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ABSTRACT 

BK virus (BKV) is a non enveloped, double stranded DNA virus of the polyomavirus family that primarily affects immuno 
compromised people. BK virus-allograft nephropathy (BKVAN) is an increasingly recognised complication after kidney 
transplantation and is a important cause of Kidney transplant morbidity and graft failure. Reported prevalence can vary significantly 
between centres ranging from 10% to 60%. Monitoring/screening of BK virus in urine and blood has been used as a surrogate 
marker of BKV nephropathy(BKVAN) post transplantation. So the purpose of our study was to assess the prevalence and severity of 
BK virus infection in renal transplant recipients in our center. We prospectively asseseed 150 kidney transplant recipients for the 
presence of BK viruria and BK viremia during the post transplant follow up period using quantitative Real-time PCR assay. We found 
that 30% of renal transplant recipients were having BK viruria whereas BK viremia was found in only 8.6% of renal transplant 
recipients. The median age of the patients was 35 years. Among 150 recipients, 18.6% recipients were treated with induction 
therapy. Living donor transplant consisted of 98% of the kidney donations. Maintenance immunosuppressive therapy included 
tacrolimus/cyclosporine and mycophenolate mofetil, plus tapering Prednisolone. The highest detected plasma viral load was 48000 
copies per milliliter. Despite the occurrence of BK virus infection in 30% of our patients, BK nephropathy did not develop in only two 
of them. Routine screening of BK virus infection, particularly in centers with low prevalence of BK virus nephritis, may not be cost 
effective for predicting this disease. 
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INTRODUCTION 

K virus nephropathy (BKN) is one of the most 
common viral complications in renal transplant 
recipients and has been recognized as an emerging 

cause of allograft dysfunction and graft loss in kidney 
transplant recipients.1-3 Nearly 65-100% of the population 
revealed serological evidence of antibodies against the BK 
virus suggesting prior infection.4 It has been proposed 
that after primary infection in childhood via oral and /or 
respiratory exposure, the virus maintains its latency in 
renourinary tract. After kidney transplantation, 
reactivation of the virus can lead to BKN with definite 
diagnosis based on demonstration of characteristic 
pathologic changes in renal biopsy samples.5-6 BKN occurs 
in 1% to 10% of renal transplant recipients, during first 
year post transplantation, followed by graft loss in 15% to 
80% of cases within 5 years if delayed diagnosis has been 
made.7-9 Effective screening of BK virus in urine or plasma 
on regular intervals can lead to early detection of BKN, so 
that by decreasing or switching immunosuppression, the 
rate of graft loss may be reduced to 10% or less.8-16 
Several studies have demonstrated that most of the cases 
of BKN are preceded by an asymptomatic phase of 
persistent and significant viruria which is typically 
followed within few weeks by viremia. A significant and 
sustained viremia identifies patients with uncontrolled 
viral replication potentially leading to parenchymal injury 

which in turn leads to progression to BKVN and eventually 
deterioration of kidney graft function. 

Although the reasons of recent increase in BK virus 
infection and nephritis remain mainly unknown.17 
Increased overall immunosuppression by antirejection 
therapy with methyl prednisolone pulses and 
lymphocyte-depleting agents and certain 
immunosuppressive agents like calcineurin inhibitors and 
mycophenolate mofetil are associated with an increased 
risk for BK virus infection. 

Although the exact pathogenesis of BK virus infection that 
leads to BKN has still not been properly known, but the 
role of recipient humoral and cellular immunity, 
alloimmune activation, ischemic injury, and viral 
virulence, can not be ignored.18 

In this prospective study of kidney transplant recipients, 
we intended to evaluate the prevalence and severity of 
BK virus infection, and related risk factors in our center. 

MATERIALS AND METHODS 

Participants 

One fifty consecutive kidney transplant recipients at 
Sanjay Gandhi post graduate institute of Medical 
Sciences, Lucknow, (a Large tertiary care and transplant 
center) who signed the informed consent (between Feb 
2013 and October 2013) were enrolled in the study. 
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Sample Collection 

Samples were taken from renal transplant patients who 
attended post transplant follow up clinic (OPD). The 
peripheral blood samples were collected in sterile EDTA 
tubes and the plasma fraction was separated out by low-
speed centrifugation. Urine was collected as random 
midstream samples in sterile containers and was used 
without centrifugation.Both urine and plasma samples 
were stored at -80°C until assayed. 

DNA Extraction 

BK DNA was extracted from 200 µL of each patient’s 
plasma, using a QIAamp DNA Blood mini kit (Qiagen), 
according to manufacturer’s instruction. Briefly, 20 µL of 
protease was added to 200 µL of plasma in a 1.5-mL tube. 
Then, 200 µL of Al buffer was added to each tube, 
vortexed, and incubated for 10 minutes at 56°C. For DNA 
precipitation, 200 µL of ethanol was added to the mixture 
and centrifuged for 1minute. Components transferred to 
a collection tube contained filter tube. Trapped DNA was 
washed in two steps by AW1 and AW2 buffers to 
eliminate impurities together with centrifugation after 
each step. Finally, DNA was eluted using 50 µL of elution 
buffer was added after centrifugation and stored at -20°C. 
Similarly, DNA was extracted from 5mL of uncentrifuged 
urine using a QIAamp blood maxi kit (Qiagen). 

Real-time Polymerase Chain Reaction Assay 

The quantitative real-time PCR assay was performed 
using Geno–Sen’s JC/BK real time PCR kit (Genome 
Diagnostics). The PCR amplifications were run in Rotor 
gene 2000/3000 (Corbett Research). The primers included 
in the Geno–Sen’s real time PCR kit amplifies DNA 
fragment from large T antigen of BKV virus. The cycling 
profile includes: denaturation at 90°C for 50 sec, 
annealing at 50°C for 20 sec and extension at 72°C for 15 
sec (45 cycles). Data analysis was performed with Rotor 
gene 3000 operator manual. The number of the BKV 
copies was calculated from the standard curve. 

Statistical Analysis 

Statistical analysis of data was done using the SPSS 
software (Statistical Package for the Social Sciences, 
version 17.0, SPSS Inc. Chicago, Ill, USA). Qualitative data 
were compared using chi-square test and the Fisher exact 
test, and quantitative data, by the Student t test test to 
identify associations of BKV infection with clinical 
variables, i.e., age, gender, donor type (related or 
unrelated), maintenance immunosuppression, rejection 
episodes and use of ATG. P values less than 0.05 was 
considered significant. 

RESULTS AND DISCUSSION 

150 renal transplant recipients were evaluated for the 
presence of BK virus at the OPD (out patient department) 
of Nephrology at SGPGIMS (Feb 2013 to Oct 2013). 
Median age of the patients was 35 years (range 10-63). 
There was a predominance of male gender with 83.3% 

males (n=125) and 16.6% (n=25) of females. Ninety eight 
percent (147/150) were recipients from living donors and 
three were recipients from deceased donors. Out of these 
98% living donor transplants, 52 % (n=78) donors were 
parents, 15.3% (n=23) donors were siblings and 30.6% 
(n=46) were from spousal donors. Out of 150 recipients, 3 
recipients had a second transplantation and the cause of 
their first allograft failure was chronic allograft 
nephropathy. Sixty two percent (n=93/150) patients 
received tacrolimus, mycophenolate mofetil (MMF), 
Prednisolone; 30% (n=45/150) received cyclosporine, 
mycophenolatemofetil ,Prednisolone and 8% (n=12/150) 
received cyclosporine, azathioprine, Prednisolone, as 
maintenance immunosuppression. Out of 150, 18.6% 
(n=28/150) were treated with induction therapy (ATG, 
Basiliximab and Daclizumab). Specifically, basiliximab was 
administered to 22 recipients, of whom 77.2% (17/22) 
developed viruria and 68.1% (15/22) developed viremia. 
Daclizumab was given to 6 renal graft recipients, of whom 
33.3% (2/6) presented viruria and none of them were 
having viremia. Fourteen out of one fifty 9.3% (14/150) 
patients were induced by ATG. Fifty out of one fifty 
patients (33.3%) had a clinical history of acute rejection in 
the past and among these 12% (6/50) were treated with 
ATG and 88% (44/50) by methyl Prednisolone pulse for 
rejection episodes. Twenty nine percent patients had a 
history of CMV disease in the past and were treated with 
Valgancyclovir. 

BKV infection was considered when BKV DNA was 
detected in plasma and/or urine of renal allograft 
recipients. BK viruria was detected in 45 patients (30 %), 
were as BK viremia was detected in only 13 patients (8.6 
%). Statistical analysis of these 45 cases is shown in table 
no 1. Out of these 13 patients only two patients showed 
graft dysfunction, one had an unremarkable biopsy 
whereas one patient with highest plasma load displayed 
graft dysfunction along with histological evidence of 
nephritis in his biopsy. His baseline creatinine was 1.20 
before the episode of graft dysfunction, which has risen 
to 2.3 at the time of diagnosis of BKN. The median urine 
viral load was 3415 copies/ml, whereas the plasma viral 
load was 1670 copies/ml. The highest detectable urine 
viral load was 4300000 copies, whereas the highest 
detected plasma viral load was 48000 copies. The median 
age of patients with BK virus infection was 37years 
(range, 17-58 years) and that of the overall transplant 
population was 35 years (range10-63 years; no significant 
difference). Of the patients 32% were male and 18% were 
female, which was not significantly different to the 
overall transplant population. The median time from 
transplantation to diagnosis of BK-virus infection was 
23.30 months(range, 2-64months). 

All the 45 BKV infected patients were on triple 
immunosuppression consisting of 
Tacrolimus/Cyclosporine, mycophenolate mofteil and 
prednisolone. 71.1%(n=32) of patients with viruria were 
on tacrolimus whereas 28.8% (n=13) of patients were on 
cyclosporine. On the other hand 84.6% (n=11) patients 
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with viremia were on tacrolimus and 15.3% (n=2) were on 
cyclosporine. (Fig.1) 

 
Figure 1: Immunosuppression in patients with BKV 
infection. 

BK viral infection has emerged as a potential cause of 
progressive renal allograft dysfunction.19 Early diagnosis 
of BKV and reduction of immunosuppressive therapy are 
the major strategies to improve graft survival and 
stabalize serum creatinine after kidney 
transplantation.18,20,21 The prevalence of BK virus infection 
in post transplant patients with stable graft function has 
not been elucidated, especially in Indian scenario, so the 
purpose of our study was to determine the prevalence of 
BKV infection in post renal transplant patients with BKV 
infection and to explore the role of viral load in respect to 
stable graft function. 

Viral replication begins early after transplantation and 
progresses through detectable stages-viruria, then 
viremia followed by nephropathy.19 Progression to BKVAN 
occurs without clinical signs or symptoms except for 
increasing serum creatinine concentrations. The “gold 
standard” for diagnosis of BKVAN continues to be renal 
biopsy with demonstration of viral cytopathic 
tubulointerstitial changes. Sometimes, however, the 
biopsy result can be falsely negative due to the focal 
nature of the disease.22 Urine cytology for decoy cells and 
BKV PCR assay for viruria and viremia are non-invasive 
methods for screening, monitoring of BKV infection. 
Viruria is sensitive for detecting active BKV infection but 
lacks specificity for nephropathy and hence can not 
predict tissue invasive disease, on the other hand BK 
viremia has been reported to have 100% sensitivity and 
88% specificity19. It is speculated that viral DNA gains 
access to the blood stream once the cultivated virus 
spread to the renal tubules from the urothelium in the 
highly vascularised renal medulla.23-24 It has been 
postulated that viremia only occurs under active 
replication and is not being observed during latent 
periods.25,26 BKV-PCR can be clinically used as a non-
invasive test in order to identify kidney transplant 
recipients under risk or suspicion of BKN.27 

In our study, BK viral infection as quantified by Real-time 
PCR was evident in 30% of renal allograft recipients. Of 
the 150 collected urine and plasma samples, 30% of the 
urine and 8.6% of plasma specimens were positive for BK 
virus. The difference between urine and plasma samples 
was statistically significant. These figures are in 
accordance with other reports. In Switzerland, Hirsch13 
found that 30% of urine samples and 13% of plasma 
samples collected from kidney recipients were positive 
for BK virus. In France, 57% of urine and 29% of plasma 
specimens of this kind of patients have been positive for 
BK virus.28 Almost similar result has been reported from 
Spain where 33% of urine and 7.5% of plasma specimens 
were positive for BK virus.29 In a similar study in Kuwait, 
Nampoory30 have found that 45% of urine and 26.1% of 
plasma samples were BK virus positive. Randhawa in their 
studies reported rates of 30% and 8% for viruria and 
viremia.23,31 In our experience, we found the 
predominance of male gender and increased age of the 
transplant recipient as the risk factor for BKV infection. 
Other clinical parameters did not displayed any significant 
correlation with BKV infection. We also observed a strong 
correlation between immunosuppression (Tacrolimus, 
mycophenolate mofteil and Prednisolone) with BKV 
infection (P˂0.0001). In our study, we found that out of 
62% patients receiving tacrolimus, mycophenolate 
mofetil and prednisolone 34.4% (n=32) patients had BKV 
infection whereas out of 30% of patients receiving 
cyclosporine, mycophenolatemoeftil and prednisolone 
28.8% (n=13) patients had BKV infection as compared to 
other maintenance immunosuppressive regimens, so we 
postulated that this tacrolimus and MMF may be the 
causative factor for the increased incidence of BKV 
infection, because most of the cases with BKV 
nephropathy have been associated with the use of these 
drugs15 whereas fewer cases of BKV infection has also 
been reported to occur who received other 
immunosuppressive agents such as cyclosporine and 
azathioprine.32 

According to several studies, in recent decade, the 
declining rates of rejection episodes after kidney 
transplantation has no longer been translated into 
similarly improved rates of graft survival due to better 
immunosuppressive drugs, including basiliximab as 
induction therapy which have led to the emergence of 
BKVAN, a major cause of renal failure early after kidney 
transplantation.33 Our results are in accordance with the 
previously published studies by Anzivino and kaukulaki 
and colleagues,32,34 we found a statistically significant 
correlation(P˂0.0001) between BKV infec on and pa ent 
receiving basiliximab as an induction therapy. Many 
studies have reported the association of BKV infection 
with the use of ATG for management of rejection,18 but 
we did not find any such association in our study 
population. 

Our study population with asymptomatic viruria showed 
urinary viral loads below proposed BKVAN cutoff of 
1.0×107 copies/ml in 43 out of 45 samples. Only two 
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patients with 2.3×107 and 4.7×107copies/ml in urine and 
22700 and 48000 copies/ml in plasma had graft 
dysfunction episode afterwards and only one patient’s 
biopsy revealed viral cytopathic changes indicative of BKV 
associated nephropathy. 

Another interesting finding is that, we observed BK viruria 
in 22 patients as late as in 21 months post 
transplantation, but did not lead to any kind of graft 
dysfunction, but it must be kept in mind that the viral 

load in such cases was below 1.0 ×104 in the urine and 
viremia was not seen in such cases, whereas we found 
that the two patients who showed graft dysfunction had 
urine viral loads above 2.0×107 and plasma load above 
1.0×104 copies/ml and were in their third month of post 
transplantation. These findings indicate that transient 
viremia or viruria does not provoke irreversible damage 
to renal tissue. These results are comparable with other 
studies in this respect.13,35 

Table1: Statistical analysis of forty five cases of BK viral infection. 

Characteristics Infected (%) Non- infected (%) Total no. of cases (%) χ 2 DF P value 

Total 45 (30%) 105 (70%) 150 (100%)  

Gender 
Male 

Female 

 
40 (32.5%) 
5 (18.5%) 

 
83 (67.5%) 
22 (81.5%) 

 
123 (82%) 
27 (18%) 

 
2.067 

p=0.150 

Age(yr) 
0-20 

21-40 
41-65 

 
2 (4.4%) 

26 (57.8%) 
17 (37.8%) 

 
7 (6.7%) 

68 (64.8%) 
30 (28.6%) 

 
9 (6%) 

94 (62.7%) 
47 (31.3%) 

1.36 
p=0.507 

Donor 
Parents 
Siblings 
Spouse 

 
21 (46.7%) 
6 (13.3%) 
18 (40%) 

 
59 (56.2%) 
18 (17.1%) 
28 (26.7%) 

 
80 (53.3%) 
24 (16%) 

46 (30.7%) 

2.64 
p=0.266 

Donor status 
Living Donor 

Cadever Donor 

 
43 (95.6%) 

2 (4.4%) 

 
104 (99%) 

1 (1%) 

 
147 (98%) 

3 (2%) 

1.96 
p=0.161 

 
CONCLUSION 

Routine screening of BK virus infection, particularly in 
centers with low prevalence of BKN, may not be cost 
effective (especially in developing countries) for 
predicting this disease. However, monitoring of BKV 
viremia and viruria allows to identify renal transplant 
patients that could be at risk of BKVAN. Although limited 
by a relatively small sample size, our study suggests that 
even though BK virus reactivation and viruria are 
common and can occur at any time point and is more 
likely to commence in early post transplantation period 
but BK-associated renal dysfunction seems to be rare. 
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