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Infectious interstitial nephritis
in the renal allograft



Agenda

• infections after renal transplantation
• morphological patterns of interstitial inflammation
• polyomavirus nephropathy



Switzerland is famous for ...
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Switzerland is also famous for ...

• prospective data collection of all solid 
organ transplants since 2008

• >2500 kidney transplants
• median follow‐up 3.9 years (IQR 1.6 / 
6.6)

• 13115 infections documented

data provided by Simona Rossi and Michael Koller
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Pathogens in urinary tract infection
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viral UTI (n=171)
BKV: 165
CMV: 2
Adeno: 2
other: 2



Morphological patterns of injury

interstitial nephritis:
• interstitial inflammation
• cellular composition
• tubulitis
• tubular destruction
• tubular casts
• granulomas
• viral inclusions

acute pyelonephritis acute tubulointer‐
stitial nephritis



Acute pyelonephritis

• rarely biopsied
• ascending infection most common→ 
affected vs. non‐affected areas

• neutrophils
• destruction of tubules
• microabscesses



Acute tubulointerstitial nephritis

• common pattern
• usually focal or mini‐focal
• unspecific

differential diagnosis:
interstitial cellular rejection (default)
infection related
anti‐viral inflammation
allergic
neoplastic (PTLD)

Adenovirus (courtesy: Volker Nickeleit)

drug‐related granulomatous TIN



Summary

• 40% of infections post‐transplant affect the urinary tract
• vast majority caused by bacteria, rarely biopsied
• BKV is the most common cause of viral infections of the allograft, all others are
very rare

• in doubt? SV40‐, Adeno‐, CMV‐IHC, consult microbiology results
• unusual infiltrate? consider PTLD (EBER‐ISH, immunotyping)



Agenda

• infections after renal transplantation
• morphological patterns of interstitial inflammation
• polyomavirus nephropathy
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BK‐specific cellular immunity

adapted Curr Opin Organ Transplant 13:569‐574, 2009

Blood

↓ ↓ ↑

time after transplantation

Immunosuppression



• primary infection in 
childhood

• respiratory and oral 
infection routes

• >80% seropreva‐
lence in adults

• latent infection, virus resides in 
kidney tubular epithelial cells and
urothelium

• immunological control in 
immunocompetent persons

BK virus ‐ basics

adapted: Transplantation 100:2276‐2287, 2016
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BK virus replication is dangerous

→ uncontrolled high‐level viremia results in graft loss!

n=18

n=12

n=33

Am J Transplant 17:2065‐2077, 2017



Definition of PyVAN

• evidence of active viral replication?
• evidence of viral infection in 
transplant biopsy?

• additional tubular damage?
• additional inflammatory reaction?
• additional decline in renal function?

AST guidelines: ≥ log4 copies/ml 
considered presumptive PyVAN
Basel Transplant Program: ≥log 3 
copies/ml → IS reduction

SV40 IHC, same case, same area, 18 μm apart



«Banff rules»

cohort of 192 patients with
biopsy proven PyVAN

• transplanted 1996 – 2008
• male patients: 74%
• median age 52 years
• Banff scores
• pvl‐score

extent of affected tubular/duct cross sections
score 0: no PyVAN
score 1: ≤1%
score 2: >1% to ≤10%
score 3: >10%)

PVN Class 1 PVN Class 2 PVN Class 3

pvl ci pvl ci pvl ci

1 0‐1 1 2‐3 ‐‐ ‐‐

‐‐ ‐‐ 2 0‐3 ‐‐ ‐‐

‐‐ ‐‐ 3 0‐1 3 2‐3

Banff classification system:

J Am Soc Nephrol 49:356‐363, 2018



«Banff rules»

PVN Class 1
PVN Class 2
PVN Class 3

J Am Soc Nephrol 49:356‐363, 2018



viremiaviruria PyVAN

 cytologic detection
of decoy cells

 high negative 
predictive value

 quantitative real 
time PCR

 monitor disease
course

 biopsy‐proven
disease



viremiaviruria PyVAN

 cytologic detection
of decoy cells

 high negative 
predictive value

 quantitative real 
time PCR

 monitor disease
course

 biopsy‐proven
disease

Forget this! – You have to think differently!
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viruria biopsy

1’000 copies/ml



viremiaviruria biopsy

10’000 copies/ml



viremiaviruria biopsy

100’000 copies/ml



viruria biopsyviremia

1’000’000 copies/ml



BK virus source and reservoir

• reactivation of latent donor‐derived 
BK virus in most cases

• transplant kidney is main source of 
BK virus

J Infect Dis 193:80‐87, 2006

immunocompromised
host
‐ replication
‐ inadequate immune 

response
‐ cell lysis & necrosis
‐ viruria & viremia
‐ infection of adja‐

cent cells
‐ cell detachment
‐ BM denudation
‐ inflammation
‐ fibrosis & tubular

atrophy

capillarytubulelumen

normal kidney
‐ latent virus

adapted: Transplantation 100:2276‐2287, 2016
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BK virus: screening procedure & sensitivity of methods



Focality of PyVAN

1.0
10

1

1.0
10

2

1.0
10

3

1.0
10

4

1.0
10

5

1.0
10

6

1.0
10

7

0

5

10

15

20
30

40 "definite"

"presumptive"

BK copies/ml
SV

40
+ 

tu
bu

le
s/

m
m

 b
io

ps
y

Spearman rho 0.517, p<0.001

biopsy 1: presumptive PyVAN

biopsy 1: definitve PyVAN

Am J Transplant 13:1474‐1483, 2013



Summary

• PyVAN is a transplanted infection
• uncontrolled viremia leads to graft 
loss → treatment is high priority

• BK viremia is key parameter for PyVAN
course

• allograft is the main source of BK 
viremia

• biopsy is very insensitive

(my opinion: Banff PyVAN classes not 
very helpful; J Am Soc Nephrol 49:356‐
363, 2018)

SV40



Female, 37 years

Nephrol Dial Transplant 22:2386‐2390, 2007



BKV therapy and morphology

decreasing BKV 
(n=29)

increasing BKV 
(n=27)

before BKV 
(n=24)

after BKV
(n=19)

35 patients with BKV > 1'000 copies/ml
• treated with reduction of maintenance immunosuppression
• no rejection therapy
• at least 1 surveillance biopsy during BK viremia

Morphological assessment, statistical analysis and correlation with clinical data

Am J Transplant 13:1474‐1483, 2013



Resolving PyVAN (decreasing BK viremia)

Residual PyVAN (cleared BK viremia)



"Tubulitis" and inflammation

Banff t‐score Interstitial inflammation

Kruskal‐Wallis test p <0.001
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Am J Transplant 13:1474‐1483, 2013



Interstitial inflammation
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Mann‐Whitney test p=0.005 Mann‐Whitney test p=0.211

Am J Transplant 13:1474‐1483, 2013



Morphology in the context of viral dynamics

BKV‐specific cellular immunity

Blood

Kidney

time after transplantation

PyVAN resolving PyVAN residual PyVAN

BKV dynamics increasing decreasing cleared

BKV‐induced tubular damage

BKV‐induced inflammation

anti‐BKV acute interstitial
nephritis



Years after transplant

p=0.18
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Bischoff et al., submitted

Outcome and risk factors (Basel cohort)

Parameter Univariate
p‐value

Multivariate
OR (p‐value)

Rejection prior to viremia NS 0.85 (NS)
Peak viremia [log10 c/ml] NS 0.61 (NS)
Proven BKPyVAN NS 0.41 (NS)
Time to clearance of viremia [days] NS 1.00 (NS)
High viral burden [>3’650’000 c/ml*days](1) 0.01 8.58 (0.02)
Rejection during viremia 0.05 5.67 (0.05)
Clinical rejection after clearance of viremia  0.02 6.14 (0.03)
Relapse of viremia NS 0.61 (NS)

Risk factors for unfarorable outcome

(1) Is equivalent to >6.56 log10 c/ml*days
* composite of graft loss (n=6), unresolved BKPyV‐viremia (n=4), 
deteriorating allograft function defined by eGFR loss >20% compared to 
baseline or eGFR slope >3 ml/min/year (n=32)



PyVAN and rejection – a lose‐lose situation!



BK‐specific, rejection or "innocent"?

• BK‐specific lymphocyte? 
(anti‐BK immune response)

• HLA‐specific
lymphocyte? (rejection?)

• "innocent" lymphocyte? 
(unspecific infiltrate)



PyVAN and rejection – a matter of faith?

• Do you believe in PyVAN and rejection?
• Can you distinguish PyVAN from rejection?
• How do you treat PyVAN and rejection?



PyVAN and rejection – a matter of faith?

No!
• vascular rejection
• antibody‐mediated rejection
→ diagnose, therapy has to be balanced individually

Yes! (no reliable distinction)
• interstitial cellular rejection
→ descriptive diagnosis, interpret in context



Difficult cases

1. concurrent vascular and/or antibody‐mediated rejection.
2. worsening kidney function during increasing and decreasing viremia

(diagnostic biopsies)

→ dynamics: viral load, creatinine course, medication



How to treat PyVAN and rejection?

• individualize decisions in patients with concurrent vascular or humoral 
rejections

• PyVAN is more important than ICR



Summary

• key role of cellular anti‐BK immune response
• resolving PyVAN shows the characteristics of an acute (anti‐viral) interstitial

nephritis with prominent tubular IEL
• distinction of concurrent interstitial rejection impossible, but apparently of

minor importance

→ polyomavirus‐Screening: early diagnosis key to successful treatment
→ don't believe in the diagnosis of interstitial cellular rejection during BK viremia

questions: helmut.hopfer@usb.ch


