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REVIEWS

BK Virus Infection after 
Kidney Transplantation
Volker Nickeleit, Juerg Steiger, and Michael J. Mihatsch

Polyomaviruses were said to be in search of a disease. Now it is well established that
the BK strain of polyomavirus causes a nephropathy in kidney transplant recipients im-
munosuppressed with highly potent drugs such as tacrolimus and/or mycophenolate
mofetil. The morphologic hallmarks of BK virus nephropathy are nuclear inclusion bod-
ies in tubular epithelial cells and acute tubular injury, which cause allograft dysfunction.
Risk factors of disease and clues to diagnose BK virus nephropathy and concurrent re-
jection are discussed in this review. BK virus nephropathy is generally preceded by the
excretion of decoy cells (polyomavirus-infected cells) in the urine and accompanied by
viremia. These findings serve as adjunct clinical markers of BK virus nephropathy
which are incorporated into a proposed diagnostic and therapeutic algorithm for patient
management.
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Introduction
Polyomaviruses (BK and JC virus strains having

human relevance) are without clinical significance
in the immune-competent host. Primary infections
with polyomaviruses are common. They occur ear-
ly during childhood with only minor clinical symp-
toms and are independent for JC and BK viruses.
Approximately 60% to 80% of adults in the West-
ern world have serological evidence of a previous
infection with polyomaviruses. JC virus and BK
virus are tropic for epithelial cells in the kidney
and, in particular, for the transitional cell layer of
the urogenital tract. Here, they commonly remain
latent without causing any illness. Along the transi-
tional cell layer, latent JC virus can be found in ap-
proximately 88% and latent BK virus in 33% of in-
dividuals.1 In 0.5% to 20% of immune-competent
hosts, polyomaviruses can be periodically reactivat-
ed and reenter into a replicative cycle.2-4 Such reac-
tivation is transient, asymptomatic, and morpho-
logically characterized by the detection of
intranuclear viral inclusion bearing cells in the
urine (coined decoy cells)5 along with cell lysis (i.e.,
release of viral particles). Decoy cells appear to orig-
inate from the transitional cell layer. Such asymp-
tomatic reactivation of polyomaviruses can be seen

during pregnancy or in patients suffering from dia-
betes mellitus or malignant tumors. Renal function
remains unaltered. These general aspects of poly-
omavirus infections in immune-competent individ-
uals form the background against which patho-
physiological aspects of disease continue to be
studied.

Disease caused by polyomaviruses is seen only in
immune-compromised hosts. Depending on the vi-
ral strain and the type of the underlying suppres-
sion of the immune system, different illnesses pre-
vail. JC virus typically affects the brain and can
cause progressive multifocal leukoencephalopathy
(PML) in AIDS patients. Disease caused by BK
virus is generally seen in the urogenital tract, in-
cluding the kidneys (i.e., BK virus nephropathy
[BKN]).6-8 In the following review, we focus on BK
virus nephropathy affecting renal allografts.

In the setting of kidney transplantation, one
should bear in mind that the prevalence of latent
infections with polyomaviruses is high. Thus, latent
polyomaviruses are likely often passed in the graft
from the donor to the host (who also may have la-
tent virus in the GI tract). This constellation has
not resulted in any clinically recognized complica-
tions.9 Asymptomatic reactivation of polyomavirus-
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es (i.e., decoy cells in the urine) is also commonly
seen in healthy kidney transplant recipients (up to
22% of patients, which is similar to findings made
in immune-competent hosts). Such activation nor-
mally lasts for only a short duration (up to several
weeks), and renal allograft function remains unal-
tered. Thus, latent polyomavirus infections lacking
morphological and immunohistochemical signs of
an infection have to be distinguished from tran-
sient, clinically asymptomatic reactivation of latent
polyomavirus infections, which are morphological-
ly characterized by decoy cells, and symptomatic vi-
ral disease (BKN). BKN is typically accompanied
by signs of viral activation (decoy cells in the
urine)—but not vice versa.6,10,11

Latency and activation are common phenomena,
but disease is a rare event. This is why we avoid the
generic term infection. The potential risk factors
promoting viral disease are discussed below.

BKN shows viral replication in tubular epithelial
cells. The last phase of the replicative cycle includes
cell lysis of the host tubular cell, resulting in the re-
lease of viral particles into tubular lumens. Histo-
logically, virally induced acute tubular injury and
necrosis are seen (see below). It is likely that viruses
spread primarily by receptor-mediated mechanisms
from cell to cell via an ascending route starting in
collecting ducts (i.e., spread to cell types for which
the BK virus is tropic, such as tubular cells and
parietal epithelial cells). This mode of replication of
the BK virus has clinical significance in that it dif-
fers from other viruses (such as EBV). Whether the
coactivation of BK virus and JC virus (up to 37%
of cases with BKN) is clinically important remains
to be determined.12 Thus far, there is no solid evi-
dence that BKN is caused by specific mutations in
the BK virus strain.13-16 Infections with the SV40
virus strain do not play any role.8

Prior to the mid-1990s, BKN did not gain con-
siderable clinical attention and had been exception-
ally rare in the 1970s and 1980s. At the University
of Basel, we diagnosed our first case of BKN in Oc-
tober 1996. We confirmed that the diagnosis of
BKN had not been missed in previous years by
large-scale rescreening of archival biopsies from re-
nal allograft recipients who had formerly been
treated with high-dose cyclosporine or antilympho-
cytic preparations. Currently, BKN is by far the

most common viral disease affecting renal allografts
(approximately 10 to 20 times more frequent than
CMV.11 Thus, we are dealing with a new complica-
tion, and new risk profiles promoting BKN have to
be considered.6,7,10,11,17-23 The following review is pri-
marily based on our experience with 29 renal allo-
graft recipients (n = 89 biopsies) presenting with
BKN.

BK Virus Nephropathy (BKN)

Synonyms
Synonyms for BKN include the following: poly-

omavirus infection, type BK; polyomavirus disease;
polyomavirus-associated interstitial nephritis; and
BK interstitial nephritis.

Clinical Data
In our center, BKN was diagnosed in the renal al-

lografts 380 days (mean; median = 267 days, range
= 40–1377 days) after transplantation. The patient
population (n = 29) showed a slight male predom-
inance that did not reach statistical significance: 9
women (mean age = 47, median = 52, range =
10–70 years) and 19 men (mean age = 49, median
= 52, range = 27–70 years) (in 1 patient, the sex is
unknown). Our observations are similar to those
reported by others.7,22-25 The current prevalence of
BKN in different transplant centers varies between
less than 1% and up to 5.5% in Basel.22-24 In our ex-
perience and that of others, many patients present-
ing with BKN had a complicated posttransplanta-
tion course. Prior to the diagnosis of BKN, we
examined a total of 33 biopsies from 15 of 29 pa-
tients. Fourteen patients (48.3% of the whole study
population) showed biopsy-proven acute rejection
episodes. Transplant endarteritis was significantly
more often diagnosed (transplant endarteritis:
12/33 biopsies [36.3%] in comparison to controls:
9/70 biopsies [12.9%], difference p = 0.009, see
Table 1; also see refs. 7,23,25–28). Frequently,
high-dose immunosuppressive regimens containing
tacrolimus and/or mycophenolate mofetil were be-
ing administered.6,10,11,23,25,28 The observed differ-
ences in prevalence seem to be linked to the prefer-
ential (center-dependent) use of these newer
immunosuppressive regimens. Centers preferring
(high-dose) immunosuppression with tacrolimus

s a g e p u b . c o m g r a f t d e c e m b e r  2 0 0 2 v o l u m e  5 s u p p l e m e n t S 4 7

 © 2002 SAGE Publications. All rights reserved. Not for commercial use or unauthorized distribution.
 at LOCKSS on December 9, 2007 http://gft.sagepub.comDownloaded from 

http://gft.sagepub.com


REVIEWS

and/or mycophenolate mofetil encounter high
numbers of BKN cases,7 in contrast to those still re-
lying on conventional cyclosporine- and azathio-
prine-based protocols. Race and type of organ do-
nation do not appear to carry any significant risk
for promoting viral disease.24 At the time of the ini-
tial diagnosis of BKN, patients clinically present
with varying degrees of allograft dysfunction,
which can be insidious at times (serum creatinine
in our patients at time of diagnosis: mean = 267
µmol/l, median = 205, range = 133–516). Decoy
cells are typically detected in the urine, and BK
virus DNA can be found in the plasma by poly-
merase chain reaction (PCR) (see be-
low).6,10,11,16,20,23,25,26,29,30 These latter findings consti-
tute a clinical risk profile, which can help with
patient management (see Fig. 1). Glomerular pro-
teinuria, significant hematuria, or signs of a gener-
alized infection (i.e., fever) are typically absent.7,11

BKN is normally not associated with hemorrhagic
cystitis (with only one reported exception).23 There
is no convincing evidence that BK virus causes
ureteral stenosis. In renal allograft recipients, BK
virus generally does not spread to organs outside
the graft (with one exception discussed elsewhere in
this issue).

BKN has a major impact on graft survival, which
is significantly poorer than in control patients free
of viral nephropathy.24 We and others had reported
a rapid graft failure rate in up to 45% of cases
(within 6 months after diagnosis; range = 1–17
months).11,22 More recently, our results have im-
proved, with no graft losses due to persistent (= on-
going) BKN in the past 2 years (in Basel: overall
graft failure rate due to BKN is 28%, compared
with a graft failure rate of 16.4% a year after the di-

agnosis of BKN at the University of Maryland Hos-
pital).24 Even if persistent (= ongoing) BKN does
not lead to rapid graft loss, functional deterioration
is always seen (in our experience, serum creatinine
levels are, on average, 50% above baseline readings
after 12 months of persistent disease).11 However,
there is also increasing evidence that patients can
fully overcome BKN with complete cessation of vi-
ral replication (for more detailed information, also
see below). Viral clearance was observed in 8 of 29
(27.5%) histologically confirmed cases in Basel,
with clinical information available in 7 of 8 cases.
Patients had overcome BKN 334 days after the ini-
tial diagnosis (mean; median = 115 days, range =
57–1003, based on repeat biopsies). Renal function
was preserved in 5 of 7 patients (serum creatinine:
mean = 185 µmol/l; median = 179, range =
126–260). Two of 7 patients with delayed viral
clearance (> 1 year) lost graft function (1 patient on
hemodialysis, the other one with a serum creatinine
of 500 µmol/l).

Diagnosis and Morphology
The diagnosis of BKN must be established histo-

logically by renal biopsy.6,7,11,20 Other techniques
(such as urine cytology or PCR studies) only serve
as adjunct tools for patient management (see be-
low). The morphological hallmarks of BKN are in-
tranuclear viral inclusion bodies, seen exclusively in
epithelial cells, and focal necrosis of tubular cells
(Fig. 2). Due to the viral replicative mode, intranu-
clear inclusion bodies can always be found in cases
of BKN, although they are sometimes scarce (see
below). Four different variants of intranuclear in-
clusion bodies are seen, frequently side by side in
the same tubule (Fig. 3):
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Table 1 PREVALENCE OF BIOPSY-PROVEN ACUTE REJECTION EPISODES BEFORE THE DIAGNOSIS OF BKN

TYPE OF REJECTION DISEASE GROUP CONTROL GROUP p-VALUE

Tubulo-interstitial
Number 16/33 31/70 ns
% 48.5 44.3

Transplant endarteritis
Number 12/33 9/70 0.009
% 36.4 12.9

Disease group: 33 biopsies from 15 patients who ultimately developed BKN. All 33 biopsies prior to the initial diagnosis of BKN were
free of viral nephropathy. Control group: 70 time-matched control biopsies (median: 27 days posttransplantation) from 61 patients
who never developed BKN.
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Figure 1. Diagnostic algorithm. Adapted from reference 26.
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• Type 1 (the most frequent form)—an amor-
phous basophilic ground-glass inclusion body

• Type 2—an eosinophilic, granular type sur-
rounded by a (mostly incomplete) halo

• Type 3—a finely granular form without a halo

• Type 4—a vesicular variant with markedly en-
larged nuclei; clumped, irregular chromatin;
and occasional nucleoli

Type 2 inclusions are morphologically similar to
cytomegalovirus (CMV) inclusions. Type 4 inclu-
sion-bearing cells resemble malignant tumor cells.
“Hybrid variants” of different types of inclusion
bodies are often seen. These different phenotypes
likely represent various stages of viral replication
and disintegration of nuclei and chromatin in asso-
ciation with fixation artifacts. Cells with cytopath-
ic changes are often enlarged. Inclusion-bearing
cells can be abundant in the medulla and distal
tubules (possibly reflecting the ascending route of
viral spread from the urothelium to the renal cor-
tex).6,31 As mentioned above, viral replication results
in the release of viral particles by cell lysis. Thus, se-
vere tubular epithelial cell injury and necrosis with
denudation of basement membranes is a typical
finding in BKN.6,11 Despite marked epithelial cell
damage, tubular basement membranes remain in-

tact (Fig. 2). They can serve as a structural base for
subsequent tubular regeneration. These morpho-
logical changes are not unique but rather represent
acute tubular necrosis (ATN). ATN is the morpho-
logical correlate for allograft dysfunction. Viral in-
clusions can also be seen in parietal epithelial cells,
with occasional small crescent formations.6 In the
renal pelvis and ureters, viral inclusion bodies
(mostly type 1) can be detected in superficial tran-
sitional cells but rarely in the proliferating basal cell
layer.6 If inclusion-bearing transitional cells are
sloughed into the urine, then they can easily be de-
tected in cytological preparations as decoy cells
(Fig. 4). Podocytes, endothelial cells, mesenchymal
cells, and inflammatory cells are not infected by the
BK virus in human allografts6,11,20 (1 patient with
massive involvement of endothelial cells, discussed
elsewhere in this issue, is a unique exception).

Although the morphology is typical for BKN, it is
not pathognomonic because other viruses such as
herpes simplex virus, adenovirus, and (less likely)
even CMV must be ruled out. Certain morpholog-
ical clues can favor one diagnosis over another
(such as frank tubular destruction, hemorrhage,
and granulomatous inflammation in cases of aden-
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Figure 2. BKN (time of initial diagnosis = 18 weeks posttrans-
plantation). A typical picture of virally induced focal acute tu-
bular necrosis. Intranuclear viral inclusion bodies are seen in
some tubular epithelial cells (arrow) associated with cell
necrosis and denudation of the underlying tubular basement
membranes (arrowheads). Note that despite severe tubular ep-
ithelial cell damage, the basement membranes remain intact
(arrowheads). Adjacent distal tubules (asterisks) are unre-
markable. PAS-stained section, 150× original magnification.

Figure 3. Different intranuclear viral inclusion bodies. (A) Type
1 inclusion body—an amorphous basophilic ground-glass
variant. (B) Type 2—an eosinophilic, granular variant sur-
rounded by a (mostly incomplete) halo. (C) Type 3—a finely
granular variant without a halo. (D) Type 4—a vesicular variant
with clumped, irregular chromatin. Hybrid variants of inclusion
bodies exist. H&E-stained sections, 400× original magnification.
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ovirus infections or intracytoplasmic viral inclu-
sions in cases of CMV). Diagnostic confirmation
can easily be achieved by immunohistochemistry or
electron microscopy. Ultrastructurally, polyomavirus-
es present as viral particles measuring between 30
and 50 nanometers in diameter, occasionally form-
ing crystalloid structures. Immunohistochemistry
can be performed on formalin-fixed and paraffin-
embedded tissue sections using commercially avail-
able antibodies detecting the SV40 large T antigen,
which is common to JC, BK, and SV40 viruses
(Fig. 5). If required, BK virus-specific antibodies
are available as well (for details with regard to the
staining procedures, see the addendum). Also, in
situ hybridization techniques may be used to detect
amplified viral particles.7 Of note: immunohisto-
chemistry and electron microscopy only help with
confirming the light microscopical impression. The
routine use of immunohistochemistry on all renal
allograft biopsies generally does not unveil any for-
merly undiagnosed cases of BKN.

Key histological features of BKN are tubular in-
jury and necrosis (ATN; Fig. 2). ATN explains
many aspects of the disease. If viral replication is
limited, then tubular injury is very focal, and con-
sequently renal function will not be severely al-
tered. On the other hand, widespread viral replica-
tion involves many tubules, with a diffuse pattern
of ATN resulting in severely impaired allograft
function. If BKN is diagnosed early during the
course of the disease and viral replication ceases
quickly, then renal function may fully recover.11,26

The background for this observation is the capacity
of ATN to heal once injury stops. Mitotically active
tubular cells can easily replace necrotic ones along
intact segments of tubular basement membranes.
Thus, restitution of the normal tubulo-interstitial
architecture can be achieved. However, if BKN is
diagnosed late (i.e., persistent viral replication over
an extended period of time), then longstanding
ATN results in irreversible interstitial fibrosis and
tubular atrophy (late phenomena; Fig. 6).6 Disease
progression in BKN was carefully studied by
Drachenberg et al.31 In repeat biopsies, the authors
could clearly document the natural progression of
persistent viral nephropathy ranging from initial
(mild) tubular injury (pattern A) to ultimate (se-
vere) interstitial fibrosis and tubular atrophy result-
ing in graft failure (patterns B and C). Because
BKN is often seen in patients with previous rejec-
tion episodes, viral changes may, of course, be su-
perimposed on rejection-induced damage.

BKN, Interstitial Nephritis, and Rejection
The correct diagnostic interpretation of “inflam-

matory changes” in the setting of BKN is difficult
and has led to considerable controversy.6,7,11 Often,
BKN is simply referred to as BK virus interstitial
nephritis. Although this descriptive term accurately
describes the findings, it implies that the inflam-
matory changes observed are secondary to the viral
replication. Using this terminology, one major dif-
ferential diagnosis of “inflammation” in a renal al-
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Figure 4. Decoy cells in urine cytology preparations. Inclusion-
bearing epithelial cells (type 1 arrowheads and type 3 arrow)
are easily recognized. Papanicolaou-stained section, 312×
original magnification.

Figure 5. BKN—immunohistochemical detection of BK
virus/polyomaviruses. A strong (brown) staining reaction is
seen in the nuclei of some tubular epithelial cells. Formalin-
fixed and paraffin-embedded tissue section, detection of SV40
T antigen (common to all known polyomaviruses). 70× original
magnification.
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lograft—rejection—remains without further con-
sideration. In our opinion, it is crucial to establish
a diagnosis of rejection in the setting of BKN be-
cause patients are generally treated by lowering im-
munosuppression. A prerequisite for such an ap-
proach is the absence of rejection. This is why we
preferentially use the term BK virus nephropathy to
clearly distinguish viral disease from potential con-
current rejection. We have provided previous evi-
dence that two diagnoses—rejection and BKN—
can be rendered concomitantly.11,26 We showed that
initial, transient antirejection therapy, subsequently
followed by low-dose immunosuppression, could
result in complete viral clearance and full function-
al recovery.26 Transient antirejection therapy (such
as bolus steroids) has, in our experience, not result-
ed in “explosive” viral spread and replication. We
think this two-step approach can clinically be very
useful, but it is not yet widely used by others.7

How do we then address the diagnostic challenge
of BKN and “interstitial inflammation”? In gener-
al, the inflammatory cell infiltrate seen in cases of
BKN can vary considerably.6,11 Sometimes, the in-
flammation is very scant or even absent, particular-
ly in cases of “mild viral disease”—BKN pattern A
(which is seen in 35% of biopsies at time of the ini-
tial diagnosis).31 Occasionally, scattered polymor-
phonuclear leukocytes and mononuclear cell ele-
ments are encountered in and adjacent to severely

altered tubules.11 These changes are easily interpret-
ed as “secondary” in nature. Whether plasma cell–
rich interstitial infiltrates, which are sometimes seen,6

represent a “specific” inflammatory response is cur-
rently undetermined. Different are cases with abun-
dant mononuclear cells (lymphocytes and macro-
phages) in areas of the cortex lacking cytopathic
changes, accompanied by marked tubulitis (partic-
ularly in tubules without viral inclusion bodies seen
by light microscopy and immunohistochemistry;
Fig. 7) or even transplant endarteritis. Most strik-
ing in these cases is the discrepancy between wide-
spread lymphocytic infiltrates compared with only
focal virally induced cytopathic changes (Fig. 7). In
our experience, such cases represent BKN and con-
current rejection.11,26 Further diagnostic confirma-
tion can be achieved by employing well-established
immunohistochemical markers of acute rejection:

1. Most important, the expression of major his-
tocompatibility (MHC) class II molecules in
tubular epithelial cells can help.

2. Occasionally, the detection of the complement
degradation product C4d along peritubular
capillaries can be useful diagnostically.

It has been previously reported that the expression
of both markers remains unaltered by BK virus
replication in tubular cells.11,32 At the time of initial
diagnosis of BKN, we found transplant endarteritis
in 3 of 29 cases (10.3%), tubular MHC class II ex-
pression in 5 of 11 cases (45.5%), and capillary
C4d deposits in 3 of 11 (27.3%) biopsies studied.
These findings clearly demonstrate that rejection
can coexist with BKN (also see Drachenberg et al.31).
Therefore, attempts to diagnose rejection and con-
current BKN should be made.26

Adjunct diagnostic tools. Although the diagnosis of
BKN has to be established in a graft biopsy, adjunct
diagnostic tools are available to manage patients,
including urinalysis (particularly the screening for
decoy cells) and plasma PCR studies to search for
BK virus DNA.

Decoy cells in urine cytology preparations. The
search for decoy cells in urine is, in our experience
and that of others, a very useful clinical tool that is
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Figure 6. BKN (repeat biopsy taken during persistent BKN 56
days after the initial diagnosis). Focal interstitial fibrosis and tu-
bular atrophy with thickened basement membranes (arrow-
heads) is seen. These changes are likely secondary to virally in-
duced tubular injury (a viral inclusion body is still seen in the
center, arrow). Tubular atrophy is irreversible. Graft function in
this case was lost within 14 months after the initial diagnosis of
BKN. PAS-stained section, 251× original magnification.
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currently underappreciated (Fig. 4).6,10,11,20,25 Decoy
cell screening is an inexpensive and widely available
analytic tool that can be performed by any pathol-
ogist worldwide without requiring special equip-
ment. With some experience, decoy cells can also
be detected by nephrologists in urine sediments.10

Why are decoy cells helpful? As mentioned above,
decoy cells (which typically contain BK virus) are a
sign of activation of polyomaviruses in the urogen-
ital tract. Activation of BK virus is, of course, a pre-
requisite for viral disease (BKN). All cases of BKN
(including the current series of patients) had decoy
cells in the urine at the time of initial diagno-
sis.11,24,25 Once BKN had been overcome and viral
activation had ceased, decoy cells disappeared from
the urine.11,31 In our laboratories, we set an arbitrary
threshold of more than 5 decoy cells per 10 high-
power fields (in cytology smears) for a urine speci-

men to qualify as “decoy cell positive.” Using this
approach, we established an overall sensitivity of
decoy cells to predict BKN of 100%, a specificity of
95%, a positive predictive value of 27%, and a neg-
ative predictive value of 100% (in a retrospective
analysis of more than 500 urine samples).11 Thus, if
patients are “decoy cell negative,” they do not suf-
fer from BKN (and other diagnoses should be con-
sidered). If, however, the urine is decoy cell posi-
tive, BK virus has been activated and the patient is
at potential risk for developing BKN. This patient
should be closely followed (such as with plasma
PCR studies; see below). The predictive value of
decoy cell–positive urines can be enhanced by in-
corporating additional parameters into the deci-
sion-making process: persistent detection of decoy
cells in the urine (for more than 6–10 weeks), in-
flammation in the cytology smear background,20 or
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Figure 7. BKN and concurrent rejection (time of initial diagnosis, 28 weeks posttransplantation). The biopsy shows only very fo-
cal viral inclusions (brown color, highlighted by immunohistochemistry). In contrast, the interstitial compartment is diffusely in-
filtrated by mononuclear cell elements with tubulitis. Tubules expressed major histocompatibility (MHC) class II molecules, typi-
cally seen in cases of rejection. The complement degradation product C4d is not detected. Two diagnoses—BKN and
tubulo-interstitial rejection—were rendered. The patient received initial antirejection therapy with bolus steroids followed by re-
duction of immunosuppression. A subsequent repeat graft biopsy after 6 months showed persistent viral disease. Graft function
is still good. Immunohistochemistry to detect SV40 T antigen, 100× original magnification.
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“positivity” in the setting of impaired allograft
function.31 Of note: the detection of decoy cell casts
is diagnostic for BKN. We found no statistically
significant association between the numbers of de-
coy cells shed and viral disease (in contrast to an-
other report).31 Based on this experience, we con-
clude that costly, highly sensitive urine PCR
analyses requiring specialized laboratories do not
contribute any significant information in addition
to the “fast and cheap” decoy cell screening by urine
cytology.

Plasma PCR Analyses to Detect BK Virus DNA
BKN is characterized by viral replication in tubu-

lar cells, epithelial cell injury, lysis, and ATN. BK
virus likely gains access to the bloodstream through
injured tubular walls and via peritubular capillaries.
Indeed, PCR analyses to detect BK virus in plasma
are useful clinical tools because positive PCR results
mirror the time course of viral nephropathy. The
patients we studied converted from plasma negative
to plasma positive by PCR after transplantation, re-
mained plasma positive during the course of histo-
logically proven BKN, and then became plasma
negative after BKN had been overcome.30 In our ex-
perience and that of others, all patients with BKN
had detectable BK virus in the plasma23,29,30 in con-
trast to control groups.29,30 However, the detection
of BK virus in plasma can also yield false-positive
results in renal allograft recipients without concur-
rent histological proof of BKN. Thus, plasma PCR
studies to predict BKN have a sensitivity of 100%,
a specificity of 88%, a positive predictive value of
82%, and a negative predictive value of 100%.30 In
combination with the screening for decoy cells in
the urine, plasma PCR studies33,34 are a valuable ad-
junct clinical tool for patient management. Using
these adjunct tools, one should bear in mind that
during the manifestation of BKN, decoy cell and
PCR analyses generally become positive before the
histological diagnosis of BKN may be established
(“negative histological window”;6,11,30 see below). A
recent study from our group (Hirsch et al.),35 showed
that patients with biopsy-proven BKN had more
than 7700 copies of BK virus DNA per milliliter of
plasma compared to patients without BKN, in
whom the viral copy numbers remained low, in
general below 2000 per milliliter.

Risk Factors
It is likely that BKN is promoted by a currently

poorly defined multifactorial process. Because
BKN is a new complication that typically affects
the graft many months after transplantation, for-
merly unknown risk factors occurring during the
posttransplantation period must be searched. What
has changed in the world of kidney transplantation
from the late 1980s until now? Most important,
new potent immunosuppressive drugs—foremost,
tacrolimus and mycophenolate mofetil—have been
introduced into the immunosuppressive protocols.
Their worldwide use has been linked to the out-
break of BKN.10,22 Indeed, judged by the shedding
of decoy cells, tacrolimus is more effectively acti-
vating latent BK virus than cyclosporine (6.5% of
patients in comparison to only 2.5%, respectively;
p < 0.011). However, these findings alone are insuf-
ficient to explain the entire risk profile because only
a small minority of renal allograft recipients treated
with tacrolimus and/or mycophenolate mofetil ul-
timately developed viral nephropathy. Potentially,
an additional factor facilitating viral replication is
tubular cell injury itself. Tubular cell damage and
differentiation have been shown to promote the
replication of polyomaviruses in an animal model.36

Thus, differentiating tubular cells such as those re-
covering from rejection episodes or ischemic-type
damage in an allograft recipient treated with new
highly potent immunosuppressive drugs may pro-
vide the right window for viral replication. Because
many patients who ultimately developed BKN had
suffered from preceding rejection episodes in our
clinical experience (biopsy proven in 48.2%), this
hypothesis seems to be an attractive possibility.
Others have not made the same observation,24 and
certainly, many more risk constellations involving
immunosuppression with tacrolimus and my-
cophenolate mofetil are conceivable—all of them
are speculative and have not been carefully studied.
For example, do these drugs increase the risk of
BKN in a seronegative allograft recipient (without
a latent infection) receiving a donor organ from a
seropositive individual (graft with a latent infec-
tion)?9 Alternatively, do mutations render the BK
virus more virulent? Consequently, are mutant viral
strains responsible for BKN?9 The latter question is
currently under investigation. So far, however, no
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unique mutation common to all cases of BKN has
been detected. On the basis of our current knowl-
edge, we believe that risk factors promoting the re-
activation and replication of polyomaviruses are
key players in the pathogenesis of BKN.

Clinical Management
Virally induced ATN is the fundamental histo-

logical concept behind the pathophysiology of
BKN. The degree of allograft dysfunction (if rejec-
tion is absent) is proportionate to the number of in-
jured tubules (i.e., the degree of ATN; Fig. 2). Re-
jection, of course can have an additional impact on
allograft function.26 Virally induced ATN (BKN)
may heal, and grafts can function well in the long
run—with restitution of the normal architecture.26

The duration of ATN determines the extent of ir-
reversible secondary damage (i.e., interstitial fibro-
sis and tubular atrophy; Fig. 6). Interstitial fibrosis
and tubular atrophy have a major impact on long-
term graft function and survival.

The management of patients suffering from BKN
is a very difficult clinical challenge, and despite all
efforts, outcome is often ominous. At present, spe-
cific antiviral drugs to treat BKN are not available.
Only very limited therapeutic attempts have been
made with the nephrotoxic agent cidofovir33 (for
more detailed information, see other articles in this
issue). Currently, the most frequently used clinical
approach to overcome viral nephropathy is to low-
er baseline immunosuppression with the hope that
the host immune system will subsequently “clear
the virus.” Prerequisites for lowering immunosup-
pression are as follows:

1. the absence of rejection at the time of the ini-
tial diagnosis of BKN, and

2. no viral stimulation of rejection during per-
sistent nephropathy.

Because BKN and concurrent rejection can be di-
agnosed, the first objective can be met (see above).
The second objective has been validated.11,24

In general, the clinical management of renal allo-
graft recipients who are at risk for developing BKN
has two major goals:

1. The diagnosis of BKN should be established
early (when histological changes/ATN are
potentially fully reversible and before inter-

stitial fibrosis and tubular atrophy have oc-
curred). This represents the patient screening
period.

2. BKN should be “treated” long enough (pre-
sumably for many weeks) to achieve com-
plete cessation of viral replication (i.e., full
viral clearance). This represents the patient
monitoring period.

Both objectives can be met with the help of sur-
rogate markers (Fig. 1).6,11,26,30 High-risk patients
(e.g., those coming out of rejection episodes and
being treated with tacrolimus and/or mycopheno-
late mofetil) should be regularly screened. The
screening period should include the search for de-
coy cells in urine cytology preparations and PCR
analyses on plasma samples. If both tests are posi-
tive on repeat analysis, a graft biopsy should be per-
formed to establish a definitive diagnosis of BKN.
It should be kept in mind that the positivity of the
surrogate markers follows a dynamic pattern. In
general, urine samples for decoy cells turn positive
first, potentially followed weeks later by positive
plasma PCR studies, before ultimately some weeks
later, the histological diagnosis of BKN might be
established.11 In such a “window” period, a renal al-
lograft biopsy may be initially negative for BKN
before it is subsequently diagnosed in a repeat biop-
sy.30 Thus, a patient positive for decoy cells and
plasma PCR but without histological evidence of
BKN is at high risk (> 50%) for developing subse-
quent viral disease. If BKN is diagnosed histologi-
cally, the patient should be treated (such as
low-dose immunosuppression). However, in cases
with concurrently diagnosed rejection, we choose
to transiently treat the rejection episode first, before
therapeutic attempts are made to treat BKN (the
Basel “two-step approach”26). Because allograft dys-
function in these cases is due to BKN and rejection,
significant improvement of graft function may not
be seen until immunosuppression is lowered during
the second step and virally induced ATN starts to
heal. Although patients are being “treated” for
BKN (low-dose immunosuppression), plasma PCR
testing and screening for decoy cells are especially
useful to monitor for viral clearance.6,11,24,26,30 If both
tests turn from positive to negative and remain neg-
ative on repeat testing, then one can safely assume
that BKN has resolved (i.e., viral replication has
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ceased26). Viral resolution may be further con-
firmed by a repeat graft biopsy. Eight of our 29 pa-
tients overcame BKN, on average, 115 days after
the initial diagnosis of BKN (median; range =
57–1003 days). Using this approach for patient
management, the duration of low-dose immuno-
suppression, which might trigger rejection
episodes, can be optimized. Once BKN has been
overcome, allografts can have a good long-term
prognosis in cases with limited tubular atrophy and
rejection-induced damage.11,26 If grafts are lost due
to BKN, retransplantation is an option. Although
case numbers are low, reoccurrence of viral
nephropathy in a second allograft has not been ob-
served thus far (in 1 patient in Basel, a second one
was reported28). A new transplant means a new
round of risk factors and potential polyomavirus re-
activation.

Addendum: Immunohistochemistry
to Detect Polyomaviruses

(a) To detect polyomaviruses immunohistochem-
ically, we use a mouse monoclonal antibody from
Calbiochem/Oncogene, which gives very good re-
sults. The antibody detects the SV40 T antigen,
which is common to all polyomaviruses (SV40, JC
virus, and BK virus). For routine diagnostic work-
up, further subclassification of the different viral
strains is generally not required.

Sometimes, control tissue that serves as a “positive
staining control” is problematic. Possible options
are (if well-documented cases of BKN are not avail-
able) as follows: (1) brain tissue from patients suf-
fering from PML or (2) cytology preparations from
the urine with decoy cells. Brain tissue (likely due
to overfixation and excessive cross-linking) can
sometimes give negative staining results; as an al-
ternative, cytology preparations may be used.

(b) To detect the BK virus strain specifically, we
use a mouse monoclonal antibody that is specifical-
ly directed against the BK virus–specific T antigen
(Chemicon, catalog number: MAB 8505, clone
name: BK-T.1). The antibody does not detect JC
virus in the setting of PML. Immunohistochem-
istry can be performed on formalin-fixed, paraffin-
embedded tissue sections (after trypsin pretreat-
ment for 10-30 minutes, incubation of primary
antibody at a dilution 1:10,000 at 4 °C overnight)

on frozen material or cytology preparations. In our
experience, the antibody can sometimes give some
“nonspecific” background staining.
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