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A semiquantitative PCR assay for the detection of BK virus in urine was developed using primers for BK
virus that specifically amplified BK but not JC virus. DNA was extracted from urine through treatment with
proteinase K followed by DNA precipitation with sodium acetate. Semiquantitation was achieved by amplifying
serial dilutions (1:1, 1:10, 1:100, and 1:1,000) of the urine specimens. Each assay included both positive (stock
BK virus and previously positive patient urine) and negative (no template) controls. A urine sample was
interpreted as positive if any of the serial dilutions showed amplification of the DNA fragment of the expected
size. For some patient-derived samples, amplification of the expected-size fragment was achieved with a dilute
template whereas no amplification was achieved with a concentrated template. This was attributed to inter-
fering substances in the urine. PCR results were compared with urine cytology and shown to be more sensitive.
Validation studies were performed at the University of Nebraska Medical Center, utilizing a separate quali-
tative PCR assay that detects both BK and JC virus and distinguishes between them by restriction enzyme
digestion patterns. Of 46 urine samples analyzed using both methods, 22 were positive by both assays, 18 were
negative by both assays, 5 were positive only by the Nebraska method, and 1 was positive only by our method.
In comparison with the Nebraska PCR, our PCR assay had a sensitivity of 81% and specificity of 95%. For
twenty-one (43%) of 49 immunocompromised patients, tests were postive when specimens were submitted
because of clinical suspicion of BK virus infection.

The human polyomavirus BK has been shown to be an
important cause of cystitis in immunocompromised patients
(13). It also produces interstitial nephritis in renal transplant
patients that clinically resembles immune-mediated graft re-
jection (4, 8). Since graft rejection usually requires increasing
the immunosuppressive regimen, whereas BK viral reactiva-
tion is often managed by decreasing immunosuppression, de-
termining which of these entities is responsible for the pathol-
ogy is critical. Several methods have been described for
detecting BK virus, including renal biopsy, urine cytology, and
urine PCR (1, 5, 14). PCR is the most sensitive of these assays
and also may be quantitative. Because there was no commer-
cially available test for BK viruria, we elected to develop one at
the University of Minnesota and validate it with a procedure
currently in use at the University of Nebraska Medical Center.

(This work was presented in part at the 17th Annual Meet-
ing of the Pan American Society for Clinical Virology, Clear-
water Beach, Fla., 30 April 2001, and at the 36th Annual
Meeting of the Academy of Clinical Laboratory Physicians and
Scientists, Seattle, Wash., 15 June 2001.)

MATERIALS AND METHODS

DNA extraction. The urine specimen was inverted or swirled in a specimen cup
a minimum of five times to create a homogenous suspension of cells. One
milliliter was transferred into an Eppendorf tube and centrifuged for 10 min at
14,000 � g. The supernatant was removed, and the dry cell pellet was stored at

�70°C if extraction was to be performed at a later time. To extract DNA, 500 �l
of 10 mM Tris–1.2 mM EDTA–0.5% sodium dodecyl sulfate (pH 9.0) was added
to the dry cell pellet, the pellet was resuspended by vortexing, 25 �l of 20-mg/ml
proteinase K (Sigma, St. Louis, Mo.) was added, and the tube was incubated on
a heating block at 56°C for 2 h. Next, 55 �l of 3 M sodium acetate and 0.5 ml of
cold ethanol were added, mixed, and chilled at �70°C for 5 min, followed by
centrifugation at 14,000 � g at 4°C for 20 min. The supernatant was decanted
from the DNA pellet, which was then washed with 1 ml of 70% cold ethanol. The
DNA pellet was resuspended in 50 �l of 10 mM Tris–1 mM EDTA (pH 7.6), and
four serial 10-fold dilutions were made, from 1:1 to 1:1,000.

Semiquantitative PCR for BK virus (University of Minnesota assay). For
each patient’s sample, seven tubes (four dilutions of the patient’s sample, two
positive controls, and one negative control) were prepared with a reaction mix-
ture consisting of 5 �l of 10� Taq DNA polymerase buffer, 5 �l of PCR
nucleotide mix (2 mM each), 2 �l of 5 �M BK forward primer, 2 �l of 5 �M BK
reverse primer, 33 �l of sterile water, 2 �l of template DNA, and 1 �l of Taq
DNA polymerase (5 U/�l; Promega, Madison, Wis.). The BK forward and
reverse primers were specifically designed to amplify a portion of the gene
encoding the large T antigen of BK virus without amplifying DNA derived from
JC virus or simian virus 40 (SV40) virus (Fig. 1). PCR conditions were as follows:
initial denaturation at 94°C for 5 min and then 40 amplification cycles (94°C for
1 min, 45°C for 1 min, 72°C for 1 min), and then extension at 72°C for 10 min.
Twenty microliters of the PCR products were electrophoresed on 1.5% agarose
gels, and the gels were stained with ethidium bromide and examined for a band
of the appropriate size (Fig. 2). The negative control consisted of no template
DNA, and the positive control consisted of BK virus from the American Type
Culture Collection (ATCC) or a previously positive patient sample.

PCR amplification of JC virus. JC virus was used to test the specificity of the
BK primers. JC virus was obtained from ATCC. Two microliters of this concen-
trated virus as well as 2 �l of 10- and 100-fold dilutions of JC virus were used as
a template in the University of Minnesota BK PCR assay as described above. In
order to confirm the presence of JC virus, the same quantities of JC virus were
used as a template in a JC-specific PCR assay using JC forward primer (5�-GA
AGAACCCAAAAACTATTTGTTGAAA-3�) and JC reverse primer (5�-GCC
TAACTGGAGACAATCTAGAATAATAGTC-3�). These primers were de-
signed to amplify a portion of the JC VP2/VP3 genes without amplifying DNA
derived from BK virus with the expected amplicon size of 133 bp. All other
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reaction conditions were the same as those described for the University of
Minnesota BK PCR assay.

Validation of BK PCR. The validation of the University of Minnesota assay
was accomplished by sending duplicate samples to the University of Nebraska
Medical Center, where a PCR was performed using primers as described by
Arthur and Shah (2). DNA was extracted from the urine specimens using the
Qiagen DNA purification kit. Reaction conditions were optimized for total
reaction volumes of 50 �l containing 1 �g of sample DNA. The optimal con-
centrations of MgCl2 and deoxynucleoside triphosphates (dNTPs) were deter-
mined, as well as the optimal annealing temperature for the primers. Concen-
trations of Taq polymerase (1 U), 1� reaction buffer (Promega, Madison, Wis.),
and primers (0.8 �M each) were kept constant. MgCl2 concentrations ranging
from 1.0 to 3.0 mM (1.0, 1.25, 1.5, 1.75, 2.0, 2.25, 2.5, 2.75, and 3.0 mM) and
dNTP concentrations of 20, 50, 100, and 400 �M were evaluated at annealing
temperatures of 60 and 65°C. One hundred micromolar dNTPs, 1.5 mM MgCl2,
and the 65°C temperature were determined to be optimal. 45 cycles of PCR were
utilized: denaturation, 30 s at 94°C; annealing, 30 s at 65°C; extension, 30 s at
72°C. A 4-min denaturation step at 94°C was included in the first cycle, and a
final extension of 72°C for 4 min followed the last cycle of PCR. Ten microliters
of the PCR products were electrophoresed on 1.5% agarose gels, and the gels
were stained with ethidium bromide and examined for a band of the appropriate
size (172 bp). Since the primers have the potential to amplify JC virus as well as

BK virus, restriction endonuclease digestion was performed. Each amplicon has
a unique restriction site at its center: the JC virus amplicon has a BamHI site, and
BK virus has a FokI site. Therefore, to determine if the amplicon was the result
of BK virus or JC virus, 15 �l of the PCR products were digested with restriction
endonucleases BamHI and FokI and electrophoresed on 1.5% agarose gels. The
Nebraska laboratory personnel had no knowledge of the Minnesota PCR results
at the time they performed their assays.

RESULTS

The University of Minnesota assay was performed on 60
samples from 49 immunocompromised patients who were
thought to have BK virus-mediated renal dysfunction based on
clinical signs and symptoms such as the presence of hematuria
and/or an increase in serum creatinine. There were 25 bone
marrow transplant patients (29 specimens), 10 renal transplant
patients (13 specimens), 6 renal/pancreas transplant patients (9
specimens), 2 lung transplant patients (3 specimens), 1 heart
transplant patient (1 specimen), and 5 patients with other
diagnoses (5 specimens).

Results for a patient specimen were further analyzed only if
there was no visible product in the negative control lane and
there was a clearly visible 370-bp product in the positive con-
trol lane. A patient specimen was considered to be positive if
any of the serial dilutions contained a visible band of the right
size. Twenty-eight (47%) of the 60 urine samples tested posi-
tive for BK virus (Table 1). Twelve (43%) of these twenty-eight
samples showed “partial inhibition,” meaning that at lower
dilutions of template DNA there was no DNA amplification,
whereas at higher dilutions of template DNA there was DNA
amplification resulting in a band of the appropriate size (370
bp).

Patient-derived samples were submitted for BK viral test-
ing on the basis of clinical signs and symptoms that sug-
gested BK viral infection. Ancillary tests, such as urine cy-
tology and renal biopsy, were performed concurrently at the
discretion of the clinician but were not required for inclu-

FIG. 1. University of Minnesota BK primers show specificity for
BK viral DNA. Primer sequences are highlighted by arrows. The mul-
tiple base mismatches between BK, JC, and SV40 viral DNA are
shown in bold type. The PCR product is a 370-bp fragment that codes
for part of the large T antigen.

FIG. 2. Agarose gel showing amplification of a 370-bp fragment of BK viral DNA from the urine of a renal transplant recipient. Lane 1 is the
�x174 DNA/HaeIII marker. The template for lane 2 is a 1:1 dilution of DNA purified from the urine of a patient who was previously negative for
BK virus by this assay (negative control). The templates for lanes 3 to 6 are serial dilutions (1:1, 1:10, 1:100, 1:1,000) of DNA purified from the
urine of a renal transplant recipient. The template for lane 7 is BK virus stock from ATCC (positive control). The template for lane 8 is a 1:10
dilution of DNA purified from the urine of a patient who was previously positive for BK virus by this assay (positive control).
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sion in our survey. Of the 60 urine specimens tested for BK
virus infection by PCR, 28 were collected within 1 week of a
urine cytology specimen. The results of these two tests were
in agreement for 8 positive tests and 15 negative tests. In
only one case was a sample positive by urine cytology but
negative by PCR. Four urine specimens that were positive
for BK virus by PCR were collected within 1 week of col-
lection of urine specimens that did not show the nuclear
changes characteristic of BK virus infection. This suggests
that our PCR method is more sensitive than urine cytology
for the detection of BK virus. Urine specimens were col-
lected for BK PCR testing within 1 week of renal biopsy for
only five patients. The results were in agreement between
these two methods in all five cases (four negative and one
positive for BK virus). Although the number of patients is
not statistically significant, these results suggest a good cor-
relation between these two tests.

Twenty-three of the 28 samples that were positive in the
University of Minnesota assay were tested in the University of
Nebraska assay. Of these 23 samples, all but 1 was positive by
the University of Nebraska assay. In addition, of 32 samples
that were negative in the University of Minnesota assay, 23
were tested in the University of Nebraska assay and 18 were
negative in both assays. Therefore, when compared with the
Nebraska assay, the sensitivity and specificity of the University
of Minnesota assay were 81% (22 of 27 positive) and 95% (18
of 19 negative), respectively.

Of the six discrepant samples, two were collected within 1
week of a urine cytology specimen. In both cases, the urine
cytology result and the University of Minnesota PCR results
were in agreement (negative for BK virus), whereas the Uni-
versity of Nebraska PCR assay detected BK virus. None of the
six discrepant samples was collected within 1 week of a renal
biopsy.

The precision of our assay was tested by repeating the assay
on five of the urine specimens, including two of the six speci-
mens that were discrepant between our assay and the Nebraska
assay. Of the five repeated assays, four reproduced the same
result as the original assay (three positive, one negative) and
one produced a positive result in the repeated assay, whereas
it had produced a negative result in the original assay. (This
specimen had tested positive for BK virus in the Nebraska
assay.)

DISCUSSION

Our BK-specific PCR was developed for detection and
semiquantitation of BK viruria in immunocompromised

hosts. The method performed very well in comparison with
an assay previously developed and in use at the University of
Nebraska Medical Center with sensitivity and specificity of
81 and 95%, respectively. The University of Minnesota assay
employs serial DNA dilutions in the PCR, which is impor-
tant because if only undiluted DNA extracts had been
tested, 12 of 28 positive specimens would have been false
negatives. This partial inhibition effect is most likely due to
inhibitory substances in the urine which are not completely
removed by the DNA extraction procedure. Although the
DNA extraction procedure could potentially be improved in
order to reduce this inhibition, the high degree of correla-
tion between the Minnesota and Nebraska assays demon-
strates that the Minnesota assay in its present format is
already both sensitive and specific. An improved DNA ex-
traction procedure might reduce the number of dilutions of
DNA that would need to be tested, but it may not signifi-
cantly increase the sensitivity of the test and it would add a
step that would increase the turnaround time and consume
more reagents.

DNA from three members of the polyomavirus family (BK
virus, JC virus, and SV40 virus) has previously been amplified
from human tissues (17), although SV40 viral sequences have
never been amplified from urine and SV40 is not thought to be
a causative agent in immunosuppression-related cystitis (3, 16).
Both JC and BK viral sequences have previously been ampli-
fied from human urine specimens (6, 11). However, whenever
JC virus has been identified in the kidney of a patient with
interstitial nephritis, BK virus has also been identified (3, 15).
JC virus alone has not been shown to cause interstitial nephri-
tis. Since the nucleotide sequence homologies of the BK virus
with the JC virus and SV40 virus are 75 and 69%, respectively
(18), the BK primers in this study were specifically designed to
amplify BK while excluding amplification of JC and SV40
viruses (Fig. 1). In order to test the specificity of the Minnesota
assay for BK virus, JC virus from ATCC was used as a template
(Fig. 3). BK primers showed strong amplification of BK viral
DNA, while JC viral DNA did not show significant amplifica-
tion. The faint band observed when undiluted JC virus was
amplified with BK primers (Fig. 3, lane 6) would not have been
interpreted as a positive test result. The presence of JC virus
was confirmed using JC-specific primers (Fig. 3, lanes 13 to
15).

BK viruria was documented in 21 (43%) of the 49 patients
whose symptoms suggested reactivation of BK infection.
Although this implies a causal relationship, a prospective
study will be required to define the incidence of posttrans-
plant reactivation of BK virus and to establish the precise
role of BK virus in renal allograft damage.

“Real-time” PCR using TaqMan technology has been
demonstrated to be at least as sensitive as conventional PCR
and in some reports up to 10 to 100 times more sensitive
than conventional PCR (7, 9). We have begun TaqMan
experiments using BK-specific primers. When these experi-
ments are complete, we will be able to compare our stan-
dard method directly with real-time PCR for BK virus and
choose the one that seems clinically more relevant for our
planned prospective study of BK viruria. We also plan to
test plasma samples from transplant patients for BK vire-

TABLE 1. Results of PCR by highest dilution positive for 60 urine
samples tested (University of Minnesota PCR)

Positive
endpoint

No. of
samplesa

No. of samples with
partial inhibitionb

1:1,000 13 6
1:100 7 4
1:10 6 2
1:1 2 0

a Thirty-two of the sixty samples tested were negative.
b None of the 12 samples with partial inhibition was negative.
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mia, as it has been shown that BK viremia precedes the
diagnosis of BK virus nephropathy in at least a subset of
patients (10, 12).
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FIG. 3. Agarose gel showing amplification of BK and JC viral DNA with BK-specific and JC-specific primers. Lane 1 is the �x174 DNA/HaeIII
marker. Lanes 2 to 8 show results with BK-specific primers. Lane 2, no template; lanes 3 to 5, BK stock virus template at 1:1, 1:10, and 1:100
dilutions; lanes 6 to 8, JC stock virus template at 1:1, 1:10, and 1:100 dilutions. Lanes 9 to 15 show results with JC-specific primers. Lane 9, no
template; lanes 10 to 12, BK stock virus template at 1:1, 1:10, and 1:100 dilutions; lanes 13 to 15, JC stock virus template at 1:1, 1:10, and 1:100
dilutions.
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