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Background: Considering the increasing problem of BK virus infection during post renal transplant surveillance,
it is necessary to distinguish the main risk factors leading to reactivation of latent BK virus. Up to now, some
probable risk factors have been investigated in some studies, but the results have been confusing and contradictory.
Objectives: The goal of the present study was to determine the frequency and potential risk factors that may play
a role in BK polyomavirus reactivation and nephropathy.
Study design: In this cross-sectional study, 110 patients, who underwent consecutive transplantation between
2010 and 2013, were enrolled without preliminary screening. Urine and blood samples were taken, and
quantitative Real-time PCR assay was used to detect and measure the viral load. Demographic and clinical
characteristics of the patients who had BK viremia and/or viruria were documented.
Results: Among 110 cases of renal transplant recipients, BK viruria and viremia were found in 54 (49%) and 22
people (20%) respectively. The pre-transplant durations of dialysis among patients with BK viruia were found
longer in comparison to BK negative patients. Treatment with Tacrolimus (p = 0.03) was found to be a risk
factor for development of BK viruria. In patients with viruria and viremia the median creatinine levels were
1.45 mg/dl and 1.35 mg/dl respectively, which were higher than those in the patients with negative results for
BK viruria (p = 0.002) and viremia (p = 0.02). Also, treatment with Cyclosporine could signiﬁcantly increase
the incidence of BK virus shedding in both urine and blood among patients who received it (p = 0.01).
Signiﬁcant relation between reactivation of BK virus and other factors such as age, sex, acute rejection and
diabetes was not found.
Conclusion: Based on our ﬁndings, the main potential risk factors for shedding of BK virus into urine in renal
transplant recipients were prolonged pre-transplant dialysis and Tacrolimus regimen. Cyclosporine regimens
could be considered as risk factor for both BK viruria and viremia. A signiﬁcant correlation between BK virus
replication and elevated creatinine level was seen among our patients.

1. Background
Although the name of BK virus has rarely been mentioned as a pathogenic agent in some extra-renal human diseases, it has been strongly
known as a signiﬁcant viral infection related to nephropathy and renal
graft-failure in kidney transplant recipients [1]. The ﬁrst isolation of BK
virus was carried out by Gardner et al. in 1971 [2], and thereafter its
clinical importance was demonstrated by Mackenzie et al. in 1978 [3].

⁎

It has been reported that 60–90% of healthy populations become seropositive by the age of 10 [4–7]. Following both non-deliberate and
deliberately induced immunosuppression, BK viruses begin to replicate
in the epithelial cells of the kidney, ureter and bladder and can cause
nephropathy in some cases [8]. The most BK virus related nephropathy
occurs after kidney transplantation, but it has also been reported infrequently in non-renal solid organ transplant (NRSOT) patients and
bone marrow transplant recipients [9]. The relatively recent increase in
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Medical
Sciences.
The quantiﬁcation
standards,
QS1–QS4
(10–10,000 copies/mL), used for the BK virus quantiﬁcation were included within the kit. The following cycling steps were used: initial
denaturation at 95 °C for 10 min, followed by 45 cycles of 95 °C for 15 s
and 58 °C for 1 min. Demographic and clinical characteristics of patients who had BK viremia and/or viruria were documented. BK viruria
was deﬁned as detecting BK virus DNA above a diagnostic threshold of
2500 copies/mL, high-level BK viruria as urine DNA loads of > 7 log
10 copies/mL. BK viremia was deﬁned as plasma BK virus loads above
the lower diagnostic limit of detection of 1000 copies/mL, high-level
BK viremia as plasma BK virus loads of > 4 log10 copies/mL [16].

the prevalence of BK nephropathy can be probably as a consequence of
administration of more potent Calcineurin Inhibitor (CNI)-based immunosuppressive drugs such as Tacrolimus or Mycophenolate Mofetil
(MMF) [10]. A likely hypothesis explaining the increased prevalence of
BK virus among kidney transplant recipients is that eﬀective viral
control depends on the complementary immunologic interaction between donor and recipient, with decreased aﬃnity of binding and recognition in infected donor uroepithelial cells presenting antigen to
recipient CD8+ cells. This model would explain the increased risk of BK
viremia and BKN in human leukocyte antigen-mismatching [11–14].
Considering the importance of BK virus in renal transplantation, it is
necessary to distinguish the main risk factors leading to BK virus reactivation and nephropathy. Determination of risk factors may allow us
to propound algorithms for early prediction of reactivation and ensuing
nephropathy.

3.3. Immunosuppressive regimens

3. Study design

Three main immunosuppression drugs were used among patients
before sampling as follows: 105 (95.5%) patients received
Mycophenolate Mofetil (Cellcept, Roche, Basal, Switzerland), 98
(89.1%) recipients were treated by Prednisolone pulse therapy, and 86
(78%) patients were prescribed Cyclosporine (CsA; Iminoral, Zahravi,
Iran). Whereas a lower percent of patients received other drugs as follows: Azathioprine in 14 (12.7%), Tacrolimus (Prograf, Fujisawa
Pharmaceutical Co. Ltd.) in 13 (18%) and Sirolimus in 11 (10%) participants.

3.1. Renal transplant recipients

3.4. Statistical analysis

In present cross-sectional study, 110 patients who underwent consecutive transplantation between 2010 and 2013 were enrolled without
preliminary screening. No pretransplant BK status data was available.
There was no prophylaxis, intervention and treatment for BK virus infection among our patients before. The median age of the renal allograft
recipients was 43.9 years (range: 18–77). There were 44 women (40%)
and 66 men (60%). The median sampling time after transplantation was
42 months. Twenty-two (20%) of the 110 recipients were diabetic.
Mean duration of dialysis before transplantation was 14.2 months. Five
(4.5%) patients have had episode of acute rejection (Table 1).

Risk factors for BK virus replication and the associated inﬂammatory signature were analyzed using the statistical software
packages, SPSS version 21 for Windows. Result was reported as mean
(standard deviation) or frequency (percentage) for numerical or qualitative data, respectively. We used the chi-square test to compare the
frequency of qualitative variables according to presence of BK in blood
or urine. Also, independent t-test was used to assess the numerical
variables in groups with and without BK. P value less than 0.05 was
considered statistically signiﬁcant.

2. Objectives
The goal of present study was to determine the frequency and potential risk factors that may play an important role in BK polyomavirus
reactivation and nephropathy.

4. Results
3.2. Sampling and real-time PCR

4.1. Prevalence of BK virus replication

From each patient, one urine and one peripheral EDTA-blood samples (5 mL) were collected. Pelleted urine samples were prepared by
centrifugation in 3500 rpm for 10 min based on recommendation of
Pinto et al. [15]. The supernatants of centrifuged blood were discarded
and pellets were harvested for DNA extraction process. Cell-free
plasma, obtained after blood centrifugation, and pelleted urine samples
were kept at −20 °C until DNA extraction. Extraction of BK virus DNA
from 200 μL of plasma and urine were carried out using spin columnbased QIAamp DNA mini kit (Qiagen, Hilden, Germany) and eluted into
a ﬁnal volume of 50 μL. Extracted DNA samples were stored at −80 °C
for later quantitative polymerase chain reaction (qPCR) testing. BK
virus DNA detection and quantitation was performed by qPCR using
RealStar® BK VIRUS PCR Kit (Altona Diagnostics GmbH, Hamburg,
Germany) in the Molecular Diagnostics Center, Guilan University of

The present cross-sectional study included 110 kidney transplant
recipients, from the North of Iran, who underwent transplantation between 2010 and 2013, and Real-time PCR was used for the detection of
BK viruria and viremia. Of these, 54 (49%) patients were found to have
BK DNAuria with an average age of 43.29 years; 30 were male and 24
were female. 20% (n = 22) of them had BK DNAemia as well, with an
average age of 41.4 years; 17 were male and 5 were female. There was
no documented case with positive plasma BK DNA without viruria
among our participants. The median time to detect viruria and viremia
was 35 and 39 months after transplantation.
4.2. Immunosuppressive drugs and BK virus replication
Among the 110 recipients, the immunosuppressive drugs were
scheduled before sampling as follows: Mycophenolate Mofetil for 105,
Prednisolone for 98, Cyclosporine for 86, Azathioprine for 14,
Tacrolimus for 13 and Sirolimus for 11 renal transplant recipients. We
examined whether immunosuppressive regimen was diﬀerent between
BK virus replication positive or negative groups. Based on our ﬁndings,
treatment with Mycophenolate did not aﬀect the virus replication, since
the diﬀerence between patients with BK virus replication (n = 52
(96.39%)) and those without (n = 53 (94.6%)) was not signiﬁcant
(p = 0.6). Like Mycophenolate, Prednisolone regimen, in BK positive
group (n = 48 (88.9%)) and BK negative group (n = 50(89.3%)) did
not show any signiﬁcant diﬀerence as well (p = 0.9). Tacrolimus receiving patients showed higher prevalence of BK viruria (n = 10

Table 1
Baseline characteristics of study population.
Age, mean(sd)
Sex, n (%)
female
male
DM, n (%)
Cr, mean(sd)
Duration of Dialysis, month, mean(sd)
Acute Rejection episode (history), n (%)
Duration of transplant, month, mean (sd)

43.98

12.7

44
66
23
1.32
14.2
5
42.01

40
60
20.9
0.47
1.8
4.5
9.4

Abbreviations;: SD, Standard Deviation; DM, Diabetes Mellitus; Cr, Creatinine level
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Table 2
Demographic and clinical characteristics of renal transplant recipients and incidence of BK virus reactivation.
BK viruria

P value

+[54]

−[56]
0.6
0.3

BK viremia

P value

+[22]

−[88]

41.4 (11.1)

44.6 (13.1)
39 (44.3)
49 (55.7)
21 (23.9)
1.21 (0.3)
14.10 (6.1)
42.6 (3.5)
3 (3.4)

0.1
0.02
0.9
0.7
0.2

85 (96.6)
77 (88.6)
73 (80.1)
9 (10.7)
8 (9.1)
10 (11.4)

0.2
0.7
0.01
0.1
0.5
0.7

Age, mean (sd)
Sex, n (%)
female
male
DM, n (%)
Cr, mean(sd)
Duration of Dialysis, month, mean(sd)
Time Post-Transplantation, month, mean(sd)
Acute Rejection episode(history)

43.3 (12.4)

44.5 (13.2)

24 (44.4)
30 (55.6)
8 (14.8)
1.45 (0.5)
17.07 (1.8)
35.8 (8.7)
2 (3.7)

20 (35.7)
36 (64.3)
15 (26.8)
1.18 (0.3)
11.2 (3.7)
48.5 (9.4)
3 (5.4)

0.1
0.002
0.04
0.09
0.6

5 (22.7)
17 (77.3)
2 (9.1)
1.35 (0.4)
14.36 (8.1)
39.4 (4.7)
2 (9.1)

Immunosuppressive drugs
Mycophenolate mofetil
Prednisolone
Cyclosporin
Azathioprine
Sirolimus
Tacrolimus

52 (96.3)
48 (88.9)
37 (68.5)
7 (13)
6 (11.1)
10 (18.5)

53 (94.6)
50 (89.3)
49 (87.5)
7 (12.5)
5 (8.9)
3 (5.4)

0.6
0.9
0.01
0.9
0.7
0.03

20 (90.9)
20 (90.9)
13 (59.1)
5 (22.7)
3 (13.6)
3 (13.6)

0.3
0.05

Statistically signiﬁcant values are formatted in bold.

prevalence rate from 1% to 10% has been evidenced [18]. Before the
mid-1990s, no research was practically conﬁrmed, and risk factors
promoting viral nephropathy were poorly understood; the main factor
for the development of disease appeared to be new immunosuppressive
drug regimens that could provide the right window of opportunity for
viral replication [19]. Besides, as reported by Drachenberg et al., and
Hirsch et al., neither the mechanisms for allograft ﬁbrosis, nor the basis
for BK virus nephropathy resulting in end stage renal disease (ESRD)
was known [20,21]. Although 90% of populations worldwide were
seropositive for BK virus and 7% of healthy adults shed BK virus in
urine asymptomatically, approximately 40% kidney transplant recipients reactivated the virus post-transplantation and approximately
10% of them showed nephropathy [22–24]. A fact that only 20–30% of
renal transplant recipients have shown BK viremia and 10% have experienced the related nephropathy arose a question regarding the
probable risk factors contributing in reactivation of dormant virus after
transplantation. Nevertheless, some prospective and retrospective studies were performed in renal-transplant recipients to investigate the
potential risk factor leading to BK virus replication and nephropathy
(10, 11, and 14). The answer may conduct us to prepare a deﬁned algorithm for prediction of reactivation during post transplantation. It
seems that these investigations about risk factors contributing in BK
virus reactivation will guide us to propose a determinative algorithm
for the behavior of BK virus after kidney transplantation. In present
study, we have focused on exploring the association between some
clinical and demographic characteristics and polyoma BK replication
among renal transplant recipients. The 49% prevalence rate observed
among urine samples was collected from our participants by quantiﬁcation of viral DNA in urine. This was higher than previously reported
numbers about the prevalence of BK virus among Iranian kidney
transplant recipients [25–27]. Also the 24% viremia frequency result
among our patients conﬁrmed previous epidemiological studies accomplished among the Iranians and other nationalities as well [25,28].
Our cross-sectional retrospective study has identiﬁed that Tacrolimus
therapy regimen increased the risk for BK virus replication in adult
recipients of human renal allografts. Our observations about Tacrolimus
conﬁrmed the ﬁndings reported in previous studies by others [29–32].
In a randomized study of 200 renal allograft recipients induced with
ATG, Brennan et al. noted that the incidence of BK viruria was higher
with the Tacrolimus/Mycophenolate regimen compared with Cyclosporine/Mycophenolate, but Tacrolimus, Mycophenolate or Cyclosporine were not independently associated with viruria or viremia [33].
Prince O. et al. also found that Immunosuppression with

(18.5%)) in comparison with the patients who did not received it
(n = 3 (5.4%)) (p = 0.03). Also, treatment with Cyclosporine could
signiﬁcantly increase the incidence of BK viruria and viremia among
patients (p = 0.01). In patients who received Azathioprine and
Sirolimus, the frequency of antirejection treatments did not show any
diﬀerence between the BK virus replication positive and negative
groups (Table 2).
4.3. Transplant variables and BK virus replication
The demographic and transplant variables of the 54 renal allograft
recipients with BK virus replication and the 66 recipients without BK
virus replication are summarized in Table 2. Mean creatinine levels in
patients with BK virus viruria or viremia (1.45 mg/dl and 1.35 mg/dl,
respectively) were higher than patients who had negative results for BK
viruria (p = 0.002) and viremia (p = 0.02). Patients with BK viruria
were also dialyzed longer in comparison to BK negative patients
(p = 0.04). No signiﬁcant relation was seen between reactivation of BK
virus and other factors such as age, gender, acute rejection and diabetes
(P > 0.05). Five of the 110 patients were treated for clinical acute
rejection. Three of them were negative for BK replication and two
people were positive. Our analysis showed that the risk of BK virus
replication in those with acute rejection therapy (n = 5) compared with
those without acute rejection therapy (n = 105) was not diﬀerent and
that the antirejection therapy did not increase the risk of BK virus replication (p = 0.6). Patients with conﬁrmed diabetes mellitus consist
23 from total 110 renal transplant recipients, and 8 of them were positive for BK viruria, so no signiﬁcant correlation was seen between
diabetes and BK virus replication (p = 0.1). The median duration of
dialysis before transplantation among our recipients was 14.2 months.
In BK positive groups, the mean duration of pre-transplant dialysis was
17.07 months, whereas in negative group it was 11.22; and signiﬁcant
correlation between prolonged dialysis and probability of BK virus reactivation after renal transplantation was found (p = 0.01).
5. Discussion
Human and animal polyomaviruses with signiﬁcant clinical disorder
has risen in recent years [17]. Polyomavirus-associated nephropathy
(PVAN) has become the most common viral complications in renal
transplant recipients and is an increasingly recognized cause of renal
transplant dysfunction and graft loss.
Since the ﬁrst description of PVAN in 1995, an increasing
9
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Mycophenolate and/or Tacrolimus and ATGAM, could be risk factors
for PVN development and other drugs such as Cyclosporine, Azathioprine and Sirolimus had no eﬀect on BK virus replication [34]. In
our study, the number of neither the Mycophenolate, nor Prednisolone
regimen person was signiﬁcantly diﬀerent between the BK virus replication positive and the BK virus replication negative group. We also
found that the Sirolimus and Azathiprine receiving patients were not
diﬀerent between the two groups. Nonetheless, not all studies demonstrated a lower incidence of BK viremia with Tacrolimus, compared
with Cyclosporine-treated patients. Based on our knowledge, our result
about Cyclosporine was the ﬁrst report of clinical signiﬁcance of Cyclosporine in BK virus reactivation post renal transplantation. However
considering the low percentage of Tacrolimus receiving patients among
our population, the result about Tacrolimus could be a bias as a result of
this limitation.
The correlation between elevated serum creatinine and BK virus
reactivation was reported in some previous studies. Ghafari et al. found
a signiﬁcant correlation between BK virus associated nephropathy and
elevated creatinine level among 160 participants involved in their study
[35]. In present study, since biopsy (for the diagnosis of BK virus nephropathy) was not done in BK positive patients, the answer to the
question is whether increased level of creatinine could be a risk factor
for the reactivation of BK virus, or an elevated level of creatinine results
from BK nephropathy; that is the issue requires further investigation.
It was repeatedly documented in previous studies that the incidence
of reactivation of BK virus after kidney transplantation was accompanied by a diminishing pattern during years post-transplant follow-up
[36–38]. The risk of BK virus replication was the highest during the ﬁrst
year after the surgery. Our retrospective cross sectional results showed
that the prevalence of BK virus among recipients who were grafted in
near time to sampling had a higher incidence in comparison to patients
with elapsed time post transplantation (no statistically signiﬁcant difference).
Although neither acute rejection nor antirejection therapy was associated with an increased risk of BK virus replication in our study, the
low incidence of acute rejection among patients (5 of 110 subjects were
treated with antirejection therapy) may have contributed to the lack of
association. We also identiﬁed that prolonged dialysis before transplantation surgery was an independent risk factor for BK virus replication. Girmaneva et al. reported that prolonged dialysis before
transplantation could be a risk factor for reactivation of BK virus in a
cohort study [39]. Hirsch and Hariha et al. also reported that there was
a signiﬁcant linear correlation between longer time of dialysis and increased rate of reactivation after transplant surgery [40]. Our observation conﬁrmed these results.
Age, gender, diabetes mellitus and acute rejection were not associated with BK virus replication in our study. A similar lack of association between BK virus replication and nephropathy and several of
the demographic and transplant variables has also been reported
[41,42]. However, analyzing rare events through large multicenter
helps us to uncover information that is not easily gleaned from singlecenter series.
In summary, our cross-sectional retrospective study of 110 renal
allograft recipients suggests that the main potential risk factors for
shedding of BK virus into urine in renal transplant recipients are the
prolonged pre-transplant dialysis and Tacrolimus regimen.
Cyclosporine regimens could be considered as a risk factor for both BK
viruria and viremia. A signiﬁcant correlation between BK virus replication and elevated creatinine level was seen among our patients.
However, elevated level of serum creatinine may either results from BK
associated nephropathy, or leads to BK reactivation. Yet, it needs further investigation.

been published previously in whole or in part. There is no competing
interests.
Funding
The study was ﬁnancially supported using a grant from Guilan
University of Medical Sciences.
Ethical approval
All participants provided written informed consent, and the study
protocol was reviewed and approved by the Research Ethics Boards at
the Guilan University of Medical Sciences and ethical issues (including
plagiarism, data fabrication, double publication) have been completely
observed by the authors.
Acknowledgements
The authors alone are responsible for reporting and interpreting
these data. We have had no involvements that might raise the question
of bias in the work reported in the implications or opinions stated. The
interpretation and reporting of these data are the responsibility of the
author(s) and in no way should be seen as an oﬃcial policy of Guilan
Univerity of Medical Sciences. We would like to thank our nephrologist
and laboratory colleagues; Dr. Lebadi in renal transplantation unit of
Razi hospital in Rasht city and Dr. Ali Mojtahedi and Mrs Mojan
Shaban, in the Molecular Diagnostics Center, Guilan University of
Medical Sciences.
References
[1] P.T. Pham, G.M. Danovitch, P.C. Pham, Medical management of the renal transplant recipient: infections and malignancies, in: R.J. Johnson, J. Feehally (Eds.),
Comprehensive Clinical Nephrology, 5th edn., Elsevier Saunders, St. Louis MO,
2014.
[2] S.D. Gardner, A.M. Field, D.V. Coleman, et al., New human papovavirus (B.K.)
isolated from urine after renal transplantation, Lancet 1 (1971) 1253–1257.
[3] E.F. Mackenzie, J.M. Poulding, P.R. Harrison, et al., Human polyoma virus
(HPV)—a signiﬁcant pathogen in renal transplantation, Proc. Eur. Dial Transplant.
Assoc. 15 (1978) 352–360.
[4] A.J. Flower, J.E. Banatvala, I.L. Chrystie, BK antibody and virus- speciﬁc IgM responses in renal transplant recipients, patients with, malignant disease and healthy
people, Br. Med. J. 2 (1977) 220–223.
[5] G. Noss, Human polyoma virus type BK infection and T antibody response in renal
transplant recipients, Zentralbl. Bakteriol. Mikrobiol. Hyg. 266 (1987) 567–574.
[6] R.S. Hamilton, M. Gravell, E.O. Major, Comparison of antibody titers determined by
hemaglutination inhibition and enzyme immunoassay for JC virus and BK virus, J.
Clin. Microbial 38 (2000) 105–109.
[7] A. Stolt, K. Sasnauskas, P. Koskela, M. Lehtinen, J. Dillner, Seroepidemiology of the
human polyomaviruses, J. Gen. Virol. 84 (2003) 1499–1504.
[8] V. Nickeleit, H.K. Singh, Polyomaviruses and disease: is there more to know than
viremia and viruria? Curr. Opin. Organ Transplant. 20 (2015) 348–358.
[9] S. Kuppachi, D. Kaur, D.G. Holanda, C.P. Thomas, BK polyoma virus infection and
renal disease in non-renal solid organ transplantation, Clin. Kidney J. 9 (2) (2016)
310–318.
[10] F.A. Tohme, R.S. Kalil, C.P. Thomas, Conversion to a sirolimusbased regimen is
associated with lower incidence of BK viremia in low-risk kidney transplant recipients, Transpl. Infect. Dis. 17 (2015) 66–72.
[11] P.T. Pham, J. Schaenman, P.C. Pham, BK virus infection following kidney transplantation: an overview of risk factors, screening strategies, and therapeutic interventions, Curr. Opin. Organ Transplant. 19 (4) (2014) 401–412.
[12] H.H. Hirsch, P. Randhawa, The AST Infectious Diseases Community of Practice, BK
polyomavirus in solid organ transplantation, Am. J. Transplant. 13 (2013) 179–188.
[13] D. Sawinski, S. Goral, BK virus infection: an update on diagnosis and treatment,
Nephrol. Dial. Transplant. 30 (2) (2015) 209–217.
[14] S. Thangaraju, J. Gill, A. Wright, J. Dong, C. Rose, J. Gill, Risk factors for BK
polyoma virus treatment and association of treatment with kidney transplant
failure: insights from a paired kidney analysis, Transplantation 100 (April (4))
(2016) 854–861.
[15] G.G. Pinto, J.A. Poloni, L.C. Carneiro, L.F. Baethgen, A.L. Barth, A.C. Pasqualotto,
Evaluation of diﬀerent urine protocols and DNA extraction methods for quantitative
detection of BK viruria in kidney transplant patients, J. Virol. Methods 188 (1–2)
(2013) 94–96.
[16] H.H. Hirsch, F. Vincenti, S. Friman, M. Tuncer, F. Citterio, A. Wiecek, et al.,
Polyomavirus BK replication in de novo kidney transplant patients receiving tacrolimus or cyclosporine: a prospective, randomized, multicenter study, Am. J.

Competing interests
The authors declare that the results presented in this paper have not
10

Journal of Clinical Virology 96 (2017) 7–11

M. Shenagari et al.

Transplant. 4 (2004) 2082–2092.
[30] V.S. Mathur, J.L. Olson, T.M. Darragh, T.S. Yen, Polyomavirus- induced interstitial
nephritis in two renal transplant recipients: case reports and review of the literature, Am. J. Kidney Dis. 29 (1997) 754–758.
[31] P.S. Randhawa, S. Finkelstein, V. Scantlebury, et al., Human polyoma virus-associated interstitial nephritis in the allograft kidney, Transplantation 67 (1999)
103–109.
[32] I. Binet, V. Nickeleit, H.H. Hirsch, et al., Polyomavirus disease under new immunosuppressive drugs: a cause of renal graft dysfunction and graft loss,
Transplantation 67 (1999) 918–922.
[33] D.C. Brennan, I. Agha, D.L. Bohl, M.A. Schnitzler, K.L. Hardinger, M. Lockwood,
S. Torrence, R. Schuessler, T. Roby, M. Gaudreault-Keener, G.A. Storch, Incidence of
BK with tacrolimus versus cyclosporine and impact of preemptive immunosuppression reduction, Am. J. Transplant. 5 (March (3)) (2005) 582–594.
[34] O. Prince, S. Savic, M. Dickenmann, J. Steiger, L. Bubendorf, M.J. Mihatsch, Risk
factors for polyoma virus nephropathy, Nephrol. Dial. Transplant. 24 (2009)
1024–1033.
[35] A. Ghafari, M. Lessan-Pezeshki, M. Taghizadieh, E. Rahimi, BK polyoma virus nephropathy among Iranian renal transplant recipients, Transplant. Proc. 40
(January–February (1)) (2008) 193–195.
[36] B. Vasudev, S. Hariharian, BK virus nephritis: risk factors, timing, and outcome in
renal transplant recipients, Kidney Int. 68 (2005) 1834–1839.
[37] S.M. Ji, Z.H. Liu, D. Wu, et al., Surveillance Renal Allograft Biopsy on Diagnosis of
BK Virus Nephropathy in Chinese Renal Transplant Recipients, Open J. Organ
Transplant Surg. 2 (4) (2012) 62–68.
[38] B. Saundh, S. Tibble, R. Baker, K. Sasnauskas, M. Harris, A. Hale, Diﬀerent patterns
of BK and JC polyomavirus reactivation following renal transplantation, J. Clin.
Pathol. 63 (2010) 714–718.
[39] Girmanova E. Brabcova, A Prospective longitudinal Study of BK virus infectionin
120 CZECH renal transplant recipients, J. Med. Virol. 83 (2011) 8.
[40] H.H. Hirsch, W. Knowles, M. Dickenmann, et al., Prospective study of polyomavirus
type BK replication and nephropathy in renal-transplant recipients, N. Engl. J. Med.
347 (2002) 488–496.
[41] E. Ramos, C.B. Drachenberg, J.C. Papadimitriou, et al., Clinical course of polyoma
virus nephropathy in 67 renal transplant patients, J. Am. Soc. Nephrol. 13 (2002)
2145–2151.
[42] Jodi M. Smitha, Ruth A. McDonald, Laura S. Finnb, Patrick J. Healeyc, Connie
L. Davis, Ajit P. Limaye, Polyomavirus nephropathy in pediatric kidney transplant
recipients, Am. J. Transplant. 4 (2004) 2109–2117.

Transplant. 13 (January (1)) (2013) 136–145.
[17] U. Moens, K. Rasheed, I. Abdulsalam, B. Sveinbjornsson, The role of merkel cell
polyomavirus and other human polyomaviruses in emerging hallmarks of cancer,
Viruses 7 (2015) 1871–1901.
[18] H.H. Hirsch, C.B. Drachenberg, G. Steiger, E. Ramos, Polyomavirus-associated nephropathy in renal transplantation: critical issues of screening and management, in:
N. Ahsan (Ed.), Polyomaviruses and Human Diseases, Landes Bioscience,
Georgetown, 2006, pp. 117–147.
[19] I. Binet, V. Nickeleit, H.H. Hirsch, et al., Polyomavirus disease under new immunosuppressive drugs: a cause of renal graft dysfunction and graft loss,
Transplantation 67 (1999) 918–922.
[20] H.H. Hirsch, D.C. Brennan, C.B. Drachenberg, et al., Polyomavirus-associated nephropathy in renal transplantation: interdisciplinary analyses and recommendations, Transplantation 79 (10) (2005) 1277.
[21] C.B. Drachenberg, J.C. Papadimitriou, H.H. Hirsch, et al., Histological patterns of
polyomavirus nephropathy: correlation with graft outcome and viral load, Am. J.
Transplant. 4 (12) (2004) 2082–2092.
[22] K.A. Barraclough, N.M. Isbel, C.E. Staatz, et al., BK virus in kidney transplant recipients: the inﬂuence of immunosuppression, J. Transplant. 2011 (2011) e750836.
[23] J. De Moura Montagner, T.F. Michelon, R.B. Schroeder, et al., Polyomavirus–an
emergent pathogen in transplant recipients, Einstein 5 (2007) 184–189.
[24] D. Burgos, C. Jironda, M. Martin, et al., BK-virus-associated nephropathy,
Nefrologia 30 (2010) 613–617.
[25] M. Shenagari, M. Ravanshad, S. Hosseini, R. Ghanbari, Detection and prevalence of
polyoma virus BK among iranian kidney transplant patients by a novel nested-PCR,
Iran Red Crescent Med. J. 12 (2010) 631–635.
[26] A. Samarbasf-Zadeh, M. Makvandi, Gh Kayedani, H. Shahbazian, Prevalence of BK
virus in renal allograft recipients pre and post transplantation in Iran, Jundishapur
J. Microbiol. 2 (2) (2009) 47–52.
[27] A. Kaydani, M. Makvandi, A. Samarbafzadeh, H. Shahbazian, M. Hamidi Fard,
Prevalence and distribution of BK virus subtypes in renal transplant recipients referred to golestan hospital in Ahvaz, Iran, Jundishapur J. Microbiol. 8 (March (3))
(2015) e16738.
[28] B. Geramizadeh, J. Roozbeh, S.A. Malek-Hosseini, N. Azarpira, M. Ayatollahi,
H. Salahi, Urine cytology as a useful screening method for polyoma virus nephropathy in renal transplant patients: a single-center experience, Transplant. Proc. 38
(November (9)) (2006) 2923–2925.
[29] C.B. Drachenberg, J.C. Papadimitriou, H.H. Hirsch, et al., Histological patterns of
polyomavirus nephropathy: correlation with graft outcome and viral load, Am. J.

11

