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Background & objectives: BK virus (BKV) is a polyomavirus and cause of a common infection after renal 
transplantation which could be preceded to BKV-associated nephropathy. It has four main subtypes 
(I–IV). BKV subtypes II and III are rare, whereas subtype I shows a ubiquitous distribution. The 
objective of the present study was to investigate the prevailing BKV subtypes and subgroups in renal 
transplant patients in Sri Lanka.
Methods: The presence of BKV in urine was tested through virus load quantification by real-time 
PCR from 227 renal transplant patients who were suspected to have BKV infection. Of these patients 
only 41 were found to be BKV infected (>103copies/ml) and those were subjected to conventional 
PCR amplification of VP1 gene followed by BKV genotyping via phylogenetic analysis based on DNA 
sequencing data. 
Results: Persistent BK viral loads varied from 1×103 to 3×108 copies/ml. Of the 41 patient samples, 
25 gave positive results for PCR amplification of subtyping region of VP1 gene of BKV. BKV genotyping 
resulted in detecting subtype I in 18 (72%) and subtype II in seven (28%) patients. BKV subgroups of 
Ia, Ib-1 and Ib-11, and Ic were identified with frequencies of 6/18 (33.3%), 6/18 (33.3%), 5/18 (27.8%), 
and 1/18 (5.6%), respectively. 
Interpretation & conclusions: Findings from this preliminary study showed a high occurrence of 
subtype I, while the presence of subtype II, which is rare and less prevalent, was a novel finding for this 
Asian region. This emphasizes the need for further molecular and serological studies to determine the 
prevalence of different BKV subtypes in Sri Lanka.
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The name of the BK virus (BKV) was derived 
from the initials of the patient from whom the virus 
was first isolated in 19711. BKV could exist quiescent 

in the epithelial cells of urogenital tract or either 
could be transferred from donor to recipient while 
the renal transplantation and may get reactivated and 
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replicate in recipient later during immunosuppressive 
medication. Therefore, BKV is a cause of a common 
infection after renal transplantation and initially starts 
as viraemia (presence of viruses in the urine) followed 
by viraemia (presence of a virus in the blood) before 
developing into tubulointerstitial nephritis known as 
BKV-associated nephropathy (BKVAN) which causes 
serious  inflammatory  complications. BKV  associated 
nephropathy occurs in up to 10 per cent of renal 
transplant recipients and can result in graft loss2,3. In 
most instances BKV infection is asymptomatic and 
associated with gradual rise in serum creatinine level, 
and BK viral DNA could be detected in urine prior 
to plasma4. If the viral load in urine is greater than 
3.2×104 copies/ml, it may indicate a risk for BKVAN5.

A genotyping scheme for BKV has been introduced 
based on either restriction enzyme analysis or nucleotide 
sequence data of virus capsid protein (VP) 1. All 
subsisting  BKVs  were  classified  into  four  subtypes 
(I–IV) and subtyping region of the VP1 gene was based 
on a very short segment of the VP1 gene consisting of 
nucleotides 1744 and 1812 (amino acids 61 to 83)6. Four 
subgroups of subtype I (Ia, Ib-1, Ib-II, and Ic) and six 
subgroups of subtype IV (IVa-1, IVa-2, IVb-1 and IVb-2, 
and IVc-1 and IVc-2) have been identified through DNA 
sequencing followed by phylogenetic analyses7.

Prolonged diabetes8, hypertension9 and various 
forms of glomerulonephritis conditions10 can cause 
chronic kidney disease (CKD) eventually. Over the 
past two decades, CKD have become more prevalent 
in rural agricultural areas of Sri Lanka. This is known 
as CKD of unknown aetiology. The consumption of 
water with contaminants11 has been found to be a cause 
for the increase in cases of kidney failure significantly 
and at present approximately 300 kidney transplants 
take place annually in Sri Lanka12. However, the 
information on BK viral infection followed by 
BKV-associated nephropathy which could be led to 
allograft rejection during post transplantation period 
is limited in Sri Lanka13,14. Therefore, this preliminary 
study was conducted to investigate prevailing BKV 
subtypes and subgroups among renal transplant patients 
through DNA sequencing followed by genotyping of 
polymorphic subtyping region of VP1 gene of each 
BKV present in renal transplant patient. 

Material & Methods

A total of 227 renal transplant patients 
who were admitted to the National Hospital of 
Sri Lanka-Colombo; National Institute of Nephrology 

Dialysis and Transplantation, Maligawatta; 
Teaching Hospital, Karapitiya and Sri Lanka Army 
Hospital, Narahenpita, from July to December 2017, 
were tested for the presence of BKV in urine at 
the department of Virology of Medical Research 
Institute (MRI) through its routine laboratory 
BKV  test  of  viral  load  quantification  by  RT-PCR 
method (RealStar® BKV PCR Kit 1.0, Altona 
DIAGNOSTICS, Germany). The majority of patients 
were suspected for BKV infection during their 
post-transplantation period due to rising levels of 
serum creatinine and obstructive uropathies. Samples 
with a BK viral load of more than 1×103 copies/ml were 
selected and 41 were confirmed for urinary presence of 
BKV out of 227 samples. Of these 41 patients, both 
urine  and  purified  DNA  samples  were  available  for 
13 patients, whereas either serum or urine or purified 
DNA samples were available for 2, 12 and 14 patients, 
respectively.  Scientific  and  ethical  approvals  were 
obtained from the Research Committee and the Ethics 
Review Committee at MRI, respectively, under the 
project number 12/2017.

Processing of urine samples: If urine processing was 
done within 24 h after collection, it was stored at 
4°C whereas if processing could not be done at the 
same day of collection, urine samples were stored 
in  a  sterile  container  at  −20°C  for  further  usage. 
To extract the BK viral DNA from urine samples, 
processing of urine was carried out at 4°C in three 
different  ways  using  two  samples  containing  12  ml 
in each to identify which method will give a high 
yield: (i) processing of whole urine in which urine 
samples were homogenized (vortexed), and 200 µl was 
used for the viral DNA extraction; (ii) processing of 
urine after centrifugation in which the homogenized 
urine sample was centrifuged at 2000 g for 10 min 
(Eppendorf  -  Centrifuge  5810R,  Thomas  Scientific, 
USA), and the pellet containing 200 µl of urine was 
used for the viral DNA extraction15 and (iii) processing 
of urine after aliquoting and centrifugation in which 
the homogenized urine was aliquoted into three 
4 ml samples and centrifuged at 2800 g for 15 min 
(SORVALL ST16R, Thermo Fisher Scientific, USA). 
Then pellets in all three aliquots were pooled into 
200 µl of urine and used for the viral DNA extraction. 
DNA extraction was carried out using QIAamp® DNA 
Mini Kit (Qiagen, Hilden, Germany)16,17.

When  available  urine  volume  was  not  sufficient 
to extract DNA using the above-mentioned methods 



502  INDIAN J MED RES, SEPTEMBER 2022

of precipitating pellets containing cell-associated 
virus particles (12 ml) or when extracted DNA 
(using QIAamp® DNA mini kit) was shown 
unresponsive to conventional PCR of VP1 gene 
amplification,  already  purified  DNA  which  was 
extracted using QIAamp® Viral RNA Mini Kit 
(Qiagen, Hilden, Germany) was obtained from the 
department of Virology, MRI which had been stored at 
−20°C. BKV DNA elutes were concentrated to 20 µl 
using the ethanol and sodium acetate precipitation 
method to enhance the sensitivity in conventional 
PCR18.

PCR amplification and DNA sequencing: PCR 
was performed using previously described primers 
and given conditions18. The forward primer 
(5′-AGTGCCAAAACTACTAATAAAAG-3′, nt 1632-
1654)  and  reverse  primer  (5′-CTGGGCTGTTGGG 
TTTTTAG-3′,  nt  2121-2102)  were  used  to  amplify 
a region with 489 bp of the BKV VP1 gene. PCR 
was carried out in a total volume of 20 µl containing 
5.25 µl of PCR water, 0.5 µl of forward and reverse 
primer (10 pmoles/µl), 0.5 µl of 10 mM dNTPs, 2 
µl of 25 mM MgCl2, and 0.25 µl of 5 U of GoTaq® 
DNA Polymerase in the presence of 5 µl of 5X 
GoTaq®  Reaction  Buffer  (Promega,  USA).  Five  µl 
of viral DNA (10–100 ng/µl) extracted from urine 
were  added  to  the  PCR  mixture.  PCR  amplification 
was performed in a b960 thermal cycler (Heal Force 
Advance, China). Cleaning the cycle sequencing 
PCR products was performed using a commercially 
available  PCR  purification  kit,  Wizard® SV gel and 
PCR clean-up system (Promega, USA) according to 
the manufacturer’s instructions. Nucleotide sequences 
of both DNA strands were determined by direct double-
strand DNA cycle sequencing with the same forward 
and reverse primers using the BigDye® Terminator 
v3.1 Cycle Sequencing Kit (Applied Biosystems, 
USA). After purification of sequencing PCR products, 
samples were denatured for three minutes at 95°C, 
immediately chilled on ice, and loaded on an Applied 
Biosystems® 3500Dx Capillary Sequencer (Applied 
Biosystems). DNA sequences were analyzed using the 
BioEdit7.0.5 sequence alignment editor software19.

Identification of BK virus (BKV) subtypes and subgroups: 
The resulting sequence data of subtyping region of VP1 
gene (nucleotides 1744-1812) of the BKV were aligned 
with five reference sequences subtyping region of VP1 
gene from NCBI (Subtype I- Z_19534, Z_19537, 
Subtype II - Z_19536, Subtype III - M_23122, Subtype 

IV- Z_19535) to categorize them into known BKV 
subtypes6. Since PCR amplification yields a product of 
489 bp in size that lies in-between nucleotides 1,632 
to 2,121 in the VP1 gene, sequencing results in this 
region were uploaded into NCBI GenBank database 
(MH930957 – MH930981) and used to construct a 
Neighbor Joining (NJ) phylogenetic tree20 after aligning 
DNA sequences using Clustal W21 available in the 
Molecular Evolutionary Genetics Analysis (MEGA) 
version 6.022 with known positive sequences retrieved 
from BKV subgroups (Subgroup Ia - NC_001538, 
AB_263926, Subgroup Ib-1- AB_211369, AB_211371, 
Subgroup Ib-11 - AB_211370, AB_263918, Subgroup 
Ic- AB_211372, AB_211377, AB_211381, Subtype II 
- AB_263916, AB_263920, Subtype III - M_23122, 
AB_211386, Subtype IV - AB_211389, AB_211390, 
AB_211391, AB_211387)7,23. NJ analysis was 
performed as described previously20,24 and bootstrap 
probabilities (BPs) were assessed with 1000 bootstrap 
replicates to evaluate the confidence level for the each 
clades in phylogenetic tree25. Baboon Polyomavirus 
SA12 (GenBank accession number of AY614708) 
was used as the out group26. References sequences and 
out group were downloaded from the NCBI GenBank 
database, and their accession numbers were included 
within the taxon labels in each phylogenetic tree. 

Statistical analysis: The one-way analysis of variance 
test was used to assess  the mean differences between 
viral loads related to BKV subtypes and subgroups. All 
statistical analyses were performed using SPSS software 
version 20.0 for Windows (SPSS, Chicago, IL, USA) 
and  significance  level  was  set  at  the  95  per  cent 
confidence interval.

Results

The age of the 25 renal transplant recipients for 
whom BKV genotyping was achieved varried between 
22 and 59 years. The highest occurrence of BKV 
infection  was  identified  in  those  who  are  between 
34 and 52 yr (mean±SD; 43.28±9.98 yr). BK viral 
loads varied from 1.06 × 103 to 3.016 × 108 copies/ml, 
and the median value of the viral load was 3.7 × 105 

copies/ml (mean±SD; 23597012.4±67223861.79). 
Their serum creatinine levels varied in between 
68.97  and  605  (mean±SD;  208.32±130.55)  μmol/l 
(Table I).

The two serum samples (0.4 - 0.6 ml) with a viral 
load of >1 × 104 copies/ml (from which DNA was 
extracted followed by conventional PCR amplification 
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of VP1 gene), showed no PCR amplicons. Therefore, 
obtaining serum samples for BK viral DNA extraction 
was discontinued for this study, and it was decided to 
carry out DNA extraction using the available urine 
samples from rest of the patients’ samples pool with 
adequate minimum volume of 12 ml of urine.

Among the three different methods of processing 
urine prior to viral DNA extraction, the third method 
resulted in the highest positivity rate for conventional 
PCR (>75%) followed by second method (<50%). 
Urine  samples  processed  using  the  first  method  did 
not give positive results for the conventional PCR. 
Thus, 18 of the 25 (72%) urine samples, which were 
processed after centrifugation for generating pellets 
containing cell-associated viruses, followed by BKV 

DNA extraction, were given positive amplification for 
conventional PCR. Only seven of the 27 of BKV DNA 
elute samples, (25.92%) which were received from 
MRI, were shown to yield positive PCR amplifications 
after DNA concentration using the ethanol and 
sodium acetate precipitation method. Therefore, due 
to the unresponsiveness to conventional PCR, BKV 
subtyping could be achieved with only 25 patient 
samples out of the total 41 BKV-infected renal 
transplant patients.

In this study, BKV subtypes I and II were 
identified  after  aligning  at  the  subtyping  region 
of VP1 gene (in between the nucleotides of 1744 
and 1812) with known positive BKV sequences 
retrieved from NCBI with frequencies of 18/25 

Table I. Baseline characteristics of BK virus (BKV) infected renal transplant patients (n=25)
Patient 
(sample) ID

NCBI-GenBank 
accession 
number

Clinical and demographic data of BKV infected patients
Age (yr) Gender Post-transplantation 

period (wk)
BK viral 

load (copies/ml)
Serum creatinine 

level (µmol/l)
17-32975 MH930964 53 Female 24 1.69×106 138.82
17-32248 MH930965 59 Male 4 1.10×103 457
17-33804 MH930963 50 Male 8 1.59×108 166
17-31031 MH930970 54 Female 24 4.93×106 123.79
17-32121 MH930966 41 Male 20 4.75×106 137
17-30655 MH930972 56 Male 28 3.016×108 185
17-30657 MH930971 35 Male 104 7.29×106 159.16
17-31620 MH930967 33 Male 20 5.04×104 135
17-31264 MH930969 39 Female 144 1.71×104 273
17-28871 MH930973 22 Male 28 7.94×106 -
17-22696 MH930977 41 Female 78 2.05×103 167.11
17-23102 MH930976 54 Male 120 1.06×103 128
17-34763 MH930962 44 Male 36 1.69×105 158
17-38510 MH930959 50 Male 24 1.21×107 127.2
17-37771 MH930960 46 Female 128 2.63×103 133
17-5744 MH930981 41 Male 52 1.00×106 605
17-26714 MH930974 27 Male 232 1.83×103 155.62
17-23149 MH930975 29 Male 68 3.51×104 496.04
17-39770 MH930957 41 Male 31 3.67×105 178
17-38590 MH930958 44 Male 16 7.57×107 185.68
17-35477 MH930961 41 Male 24 8.31×106 178
17-21792 MH930980 30 Male 13 1.64×103 300.67
17-21848 MH930979 58 Male 16 2.64×104 171.78
17-22281 MH930978 48 Male 47 3.70×105 172
17-31275 MH930968 46 Female 4 4.57×106 68.97
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(72%) and 7/25 (28%), respectively (Fig. 1A and B). 
Subgroups Ia, Ib-1, Ib-11 and Ic were identified with 
frequencies of 6/18 (33.3%), 6/18 (33.3%), 5/18 
(27.8%), and 1/18 (5.6%) respectively (Fig. 2). The 
subgroups of Ia, Ib-1, Ib-11, and Ic were aligned with 
subtype I and rest of the subgroups resulting from 
phylogenetic analysis aligned well with subtype II. 
Mean viral load (104 copies/ml) of BKV subgroups 
Ia, Ib-1, Ib-11, Ic and subtype II were 1.226±1.405, 
354.267±373.524, 4590.250±7546.121, 0.205±0 
and 5499.592±11221.212, respectively (Table II). 
However,  the  mean  differences  of  persistent  viral 
loads between each subgroup representing subtypes 
I  and  II  were  not  significant  at  the  95  per  cent 
confidence  level,  suggesting  that  BKV  subtype  or 
subgroup did not  affect  the amount of BKV present 
in these patients. 

Discussion

Molecular characterization of BKV is 
important for tracing multiple BK viral strains 
as  an  epidemiologic  investigation,  identification 
of the role of a particular subtype or a variant of 
BKV toward the development or the pathogenesis 
of BKV nephropathy. In this study, majority of 
renal transplant patients belonged to BKV subtype 
I (72%). The rest of the patients (28%) were found 
to be infected by subtype II which was previously 
known as a rare subtype and it was a novel finding 
for Asian region. The presence of BKV subtype 
I observed in this study was consistent with the 
worldwide BKV prevalence studies where subtype 
I was found as the most frequent in normal adults in 
the general population worldwide (80%)24 as well as 
in Asian countries such as in India (50%)27 and Japan 
(70-80%)24,28. BKV subtype IV has been presented as 
the second most frequent subtype worldwide (15%) 

and also in India (33.3%) whereas subtypes II and 
III are infrequently detected in normal adults24,27. In 
contrast, other Asian countries such as Mongolia, 
China and Vietnam have reported higher prevalence 
of subtype IV followed by subtype I28. The first BKV 
genotyping scheme introduced by Jin6 showed that 
the BKV subtype I was the most frequent genotype 
(63.4%) followed by type II (21.9%), IV (9.8%) 
and III (4.9%) in England. Furthermore, the second 
highest prevalence of BKV subtype II was identified 
among Brazilian, Dutch, Tunisian and Spanish renal 
transplant patients29-32. 

With respect to global distribution of BKV 
subgroups, Ia was the most prevalent in Africans, 
Ib1 in Southeast Asians, Ib2 in Europeans, American 
populations and West Asians and Ic in Northeast 
Asians33,34. In the current study, subgroups of 
Ia,  Ib-1  were  identified  equally  and  considerably, 
followed by Ib-11 and Ic in Sri Lankan renal transplant 
patients.

One of the major limitations of PCR-based 
tests  is  inhibition  of  the  nucleic  acid  amplification 
process by substances present in samples35. In urine, 
substances such as urea can act as PCR inhibitors, 
which can lead to inhibition of DNA polymerase or 
reverse transcriptase activity36,37. Another limitation 
was samples with infectious agent levels that were 
below the assay’s sensitivity. Isolation and culturing 
of BKV from each sample could not be performed 
due to resource and time limitations. The use of 
alternative methodology for BKV genotyping such as 
quantitative PCR /real time reverse transcription-PCR 
is shown to have many advantages over conventional 
PCR such as high sensitivity and capability of 
determining the subtype of patient samples with 
lower viral loads38,39. 

Fig. 1. (A) Alignment of forward sequence of MH930980 with BKV reference sequence of subtype I at the subtyping region of VP1 gene. 
(B) Alignment of forward sequence of MH930967 with BKV reference sequence of subtype II at the subtyping region of VP1 gene.
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In conclusion, this preliminary study showed a 
high occurrence of BKV subtype I in renal transplant 

recipients in Sri lanka. The BKV subtype II, which is 
considered rare worldwide, was also observed in this 
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Fig. 2. NJ phylogenetic tree classifying 41 BKV into subtypes and subgroups. The 430 bp of subtyping sequences detected around the Sri 
Lanka including 11 reference sequences7,23 were used to reconstruct an NJ phylogenetic tree23,24. The corresponding sequence of the baboon 
polyomavirus SA12 (GenBank accession number, AY614708) was used as the outgroup26. BKV subtypes II and subgroups belonging 
to subtype I are indicated at the right side of the tree and GenBank accession number of retrieved BKV isolates in this study are shown 
(MH930957 – MH930981). The numbers at the nodes are BPs (%) obtained for 1000 replicates25. (BKV Subgroup Ia - Z_19534, NC_001538, 
AB_263926 , MH_930960, MH_930965, MH_930969, MH_930975, MH_930979, MH_930980; Subgroup Ib-1- Z_19537, AB_211369, 
AB_211371, MH_930971, MH_930978, MH_930966, MH_930962, MH_930961, MH930957: Subgroup Ib-11 – AB_211370, AB_263918, 
MH_930959, MH_930963, MH_930973, MH_930968, MH_930974; Subgroup Ic – AB_211372, AB_211377, MH_930977 and Subtype 
II – Z_19536, AB_263916, AB_263920, MH_930972, MH_930981, MH_930976, MH_930958, MH_930964, MH_930967, MH_930970, 
Subtype III - M_23122, AB_211386, Subtype IV - Z_19535, AB_211389, AB_211390, AB_211391, AB_211387).
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study. This emphasizes the need for further molecular 
and serological studies to determine the prevalence of 
different BKV subtypes in Sri Lanka.
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