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Abstract

Background: BK virus-associated nephropathy in
renal transplant recipients has been increasing in
frequency in recent years. This rise is probably
because of widespread use of highly potent
immunosuppressive regimens, and increased
immunosuppression load leads to inability of the
recipients to increase a successful antiviral immune
response. The incidence of BK virus-associated
nephropathy in different reports is between 1% and
10%, with an allograft loss in significant numbers of
patients, especially when timely diagnosis and
treatment is not restored. We report our experience
on BK virus nephropathy in our institute.

Materials and Methods: All renal transplant biopsies
performed at our center between 2001 and 2006
were immunohistochemically screened for the
presence of PV-specific protein (SV40 Ag). The
histologic diagnosis of BK virus-associated
nephropathy was made upon the observation of
morphologic changes in tubular epithelium and
confirmation with immunohistochemical staining. We
reviewed the clinical records of the subjects for
demographic, clinical, and laboratory data.

Results: BK virus nephropathy was found in 0.93% of
all investigated allograft biopsies (1/108) and in 1.04%
of all recipients (1/96; mean age of recipients,
36.48 £14.10 years; age range, 13-74 years); 54 of
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them were male (57%). Type of kidney transplant was
living-unrelated donor 76 (79%), living-related donor
13 (14%), and deceased donor 7. Seventeen patients
(18%) were transplanted for a second time.
Immunosuppressive drugs in 87 of recipients (90%)
were cyclosporine, mycophenolate mofetil, and
prednisolone. Our patient who developed BK virus-
associated nephropathy 9 months after transplant
was a 37-year-old man on prednisone, cyclosporine,
and azathioprine immunosuppresion. He lost his graft
4 months after diagnosis.

Conclusions: Although BK virus nephropathy after
renal transplant is uncommon, it is a serious
complication causing loss of the allograft. It should be
included in the clinical differential diagnosis of
transplant dysfunction.
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Polyoma BK viruses are widespread double-stranded,
nonencapsulated DNA viruses comprising BK and JC
strains that are pathogenic in humans (1, 2).
Approximately 60% to 90% of adult people worldwide
are seropositive for the BK virus. Primary infections
usually occur early in childhood through oral and/or
respiratory exposure (3, 4). These infections usually are
asymptomatic, but they have tropism for renal tubular
and transitional cells and remain latent within the
genitourinary tract (5-8). These viruses need immune
modulation and host cell activation for replication.
Diseases caused by reactivation of latent BK virus is
typically found in patients with impaired immune
system and is prevalent in renal transplant patients
(10% to 60%) (9). Such activation is determined by the
detection of free viral particles in the urine (by electron
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microscopy or polymerase chain reaction [PCR]
techniques), intranuclear viral inclusion bearing cells,
so-called decoy cells in urine cytology samples, and
plasma PCR test for viremia (10, 11). Only 1% to 10% of
affected patients change from reactivated infection to
histologically manifest BK virus nephropathy (9, 12),
usually at a mean period of 10 to 13 months
posttransplant (range, 6 days to 5 years) (13-15).

The aim of this study was to determine the
frequency of BK virus nephropathy in renal transplant
patients who had a renal biopsy for graft dysfunction
at our center.

Methods

All renal transplant biopsies performed at our center
from April 2001 to March 2006 were reviewed. A total
of 108 specimens from 96 renal transplant recipients
who presented with allograft dysfunction were
screened. All protocols, experimental studies, and
clinical trials involving human subjects were
approved by the ethics committee of the institution
before the study began, and that the protocols
conformed with the ethical guidelines of the 1975
Helsinki Declaration. Written informed consent was
obtained from patients or their guardians. A careful
histologic analysis of the biopsy specimens was
performed on hematoxylin and eosin and periodic
acid-Schiff stained slides. A careful search was made
for features suggestive of BK virus infection
including nuclear atypia of tubular epithelial cells,
smudging of nuclei with hyperchromasia,
amorphous basophilic or amphophilic intranuclear
inclusions of nuclei of the tubular cells, and
inflammatory infiltrates. All specimens also were
subjected to immunohistochemical staining by a
standard method using anti-SV40 large T antigen (cat
No: DPo2-calbiochem, anti SV40 T antigen). We also
reviewed the clinical records of the subjects (n=96)
for demographic, clinical, and laboratory data.

Results

BK virus nephropathy was found in 0.93% of all
investigated allograft biopsies (1/108) and in 1.04%
of all recipients (1/96). Ninety patients were
transplanted in our center and 6 patients in other
centers. Mean age of recipients was 36.48 + 14.10
years (range, 13-74 years), and 54 of them were male
(57%) (Table 1).
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Table 1. Demographic, clinical, and laboratory data of 96 studied patients.

Mean age (year) 36.48 £14.10
(range: 13-74)
Men, No. (%) 54 (57%)
Second transplant, No. (%) 17 (18%)
Living-unrelated donors, No. (%) 76 (79%)
Living-related donors, No. (%) 13 (14%)

Deceased donors, No. (%) 7 (7%)

Mean serum creatinine at baseline (umol/L) 136.14 + 44.20
Mean serum creatinine 6 months before 173.26 £ 121.11
biopsy (umol/L)

Mean serum creatinine at biopsy time (umol/L)
Mean time between transplant and biopsy (mo)
DGF (need for dialysis first week posttransplant),
No. (%)

338.57 £212.16
2.75 (range: 1-20.75)
12 (12.5%)

Abbreviations: DGF, delayed graft function

Seventy-one of the patients (74%) had received
methylprednisolone pulses, 48 patients (50%) had
received antithymocyte globulin (for delayed graft
function, second transplant, deceased transplant and
rejection), both methylprednisolone pulses and
antithymocyte globulin were given to 37 of the
patients (38%). Maintenance immunosuppressive
therapy was cyclosporine, mycophenolate mofetil,
and prednisolone in 87 patients (90%); cyclosporine,
azathioprine, and prednisolone in 9 patients (10%);
and tacrolimus in 19 patients (20%), sometimes
during the posttransplant period (mostly for
rejection).

The recipient with BK virus nephropathy was a
37-year-old man with a female living-unrelated
donor. He received a kidney transplant in October
2001 without any complications. He was discharged
with a serum creatinine level of 106.08 ymol/L (1.2
mg/dL). His maintenance immunosuppressive
therapy was cyclosporine, azathioprine, and
prednisolone with a stable serum creatinine. Nine
and a half months after transplant, he presented in
other centers with a serum creatinine of 159.12
umol /L (1.8 mg/dL) and 185.64 umol/L (2.1 mg/dL)
for which he received 2 courses of
methylprednisolone pulses within 3 weeks with no
dramatic responses, and azathioprine was replaced
by mycophenolate mofetil. Five weeks later, he
referred to this center with a serum creatinine of
309.40 ymol /L (3.5 mg/dL), and renal biopsy (H&E
and PAS staining) demonstrated nuclear atypia and
anisonucleosis of tubular epithelial cells with
interstitial inflammation suggestive of viral infection
(Figures 1 and 2). Unfortunately, despite reduction in
immunosuppression, progressive deterioration in
renal function was noted. Four months later, the
maintenance hemodialysis was instituted and
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because of fever and kidney tenderness, the
transplanted kidney was removed. He received the
second kidney transplant in our center in 2005. After
2 years, his serum creatinine was 91.94 ymol /L (1.04
mg/dL).

Figure 1. Polyoma virus infection: Tubular epithelial cells show irregularity of
the nuclear contour with abnormal coarse chromatin and anisonucleosis. PAS
stain. (Original magnification x640)

Figure 2. Inmunohistochemical staining shows positive reaction of the tubular
epithelial cell nuclei for SV-40 T antigen. (Original magnification x640)

Discussion

Asymptomatic urinary shedding of BK virus BK
virus with low urine viral loads of less than 105
copies per mL is noticed in up to 10% of healthy BK
virus seropositive immunocompetent individuals
(16). In patients with impaired immune function,
especially after hematopoietic stem cells transplant
or solid-organ transplant, a high level of urine viral
load of more than 107 copies/mL is observed (11, 17-
19). At this time, sloughing of decoy cells is seen in
urine cytology, and virions can be detected by
negative staining electron microscopy (20-22). In
nonrenal solid organ transplant patients, BK viruria
is due to reactivating the endogenous BK virus, (18,
23-26), but in renal transplant recipients, BK virus is
most likely reactivated in tubular epithelial cells of
the donor kidney, which is then amplified in the
urothelial layer (19, 20, 27). Approximately 30% to

50% of kidney transplant recipients with high level
of viruria going to BK virus viremia and polyoma-
associated nephropathy (11, 28-30). BK virus
nephropathy BK virus nephropathy-induced graft
loss would be reduced to 10% or less by extensive
screening of BK virus. before irreversible tissue
damage (31, 32).

The key feature in pathogenesis of BK virus
nephropathy is imbalance between BK virus
reactivation in renal tubular epithelial cells and BKV-
specific cellular immune response (33-35). Risk
factors for BK virus nephropathy are not entirely
understood, and BK virus nephropathy is also
reported in centers using conventional cyclosporine
and azathioprine therapy, or calcineurin inhibitor-
free  protocols comprising sirolimus and
mycophenolate mofetil (14, 36). One prospective
study noticed that the incidence of BK viruria and
viremia were similar in patients randomly
designated to tacrolimus or cyclosporine (17). In a
recent longitudinal study, only antithymocyte
globulin induction and steroid maintenance therapy
were independent risk factors for BK virus
replication (37). Older age, male sex, and number of
HLA mismatches also are denoted as risk factors for
BK virus nephropathy (12, 15, 38).

There are no specific clinical symptoms or signs
to diagnose BK virus nephropathy, and an increase
in serum creatinine is frequently the first clinical sign
of BK virus nephropathy with associated kidney
damage (20). Discovery of decoy cells in urine
cytology, which are cells with an enlarged
hyperchromatic nucleolus occasionally containing
single basophilic intranuclear inclusion, are useful
for screening and diagnosis of BK nephropathy. The
positive predictive value of a positive decoy cell
analysis (more than 10 cells per cytospin) for the
diagnosis of BK virus nephropathy is 25% to 30%,
and the negative predictive value is greater than 99%
(21, 38, 39-41). The overall positive predictive value
of a positive quantitative plasma PCR test to predict
BK virus nephropathy is 50%, and the negative
predictive value is 100%; the plasma viral load levels
of greater than 104 copies/mL have a positive
predictive value of greater than 80% (38). A
retrospective, single center study reported that the
presence of cast like 3-dimensional polyoma
aggregates (Haufen) by negative staining electron
microscopy of the urine had a sensitivity and
specificity for BK virus nephropathy of 100% and



300 Tayebeh Soleymanian et al | Experimental and Clinical Transplantation (2010) 4: 297-302

99% (42). A conclusive diagnosis of BK virus
nephropathy needs the establishment of viral
cytopathic changes in tubular epithelium on a renal
biopsy (taking at least 2 biopsy cores including the
medulla). Diagnostic confirmation of BK virus
nephropathy and rolling out other viral infections is
generally accomplished by immunohistochemistry
(antibodies against SV40-T antigens). Stages A, B,
and C have been determined according to increasing
intensity and duration of the involvement and
regarding adverse effects on graft survival (9, 43).

The main treatment of BK virus nephropathy is a
reduction in maintenance immunosuppression. The
recent uprising in the prevalence of BK virus
nephropathy is due to extensive use of highly
powerful immunosuppressive drugs. It is the overall
immunosuppression rather than specific drugs that
leads to the inability of the recipient to raise a
successful antiviral immune response (14, 17, 36, 37,
44, 45). A period of more than 12 weeks of decreased
immunosuppression and measuring of viral load
every 2 to 4 weeks is usually needed for viral
clearance (46, 47). Different immunosuppression
reduction strategies including changing tacrolimus
to low-dose cyclosporine, and mycophenolate
mofetil to azathioprine; discontinuation of tacrolimus
or mycophenolate mofetil or azathioprine; lowering
dosages of mycophenolate mofetil and tacrolimus
have been advised (13, 15, 17, 38, 48). Switching
mycophenolate mofetil to leflunomide (a drug with
both immunosuppressive and antiviral actions) (49,
50), or use of low-dose cidofovir (an antiviral agent
with  potential nephrotoxicity) might be
recommended in cases unresponsive to reduction of
immunosuppression (51-54). Treatment with steroid
pulses followed by modification of
immunosuppression 2 weeks later should be
recommended in patients with simultaneous acute
rejection (9, 12), and wuse of intravenous
immunoglobulins may be last resort in case of
treatment failure (17, 53, 55, 56).

Screening for BK virus BK virus replication by
urine cytology for decoy cells or by wurine
quantitative PCR for BK virus DNA or VP1 mRNA
(12, 20, 21, 29, 30, 57, 58) should be performed at least
once every 3 months during the first 2 years
posttransplant, and then annually until the fifth year
posttransplant (12). Recipients with significant decoy
cells or urine viral loads more than 107 copies/ mL
should be tested for plasma BK virus DNA loads. In
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patients with sustained plasma viral loads > 104
copies/mL for more than 3 weeks, a diagnosis of
presumptive BK virus nephropathy is made and an
allograft biopsy should be considered for a diagnosis
of definitive BK virus nephropathy (12). In case of
definitive or even presumptive BK
nephropathy, judicious reduction of immuno-
suppression and follow-up by measuring serum
creatinine every week and plasma viral loads every
other week until clearance of virus (usually within 8
to 12 weeks) is recommended (46, 47).

It has been suggested that the clearance of BK
replication should be established before retransplant.
Surgical removal of the first renal graft is not
required unless pre-emptive retransplant is
considered during ongoing BK virus replication (46).
Because BK virus nephropathy is supposed to be
donor-origin, it is in favor to select the donor with
the lowest anti-BK antibody titer among candidate
donors (12).

In the present study, we reported 1.04% incidence
(1 of 96 recipients) of BK virus nephropathy. We are
not aware of the underlying reasons behind of this
low incidence in our patients, considering that risk
factors for BK virus nephropathy are still
incompletely understood. We used more live donors
(93%) with subsequently fewer complications (such
as delayed graft function) and lower overall
immunosuppression. However, our patient with BK
virus nephropathy diagnosis also had uncomplicated
course after transplant, and he was on maintenance
immunosuppression consisting of prednisolone,
cyclosporine, and azathioprine. He received a second
live-donor kidney transplant 19 months after first
kidney transplant nephrectomy with an uneventful
posttransplant course and drugs comprising
prednisolone, cyclosporine, and mycophenolate
mofetil. After 2 years, his serum creatinine was
91.94 ymol /L (1.04 mg/dL).

In conclusion, although BKV nephropathy after
renal transplant is wunusual, it is a serious
complication causing loss of the allograft. To date,
there is no specific treatment for BKN; therefore,
vigorous patient screening strategies seem to be the
main effective approach.

virus
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