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BK Virus:
Discovery, Epidemiology, and Biology
Parmjeet Randhawa, Abhay Vats, Ron Shapiro, Karen Weck, and Velma Scantlebury
This article describes the discovery of BK virus in 1970 and chronicles the growing understanding of its epidemiology from a historical perspective. The biology of the virus is
summarized with particular reference to mechanisms of host cell entry, maintenance of
viral latency, and mechanisms of subsequent reactivation leading to clinical disease.
The rudimentary nature of the current understanding of BKV is highlighted, and areas
worthy of future investigation are identified.
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Discovery of BKV
BK virus (BKV) was discovered in 1970 at the
Virus Research Laboratory, London, England. This
laboratory was a part of the Central Public Health
Laboratories set up to combat infectious diseases
that were rampant in the post–World War II period. The discovery occurred during a study initiated
by a virologist, Dr. Sylvia Gardner, who was interested in understanding the epidemiology of cytomegalovirus infection in kidney transplant recipients. Urine collected from a Sudanese patient 3.5
months after transplantation was found to contain
numerous cells bearing viral inclusions. Electron
microscopy performed by Dr. Anne Field demonstrated viral particles that resembled the common
wart virus (papillomavirus).1-3 It was questioned
whether the patient had genital warts because a report earlier that year had documented a high incidence of such warts after kidney transplantation.
However, the most important element in this patient’s clinical history was a ureteric stricture, which
required surgical correction. Inoculation of the urine
into rhesus monkey kidney cells and human embryonic kidney cells produced a viral cytopathic effect, confirming that the virus was different from
papillomavirus. Hence, this microbe was identified
as a new virus and named BKV after the initials of
the patient from whom it was isolated.4 The original
viral isolate is known as the Gardner strain in honor of Dr. Sylvia Gardner. BKV differs from the simian polyomavirus SV40, which was discovered in
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1960 as a contaminant of polio vaccines by its ability to cause hemagglutination of human red cells.
Subsequently, BKV was shown to be serologically and
genetically distinct from polyomavirus JC (JCV), a
virus cultured from a patient with progressive multifocal encephalopathy. The clinical syndrome of
progressive multifocal leukoencephalopathy was
first described in 1958, and electron microscopic
evidence suggesting that it is a viral disease was provided by two independent groups of investigators
1,2
in 1964. However, prominent virologists, including Dr. Albert Sabin, remained unconvinced until
isolation of JCV and BKV was reported in back-toback articles in the same year in Lancet.1,4,5
Following the discovery of BKV in 1970, extensive epidemiological studies were conducted at the
Virus Research Laboratories in the 1970s and
1980s. Although the discovery of progressive multifocal leukoencephalopathy preceded discovery of
its causative virus, JCV, BKV was discovered before
the clinical consequences of infection could be appreciated. Serologic studies showed that up to 90%
of some human populations became exposed to
BKV by adulthood. Following transplantation,
10% to 60% of renal allograft recipients were
found to excrete virus in the urine. However, viral
infection was usually asymptomatic or associated
with only transient graft dysfunction. Rare reports
of viral inclusions were, however, recorded at
nephrectomy or at autopsy. Sporadic cases of virusinduced kidney damage were also observed in the
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Key Points
• BKV was discovered in 1971 from a renal
transplant patient with ureteric stenosis.
• Serologic studies indicate that most
adults have become exposed to the virus
by adulthood.
• The virus remains latent primarily in the
urogenital tract and lymphoid tissue.
• Following reactivation under conditions
of immunosuppression, the virus can be
detected in respiratory secretions, urine,
blood, and other body fluids.
• BKV nephropathy develops only in a
small percentage of immunosuppressed
patients who develop primary or reactivation infection. The viral and host immune
interactions that lead to this complication
are not yet completely understood.
setting of congenital immunodeficiency6 and human immunodeficiency virus infection.7
A new era in the study of BKV in renal transplant
recipients began in 1993 at the University of Pittsburgh, with the first ever case of BKV interstitial
nephritis diagnosed by a needle biopsy of the renal
allograft.8 This patient was a 60-year-old African
American female who presented 14 months after
kidney transplantation with a rise in the serum creatinine, which prompted a biopsy to exclude acute
rejection. Histologic examination showed renal
tubules with intranuclear inclusion bodies highly
suspicious of viral infection, but immunostains for
cytomegalovirus, herpes simplex, varicella, and adenovirus were negative. Electron microscopy performed on formalin-fixed paraffin-embedded tissue
demonstrated viral particles having a virion diameter consistent with polyomavirus. Further confirmation was obtained by immunohistochemistry using a commercially available antiserum to
polyomavirus SV40. Subsequently, BKV infection
was documented by polymerase chain reaction
(PCR) using primers directed to the VP1 region,
and the true identity of the PCR product was confirmed by DNA sequencing.9 Recently, using quantitative PCR, the tissue viral load was determined
S20
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to be extraordinarily high, with up to 21,400 copies
of viral DNA per cell present in the renal allograft
10
biopsies derived from this patient.
Following the first case at Pittsburgh, cases of
BKV-associated interstitial nephritis were reported
from most major kidney transplant centers around
the world.11-13 This emergence of BKV nephropathy
in the 1990s seems to coincide with the widespread
use of potent immunosuppressive drugs such as
tacrolimus, mycophenolate mofetil, and sirolimus.
It is unlikely that the apparent increase in the incidence of BKV nephropathy (BKVAN) is simply the
result of increased awareness. Thus, pathologists at
the University of Basel, Switzerland, retrospectively
reviewed all renal allograft biopsies performed between 1985 and 1995, but could not document
any cases occurring during that time period.14
Taxonomy and Genomic Organization
Polyomaviruses were initially grouped with the
papillomaviruses under the family Papovaviridae.
The International Committee for Taxonomy of
Viruses has now dropped the term papovavirus and
recommends that polyomavirus be considered a distinctive genus. The polyomavirus species most relevant to human disease are BKV, JCV, and simian
virus 40 (SV40). Veterinary species of interest include murine polyoma virus, hamster papovavirus,
lymphotropic papovavirus, bovine polyomavirus,
and rabbit kidney vacuolating virus.15
A detailed discussion of the molecular biology of
the polyomaviruses is presented elsewhere in this issue. Briefly, this genus comprises nonenveloped
icosahedral DNA viruses that measure about 45
nm.16,17 The viral genome averages 5 kilobases in
length. It is composed of double-stranded, circular,
supercoiled DNA, arranged in three general regions: the noncoding control region (NCCR), the
early coding region, and the late coding region. A
brief discussion of the functional significance of
these genomic regions follows.
The NCCR contains (a) the origin of replication
(ori) and (b) regulatory regions for early and late
transcription.18 The tandem repeats found in the
regulatory regions usually represent enhancer elements that are important activators of viral transcription. Naturally occurring SV40, BKV, and
JCV strains in the kidney and urine usually have an
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archetypal regulatory region,19-23 although this is not
an invariable rule.24,25 By contrast, JCV found in the
brain tissue of patients with progressive multifocal
leukoencephalopathy (PML) usually shows a variety of point mutations, deletions, and duplications
on the late side of ori.23,26,27 There is in vitro evidence
that NCCR variants determine host cell permissiv28,29
ity and the rate of viral replication. Hence, genetic arrangements are believed to be critical in permitting viral transcription in the brain, which
ultimately culminates in the pathologic lesions of
progressive multifocal leukoencephalopathy. It is
currently not known if similar genetic alterations
are required for the pathogenesis of polyomavirus
interstitial nephritis in the allograft kidney. A mutant BKV (Cin) strain with deletions and duplications in the regulatory region has, however, been reported from a HIV–infected individual with
7
interstitial nephritis.
The early coding region of BKV encodes t and T
antigens, which can bind to tumor suppressor proteins Rb and p53 and stimulate host cell entry into
the cell cycle.30,31 This is an important event because
polyomavirus is dependent on host cellular factors
for replication, and the required cellular factors
may not be present in quiescent host cells. A secondary consequence of the ability of polyomavirus
to stimulate the cell cycle is its tendency to cause
transformation of host cells. Carcinogenicity of the
polyomavirus family is well established in experimental animals, and there is increasing evidence for
participation of these viruses in human tumors, discussed elsewhere in this issue.
The late coding region of the BKV genome codes
viral capsid proteins VP1, VP2, VP3, and agnoprotein. VP1, VP2, and VP3 are structural proteins required for the assembly of complete virions. Because viral replication and assembly occur in the
host cell nucleus, these proteins localize primarily
to the intranuclear compartment of host cells.
Agnoprotein differs from all other early and late
proteins in that it localizes primarily to the cytoplasmic and perinuclear regions of infected cells.
Unlike viral capsid proteins, it is not detectable in
the virion itself. This pattern of intracellular distribution has led to the suggestion that agnoprotein
may promote virion release from cell.32 Other proposed roles for agnoprotein include participation in
sagepub.com
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host cell lysis, enhanced nuclear localization of viral
capsid protein VP1, and help in viral capsid assembly.33 Cultured cells infected with agnogene mutants show a 17- to 100-fold reduction in virion
burst size.32,34 It is not known if agnogene mutations
participate in the pathogenesis of BKV nephropathy.
Epidemiology
Serologic studies have been the primary tool used
to assess the prevalence of BKV in human populations. The most widely used test has been the
hemagglutination inhibition assay,34,35 which detects IgG and IgM antibodies to viral capsid antigens. This assay requires availability of large
amounts of viral antigen in the laboratory. Nonspecific inhibitors of hemagglutination present in human samples have to be removed by dilution of
serum or treatment with KIO4 or neuraminidase.36,37
A number of enzyme-linked immunosorbent assays
(ELISA) have also been described.38-41 These can
measure specific immunoglobulin subclasses produced in response to defined viral antigens.
As mentioned earlier, BKV infection occurs primarily in early childhood. Maternal antibody is present in neonatal blood at birth but is lost during the
first few months of life. Adult levels of seroprevalence, on the order of 65% to 90% in most studies,
are reached between 5 and 10 years of age. Some
studies show a tendency to falling antibody positivity rates after the age of 40 to 50 years.42 If BKVspecific IgM antibodies are measured by ELISA,
fewer subjects test positive: 0% of infants, 11% of
healthy children,43 21.1% of unwell children,44 and
0% to 7% of healthy adults or blood donors.43,45
IgM antibody production can represent recent primary or reactivation infection. It also appears that
some healthy adults can show persistent IgM production for several years following primary infection.46 The incidence of BKV antibodies in human
populations is independent of sex and shows no
consistent relationship with socioeconomic status,
family size, and rural versus urban location.42 Geographically isolated populations can, however, show
extremely low rates of BKV infection. Thus, the
seroprevalence of BKV in three indigenous Brazilian tribes was found to vary from 2.5% to 6.1%.
The high incidence of BKV infection in childhood raises obvious questions about the mode of
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transmission from one individual to another. Given
the known latency of the virus in the kidney, urine
would appear to be a natural vehicle for spread
within and between families. A variety of laboratory techniques have accordingly been used to assess
the prevalence of viruria in the pediatric age group.
Urine cytology investigations show viral inclusions
in 0% to 1.2% of children but cannot distinguish
between BKV and JCV, unless specific immunoflu42
orescence staining is performed. Viral cultures
give a similarly low yield, varying from 0% to 1%,
in part because samples can test false negative if viral particles are coated with antibodies present in
urine, and because cell substrates used for viral culture are not always well suited to isolate BKV with
an archetypal NCCR. Higher rates of BKV viruria
can be detected using PCR, but the results vary in
different studies ranging from 4% to 26.7%, with
all but one study in children reporting values < 5%.42
In adults, BKV DNA has been amplified from
0% to 40% of urine samples, with a tendency to
higher values in older subjects. The viral DNA concentrations reported have varied from < 3 fg/ml to
5 pg/ml.
Other body fluids are potentially involved in
transmission of BKV infections. BKV DNA has
been amplified in 1% of nasopharyngeal aspirates
obtained from hospitalized infants with serious respiratory infections.47 The occurrence of respiratory
symptoms during primary BKV infection is quite
consistent with this portal of entry. The possibility
of feco-oral transmission has been recently raised
by the demonstration of BKV DNA in urban
sewage.48 Detection of virus in healthy blood
donors suggests contaminated blood as yet another
potential source of infection.49 Semen, genital tissues, and normal skin biopsies have also been
shown to contain BKV in one study.50 Finally, given the frequent detection of viral genomes in
healthy kidneys, the donor organ itself might be an
important vehicle of viral transmission after renal
transplantation. Primary BKV infections attributed
to the use of infected donor kidneys are document51-54
ed in the literature.
Transplacental transmission of BKV from mother
to fetus is a controversial issue. BKV-specific IgM
antibodies were found in cord blood samples from
3 of 6 infants whose mothers seroconverted during
S22
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55,56
On the other hand, Shah et al.57
pregnancy.
could not detect anti-BKV IgM antibodies in the
cord blood of 387 infants, although only 3 of the
mothers studied during this investigation had antiBKV IgM antibodies in the serum. Coleman et al.58
studied 309 mothers, 39 of whom excreted viral
inclusion-bearing cells in the urine during pregnancy. Neonatal and cord blood samples drawn
from the offspring tested negative for BKV-specific
IgM. Transplacental transmission of polyomavirus
59
has been demonstrated in mice, and it is likely to
occur in humans from time to time. Gross fetal
pathology directly linked to primary BKV infection
in pregnancy has not yet been documented.

Mechanism of Viral Entry in Host Cells
The entry of BKV into the host cell is believed to
be mediated by receptors comprising α(260
3)–linked sialic acids. The detailed biochemical
characteristics of these receptors have not been defined. More work has been done for JCV, in which
an N-linked glycoprotein containing α(2-6)–linked
sialic acids has been described on the surface of glial
cells and B cells. JCV enters the cell by clathrindependent endocytosis, which can be blocked by
chlorpromazine.61 In contrast, SV40-specific receptors comprise MHC class 1 proteins and O-linked
glycans, and viral entry is a caveolae-dependent endocytosis susceptible to nystatin.62 Sialic acid receptors of BKV and JCV mediate hemagglutination of
red cells, and this property has been used in seroepidemiologic surveys described earlier.
The primary receptor-binding determinant on all
polyomaviruses is the VP1 molecule, which is
arranged in the form of icosahedrally symmetric
pentamers.63 Indeed, VP1 molecules can self-assemble into virus-like particles, which are currently being developed as gene delivery vehicles. Receptormediated viral entry into the cell is not a sufficient
condition for viral replication. Additional interactions between host-specific permissive factors and
viral genetic regulatory elements are also needed.
Viral entry is believed to be targeted initially to the
endoplasmic reticulum. By a process that is not well
understood, the virus is then released into the cytoplasm, goes through the nuclear pores, and enters
the nuclear compartment, where it starts replicating.
In permissive and semipermissive cells, production
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of progeny virions can result in a lytic cycle, leading
to cell death. Infection of nonpermissive cells can
result in abortive infection, with subsequent loss of
the viral genome from the target cell.
Primary BKV Infection in Humans
Relatively few clinical observations have been
made in individuals undergoing BKV seroconversion, but it is believed that that most primary infections are subclinical. When reported, the most
frequent clinical finding is an upper respiratory infection, but some of the reported cases had documented infections with known respiratory viruses,
whereas other individuals were not specifically test64
ed along these lines. The occurrence of tonsillitis
suggests that mucosa-associated lymphoid tissue in
the oropharyngeal region (tonsils and Waldeyer’s
ring) is another potential site of primary infection.47,65
Several children presenting with cystitis, with or
without hematuria, are also on record,66-68 but in one
of these patients, a rising titer to adenovirus was
also demonstrated. Unusual clinical manifestations
associated with BKV seroconversion include Guillane-Barre syndrome and encephalitis.69,70
Latent Phase of Viral Infection
After primary infection has resolved, serology and
PCR continue to show evidence of BKV infection
in apparently healthy subjects. The virus in these
individuals is believed to be in a clinically latent
state, but this does not exclude low-level expression
of a restricted set of viral genes at the molecular level. There is evidence that this presumed viral latency can be maintained in a number of different organ systems in humans.
The best-known site of BKV latency in humans is
the urogenital tract, and viral sequences can be detected in up to 50% of human kidneys.71 A comparable rate of infection is found in the urinary bladder and prostate tissues procured from asymptomatic
individuals. Viral DNA has also been demonstrated in 70% of cervical or vulvar tissues and 95% of
sperm samples.50,54,72,73
Peripheral blood mononuclear cells are a second
important potential site of BKV latency. In healthy
individuals, rates of detection vary from 0% to
94%.54 This wide variability in incidence in different studies is, in part, due to the extremely low visagepub.com
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ral load present in healthy subjects. Successful detection requires sensitive assays, typically a nested
PCR, with great care taken to avoid contamination.
Other potential variables include the presence of
plasma inhibitors, the transient nature of infection,
the short life span of infected mononuclear cells,
and differences in susceptibility of different
mononuclear fractions. Limited low-level BKV infection has been shown in both T cells and B cells
maintained in culture. In one study, monocytes
showed viral attachment and penetration but no viral replication, unless the cells were treated with an74
timacrophage antiserum. BKV mRNA has been
detected in circulating mononuclear cells of healthy
donors using RT-PCR and in situ hybridization.24,75
Mucosa-associated lymphoid tissue is a potential
site of latency because genome-length BKV DNA
has been demonstrated in 5 of 12 tonsils obtained
from children with recurrent respiratory infections.65 Likewise, detection of virus in throat washings has been interpreted as evidence for the virus
being present in the Waldeyer’s ring.47
Other sites of viral latency have also been proposed. Thus, BKV DNA has been amplified from
the brain tissue of individuals without neurologic
disease,76 normal bone, and bone tumors.77 BKV
has also been cloned from liver tissue.78
Mechanisms of Viral Reactivation
Activation of virus lying latent in human tissues
has been reported in a number of circumstances:
1. Sporadic activation seems to occur in some
subjects for no recognizable reason. One can
assume that this is due to subtle changes in
the hormonal milieu or functional state of
the immune system (vide infra).
2. Hormonal as well as immunologic changes
may be related to viral activation occurring in
old age, pregnancy, and diabetes mellitus.
The incidence of BKV antibodies in pregnant women has varied from 3% to
43,55,57
Urinary decoy cells typically ap7.5%.
pear in the second and third trimesters and
sometimes persist in the postpartum period.
3. Excessive immunosuppression is clearly important. Compared to healthy subjects, there
is an increased incidence of viruria in HIV-
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infected individuals, ranging from 20% to
44% in most studies. The level of BKV, but
not JCV viruria, seems to show an inverse
correlation with the circulating T cell
count.54 Viruria is detected in 22% to 100%
of patients following bone marrow transplantation, 10% to 60% of kidney transplant recipients, and 50% of heart transplant recipients.54 The duration of viruria is variable, and
cases with intermittent as well as persistent
viral excretion are described. A small proportion of viruric patients goes on to develop
BKV nephropathy in the setting of AIDS,
congenital immunodeficiency, and solid organ as well as bone marrow transplantation.
In some kidney transplant recipients, the occurrence of BKVAN is preceded by biopsies
showing histologic evidence of tacrolimus
toxicity, again pointing to the role of excessive immunosuppression.
4. There is experimental evidence that tissue injury can in itself precipitate polyomavirus
replication.79 The clinical counterpart of this
observation may be the reactivation of BKV
infection in patients who suffer from recurrent acute rejection, although augmented immunosuppression could also be an important
contributory factor in these cases.
5. JCV infections occurring concurrently with
BKV infection are well documented. We
have been able to amplify JCV DNA from allograft renal biopsies only in the setting of
BKVAN, raising the possibility that JCV and
BKV replication are interlinked.80 This issue
could be further addressed by measuring
comparative tissue BKV loads in patients
with and without JCV coinfection. Another
approach would be to study potential molecular-level interactions between JCV and
BKV using cell lines, such as fetal glial cells,
which are susceptible to both viruses. The
clinical implications, if any, of these biologic
interactions also need to be defined by future
studies.
6. Cytomegalovirus (CMV) infections are
widely prevalent in kidney transplant recipients, and patients showing simultaneous evidence of BKV infection are recorded.13 TubuS24
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lar epithelial cells are a common target for
both viruses, and we have recently seen a case
with both CMV and polyomavirus viral inclusions in the same biopsy sample. BKV T
antigen can induce CMV immediate early
and early gene expression in culture.54,81 However, culture systems infected with both viruses do not show activation of BKV infection.82
In patients with acquired immunodeficiency
syndrome (AIDS), there is no correlation between CMV viruria and polyo- mavirus
viruria.83 Acyclovir treatment has been shown
to reduce CMV activation in bone marrow
transplant patients but does not affect the incidence of BKV-associated cystitis. In vivo
interactions between CMV and BKV at the
clinical level have not yet been investigated in
solid organ transplant recipients.
7. It has been proposed that polyomavirus JCV
reactivation can be triggered by infection
with herpes virus 6 (HHV6). HHV6 and
JCV have both been colocalized to oligodendroglial cells in brain tissue with progressive
multifocal encephalopathy.84 The relevance
of this observation to BKV infection is unclear, but it should be noted that both BKV
and HHV6 can infect renal parenchyma.
8. Human immunodeficiency virus encoded
HIV-1 Tat protein can transactivate polyomavirus JCV by induction of the JCV promoter.85,86 A similar effect on the BKV promoter could potentially explain the
observation of an increased incidence of
BKV DNA in lesions with AIDS-associated
Kaposi’s sarcoma.50 It is of interest that
BKV/Tat-transgenic mice develop Kaposi’s
sarcoma-like lesions.87
Immune Response to BKV
Immunologic studies pertaining specifically to
human BKV infection are limited. However, some
generalizations can be made based on work done in
experimental models of polyomavirus-induced carcinogenesis and investigations that have sought to
define the immune response to SV40 infection in
rhesus monkeys.88
Acute infection with BKV is self-limited. Presumably, resolution of the acute infection eliminates in-
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fected cells expressing antigens toward which the
immune response is primarily directed. On the other hand, cells that retain latent or relatively inactive
virus must be somehow capable of escaping the
host immune response. The mechanism by which
viral latency is maintained is not understood. The
immune system is presumably involved because the
severity of BKV viruria correlates well with the de83,89,90
It is generally
gree of immunosuppression.
held that constant surveillance by virus-specific T
cells is the key factor preventing viral reactivation.
CD4+ T cell responses to BKV have been demonstrated in healthy volunteers using lymphocyte proliferation assays.91 Antibody-mediated immune
mechanisms are not considered important in mediating latency because viral-neutralizing antibodies
are typically present at the time viral reactivation is
demonstrated clinically.
No work has been done on immune responses to
specific viral antigens in the context of BKVAN.
Major histocompatibility (MHC) class II antigens
are demonstrable in tissues with BKVAN when significant interstitial inflammation and tubulitis are
present.92 MHC class I antigens, although not
specifically investigated in the preceding study, are
widely expressed in allograft kidneys.93,94 Hence,
classical MHC-restricted mechanisms of T
cell–mediated immunity are presumably operating
in patients with BKV nephropathy. This notion is
supported by a recent report describing polyomavirus JC-specific T cytotoxic cells in the circulation of long-term survivors of progressive multifocal leukoencephalopathy.95
BKV is unique among primate polyomaviruses
with regard to the marked antigenic variability that
it shows in the viral capsid protein VP1 region.
This variability has been used to classify BKV into
well-defined antigenic subtypes.96 Sequencing of
the VP1 region in biopsies of patients with BKV
nephropathy has suggested that the viral genome is
unstable, and changes in nucleotide sequence occur
as patients are followed over time.97 Thus, in 1 of
our patients with serial biopsies available for evaluation, type I virus was detected initially but was replaced by type IV virus in subsequent specimens. It
is conceivable that a constantly changing genome
might represent a strategy adopted by the virus to
evade host immunity.
sagepub.com
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Conclusion
Our knowledge of the epidemiology, biology, and
immunology of BKV has come a long way since the
initial discovery of the virus in 1970. However,
most of the work in the literature has focused on
healthy individuals, patients with human immunodeficiency virus infection, and recipients of kidney
or bone marrow transplants. It will be of great clinical interest to determine the prevalence of BKV infection in liver, pancreas, lung, and heart transplant
recipients. When these individuals develop renal
dysfunction, it is customary to blame it on calcineurin inhibitor toxicity, without any further investigation for polyomavirus viruria. Another area
in critical need of additional investigation is delineation of the human immune response to specific
viral antigens. As our knowledge of anti-BKV immunity becomes more refined, it might become
possible to treat BKV nephropathy with immunotherapy using appropriately targeted virusspecific T cells. The feasibility of controlling polyomavirus infection by immune manipulation has
been shown by the successful use of a virus-inactivated vaccine in birds.98
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