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BK virus (BKV) is a polyomavirus with high seroprevalence in the general population with an unremarkable clinical
presentation in healthy people, but a potential for causing serious complications in immunosuppressed transplanted
patients. Reactivation or primary infection in kidney allograft recipients may lead to allograft dysfunction and subsequent
loss. Currently, there is no widely accepted specific treatment for BKV infection and reduction of immunosuppressive
therapy is the mainstay therapy. Given this and the sequential appearance of viruria-viremia-nephropathy, screening and
early detection are of utmost importance.
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| 1. Introduction

BK virus (BKV) is a small double-stranded DNA virus belonging to the Polyomaviridae family. Its genotype consists of a
non-coding region, an early coding region (transcribing T antigen), a late coding region (transcribing three viral capsid
proteins), and a fourth region which encodes the agnoprotein. The capsid consists of three proteins, VP-1 (the major
structural protein), VP-2 and VP-3. BKV was first detected in a renal allograft recipient in 19712, The virus consists of
four serotypes marked I, II, Il and 1V, with serotype | being most prevalent&l. It is estimated that seroprevalence of BKYV is
around 80% to 90%4!. Primary infection (primoinfection) most probably occurs in early childhood via the fecal-oral or
respiratory routes and afterwards the virus forms a persistent latent infection of the urothelial (transitional epithelium) and
renal tubular cells B8, Not much is known on the clinical manifestations of primary BKV infection in non-
immunocompromised persons, but it has been shown that seroprevalence in children is around 91% and is reached at 5
to 9 years of age and that it is most likely asymptomatic or presents as an influenza-like illnessZ8. In the general
population, the latent infection normally does not produce any symptoms and reactivation does not occur. However, in the
immunocompromised patient BKV infection has a very different course. It has been reported that in the vast majority of
renal transplant patients BKV infection follows a clear sequential course of viruria-viremia-nephropathy-allograft loss with
viruria present in 30% to 40% and viremia in 10% to 20% of such patients!¥. A study examining donor—recipient BKV
genotypes showed a donor origin in viremic kidney allograft recipientsi. BKV is closely related to two other
polyomaviruses, Simian virus 40 (SV40) and JC virus (JCV). In fact, BKV shares 72% of the entire DNA sequence with
JCV and 69% with SV40 of JCV is around 50-70% and its primoinfection is asymptomatic, but it can cause serious and
frequently fatal infections in immunodeficient and immunosuppressed individuals. In patients with (mostly severe)
immunodeficiency, it leads to progressive multifocal leukoencephalopathy (PML), a disease with a frequently dire
prognosis characterized by motor deficits, altered consciousness, gait ataxia, and visual disturbances. In renal allograft
recipients it can sometimes cause JCV-associated nephropathy (JCVAN), a rare disease which can sometimes lead to
allograft loss. SV40 has a seroprevalence of 90% in children and 60% in adults and there is controversial evidence that it
might lead to carcinogenesis in humans. However, this link remains to be confirmed. Antibodies to this virus are mostly
used as surrogate markers for BKV-associated nephropathy (BKVAN) and JCVANEI,

| 2. An Overview of BKV Infection and BKVAN in Kidney Transplantation
2.1. Risk Factors, Screening and Treatment of BKV Infection and BKVAN

While a great number of studies examined risk factors for BKV infection, the only meta-analysis published which
systematically studied risk factors identified 8 risk factors associated with increased risk for BK viremia (maintenance
therapy regimen including tacrolimus, allograft from a deceased donor, recipient of male sex, history of previous
transplant, age at transplantation, ureteral stent use, delayed graft function and acute rejection episodes) and two
associated with increased risk for BKVAN (maintenance therapy regimen including tacrolimus and acute rejection
episodes)LU. Another meta-analysis specifically examined the risk of therapeutic regimens including mammalian target of
rapamycin (MTOR) inhibitors vs. calcineurin inhibitors (CNI) did not find any association of drug regimen with risk of BKV



infection22, When examining data from individual studies, risk factors for BKVAN can be divided into recipient-, donor-
and allograft specific and include: male sex, older age of donor and recipient, cold ischemia time, delayed graft function,
episodes of rejection, ureteral stent, use of anti-thymocyte globulin in induction, use of tacrolimus in maintenance therapy,
ABO blood group system incompatibility, ischemia/reperfusion injury and recipient or donor seropositivity. Conversely,
mTOR inhibitor use has been shown to be a protective factor&[23114][15](16]

The current BKVAN therapy protocol consists mainly of immunosuppressive therapy reduction®3 [21]. Moreover, an
important point is distinguishing BKVAN from allograft rejection, since the two may present similarly, but are treated in
completely opposite ways, i.e., treatment of misdiagnosed rejection in the presence of BKVAN might lead to allograft
lossiH18l  Fyrthermore, histological surveillance of BKVAN is also problematic from a clinical point of view, which has
been thoroughly studied. Menter et al. explored the histopathology of resolving BKVAN which found that this stage is
morphologically indistinguishable from interstitial rejection®¥. For an accurate diagnosis it is imperative to obtain
adequate and deep samples as BKV has a tropism for renal medulla2d. Aside from reduction of immunosuppression,
which is the only viable treatment strategy, other therapies have been tested and occasionally used. Intravenous
immunoglobulins have been shown to be useful in patients who do not respond to the initial reduction of
immunosuppression2Y and might lead to additional BKV clearancel2Z. A recent study possibly partially elucidated the
mechanism behind this, demonstrating that intravenous immunoglobulin administration increases the titer of neutralizing
antibodies specific for BKV[2Z. On this basis, a very recent proof-of-concept study has stated that intravenous
immunoglobulins might be useful in clinical practice and potentially reduce the risk of allograft loss22. Some studies
showed good results using leflunomide, a prodrug to an antimetabolite A77 1726, usually by replacing mycophenolate
mofetil, however, other studies demonstrated conflicting results and their use is controversial 2324[25] Cidofovir is an
antiviral agent, used also for BKV infection,28, but its usage is limited due to low efficacy and potential nephrotoxicity[2Z,
While initial studies showed an effect of quinolone antibiotics28l29] this was disproven in further, better-designed
randomized controlled studies4[E, immunosuppression with everolimus after switching from CNIs were shown to be
promising in one retrospective study32. Given the limited options of therapy and the established viruria-viremia-
nephropathy sequential course, screening aimed at early detection of BK viruria and viremia is of paramount importance.
It has been shown that screening for BKV DNAemia enables identification of at least 90% of patients at risk before
significant repercussions for the allograft. However, quantitative nucleic acid testing (NAT) is still underutilized23lE4 |t has
been demonstrated that most cases of BKVAN occur in the first 6 months or 1-year post-transplant and recent research
showed that only around 20% to 30% of BKV DNAemia events occur later than 6 months post-transplant, which strongly
points to the need for strict early surveillancel2IBEI37  Several screening and intervention strategies have been
developed, based on testing frequency and detection method. Kidney Disease Improving Global Outcomes (KDIGO)
guidelines for kidney transplant recipients suggest screening all recipients of BKV using quantitative plasma NAT at least
monthly for the first 3 to 6 months after transplantation, then every 3 months until the end of the first post-transplant year,
and subsequently whenever there is an unexplained rise in serum creatinine and after treatment for acute rejection(28l.
American Society of Transplantation (AST) guidelines recommend gquantitative NAT as the main testing method to be
performed monthly up to month 9 post-transplant followed by testing every 3 months up to 2 years post-transplant or at
the time of surveillance and indication of an allograft biopsy. Stepwise reduction of immunosuppressive medications is
recommended when BKV plasma NAT is persistently (for 3 weeks and longer) greater than 1000 copies per milliliter (mL)
(39 complementary to quantitative polymerase chain reaction (qQPCR) DNA testing, several institutions also use other
methods, such as urine cytology (decoy cells) and virus RNARE. Nankivell et al. found that, although decoy cells detection
have a high specificity and negative predictive value for BKVAN, quantitative viremia determination by gPCR was superior
having high sensitivity, specificity and negative predictive value®d. However, urine cytology, especially quantification of
decoy cells, might be a useful additional tool in experienced centers especially in situations when kidney biopsy cannot be
performed. Given a recent study on the need for deep sampling during kidney biopsy for obtaining an adequate tissue
sample, urine cytology might be useful in cases where no or scarce medulla was obtained . Looking for an integrated
method of surveillance, a review by Comoli et al. summarized the current knowledge on BKV-specific cellular immunity,
found that it is associated with viral clearance and that prospective monitoring for viremia coupled with specific immunity
and B-cell alloimmune surveillance might lead to prevention and better outcomes in BKVANEL,

2.2. Prognosis of BKV Infection and BKVAN

One of the first important studies focused on outcomes in patients with BKVAN found that in a cohort of 1001 renal and
renal/pancreas allograft recipients, 41 patients developed BKVAN with median of 318 days to diagnosis and that allograft
survival at 6 months, 1, 3, and 5 years was 97%, 90%, 58%, and 47%, respectively, compared to a contemporaneous
cohort of patients without BKVAN which had significantly better 6 months, 1, 3 and 5 year allograft survival (94%, 92%,
83%, and 76%, respectively). Allograft loss occurred in 46% of subjects and BKVAN diagnosis was preceded with a steep
fall in estimated glomerular filtration rate (eGFR)¥Z. A small Chinese prospective study found that 5.6% of patients



developed BKVAN in the first year post-transplant and that a reduction in immunosuppression led to resolution in all
patients#d. In a study of 213 kidney transplant recipients, high BK viremia (defined as (210 copies/mL) occurred in
17.4% and low viremia occurred in 49.3% of patients, while BKVAN occurred in 4.2% of patientsi?4 . In another
retrospective long-term study (mean follow up of over 7.7 years), the incidence of BKVAN was 4.0% and 60.0% of
patients with BKVAN and acute rejection progressed to allograft loss42. In patients sequentially monitored for BK viruria
and viremia in which the CNI dose was reduced first when sustained BK viremia occurred (>1000 copies/mL) at median
follow up of 5 years, 11% of patients developed rejection®2l. A report that included 609 patients of which 130 developed
BK viremia during the first post-transplant year and who were then classified as transient low viremia, transient high
viremia, persistent low viremia, and persistent high viremia (based on BK viral load cut-off of 10,000 copies/mL and
infection duration cut-off of 3 months) demonstrated that low viremia (either transient or persistent) did not affect long-term
outcomes. Contrary to this, persistent high viremia was associated with higher risk for BKVAN and subsequent allograft
dysfunction and transient high viremia was associated with worse long-term allograft function&. An analysis of outcomes
of Chinese renal allograft recipients treated for BKVAN showed that after a mean follow up of 14.4 months, BK viruria
disappeared in 19.5% and BK viremia in 90.2%. One-year graft survival was excellent, while 5-year graft survival was
85.7%41. In a study of 1904 renal allograft recipients of which 17.3% had BK viremia and 3.6% had BKVAN, high serum
creatinine, early BKVAN (defined as occurring within 6 months post-transplant) and microvascular inflammation were
independently associated with higher risk of allograft loss[48,

Re-transplantation after allograft loss due to BKVAN is considered safe after complete resolution of viremia and is
frequently performed, especially considering that most BKV infection is donor-derived. A very recent study showed that
there were no differences in death-censored graft survival, acute rejection episodes and patient survival between patients
who underwent re-transplantation after first allograft loss due to BKVAN versus other causes 2,
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