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Abstract
Background. Until recently, BK polyomavirus (BKV) nephropathy was misdiagnosed and mistreated as steroid−
resistant acute rejection. In such cases the infection was spreading, which inevitably led to graft failure. Now it is
known that the only way to control the disease is to decrease the net state of immunosuppression.
Objectives. Assessment of incidence of BKV nephropathy.
Material and Methods. One hundred twelve patients qualified for kidney or pancreas−kidney transplantation were
included in the study. Before transplantation and after 1, 3, 6, 12, and 24 months, blood samples were collected for
real−time PCR tests in all patients. Renal biopsies were performed in case of creatinine level increase, after the
exclusion of extrarenal causes. All specimens were stained (by immunohistochemistry) for the presence of the large
T antigen of SV40 virus (similar to the large T antigen of BKV). Clinical data on the kind of transplantation, total
ischemia time, immunosuppressive treatment, postoperative oliguria, acute rejection episodes and their treatment
with steroid boluses, and creatinine level were acquired. 
Results. Viremia incidence in the study group was 27.96% (after six months: 18%, after 12 months: 25.5%, after
24 months: 27.96%) and the BK nephropathy incidence was 7.85% (3 cases). Increased risk of the viremia was
observed in cases of retransplantation (RR = 4.93, p < 0.001), acute rejection treatment with steroid boluses (RR =
3.13, p < 0.008), coexisting viral infections with hepatitis B virus (RR = 9.3, p < 0.003), herpes simplex virus (RR
= 3.08, p < 0.024) and varicella−zoster virus (RR = 2.76, p = ns), and total ischemia time longer than 25 hours (RR
= 2.62, p < 0.048). The kind of immunosuppressive drugs, their blood concentrations, induction treatment with
antibody preparations, simultaneous kidney and pancreas transplantation (versus kidney alone transplantation),
cytomegalovirus and hepatitis C infections, and diabetes or urinary tract infection had no significant influence on
the incidence of viral replication. Viral load was over 5000 copies/µl in these cases.
Conclusions. It can be stated that the incidence of BKV infection and its natural history are similar to those
described in other transplantation centers in the world. Factors leading to tubular epithelial cell damage and other
viral infections are risk factors for BKV replication (Adv Clin Exp Med 2008, 17, 2, 201–206).
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Streszczenie
Wprowadzenie. Do niedawna przypadki nefropatii BK na całym świecie były mylnie rozpoznawane i niewłaści−
wie leczone jako ostre odrzucanie przeszczepu. Prowadziło to do nasilenia choroby i nieuchronnej niewydolności
przeszczepu. Obecnie wiadomo, że praktycznie jedyną skuteczną metodą postępowania jest zmniejszenie immu−
nosupresji.
Cel pracy. Ocena częstości występowania nefropatii BK.
Materiał i metody. Obserwacją objęto 112 osób biorców nerki lub nerki i trzustki. Od wszystkich pacjentów przed
transplantacją po miesiącu, trzech, sześciu, dwunastu i dwudziestu czterech miesiącach pobierano krew w celu
oznaczenia wiremii metodą Real Time PCR. W przypadku wzrostu stężenia kreatyniny, po wykluczeniu przyczyn
pozanerkowych, wykonywano ponadto biopsję nerki. W czasie obserwacji pacjentów gromadzono dane kliniczne
dotyczące między innymi rodzaju transplantacji, całkowitego czasu niedokrwienia przeszczepu, stosowanej immu−
nosupresji, wystąpienia i długości okresu skąpomoczu pooperacyjnego, epizodów ostrego odrzucania przeszczepu
i ich leczenia pulsami steroidów oraz stężenia kreatyniny jako miary czynności nerki przeszczepionej. 



BK polyomavirus (BKV)−induced−interstitial
nephritis, or BK nephropathy (BKN), is an impor−
tant factor influencing kidney allograft function
[1]. The mild disease in an immunocompetent host
becomes a real threat in kidney transplant recipi−
ents. The infection affects the majority of humans
in childhood. The primary disease is mild and usu−
ally undetectable, but at this time latent infection
in renal epithelial cells is established [2]. There are
three terms describing BKV morbidity: infection,
replication, and overt disease. Infection is diag−
nosed when serological or virological signs of
infection are present. This term does not differen−
tiate active and latent states. Replication is
described as the signs of viral presence outside the
sites of latency. Concomitant replication and the
presence of clinical symptoms of organ dysfunc−
tion define the disease.

Interstitial nephropathy induced by BKV is the
main clinical manifestation [3]. Due to their simi−
lar histopathological patterns, the disease is often
misdiagnosed as acute rejection [4]. This implies
over−immunosuppression in the presence of viral
disease and usually leads to graft failure. Many
risk factors for infection reactivation have been
proposed, but the clinical data are not consistent
[5]. Moreover, there is no available antiviral treat−
ment of proven efficacy. Studies with cidofovir
carry some promising results, but until now the
only documented approach is active screening and
early reduction of immunosuppression [6]. 

Material and Methods

One hundred twelve consecutive renal or pan−
creas−kidney allograft recipients were included in
the study. The patients were followed for 24
months. The study population’s demographics are
shown in Table 1. Clinical events in the study
group are presented in Table 2. Blood samples

were taken before transplantation and after 1, 3, 6,
12, and 24 months. The samples were tested for
BKV DNA with real−time PCR. In case of kidney
allograft deterioration, a biopsy was performed.
All tissue samples underwent standard histopatho−
logical examination as well as immunohistopatho−
logical staining for SV40 virus T antigen (70%
homologous with BKV). Monoclonal antibodies
against T antigen of SV40 (simian virus;
Oncogene Research Products) were used together
with a standard AEC/ABC (DAKO) staining sys−
tem. Acute rejection episodes were classified
according to the Banff 97. 

DNA was extracted using a QIAamp DNA
Blood Mini Kit (Qiagen). Quantitation was per−
formed by real−time PCR based on TaqMan tech−
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Wyniki. W badanej grupie częstość występowania wiremii w badanym okresie wynosiła 27,96% (po 6. miesiącu
– 18%; po 12. miesiącu – 25,5%; po 24 miesiącach – 27,96%), a częstość występowania nefropatii – 7,85%
(3 przypadki). Zwiększone ryzyko wystąpienia wiremii stwierdzano w przypadkach: retransplantacji (Rw = 4,93;
p < 0,001); podawania pulsów glikokortykosteroidów w leczeniu ostrego odrzucania przeszczepu (Rw = 3,13;
p < 0,008); współistnienia następujących zakażeń wirusowych: wirusem zapalenia wątroby typu B (HBV)
(Rw = 9,3; p < 0,003), wirusem Herpes simplex (HSV) (Rw = 3,08; p < 0,024) i wirusem varicella−zoster (VZV)
(Rw = 2,76; ns); czasu niedokrwienia większego niż 25 godzin (Rw = 2,62; p < 0,048). Nie stwierdzono, aby na
częstość replikacji wpływały: rodzaj przyjmowanych leków immunosupresyjnych, ich stężenie we krwi ani lecze−
nie indukcyjne preparatami przeciwciał; jednoczasowe przeszczepienie nerki i trzustki (w porównaniu do trans−
plantacji samej nerki); zakażenie wirusem CMV i HCV; cukrzyca oraz zakażenia układu moczowego. 
Wnioski. Na podstawie uzyskanych wyników można stwierdzić, że częstość występowania zakażenia wirusem BK
oraz jego obraz kliniczny są podobne jak w innych ośrodkach transplantacyjnych na świecie. Czynnikami ryzyka
replikacji wirusa są czynniki uszkadzające komórki nabłonka cewek nerkowych oraz współistniejące zakażenia wi−
rusowe (Adv Clin Exp Med 2008, 17, 2, 201–206).

Słowa kluczowe: przeszczepienie nerki, jednoczesne przeszczepienie nerki i trzustki, wirus Polyoma BK.

Table 1. Study group 

Tabela 1. Badana grupa

n = 112

Sex
(Płeć)

male 65 (58.04%)
(mężczyźni)
female 47 (41.96%)
(kobiety)

Age – mean (range); years 41 (18–68)
(Wiek – średnia (zakres); lata)

Ischemia – mean (range); hours 24.7 (6–43)
(Niedokrwienie – średnia (zakres); 
godziny)

Type of transplantation
(Rodzaj przeszczepu)

first kidney transplantation 92 (82.1%)
(pierwsze przeszczepienie nerki)
subsequent kidney transplantation 6 (5.3%)
(kolejne przeszczepienie nerki)
simultaneous kidney−pancreas 14 (12.5%)
transplantation
(jednoczesne przeszczepienie 
nerki i trzustki)



nology. The samples were incubated at 50°C for 2
minutes, than at 95°C for 10 minutes, followed by
45 cycles of incubation at 95°C for 15 seconds and
at 60°C for 1 minute. The TaqMan probe used was:
aag acc cta aag act ttc cct ctg atc tac acc agt tt FAM.
The starter sequence was “BK1”: 5’ agc agg caa
ggg ttc tat tac taa at 3’ and “BK2”: 5’ gaa gca aca
gca gat tct caa ca 3’. The plasmids were obtained
from Prof. H. Hirsch of the University of Basel.

During follow−up the following clinical data
were collected: transplantation type, total ischemia

time, immunosuppressive treatment, delayed graft
function, acute rejection episodes, steroid boluses,
concomitant viral infections, and serum creatinine
concentration. Statistical analysis was performed
using Kaplan−Mayer survival analysis, log−rank
test, and Cox proportional hazards analysis (SAS
system).

Results

Data from all 112 individuals were analyzed.
Some of the patients were lost for the follow−up
due to moving to another transplantation center,
graft loss, or death. After 1 month, 95.4% of the
subjects were followed, after 3 months 91.7%, after
6 months 87,0%, and after 12 months 92.4%.
Seventy patients were followed for 24 months. In 2
patients (1.7%) primary graft non−function was
observed. Three patients (2.6%) died. During fol−
low−up, 8 patients (7.1%) had their grafts removed.

At least one graft biopsy was performed in 49
individuals. The total number of biopsies was 88.
Positive staining for SV40 T antigen was observed
in 3 patients. These patients were considered as
diagnosed with BK nephropathy. Viremia was
detected in 25 subjects (before 6 months in 18,
between 6–12 months in 6, and between 12–24
months in 1). According to Kaplan−Mayer analysis
the incidence of BK nephropathy during the 24−
month follow up was 7.85% (95%CI: 4.38–16.8%).
Viremia was observed in 27.96% of the patients.
Only in 6 out of 25 patients was viremia was per−
sistent (observed in more than one blood sample).
In the subjects diagnosed with BK nephropathy,
viral load exceeded 5000 copies/µl.

The immunosuppressive regimens used as
maintenance treatment are shown in Table 3. In the
first three days intravenous boluses of methylpred−
nisolon were given and then prednisone at a dose of
0.5 mg/kg body weight. Steroids were than tapered
to a maintenance dose of 7.5–10 mg/day. Patients
receiving tacrolimus were given steroids at the half
dose. The cyclosporine, tacrolimus, and syrolimus
doses were adjusted according to the blood level. 

Increased risk for viremia was observed in
cases of a second kidney transplantation (RR =
4.93, p < 0.001). Replication was observed in
22.9% of the patients after a first kidney trans−
plantation, in 22.2% after simultaneous pancreas−
kidney transplantation, and in 83.3% after a sec−
ond kidney transplantation and in cases of acute
rejection treatment with steroid boluses (RR =
3.13, p < 0.008). Replication was observed in
22.4% who were not treated with steroid boluses
and in 66.5% of patients receiving additional
steroids for acute rejection. The incidence of viral
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Table 2. Clinical events in the study group

Tabela 2. Zdarzenia kliniczne w grupie badanej

n = 112

Acute rejection episodes
(Epizody ostrego odrzucenia)

1 × 30 (26.8%)
> 1 × 10 (8.9%)

Viral infections#
(Zakażenia wirusowe)

HBV* 2 (1.8%)
HCV 18 (16.1%)
CMV 17 (15.1%)
HSV 7 (6.3%)
VZV 4 (3.6%)

Diabetes
(Cukrzyca)

before transplantation 22 (19.8%)
(przed przeszczepieniem)
post transplantation diabetes mellitus 13 (11.7%)
(po przeszczepieniu)

Mean serum creatinine concentration
(Średnie stężenie kreatyniny w surowicy)

after 1 month (mg/dl) 2.13
(po miesiącu)
after 24 months (mg/dl) 1.39
(po 24 miesiącach)

Urinary tract infections
(Zakażenia układu moczowego)

non−recurrent 22 (19.6%)
(bez nawrotów)
recurrent 13 (11.6%)
(nawracające)

Oliguria after transplantation
(Skąpomocz po przeszczepie)

normal diuresis 75 (67.0%)
(prawidłowa diureza)
up to 8 days 12 (10.7%)
(do 8 dni)
longer than 8 days 17 (15.1%)
(ponad 8 dni)
no data 6 (5.3%)
(brak danych)
primary graft non−function 2 (1.7%)
(pierwotny brak czynności)

Mean ischemia time – hours 24.74
(Średni czas zimnego niedokrwienia 
– godziny)



replication was not affected by the maintenance
immunosuppressive treatment, induction treat−
ment with antibodies preparations, or initial dose
of prednisone.

In 5 of the 6 patients who experienced acute
rejection after the second transplantation, virus
replication in the blood was detected, Although
the relative risk was not significant due to the
small number of individuals. Similarly, increased
relative risk that was not significant was noted in
patients with acute rejection who were also diag−
nosed with delayed graft function, total ischemia
time longer than 35 hours, herpes simplex infec−
tion, or hepatitis B.

An important risk factor for virus replication
was concomitant viral infection. The relative risk
for viremia in the cases of persistent hepatitis
B was 9.3 (p < 0.003), in patients with herpes sim−
plex infection 3.08 (p < 0.024), and in patients
with varicella−zoster viral infection 2.76 (p = ns).
BKV replication was also more common in cases
of total ischemia time longer than 25 hours (RR =
2.62, p < 0.048) and delayed graft function (RR =
2.0, p = ns). Statistical analysis of the risk factor
for developing BK nephropathy was not possible
due to the small number of patients (n = 3).

Discussion

The incidence of viremia and BK nephropathy
in this study were similar to those observed in
other papers [7, 8], although it is worth mentioning

that there are some substantial differences in
immunosuppressive regimens in different trans−
plant centers. In the study group, tacrolimus was
used in 31% of patients and mycophenolate
mofetil in 58%. In the same centers the vast major−
ity of patients receives tacrolimus. The proportion
of living donor transplantations is also different
among centers. Despite these facts it seems that
BK nephropathy affects up to about 7% and this
incidence is similar in many countries. its cause is
not clear, but a possible explanation is the involve−
ment of various factors in the pathogenesis of the
disease.

As mentioned before, many potential risk fac−
tors were suggested in the development of the dis−
ease. Up to now, BK nephropathy was almost
exclusively observed in transplanted kidney. This
implies risk factors specific to the transplant set−
ting. As the first cases of the disease appeared after
the introduction of the new immunosuppressive
agents tacrolimus and mycophenolate mofetil,
many authors suggest an important role of
immunosuppressive treatment in the pathogenesis
of BK nephropathy [9]. The data are still not con−
sistent. In a study of 7 patients with BK nephropa−
thy, Mengel et al. concluded that the relative risk
of BK nephropathy in patients receiving both
tacrolimus and mycophenolate is 13 [10]. A high
risk was also observed in subjects receiving
tacrolimus at a dose of over 0.1 mg/kg body
weight and with a tacrolimus through−level of
8 ng/ml. In 2001, Lu et al. published a paper stat−
ing that the risk is not increased with the use of
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Table 3. Immunosuppressive treatment in the study group

Tabela 3. Leczenie immunosupresyjne badane grupy

n = 112

Steroids + cyclosporine + azathiopryne
(Kortykosteroidy + cyklosporyna + azatropina) 13 (11.6%)

Steroids + cyclosporine + mycophenolate mofetil
(Kortykosteroidy + cyklosporyna + mykofenolat mofetilu) 47 (41.9%)

Steroids + cyclosporine + everolimus
(Kortykosteroidy + cyklosporyna + everolimus) 5 (4.5%)

Steroids + cyclosporine
(Kortykosteroidy + cyklosporyna) 1 (0.9%)

Steroids + tacrolimus + mycophenolate mofetil
(Kortykosteroidy + tacrolimus + mykofenolat mofetilu) 18 (16.0%)

Steroids + tacrolimus + sirolimus
(Kortykosteroidy + tacrolimus + syrolimus) 10 (8.9%)

Steroids + tacrolimus
(Kortykosteroidy + takrolimus) 1 (0.9%)

Tacrolimus (simulect induction)
(Takrolimus – indukcja: simulect) 6 (5.3%)

Steroids only as an induction + tacrolimus + mycophenolate mofetil
(Kortykosteroidy tylko jako indukcja + takrolimus + mykofenolat mofetilu) 6 (5.3%)



mycophenolate mofetil [11]. Howell et al. suggest
that mycophenolate mofetil is responsible for the
increased incidence of BKN [12]. The results of
the present study do not confirm a correlation
between the immunosuppressive regimen and the
incidence of viremia. Moreover, BKN was
observed in a patient treated with steroids, azathio−
pryne, and cyclosporine. There are no data that
induction treatment with antibody preparations
may increase the risk for the disease [13]. Some
authors suggest that steroid boluses or antibodies as
the treatment for acute rejection may increase viral
replication. Hussain et al. indicate that acute rejec−
tion treatment with ATG or OKT3 in patients diag−
nosed with BK nephropathy led to graft loss [14].

It seems that cell injury and regeneration may
influence viral replication. Atencio et al. published
an experimental paper in which they showed
increased viral replication in cells that underwent
chemical or ischemic injury [15]. 

In the present study, correlation was found
between viral replication and acute rejection treat−
ment with steroid boluses. However, it was not
possible to show a relationship with maintenance
steroid treatment. An increased risk of viremia was
observed in the patients after a second kidney
transplantation, but not in those after simultaneous
pancreas−kidney transplantation. In both groups,
very potent immunosuppressive regimens were
employed, including induction treatment, myco−
phenolate mofetil, and tacrolimus. Increased risk
of viremia was observed only in the first group,

which might suggest that immunological injury in
these individuals plays an important role. Indeed,
some studies suggest an increased risk in cases of
a higher number of HLA mismatches.

Up to now, no clinical correlation between
BKV and other viral infection has been found. The
studies focused mainly on CMV and EBV infec−
tion. In the present study, no correlation was found
between BKV replication and CMV disease or
HCV infection (presence of anti−HCV antibodies).
There was a trend towards a higher risk for
viremia in subjects diagnosed with zoster, but it
was not significant. Replication was significantly
more often observed in patients with clinically
overt herpes simplex infection and HBs−antigene−
mia. These data should be interpreted while con−
sidering the results of experimental studies pub−
lished by Danovitsch and Frenkel in 1988 who
assessed the impact of HSV infection on replica−
tion of extraneous DNA. They demonstrated that
herpes infection may cause replication of the plas−
mids containing genes for replication starters and
T antigen of SV40 virus. This phenomenon is not
observed under normal circumstances. 

In summary, according to the results it seems
that immunosuppression is necessary but not suffi−
cient for reactivation of a latent polyoma BK
infection. Data from animal models and clinical
data show that an additional factor is needed, prob−
ably involving cell injury and regeneration.
Correlation with other viral disease was not defi−
nitely proven in a clinical setting.
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