPN was 15.4% and is comparable with literature.[18] 
AGPN is not a benign illness; not only in terms of graft 
outcome but also in terms of patient survival.

We conclude that patients of AGPN that present with graft 
dysfunction have an unfavorable long‑term outcome. 
A quarter of our cases of acute graft dysfunction were 
accounted for by graft pyelonephritis. Graft pyelonephritis 
may occur in the absence of typical symptoms of UTI. 
Nearly, a fifth of our patients with graft pyelonephritis 
showed no growth of pathogenic bacteria on urine 
culture. Concomitant rejection is more common than 
hitherto believed.
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