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Abstract: Since its discovery in 1971, BK Polyomavirus infection has been increasingly
recognized, especially since the introduction of more effective immunosuppressive medica-
tions in the early 1990s. BK virus is believed to have a high seroprevalence in healthy
individuals, entering a latent phase in the genitourinary that follows the primary infection.
Reactivation may occur in immunocompromised hosts, with significant effects seen espe-
cially in kidney and hematopoietic stem cell transplant recipients. Screening methods have
been developed and are implemented as early detection may allow for the prevention of
irreversible tissue damage. Reduction of immunosuppression remains the cornerstone of
therapy for BKV infection, and adjunctive therapies have shown variable results. Newer
cellular-based therapeutics might provide a more targeted treatment for BKV infection but
are still in need of more randomized human studies.
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Introduction

Human polyomavirus was first reported in 1971 in a kidney transplant patient who
developed graft dysfunction with ureteral obstruction 5 months following living-
related kidney transplantation. It was named BK virus (BKV), after the initials of
that first patient in whom it was described.! BKV is thought to lay dormant in the
urinary system of 80-90% of the general population, with no disease manifestations
in immunocompetent individuals. Despite the initial discovery of BKV in 1971, it
was not until the early 1990s with the introduction of more potent immunosuppres-
sion and widespread use of antibody induction agents that BKV infections have
become increasingly recognized and found to be associated with graft dysfunction
or failure in kidney transplant recipients and hemorrhagic cystitis in bone marrow
transplant recipients. In this review, we will discuss the natural history and clinical
features of BK polyomavirus infection in transplant recipients, the current under-
standing about the risk factors and pathogenesis, as well as the approach to
treatment focusing mainly on management in kidney transplant recipients.

Virology

BK Polyomavirus is one of the more than 10 human polyomaviruses within the
Polyomaviridae family.” It is a non-enveloped DNA virus that has a diameter of 40—
45 nanometers. The double-stranded DNA genome is composed of 5153 base pairs that
are wound around histones of host cell origin. The DNA genome is functionally
divided into 3 regions. The noncoding control region (NCCR) regulates the expression
of the viral early and late genes in concert with the differentiation and activation of the
host cell. The early viral gene region (EVGR) encodes the regulatory nonstructural
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proteins called small T and large T antigen, which help
shifting the host cell into S phase to use the cell’s DNA
polymerase for viral replication. The late viral gene region
(LVGR) encodes the capsid proteins VP-1, VP-2, and VP-3.
These are assembled in the nucleus. This region also encodes
a small cytoplasmic protein called agnoprotein, which has
multiple regulatory roles.?

Epidemiology

BKYV is noted to have a high seroprevalence in healthy
human individuals, with rates up to 91% in ages 5-9 years.*
In 400 healthy blood donors, the seroprevalence decreased
from 87% in the younger age group (20-29 years) to 71% in
the oldest age group (50-59 years). Urinary shedding of
BKYV was detected in 7% of those healthy donors while
BKYV DNA was not detected in the blood of these patients.’
Another study of 51 healthy adults showed urinary viral
shedding in about 16% of the individuals. Twenty-eight of
these individuals were followed for 180 days and the urinary
shedding was found to be occasional in the majority (one
positive sample out of the six samples that were obtained).
Another study of 1501 healthy blood donors found that BKV
seroprevalence was 82%.’

There appears to be a natural progression of viral
replication and detection in kidney transplant recipients.
Manifestations of BKV infection occur in a step-wise
manner. BKV is initially detected in the urine at a median
of 16 weeks. This precedes detection in the plasma which
occurs at a median of 23 weeks. This eventually results in
BKV nephropathy that occurs at a median of 28 weeks.®
Urinary shedding of the virus was found to be very sensi-
tive but had a low positive predictive value for BKV
nephropathy. In one study, urinary shedding was strongly
associated with the development of viremia, nephropathy,
and graft loss. Kidney transplant patients who were found
to have urinary decoy cells (N=103) underwent urinary
PCR testing that revealed BKV shedding in 58 (56.3%)
patients. BKV viremia was detected in 93%, and BKV
nephropathy was evident on histopathological examination
in 48% of these patients. BKV viremia of more than
10,000 copies was significantly associated with biopsy-
proven BKV nephropathy (P<0.0001).°

BKYV has four major subtypes, based on variations in
VP-1 major capsid protein with variable geographical dis-
tributions that might suggest the migration patterns of
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human populations.”™ The most frequent subtype is BKV

subtype L'

There has been no animal reservoir identified that con-
tributes to the transmission of BK'V. The possible modes of
transmission are through contact with mucosal surfaces in
the oropharynx, the respiratory tract, and the gastrointest-
inal tract. The fecal—oral transmission is supported by the
finding of polyomaviruses in stool and urban sewage
samples.'>'® BKV has also been detected in tonsillar
tissue, which supports the possibility of respiratory trans-
mission of the virus.'” BKV then reaches the urinary tract
that serves as the main site for latent infection.'®

Pathogenesis and risk factors

BK virus expresses the small and large T antigen after infect-
ing the host cell. Active viral replication follows. The large T
antigen colocalizes in the nucleus which increases in size and
capsid assembly leads to the generation of intranuclear inclu-
sions. The infected cells subsequently increase in size and
detach from the basement membrane. Tubular cell lysis
eventually occurs, leading to the release of the infectious
progeny.® The primary viral infection and reactivation in
immunocompetent individuals are controlled by the effect
of cytotoxic T cell responses that target the replicating
infected host cells. In immunosuppressed individuals, the
unchecked replication of the virus will lead to progression
of local tissue damage and subsequent spread to the
bloodstream.

Multiple studies have investigated the risk factors for
developing BKV infections in kidney transplant recipients.
These risk factors can be divided into donor, recipient, and
transplant-related risk factors. Thangaraju et al evaluated
21,575 mate kidney pairs for the presence of a treatment
code for BKV infection. Among the 1975 pairs that were
discordant (one of the recipients had a treatment code and
the other recipient did not), they found several factors that
were associated with a higher odds of treatment. These
factors included age younger than 18 or older than 60
years, male sex, HLA mismatch at 4 loci or more, acute
rejection, and use of depleting antibody induction. Factors
that were associated with a lower odds of treatment for
BKYV infection included diabetes and use of sirolimus.
These authors also found a higher than expected rate of
concordant treatment, suggesting a role for donor factors
in the pathogenesis of BKV."?

Schold et al evaluated SRTR data to investigate the
incidence of and risk factors for BKV infection in kidney
transplant recipients. Significant independent risk factors
included younger age, donors over the age of 65, recipients
without diabetes as the primary diagnosis, male recipients,
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female donors, five- and six- HLA mismatched transplants,
thymoglobulin induction, and tacrolimus maintenance at
baseline.””

Human leukocyte antigens modulate immunity to BKV
and successful immunity requires sharing of antigens
between the anti-viral effector cell and the virus-infected
target cell. Masutani et al evaluated 998 kidney transplant
recipients and showed a lower risk of BK viremia in
patients who received transplants from donors with match-
ing HLA-A2, HLA-B44, and HLA-DR15.?!

Studies by Sharif et al and Bentall et al showed a higher
incidence of BKVAN in ABO-incompatible kidney trans-
plant recipients. This might be related to the higher level of
immunosuppression that these patients receive versus other
immunologic factors associated with an ABO-incompatible
transplant.?**?

Variation in cellular responses to BK virus is believed
to play a role in the resolution of viral replication. Patients
with BK viremia were found to have lower CD4, higher
total CD8 proportions on pre-transplant samples, when
compared to patients who did not develop BK viremia.>*
Patients with more polyfunctional CD8+ T cells expres-
sing multiple cytokines were more likely to clear BK
infections within 3 months.*’

Bohl et al studied urine samples from 20 recipient pairs
of a deceased kidney transplant. Each of these pairs
received 2 kidneys from the same deceased donor.
Sixteen out of the 20 pairs were concordant for the pre-
sence of BKV viruria. Ten of the 16 recipient pairs did not
have BKV infection, and 6 recipient pairs had BKV infec-
tion. Sequencing of the BKV NCCR and VPI regions
showed identical sequences in each pair of the 6 recipient
pairs. This supported the theory of donor origin of BKV
infection in kidney transplant recipients.*®

Schmitt et al evaluated urine samples from living kidney
donor and recipient pairs for the presence of BKV. In 20 out
of the 249 donor/recipient pairs that were evaluated, post-
transplant sequencing was successful in the donor and both
recipients. The typing region sequences were found to be
completely identical between the donor and both recipients
in each of these 20 pairs. Pre-transplant sequencing was not
available for all the pairs, making it difficult to exclude
presence of identical BKV strains in the donor and the
recipients resulting from intra-family transmission.”’

Schwarz et al evaluated blood and urine samples from
214 living kidney donor—recipient pairs for the presence of
BKYV using quantitative PCR. They compared the BKV sub-
types of the donor and recipients before transplant with the

BKYV subtype of the infected recipient after transplantation.
The subtype comparisons suggested donor-derived infection
in 24 of the 28 pairs studied.”® A more recent study by
Waunderink et al evaluated 386 living kidney donor-recipient
pairs for BKV serotypes before and after transplantation.
Donor serotype was significantly correlated with the replicat-
ing genotype in the viremic recipient.”

Clinical features

Primary infection in immunocompetent individuals is
thought to include nonspecific symptoms such as influ-
enza-like upper respiratory symptoms, acute cystitis, with
or without hematuria.’® Following the primary infection,
the virus then enters a latent phase, usually in the urogen-
ital system. Reactivation of the virus can occur with
increasing age, pregnancy, diabetes mellitus, immunosup-
pressed states associated with congenital immunodefi-
ciency, organ transplantation, or HIV infection.

BKYV infection in kidney transplant recipients can man-
ifest with ureteral stenosis in 3% of the patients who present
with symptoms and signs of urinary tract obstruction and
this usually occurs about 2—4 months post-transplant.*'?
BKYV more commonly causes a tubulointerstitial nephritis
that frequently manifests as an asymptomatic rise in serum
creatinine on routine testing.

The prevalence of BK virus infections in non-kidney
solid organ transplant recipients has not been very well
established. Reports of incidence of BK viremia in liver
transplant recipients ranged between 3% and 18% in dif-
ferent studies. Splendiani et al prospectively studied 37
liver transplant recipients and found BK viruria in 5
(13.5%) patients and BK viremia in 1 (2.7%) patient.
Muiioz et al prospectively studied 64 liver transplant reci-
pients with samples obtained at a median of 559 days post-
transplant and detected BK viruria in 7.8%. None of the
patients had BK viremia.** The same study followed 43
heart transplant recipients and detected BK viruria and BK
viremia in 11 (25.6%) and 3 (7%) patients, respectively.
Razonable et al performed a longitudinal surveillance
study of 121 liver transplant recipients and found BK
viremia in 5 (4.1%) patients.*®> The same study followed
45 heart transplant recipients and detected BK viremia in 3
(6.7%) patients. All these occurred following treatment for
acute rejection, and they did not show evidence of kidney
dysfunction within a year of detection. Loeches et al
reported the incidence of BKV infection in 62 liver trans-
plant recipients with samples obtained at 1 week, 4 weeks,
and quarterly thereafter till 2 years post-transplant. BK
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viremia was detected in 11 patients (18%). Almost all
cases of viremia were detected in the first 3 months after
liver transplantation. BKV infection was more common in
patients who developed rejection episodes and was asso-
ciated with renal dysfunction.*®

In patients with bone marrow transplants, BK viruria
occurs in about 50% of the patients within the first few
months, and this has been associated with hematuria, uret-
eral stenosis, and interstitial nephritis. The most common
clinical symptom/manifestation, however, is hemorrhagic
cystitis, which occurs in 10-25% of these patients.*”

Screening and diagnosis

BKYV infection progresses in a step-wise manner. The virus
initially replicates and can be detected in the urinary space,
followed by viremia, and finally, can be found in the kidney.
The detection in urine is thought to precede viremia by
several weeks. Patients are usually asymptomatic until
there is allograft dysfunction that becomes evident in rou-
tine biochemical testing. This provides a window of oppor-
tunity for early detection and intervention before there is
structural damage that might be otherwise irreversible.

The KDIGO 2009 guidelines suggest screening for
BKYV with quantitative nucleic acid testing at least monthly
for the first 3—6 months followed by every 3 months until
the end of the first year post-transplant, whenever there is an
unexplained rise in serum creatinine, and after treatment for
acute rejection.”® Our transplant center has implemented a
standardized protocol for screening of BKV infection that
uses nucleic acid amplification testing every month for the
first 6 months post-transplant and then every 2 months until
24 months post-transplant (Figure 1).

BKYV infection can be detected using several methods.
The virus-infected urinary epithelial cells have enlarged
nuclei with large intranuclear inclusions and can be
detected by cytological examination. These are called
decoy cells. Positive cytology is suggestive of BKV
nephropathy. Quantitative polymerase chain reaction
(PCR) testing of BK viral replication in urine or plasma
is more sensitive and can provide presumptive diagnosis of
BKV nephropathy especially if associated with kidney
allograft dysfunction. Detection of viral replication in
urine can be detected in 20-60% of the kidney transplant
recipients and precedes BK viremia by about 4 weeks.*
There are currently no established international lab stan-
dards for BK viral load assessment; hence, there is marked
variability in results among different laboratories. There
are, however, efforts to establish quantitative BKV DNA

load cutoffs for clinical practice by introducing a common
calibrator that would enable comparisons of biological
measurements between different laboratories worldwide.*’

A definite diagnosis of BKV nephropathy can be estab-
lished by histological examination of a kidney allograft
biopsy. The characteristic features include intranuclear baso-
philic viral inclusions, interstitial mononuclear/polymorpho-
nuclear cell infiltrates, tubular injury, and tubulitis.*'** A
recent working group suggested a morphologic classification
scheme for BKV nephropathy into 3 classes (I-11) based on
the intrarenal polyomavirus load and Banff interstitial fibro-
sis ci score. These were found to be the most significant two
independent histologic variables that were associated with
clinical presentation. The different classes correlated with
presentation at the time of biopsy, serum creatinine levels
over 2 years of follow-up, and allograft failure.**

More non-invasive methods to assess for BK virus
nephropathy have recently been investigated. A study by
Brennan et al correlated kidney transplant biopsies of
patients with BK viremia with the level of donor-derived
cell-free DNA in their blood. They found that lower levels
of dd-cfDNA may suggest that BK viremia is not asso-
ciated with nephropathy. Higher dd-cfDNA levels were
noted in the subset of patients who had concomitant
biopsy features that met Banff criteria for T cell-mediated
rejection.*® This test will require further clinical validation
to establish its usefulness.

Treatment

No completed randomized trials exist to this date that
evaluate therapies for BKV infections. A systematic
review by Johnston et al in 2010 reviewed studies of
adult kidney transplant recipients with BKV infections
comparing reduction of immunosuppression alone or in
combination with cidofovir, leflunomide, or both. The
authors concluded that more adequately randomized trials
are needed to provide evidence for this question.*’ Some
of the adjunctive therapies reported to be used for BKV
infection are listed with their proposed mechanism of
action in Table 1.

Reduction of immunosuppression therapy
Saad et al performed a single-center analysis of 24 patients
who developed BK viremia. Sixteen (66%) of those
patients had evidence of BKVAN. With mean reductions
in mycophenolate and tacrolimus of 44% and 41%, respec-
tively, clearance of BK viremia was over a mean period of
5.8 months (range, 1-9.5 months). At a mean follow-up
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Screen with BK Virus blood PCR:

1. Monthly from month 1 - 6 post transplant
followed by every 2 months from month 8 -
24 post transplant.

2. Every 2 months for 6 months following
rejection therapy with anti-thymocyte
globulin.

3. Once for all patients with graft dysfunction.

If concurrent Graft

Positive ) dysfunction ) ’
screening (Creatinine >20% above Il Aottty
baseline)
i BKV Nephropath
0o 01 noi\%%osgo r;i;stémL . BK blood ) :: fr?g grot\?vgos%?)z/rg‘tlé Py
occasigns Viral Load occasions, or BK
Nephropathy on biopsy
>10,000-100,000
copies/mL on two
separate occasions
\ 4 v \ 4
Repeat BKV blood PCR 25-100% reduction in Discontinuation of Discontinuation of
every 2-4 weeks until mycophenolate, and mycophenolate, and mycophenolate, 50%
negative. No or only minor 50% reduction in 50% reduction in reduction in tacrolimus,
adjustment in tacrolimus tacrolimus and consider adjunctive
immunossuppression therapies
BK PCR monitoring
every 2-4 weeks until
viral load <10,000
copies/mL
Viral load reduction
>50%?
/Yes /\No\
Consider reintroduction
of mycophenolate, Consider adjunctive
and/or increase in therapies
tacrolimus
BK PCR monitoring every

2-4 weeks for 3-12 months
after immunossuppression
increase

Figure | Screening and management protocol for BKV infection in kidney transplant recipients.
Abbreviation: PCR, polymerase chain reaction.
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Table | Adjunctive therapies for BKV infection

Agent
IVIG
Leflunomide
Cidofovir
Fluoroquinolones

mTOR inhibitors

BKV-specific T cells

Neutralizing antibodies to BK
Active metabolite inhibits viral replication via pyrimidine depletion

Selective inhibition of viral DNA synthesis

Inhibit viral replication and helicase activity of the SV40 large

Inhibition of p70S6K phosphorylation with reduced BK virus large
T antigen expression

T cell antiviral response

Mechanism

tumor antigen

Abbreviations: IVIG, intravenous immunoglobulin; mTOR, mechanistic target of rapamycin.

period of 43.5 months, all patients were alive, and 23 of
them had a functioning graft. One patient had recurrent
BKVAN during pregnancy and lost her graft. Three (13%)
patients developed acute cellular rejection and received
pulse steroid therapy.*®

Brennan et al randomized 200 adult renal transplant
recipients to either tacrolimus or cyclosporine and per-
formed interval BKV screening with urine and blood
BKYV PCR for 1 year. Of the 200 patients, 35% developed
viruria and 11.5% developed viremia. They found no inde-
pendent association between development of viruria or
viremia and any of the immunosuppressants individually.
They also found that reduction of immunosuppression alone
was associated with resolution of viremia in 95% of the
infected patients.*” In a 5-year follow-up retrospective
study of the same patient cohort, Hardinger et al found
that minimization of immunosuppression was associated
with excellent 5-year graft survival (84%), with low rejec-
tion rates (12%) noting a higher rate of rejection in the
patients receiving cyclosporine (18%) versus those receiv-
ing tacrolimus (9%) (P=0.082).**

Schaub et al followed 38 kidney transplant patients
who developed BK viremia over a median period of 34
months after detection of BK viremia. All but one of the
patients were on a tacrolimus-based regimen at the time of
diagnosis. Immunosuppression was lowered for all the
patients, initially with reduction of the tacrolimus trough
goal in two steps. If the BK viremia persisted, the anti-
metabolite dose was reduced by half. Thirty-five (92%)
patients achieved clearance of BK viremia over the follow-
up period. Three (8.2%) patients developed biopsy-proven

Banff class I rejection. These patients received treatment
for acute rejection. The authors noted that at least one
kidney allograft biopsy was performed in another 15
patients, 7 of whom showed signs of subclinical rejection
(6 with tubulitis and 1 with antibody-mediated rejection)
Four of these 7 patients received treatment for rejection.
Of the patients treated for rejection, 2 had low-level BK
viremia that cleared. The creatinine levels at the end of the
follow-up period were not significantly higher compared
to baseline levels.*’

Bischof et al followed 105 patients who developed BK
viremia (including 48 patients with presumptive and 33
patients with proven BKVAN).*° The authors established a
standard operating procedure whereby the calcineurin inhi-
bitor was reduced. The immunosuppression regimen was
adjusted such that the tacrolimus trough goal was reduced
first. If the BK viremia persisted after 4 weeks, the tacro-
limus goal trough was lowered further. If the BK viremia
persisted after 4 weeks, the antimetabolite dose was
reduced by half. The patients were followed for 6 years
post-transplant. BK viremia cleared in 101 (96%) patients
after a median of 137 days. In the patients who had
clearance of the virus, 39% required tacrolimus reduction
only, 43% required additional reduction of mycophenolic
acid in 43% of the patients. Twelve of the 101 patients
(12%) had recurrence of the BK viremia. At a median of 5
years of follow-up after clearance of the BK viremia, the
rejection incidence rate was 11%.

Sood et al prospectively followed 240 kidney trans-
plant recipients and performed serial screening for BKV
over 1 year. They performed blood and urine BKV DNA
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screening at 1, 3, 6, 12, and 24 months after transplanta-
tion. Sixty-five (27%) patients developed BK viremia.
Twenty-eight (12%) had BK viremia levels>10,000 viral
copies/mL. Twenty-three of the 28 patients underwent a
kidney allograft biopsy and 5 of these showed subclinical
BKVAN. The 28 patients were treated with concurrent
reductions in doses of both tacrolimus and mycophenolate
mofetil. The mean reductions in mycophenolate mofetil
dose and tacrolimus trough levels were 45% and 39%,
respectively (from 1 month after transplantation to 6
months after peak viremia). Four of the 28 patients devel-
oped acute cellular rejection. The mean eGFR for all
patients at 12 months after reduction of immunosuppres-
sion was not significantly different from 1 month after
transplantation.”’

Randhawa et al identified 22 patients with BKVAN on
biopsies performed for elevated creatinine levels. The
initial 12 patients received steroid therapy out of concern
for rejection as the biopsy demonstrated evidence of tubu-
litis. These patients had a high rate of graft loss (8 out of
12). The other 8 patients in this series who were managed
with reduction of immunosuppression had preserved graft
function.*!

Current practice among many transplant centers has
been to decrease or stop the antimetabolite upon detection
of BK viremia. Persistence of the viremia after 4 weeks
should prompt further discontinuation of the antimetabo-
lite or reduction of the CNI dose. The KDIGO 2009
guidelines suggest reducing immunosuppressive medica-
tions when the BK viral load in blood is persistently above
10,000 copies/mL.*® Our center implements a standardized
protocol for the management of BKV infections in kidney
transplant recipients that aims for specific reductions in
immunosuppressive medications based on the BK viral
load with follow up monitoring to assess for response
and need for adjunctive therapy (Figure 1).

IVIG

Human immunoglobulin preparations have been used in
the kidney transplant recipients who develop BK viremia.
Sener et al studied the outcome of BKVAN patients who
received IVIG therapy over a period of 1 year. Eight
patients were treated by reduction of immunosuppression
and received 2 g/kg of IVIG. Over a mean follow-up
period of 15 months, all but one of the patients were off
dialysis but with impaired graft function.’> Randhawa et al
showed that commercially available immunoglobulin

preparations contain antibodies that neutralize all major
subtypes of BKV.>?

Shah et al reported 30 patients with BKVAN who
already had their immunosuppression reduced and were
on leflunomide but had persistent BK viremia after 8
weeks of therapy. These patients were given IVIG therapy.
Twenty-seven (90%) of the patients had a positive response
in clearing the viremia. Twelve-month patient and graft
survival rates were 100% and 96.7%, respectively.>*

Sharma et al reported a case of a young boy with had
persistent BKVAN despite reduction of immunosuppres-
sion and cidofovir therapy. He was then treated with 5
doses of IVIG with follow-up biopsy showing no evidence
of BKAVN and reduction in BKV viremia from 20,800
copies/mL after the first dose of IVIG to 1000-2000
copies/mL after completion of the IVIG course.>

Kable et al conducted a retrospective study looking at
the impact of adjunct use of IVIG in 22 versus 28 mostly
historic control patients with proven BKVAN (A 6%, B
92%, C 2%) and allograft dysfunction in 46%. The
patients received reduction in immunosuppression therapy
such as switching from tacrolimus to reduced cyclosporine
in 56% of the patients, switching from mycophenolate to
leflunomide in 83% of the patients, ciprofloxacin addition
in 89% of the patients, and intravenous cidofovir in 85%
of the patients. The overall clearance of BKV from the
blood was seen in 65% of the cases. Therapy with IVIG
and switching to cyclosporine were associated with faster
clearance rates.>®

Wojciechowski et al are currently conducting a multi-
center prospective, randomized, placebo-controlled trial to
compare IVIG (Privigen, 1 mg/kg monthly for 2 doses)
with protocolized immunosuppression reduction to pla-
cebo and immunosuppression reduction in patients with
BK viremia post kidney-transplantation. The hypothesis of
this study is that IVIG could rapidly improve clearance of
BK viremia thereby decreasing the potential of formation
of alloantibodies in patients that have had immunosuppres-
sion reduction due to BK viremia. The primary outcome of
this study is resolution of BK viremia (defined as a
decreased in BK viral 1oad<1000 copies/mL) by 3 months
post enrollment. The secondary outcomes are presence of
donor-specific anti-HLA antibodies, kidney allograft sur-
vival, and acute rejection.

Leflunomide
Leflunomide is an immunomodulatory agent that inhibits pyr-
imidine synthesis, with antiproliferative and anti-inflammatory
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effects. It has been found to reduce BK viral replication in
animal and in vitro studies.

Josephson et al reported a case series of 26 patients
with biopsy-proven BK nephropathy who were switched
from mycophenolate to either leflunomide alone (17
patients) or in addition to cidofovir (9 patients). These
patients also had reductions in their tacrolimus dosing to
goal trough levels of 4-6 ng/mL. The BK viral loads
decreased in all patients who sustained target blood levels
of the active drug or had cidofovir added to the regimen.”’

Liacini et al conducted experiments on renal epithelial
cells that showed inhibition by leflunomide of the BK
virus genome replication and early gene expression.’®
Kirisl et al conducted a single-center retrospective analysis
of 76 patients with BK viremia to evaluate the effect of
leflunomide on BKV clearance and showed no lack of
association on multivariate analysis.>’

Guasch et al conducted a randomized, open-label study
comparing the effect of treatment with a leflunomide deri-
vative (FK778) (30 patients) to standard reduction of
immunosuppression (16 patients) on BKV infection.
These patients were followed for 6 months after start of
therapy. The reductions in BK viral loads seen with FK778
therapy were statistically significant (P=0.049) but these
patients had numerically higher acute rejection rates.®’

Fluoroquinolones

Fluoroquinolones were shown to have an inhibitory effect
on the BK viral DNA replication as well as the helicase
activity of the SV40 large tumor antigen.®' Gabardi et al
retrospectively evaluated kidney transplant recipients who
had at least one BK blood viral load check between 90 and
400 days post-transplant. They compared patients who
received the standard sulfamethoxazole/trimethoprim pro-
phylaxis (160 patients) with those who, due to intolerance
to SMX/TMP, received atovaquone in addition to 1 month
of either ciprofloxacin (250 mg daily) or levofloxacin (250
mg daily) (25 patients). They showed a higher rate of BK
viremia at 1 year in the patients who received SMX/TMP
compared to the patients who received fluoroquinolones
(22.5% vs 4%, respectively; P=0.03). They also performed
a subgroup analysis of the group of patients who received
SMX/TMP. Out of the 160 patients who received SMX/
TMP, 40 patients received a course of fluoroquinolones for
a bacterial infection within the first 3 months post-trans-
plant. When compared with the 120 patients who did not
receive any fluoroquinolones, these 40 patients were found

to have a lower rate of BK viremia at 1 year (7.5% vs
27.5%, respectively; P=0.008).5

Wojciechowski et al retrospectively evaluated the
effect of change from no BK prophylaxis (106 patients)
to BK prophylaxis with ciprofloxacin 250 mg twice daily
for 30 days (in 130 patients) on the rate of BKV infection
in the first year following kidney transplantation. They
found that ciprofloxacin was associated with a lower rate
of BK viremia (0.161 vs 0.065, P=0.0378) and viruria
(0.303 vs 0.146, P=0.0067) at 3 months but not 12
months.*® This suggested that a longer prophylaxis course
might help prevent BKV infections.

Knoll et al conducted a multicenter, double-blind, pla-
cebo-controlled, randomized trial on 154 patients to deter-
mine the effect of a 3-month course of fluoroquinolones on
prevention of BKV. Seventy-six patients received
Levofloxacin (500 mg daily) that was started within 5
days after kidney transplantation. There was no significant
difference in the incidence of BK viruria or viremia, rejec-
tion, and patient and allograft survival between the two
groups. The lack of effect in these studies might have been
related to the short duration of prophylaxis.

Our group retrospectively evaluated the 1-year incidence
rate of BK viremia in patients who did (n=15) or did not
(n=76) receive 6 months of fluoroquinolones post-transplant.
These patients received either levofloxacin, 250 mg daily, or
ciprofloxacin, 250-500 mg daily. The incidence rate of BKV
at 1 year was 6.7% and 25% in the 6-month prophylaxis and
no prophylaxis groups, respectively. Though there was a
numerical difference, this was not statistically significant
(P=0.1171).

Lee et al conducted a multicenter, randomized, pla-
cebo-controlled trial on 39 kidney transplant patients to
evaluate the effect of a 1-month course of levofloxacin
(500 mg daily) as treatment for BK viremia. There was no
significant difference in BK viral reductions, at 3 months
of follow up (70.3% and 69.1% in the treatment and
placebo groups, respectively). There was no difference in

allograft function between the two groups as well.**

Conversion of tacrolimus to cyclosporine
Cyclosporine was found to suppress primary BKV infection
in vitro, and this effect was shown to be dose-independent
and not related to cytotoxicity. However, cyclosporine in
these experiments did not have any influence on the cells
with high-level infection (>10°copies/mL).®> Li et al con-
ducted in vitro studies and showed that cyclosporine
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inhibits BKV replication in human renal proximal tubular
cells and uroepithelial cells of the bladder.®®

Conversion to mTOR:
Wali et al reported 3 cases of BKVN who were switched from
tacrolimus and mycophenolate to sirolimus and prednisone
therapy. After a median follow-up period of 18 months, all
patients had undetectable plasma BKV DNA with improve-
ment in allograft function. They had no episodes of rejection.®”

Experiments by Liacini et al on renal epithelial cells
and human tubular epithelial cells showed that infection
with BKV led to increase in the phosphorylation of
mTOR, 70 kDa ribosomal protein S6 kinase (p70S6K),
and other protein kinase pathways. Treatment with siroli-
mus led to inhibition of the p70S6K phosphorylation with
reduced BK virus large T antigen expression.>®

Hirsch et al compared the effects of mTOR inhibitors and
calcineurin inhibitors on BKV replication in primary human
renal tubular epithelial cells. They found that treatment with
sirolimus led to rapid and effective inhibition during the early
but not late gene expression. They also showed that tacroli-
mus activated BKV replication and reversed the inhibition by
sirolimus. Both effects were shown to be through the FK
binding protein 12kda (FKBP-12).%®

Wojciechowski et al evaluated the effect of conversion
from mycophenolate to everolimus on BKV infections.
They randomized 40 patients with BKV infection to either
conversion from mycophenolate to everolimus or reduc-
tion in the mycophenolate dose by 50%. The primary
endpoint was more than 50% reduction in BKV viruria
or clearance of viremia at 3 months. Eleven (55%) in the
everolimus group and 8 (40%) in the mycophenolate group
reached the primary endpoint (P=0.53). Among patients
who had BK viremia, 8 of 16 (50%) cleared the virus in
the everolimus group, and 5 of 15 (33.3%) cleared the
virus in the MMF group at 3 months. These differences
were not statistically significant (P=0.47).%°

Mallat et al conducted a meta-analysis to compare the
incidence rate of BKV infections in patients receiving
mTOR inhibitor-based regimens compared to those receiving
calcineurin inhibitor-based regimens (12 trials). They found
no significant difference between the two groups with quality
of evidence that was judged to be moderate due to
imprecision.”

Cell-based therapies
Cellular immunotherapy has been used for BK'V infections in
hematopoietic stem cell recipients. Pello et al reported a case

of a male recipient of a haploidentical hematopoietic cell
transplant who developed BK viremia and hemorrhagic
cystitis that was resistant to standard therapy. Adoptive trans-
fer of donor cells enriched in BKV-specific T cells led to
resolution of the symptoms and clearance of the viremia.”'
Papdopoulou et al reported the use of rapidly generated
virus-specific T cells that recognize 12 immunogenic anti-
gens from five viruses (BKV, EBV, CMV, adenovirus, and
HHV-6) in hematopoietic cell transplant patients. This was
administered to 11 hematopoietic cell transplant recipients
with, 7 of whom had evidence of BKV reactivation. Five out
of the 7 patients achieved a complete response and 1 patient
achieved a partial response. Three of those 7 patients had
severe hemorrhagic cystitis that was resistant to cidofovir
and achieved marked resolution of symptoms and reductions
in viral load within 2—4 weeks of receiving the treatment.””

Conclusion and future directions

BKYV infection in transplant recipients has become an
increasingly recognized problem with the advent of more
potent immunosuppressive regimens. The infection can
cause significant deleterious effects, such as BK'V nephro-
pathy in kidney transplant recipients and hemorrhagic
cystitis in hematopoietic stem cell transplant recipients.
Multiple methods to detect the infection exist, but the
most commonly used method is the detection of viral
replication in blood with polymerase chain reaction test-
ing. Screening protocols have been implemented to detect
the infection early after transplant, providing an opportu-
nity to reduce immunosuppression, which is the current
cornerstone of therapy. There are no specific antiviral
agents that are available for the treatment of BKV infec-
tion. Multiple agents have been evaluated for the treatment
of BKV infection with mixed results in human studies.
Cell-based therapies have shown some encouraging results
in limited studies. There is a need for more multicenter
randomized clinical trials to evaluate more specific ther-
apeutic agents that can eradicate the virus effectively.
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