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We have developed a real-time quantitative PCR (rt-QPCR) assay to detect and kinetically monitor BK virus
viruria and viremia in renal transplant recipients (RTRs). A total of 607 urine and 223 plasma samples were
collected from 203 individuals including those with BK virus-associated nephropathy (BKVAN) (n � 8), those
undergoing routine posttransplant surveillance (SV) (n � 155), those with nontransplant chronic kidney
disease (NT-CKD) (n � 20), and healthy living kidney donors (LD) (n � 20). The rt-QPCR assay was found
to be highly sensitive and specific, with a wide dynamic range (2.4 to 11 log10 copies/ml) and very good precision
(coefficient of variation, �5.9%). There was a significant difference in the prevalences of viruria and viremia
between the BKVAN (100% and 100%) and SV (23% and 3.9%) groups (P < 0.001). No viruria or viremia was
detected in LD or in NT-CKD patients. The median (range) peak levels of BK virus viruria and viremia, in log10
copies/ml, were 10.26 (9.04 to 10.83) and 4.83 (3.65 to 5.86) for the BKVAN group versus 0 (0 to 10.83) and 0
(0 to 5.65) for the SV group, respectively (P < 0.001). When the BK virus load in the urine was <7.0 log10
copies/ml, no BK virus viremia was detected. When the BK virus load in the urine reached 7.0, 8.0, 9.0, and
>10.0 log10 copies/ml, the corresponding detection of BK virus viremia increased to 20, 33, 50, and 100%,
respectively. We propose monitoring of BK virus viruria in RTRs, with plasma BK virus load testing reserved
for those with viruria levels of >7.0 log10 copies/ml.

BK virus (BKV) is a polyomavirus with a circular DNA
genome of approximately 5,300 bp. BKV causes ubiquitous
infection in early childhood, with seroprevalence in adults
ranging from 60 to 100% (31). Following primary infection, the
virus remains latent in the urogenital tract (30). BKV reacti-
vation with urinary shedding of infected urothelial cells occurs
in 10 to 60% of renal transplant recipients (RTR) (19, 25).
Although early studies found that only sporadic cases of graft
dysfunction were associated with viral activation (1, 14, 15),
more-recent studies demonstrate BKV-associated nephropa-
thy (BKVAN) in as many as 8% of renal allograft recipients,
with as many as 50% of patients experiencing graft loss over
the next 2 to 3 years of follow-up (8, 9, 11, 20–24, 27, 28, 29).
Accumulated data suggest that prospective monitoring of pa-
tients at risk for BKVAN may identify those with active infec-
tion before renal function deteriorates (3, 8, 13, 18, 22). Early
identification provides the opportunity for intervention with
reduction of the immunosuppression in an effort to control
BKV replication and prevent BKVAN (4, 16).

Progression to BKVAN occurs without clinical signs or
symptoms except for increasing serum creatinine concentra-
tions. The “gold standard” for diagnosis of BKVAN continues

to be renal biopsy with demonstration of viral cytopathic tu-
bulointerstitial changes (7, 23). Sometimes, however, the bi-
opsy result can be falsely negative due to the focal nature of the
disease (10). The clinical utility of noninvasive methods, such
as detection of the presence of decoy cells in the urine and
detection of BKV in the urine by electron microscopy (EM) or
conventional PCR, is limited because of the ubiquitous nature
of the virus and its consequently low positive predictive value
for tissue-invasive disease (2, 6, 13, 21, 22). A few studies have
reported an association between quantitative BKV viruria and
viremia and the cytopathic changes of BKVAN (13, 18, 22).
More-recent studies have argued that quantitative BKV vire-
mia showed a significant correlation with BKVAN but that
BKV viruria had no consistent correlation with BKVAN (13).
The relationship between BKV viruria and viremia, and the
cutoffs and predictive values of BKV viruria and viremia for
the occurrence of BKVAN, are still largely unknown.

Recently, several studies have demonstrated that real-time
quantitative PCR (rt-QPCR) is an accurate and cost-effective
method for the determination of BKV DNA loads, with high
sensitivity and specificity (5, 12, 17, 18, 25, 26, 32). Most of
those studies were carried out retrospectively using stored clin-
ical samples and locally developed rt-QPCR assays. Different
outcomes, due to differences in targeting sequences, design of
primer pairs, DNA extraction methods, and conditions and
duration of sample storage, have led to different conclusions
regarding the cutoffs and predictive values of BKV viruria and
viremia for BKVAN. We have developed an rt-QPCR assay
for detection and monitoring of the BKV DNA load based on
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the LightCycler probing system in order to study the relation-
ship between BKV viruria and viremia and to examine the
value of routine monitoring. Here we describe the perfor-
mance characteristics of this assay for RTR as well as patients
with stage V chronic kidney disease (CKD) and healthy living
kidney donors (LD).

MATERIALS AND METHODS

Patients and clinical specimens. All RTR at the University of Alberta Hos-
pital were prospectively enrolled for BKV monitoring from November 2004 to
November 2005. Urine samples were collected posttransplantation, monthly
from months 2 to 6 and then bimonthly to month 12. Monitoring of BKV viremia
was initiated only if BKV viruria was documented. A total of 533 urine and 106
plasma samples were collected from 155 RTR (surveillance group [SV]). The
median frequency of urine sampling was 3 times (range, 1 to 12). Three control
groups, consisting of 20 LD, 20 nontransplant patients with CKD (NT-CKD
patients), and 8 historical patients with biopsy-proven BKVAN, were studied.
For the last group, urine and plasma samples for BKV load determination were
collected at various time points following the diagnosis of BKVAN.

Urine was collected as midstream samples in a sterile container without con-
centration. Plasma samples were collected in EDTA-blood tubes. Samples col-
lected from outpatients in remote clinics were shipped to the laboratory using ice
packs within 48 h. Both urine and plasma samples were stored at �80°C and
assayed within 7 days of collection.

Primers and probes. The specific primers and probes were designed from the
region of the VP1 gene of BKV by utilizing LightCycler probe design software
(Roche Diagnostics). An on-line search in GenBank (NCBI) with tentative
sequences of primers and probes was subsequently conducted for further con-
firmation of their specificity as well as their homology with all submitted se-
quences of different BKV strains. The primer pair was expected to yield a 309-bp
amplicon by PCR amplification. All primers and probes were synthesized by TIB
Molbiol LLC (Adelphia, NJ). The sequences and locations of primers and probes
are given in Table 1.

Establishment of a standard DNA for rt-QPCR. A 584-bp DNA fragment was
amplified using primers designed from the same BKV VP1 region covering the
full length of the target sequences (forward, 5�-GTACTATAACCCCTAAAAA
CC-3�; reverse, 5�-ATGTACAATAAAAGCACCTG-3�; GenBank accession
number V01108). The DNA fragment was purified from the PCR product and
inserted into plasmid DNA using a QIAGEN PCR clone kit according to the
manufacturer’s protocol (QIAGEN Inc., Ontario, Canada). Plasmid DNA was
extracted using the Mini Prep kit (QIAGEN Inc.), and the quantity of plasmid
DNA was measured with a spectrophotometer (Ultrospec 3000; Pharmacia Bio-
tech, Cambridge, England). A series of log dilutions (from 9.3 to 0.3 genome
copies) was later prepared to establish an external standard curve for the
rt-QPCR.

LightCycler PCR. DNA was extracted from 200 �l of urine and/or plasma
using a QIAGEN DNA minikit according to the manufacturer’s protocol
(QIAGEN Inc., Ontario, Canada) and was eluted from the column with 200 �l
of elution buffer for urine and 50 �l for plasma. Twenty microliters of the PCR
mixture, containing 10 �l DNA solution, 4 mM MgCl2, 0.5 �M each primer, 0.2
�M each probe, and 2 �l of the reagent from a LightCycler-FastStart DNA
Master hybridization probe kit (Roche Diagnostics), was added to the Light-
Cycler capillaries (Roche Diagnostics). The thermal cycles were as follows: an
initial 10 min at 95°C, followed by 45 cycles of 5 s of denaturation at 95°C, 10 s
of annealing at 50°C, and 15 s of extension at 72°C. The specificity of the
fluorescence signal was checked by a melting curve analysis after each reaction.
The melting temperature of the specific probes was 62 � 0.5°C.

Precision was analyzed based on (i) the noise band crossing point values of
60 replicated plasmid DNAs (3.3 and 6.3 log10 copies) for the external

standard curves during routine PCR performance and (ii) log10 copies per
milliliter for 6 replicates of two clinical urine and plasma samples. Plasmid
DNA containing a whole JC virus genomic fragment and clinical samples
known to be positive for simian virus 40 (SV40), Epstein-Barr virus, or
cytomegalovirus were cross-analyzed using selected primers for BKV to de-
termine the specificity of the assay.

Statistical methods. The correlation of log BKV loads in urine and plasma was
analyzed with a linear regression model. The BKV detection rates for the study
and control groups were analyzed by the Fisher exact test. Differences between
the peak BKV loads for different groups were calculated using the nonparamet-
ric Kruskal-Wallis analysis of variance test (STATISTICA, Tulsa, OK). The
precision of the rt-QPCR for detecting BKV was expressed by a coefficient of
variation (CV). The confidence interval was set at 95% with the significant level
at a P value of �0.05.

RESULTS

Evaluation of the rt-QPCR assay. A minimum of 2 copies of
target genomic BKV DNA in a reaction mixture could be de-
tected in 1 out of 5 repeat rt-QPCR runs (20%), and the range of
1.0 to 10 log10 copies was detected in all of 5 rt-QPCR runs
(100%) against known standard plasmid DNA (data not shown).
Since DNAs from 40 �l of plasma and 10 �l of urine were used
for starting the PCR, the low thresholds for BKV DNA detection
were 2.4 log10 copies/ml of plasma and 3.0 log10 copies/ml of
urine. The correlation between the noise band crossing points and
log DNA copy numbers revealed a good negative linear relation-
ship (r � �1; P � 0.0001) (Fig. 1). The other selected viruses, JC
virus, SV40, Epstein-Barr virus, and cytomegalovirus, did not
cross-react with BKV in the rt-QPCR. The intra-assay CVs were
5.7% and 5.9% for 60 replicates of 6.3 and 3.3 log10 copies of
plasmid DNA versus 4.1% and 5.0% for 6 replicates of urine and
plasma samples, respectively.

Detection and quantitation of BKV viruria and viremia.
Overall, BKV viruria only or both viruria and viremia were
detected for 100% (8 out of 8) of RTR in the BKVAN group,
23% (36 out of 155) of RTR in the SV group, and none of the
LD (0 of 20) or NT-CKD patients (0 of 20). There was a
significant difference in BKV viruria and viremia rates between
samples from the BKVAN and SV groups (P � 0.001). In
samples obtained at various time points after the diagnosis of
BKVAN, 34 out of 34 urine samples (100%) and 46 out of 77
plasma samples (60%) were positive. In the SV group, 119 of
533 urine samples (22%) were positive. Of 106 plasma samples
obtained from viruric patients in this group, 25 (24%) were
positive. Rates of BKV detection in urine and plasma samples
by group are summarized in Table 2.

Quantitation of BKV viruria showed that the median BKV
loads for the BKVAN and SV groups were 9.51 (range, 6.49 to
10.83) and 0 (range, 0 to 10.83) log10 copies/ml, respectively.
The median BKV loads in plasma for the BKVAN and SV
groups were 2.84 (range, 0 to 5.86) and 0 (range, 0 to 5.63)

TABLE 1. Sequences and locations of primers and probes for the BKV VP1 genea

Primer or probe Sequence (5� to 3�) Location

BKpangF ATGTGACCA ACACAGC 2270–2285
BKpangR CTG TGCCATCAAACACC 2578–2562
BKpangP1 AGGAGAACCCAGAGAGTGGA-fluorescein 2497–2516
BKpangP2 LC-Red 640-GGCAGCCTATGTATGGTATGGAA-phosphate 2519–2541

a GenBank accession number V01108.
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log10 copies/ml, respectively. To examine the relationships be-
tween viruria and viremia in the BKVAN and SV groups, we
took the sample with the highest viral load obtained from each
patient and designated it the peak BKV load for the individual.
The median (range) peak BKV loads for viruria versus viremia
were 10.26 (9.04 to 10.83) versus 4.83 (3.65 to 5.86) log10

copies/ml for the BKVAN group and 0 (0 to 10.83) versus 0 (0
to 5.63) log10 copies/ml for the SV group, respectively (P �
0.001) (Fig. 2).

Correlation of BKV loads in urine and plasma. There were
135 occasions on which both plasma and urine samples were

available for BKV PCR analysis at the same time point for
individuals in the BKVAN and SV groups. Of these paired
urine and plasma samples, 64% (86 out of 135) of urine
samples and 19% (26 out of 135) of plasma samples were
BKV positive. The median BKV loads in urine and plasma
samples were 4.95 (range, 0 to 10.83) and 0 (range, 0 to 5.63)
log10 copies/ml. BKV viremia was never detected when viru-
ria levels were �6.0 log10 copies/ml. Conversely, BKV vire-
mia was detected in 20%, 33%, 50%, and 100% of patients
with urine BKV loads of 7.0, 8.0, 9.0, and �10.0 log10 copies/
ml, respectively (Fig. 3).

FIG. 1. Standard curve for BKV rt-QPCR. BKV plasmid DNA, in serial dilutions ranging from 0 to 10.0 log10 copies, was amplified by
rt-QPCR. Fluorescence intensity was plotted against cycle number. Slope, �3.67; intercept, 43.04; error, 0.21; r � �1.

TABLE 2. Detection and quantitation of BKV loads in urine and plasma specimens from study and control groups

Group No. of
patients

No. of
specimens BKV PCR result and viral load

Urine Plasma

Urine Plasma

No. (%) of
positive patients

No. (%) of
positive samples

Median log10 copies/
ml (range)

No. (%) of
positive patients

No. (%) of
positive samples

Median log10
copies/ml (range)

RTR
SV 155 533 106 36 (23.2) 119 (22.3) 0 (0–10.83) 6 (3.9) 25 (23.6) 0 (0–5.65)
BKVAN 8 34 77 7 (100) 34 (100) 9.51 (6.49–10.83) 8 (100) 46 (60) 2.84 (0–5.86)

Control groups
LD 20 20 20 0 (0) 0 (0) 0 (0) 0 (0)
NT-CKD 20 20 20 0 (0) 0 (0) 0 (0) 0 (0)
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DISCUSSION

Measurement of BKV loads in the urine and plasma of RTR
is a powerful tool for identifying patients at risk of developing
BKVAN and for monitoring the virologic response to therapy
by such patients (13, 19, 26). In the present study, we described
a novel rt-QPCR using the LightCycler probing system for
detection and quantitation of BKV viruria and viremia. The
rt-QPCR assay demonstrated superior sensitivity in the detec-
tion of BKV viruria compared to either EM or urine cytology

performed on the same samples (unpublished data). A further
benefit of monitoring with rt-QPCR is that urine and plasma
samples are stable during transport and preparation for rt-
QPCR. In contrast, specimens for EM or urine cytology must
be processed within a relatively short time frame, a particular
problem in monitoring patients who live far away from the
transplant center. Thus, routine monitoring for viruria by rt-
QPCR appears to be a very useful strategy for prospective
surveillance of RTR.

FIG. 2. Distribution of peaks of BKV loads (expressed as log10 BKV DNA copies per milliliter) in urine and plasma from four groups: BKVAN,
SV, LD, and NT-CKD. The highest viral load was detected for the BKVAN group, followed by the SV group. Short lines indicate medians, and
ranges are given in parentheses.

FIG. 3. Clustered bar graph showing the relationship between the detectable BKV load in the urine and the corresponding proportion of RTR whose
plasma samples were positive for BKV. Among 86 BKV viruria samples, 31 had �6.0, 13 had �7.0, 18 had �8.0, 15 had �9.0, and 9 had �10.0 log10
DNA copies/ml. The trend line indicates a possible prediction of the chance of detectable BKV in plasma based on the level of BKV viruria.
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The rt-QPCR showed very good precision in BKV viral
quantitation in this study. The intra-assay CV was below 5.9%
for plasmid DNA and 5.0% for clinical samples in precision
testing. Although the acceptable limits for CVs for the evalu-
ation of the precision of a quantitative PCR assay have not
been well defined, the values in the current study were better
than those observed in other, similar studies (12, 28). We
believe that our rt-QPCR assay, developed in-house, provided
a reliable diagnostic tool for monitoring BKV levels sequen-
tially in both urine and plasma samples over time for transplant
recipients. Since BKV shares high sequence homology with JC
virus and SV40 (as much as 75%), the sequence region for
designing specific primers is restricted. Selected primers yield-
ing a longer amplicon in real-time PCR may lead to low sen-
sitivity. We demonstrated that specific primers designed for the
309-bp amplicon were able to differentiate BKV from JC virus
and SV40 specifically and that their sensitivity was not com-
promised in the rt-PCR assay in this study.

A wide range of viral DNA loads, from 2.4 to 11 log10 DNA
copies per ml, could be detected in both urine and plasma
samples with this assay. A wide dynamic range allows identifi-
cation of patients with very high viral loads in the urine who
may be at particular risk of developing BKVAN while still
proving useful for prospective monitoring of patients with low-
level BKV reactivation. In addition, the wide range offers the
advantage of being able to quantify both the large amount of
BKV in the urine and the typically low BKV load in plasma
samples in the same PCR run, providing a reliable method for
studying the relationship between BKV viruria and viremia.

The role of quantitation of viruria levels in routine surveil-
lance is still uncertain. Few studies have directly examined the
association between BKV viremia and viruria (5, 12, 17, 19,
26). High levels of viruria are probably predictive of a greater
risk of BKV viremia and BKVAN. Randhawa et al. and Her-
man et al. reported that BKV viremia was associated with
significantly higher urinary viral shedding (12, 26). However,
there was no clear threshold level of urinary viral load that
could predict viremia, although a linear correlation between
viruria and viremia was observed. In the study reported here,
BKV viremia was never detected when the urine viral load was
less than 7.0 log10 copies/ml. However, detectable viremia in-
creased to 20, 33, 50, and 100% when the quantitation of
viruria reached 7.0, 8.0, 9.0, and �10.0 log10 copies/ml, corre-
spondingly. Therefore, 7.0 log10 copies/ml of BKV DNA in the
urine may be a cutoff that predicts the risk of viremia. This
finding supports a BKV monitoring strategy based primarily on
urinary surveillance by rt-QPCR, with monitoring of plasma
only if urine viral loads rise above this threshold. We have not
seen a single case in which viremia was identified without
detectable viruria (data not shown). Urine samples are easily
collected and more stable than blood during transportation,
and implementation of the rt-QPCR as the first-line test for
BK monitoring in RTR would be more cost-effective than
plasma monitoring.

Using our rt-QPCR, we were able to detect BKV viruria and
viremia in 100% of the BKVAN group and in 23% and 3.9%
of the SV group of RTR, respectively. Importantly, no sample
obtained from patients in the negative-control groups (LD and
NT-CKD patients) was positive by rt-QPCR. The prevalences
of viruria and viremia in this study are consistent with those in

previous studies (12, 13, 22, 25). One of the major challenges
in establishing a reliable diagnostic assay is to be able to dif-
ferentiate between asymptomatic viruria/viremia and disease,
namely, BKVAN. Viremia is a better predictor of BKVAN
than viruria, with 100% sensitivity and a positive predictive
value of 85% in one study (23). Randhawa et al. suggested
predictive values for active BKVAN of 7.0 and 3.7 log10 cop-
ies/ml of BKV in viruria and viremia, respectively (26). In the
study reported here, no patient in the SV group developed
biopsy-proven BKVAN during the study period. Thus, the
degree of viruria or viremia predictive of clinical disease using
our rt-QPCR assay cannot yet be determined. The value of
prospective monitoring of BKV infection in RTR remains con-
troversial. Two published prospective studies on BKV moni-
toring of RTR have reached different conclusions. Hirsch et al.
observed BKV replication indicated by decoy cell shedding in
urine, BKV viremia detected by PCR, and BKVAN detected
by histopathology in 30%, 13%, and 8% of RTR, respectively,
and noted that BKV viremia appeared several weeks to months
prior to the histopathological changes of BKVAN. They con-
cluded that monitoring of viruria and viremia by PCR was
useful in identifying patients at risk for BKVAN, since immu-
nosuppressive therapy for such patients could be tailored for
those with viremia (13). However, Bressollette-Bodin et al.
followed all the RTR in their region during the first year after
transplantation and found that BKV viruria and viremia were
not useful in predicting BKVAN (5).

A detailed analysis of the correlation of BKV viruria and
viremia with the clinical course, immunosuppressive regimen,
and occurrence of BKVAN during follow-up is under way with
a larger cohort of patients in our center. However, we believe
that the rt-QPCR assay developed in our laboratory, with its
sensitive, specific, and accurate quantification of BKV loads in
urine and plasma, will be a useful tool for identifying patients
at risk for BKVAN, allowing for preemptive management
through modification of immunosuppression.
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