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Introduction
The human polyomavirus BK (family Polyomaviridae) 
is ubiquitous viral agent that infects a large proportion of 
healthy individuals. Primary infection occurs during childhood 
and is usually unapparent, but the virus establishes latent 
infection in renal tissues and B-lymphocytes, and a BK virus-
related disease can be developed under conditions of severe 
cellular immunosuppression, such as organ transplantation or 
hematological malignancies. Reactivation of BK virus (BKV) 
infection is related to urinary tract diseases, such as hemorrhagic 
cystitis, ureteric stenosis, glomerulonephritis, and graft 
nephropathy, which are most commonly found in transplant 
patients undergoing immunosuppressive therapy (9). 

In renal transplantation, BKV was initially connected 
with the post-transplant ureteric stricture, but now is 
recognized as a possible cause of transplant interstitial 
nephritis, mimicking rejection or drug toxicity. BKV 
may contribute to allograft dysfunction in up to 8% of renal 
transplant patients (13) resulting in graft loss in 45% of these 
cases (7). There are currently no described epidemiologic 
factors for this disease process, and it is unknown whether this 
is an acquired infection with the graft or whether it represents 
recipient reactivation with immunosuppression. The fi rst cases 
of BKV-nephropathy in renal transplant patients were reported 
in the 1970s (4). However, a signifi cant incidence of BKV 
infection in the renal transplant population has only been seen 
in recent years. A reemergence of this pathogen became evident 
after 1995 (10) and was confi rmed by several subsequent 
reports from different centers (11). The exact reason is not 
clear, but there is general concern that the widespread use in 

most transplantation centers of the new immunosuppressive 
agents (tacrolimus, mycophenolate mophetic) increases the 
risk of viral reactivation (8).

The methods used for the detection of BKV viruria include 
isolation in cell culture, electron microscopy, cytological 
examination and immunofl uorescent staining of exfoliated 
urinary cells, ELISA for antigen, and DNA hybridization with 
labeled nucleic acid probes (9). Several studies have shown 
PCR to be an effective tool for detecting polyomaviruses in 
a range of clinical samples (1, 14). As a result, PCR is now 
emerging as the method of choice (“gold standard”) for the 
identifi cation of BKV in clinical specimens and the patients, 
who are at risk for development of BKV-related diseases.

In this communication we report the development of an 
in-house PCR assay for BKV and its application for detection 
of the virus in urine and peripheral blood cells. This test 
was successfully used for the detection of BKV genomes in 
different samples of adult renal graft recipients.

Materials and Methods 
Clinical specimens and DNA preparation
Urine and blood samples were collected from 50 adult kidney 
transplant patients (between 30 and 70 years of age) at the 
Clinic of Nephrology and Transplantations, Medical University 
of Sofi a. First or second voided urine was preferred and 50 
ml containers supplied with 5 ml of absolute ethanol, which 
prevents from bacterial growth and destruction of the urothelial 
cells were used (12). Blood samples were collected using 
vaccutainers provided with anti-coagulant EDTA (Becton-
Dickenson, USA). Peripheral blood cell fraction was separated 
from the whole blood by the use of the Lymphofl ot reagent 
(Biotest, Germany; Cat.No. 824013). DNA extraction from both 
materials was carried out with the spin column-based QIAmp 
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DNA minikit (QIAGEN, Courtaboeuf, France), according to 
the manufacturer’s instructions. The fi nal extraction volumes 
of 50 μl were then stored at −70°C until their use in the PCR 
procedures.
PCR for detection of BKV. An in-house PCR protocol for 
the detection of the BKV was carried out with the primer pair 
previously designed in our laboratory: 5’-ATC CAG CCT TTC 
CTT CCA TT-3’ (nt 2992-3011) and 5’-CTG TCC CTA AAA 
ACC TGC CAA-3’ (nt 3090-3211). Target sequences were 
amplifi ed in total volume of 50 μl containing 0.5 μg of DNA 
and reaction mix (50 mM KCl, 1.5 mM MgCl2, 200 μM of each 
dNTPs, 30 pmol of each primer, and 1.25 U of thermostable 
Taq polymerase (Invitrogen, USA). After initial heating at 
94°С/5 min, 40 cycles of amplifi cation were carried out as 
follows: denaturation at 94°С/30 sec, annealing at 60°C/30 
sec, and extension of the primers at 72°C/1 min. After the last 
cycle the samples were incubated at 72°C for additional 10 
min to complete the extension of the primers. Amplifi cations 
were performed on a PTC-150 minicycler (MJ Research, 
USA). To fractionate the amplicons electrophoretically, 20 μl 
of the PCR product were mixed with 4 μl 5X loading buffer 
and run alongside with a 100 bp DNA Ladder MW marker 
(Invitrogen, USA) on a 2% agarose gel containing 0.5 mg/ml 
ethidium bromide. Running conditions were: 100 mV for 80 
min at room temperature.

Results and Discussion
BKV DNA was detected by our in-house PCR assay in 43 
(86%) of the 50 tested urine specimens. All positive samples 
revealed abundant amplicons of 215-bp indicative of large T-
gene of the BK virus genomes (Fig. 1). Negative results were 
obtained for 7 samples.

Fig. 1. PCR-amplifi ed BKV DNA fragments (large T-gene) in urine samples 
from renal-allograft recipients on 2% agarose gel. Lines 1-5: positive samples; 
Line 6: negative sample; Lane M contains size markers (100-base-pair 
ladder)

BK virus DNA was found in only 4/50 (8%) of the PBLs 
samples of the renal-allograft recipients.

All patients with active BKV replication presented variable 
clinical manifestations (chronic and acute renal insuffi ciency, 
glomerulonephritis or pyelonephritis). Generally, there was 
frequent shedding of BKV in the urine of the allograft patients, 
which could be possibly related to various reasons. It is stated, 
that the augmented immunosuppression, can lead to continuous 
viral replication and shedding of the virus in urine (8). All 
of the tested patients were subjected to immunosuppressive 
anti-rejection regiments, consisting of different medication 
schemes. This could provide in combination with the suppressed 
cell-mediated immunity, appropriate environment for viral 
replication thus leading to BKV-related diseases (5). It is 
important to state that immediately after renal transplantation, 
there is, also clinically silent BKV viruria, preceding the 
development of BKV nephropathy, another possible reason for 
the increased viral shedding (2). Nevertheless, BKV viruria is 
indicative of activated infection and partly could be connected 
with some of the clinical manifestations – especially chronic 
and acute renal nephropathy, where is expressed opinion 
that viral reactivation may play pivotal role (5). Of more 
importance, data show that reactivation and replication of BKV 
lead not only to viruria, but also to tubulointerstitial nephritis, 
which can lead to severe allograft dysfunction and graft loss 
(8). Reactivation of BKV infection was demonstrated from 
10 to 68% in renal transplant recipients (5). Only a limited 
proportion of them (1-10%) progress from reactivated infection 
to histologically manifest polyomavirus BKV nehropathy (6). 
That is why, detection and quantifi cation of BK virus DNA in 
plasma by PCR is potentially useful for the identifi cation of 
patients with clinically signifi cant BKV reactivation, but these 
methods have yet to be standardized. Unfortunately, no routine 
screening is available for this virus, so this complication is 
probably underestimated.

Our results showed limited detection rates in peripheral 
blood cells – only 4/50 positivities or 8%. Lymphoid cells 
are proposed to be a site of polyomavirus latency, as their 
sequences have been frequently found in blood cells, but 
recent data show that PCR on PBLs is as well indicative for 
BKV recent infection or reactivation (3). The presence of 
circulating virus is associated with active nephropathy because 
the virions enter the circulation through peritubular capillaries 
following tubular damage (2). Thus demonstrating BKV DNA 
in blood could be surrogate diagnostic marker to urine PCR for 
diagnosis confi rmation and further patient’s monitoring. The 
small percentage of blood positivities, as compared to urine 
PCR results, shows that limited number of patients could be 
at potential risk at developing BKV nephritis. It seems that in 
most of the cases viruria is not linked to distinct pathologic 
entity, and testing for BKV DNA in blood combined with urine 
PCR has much higher clinical signifi cance (8).

In addition to high sensitivity and specifi city, the short 
turnaround time from the receipt of the specimen to the fi nal 
result makes PCR attractive for diagnostic use. Results can 
be obtained on the day of or the day after specimen arrival. 
Processing of the urinary cell pellet by boiling, instead of DNA 
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extraction, shortens the time required to perform PCR and also 
eliminates the risk of cross-contamination of specimens during 
the extraction procedure. This technique is also particularly 
well-suited for the testing of many samples simultaneously, a 
distinct advantage for epidemiological studies.

In conclusion, human polyomavirus BK is related to 
different clinical manifestations among renal-transplant 
patients. The routine use of PCR on urine and PBLs by PCR is 
a useful tool for the rapid and sensitive detection of reactivated 
BKV infection. Thus, establishing instant diagnosis may be of 
great value for monitoring the patients, who are at possible risk 
for the development of BKV nephropathy.

REFERENCES
1. Arthur R.R., Dagostin S., and Shah K.V. (1989) J. Clin. 

Microbiol., 27, 1174-1179.
2. Blanckaert K. and Vriese A.S.D. (2006) Nephrol. Dial. 

Transplant., 21, 3364-3367. 
3. Dolei A., Pietropalo V., Gomes E., Taranto C.D., 

Ziccheddu M., Spanu M., Lavorino C., Manca M. and 
Degener A. (2000) J. Gen. Virol., 81, 1967-1973.

4. Gardner S. (1971) Lancet 1, 77(12), 1253-1257.
5. Hirsch H., Steiger J. (2003) Lancet Inf. Dis., pp. 611-623.

6. Hirsch H., Brennan D., Drachenberg C. (2005) 
Transplantation, 79, 1277-1286.

7. Khaled, A.S. (2004) Yonsei Med. J. 45, 1065-1075.
8. Kwak E., Vilchez R., Randhawa P., Shapiro R., Butel 

J., and Kusne S. (2002) Clinical Infectious Diseases 35, 
1081-1087.

9. Major E. (2001) Human polyomavirus. In: Fields 
Virology, IV-th ed. (Knipe, D. and Howley P., Eds.), 
Lippincott Williams & Wilkins, Philadelphia, PA-19106, 
USA, 2, p 2175.

10. Pappo O., Demetris A., Raikow R., Randhawa P. (1996) 
Mod. Pathol., 9, 105-109.

11. Schmid H., Nitschko H., Gerth J., Kliem V., Henger A., 
Cohen C., Schlondorff D., Grone H., and Kretzler M. 
(2005) Transplantation, 80, 600-604.

12. Slavov S., Nenkov I., Dimova D., Simeonov P., Hristova 
L., Vladimirov V. and Kalvatchev Z. (2007) Biotechnol. 
& Biotechnol. Eq., 21(1), 80-82.

13. Trofe J., Gordon J., Roy-Chaudhury P., Koralnik I., 
Atwood W., Alloway R., Khalili K. and Woodle E. 
(2004) Prog. Transplant., 14, 130–140.

14. Whiley D., Mackay I., and Sloots T. (2001) J. Clin. 
Microbiol., 39, 4357-4361.


