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In the past decade, BK virus (BKV), a human polyomavirus, has been recognized as an

increasing cause of severe kidney allograft dysfunction. This growing incidence corre- \%{CI)(IE/II%?\T]\'/ISI?—II\TO%PIT AL
lates with the use of more potent immunosuppressant medications. The prevalence of

a BKV nephropathy (BKVN) ranges from 1% to 10%." In turn, more than 50% of the = HARVARD

cases result in allograft loss.”? The diagnosis of allograft dysfunction is based on a MEDICAL SCHOOL

combination of the presence of urinary decoy cells, virus in the urine or blood, and
histological findings on kidney biopsy. The current treatment of BKVN consists of a
reduction in immunosuppressant therapy, since universally, antiviral therapy with
cidofovir or leflunomide has yielded poor results. Early diagnosis of BKV infection is
essential, and in recent years, the combination of early detection, prompt diagnosis,
and appropriate reduction in immunosuppressant therapy has been associated with
better outcomes.

Kidney transplant recipients (K'TRs) receive lifelong immunosuppressant medications,
which puts them at increased risk of infections.” BKVN is emerging as a significant infectious
complication. The terminology “BK virus” originated in 1971 from a K'TR with initials BK
who had a urethral stricture and in whose urine the virus was first detected.* During the
cyclosporine-prednisone era of the 1980s and early 1990s, there were no reported cases until
Purigalla et al’ observed their first case in 1995. Subsequently, there has been a surge of
BKVN cases in transplant centers in the United States (US) and around the world. It is still
unclear which key factors are behind this growing incidence. One potential explanation is
that the introduction of more potent immunosuppressive agents such as tacrolimus,
mycophenolate mofetil (MMF), and antilymphocyte globulins, result in overimmuno-
suppression and permissiveness for BKVN.? The growing numbers, coupled with the lack of
a definitive treatment, pose a threat to long-term graft survival.’

Virology

BKYV is a double-stranded deoxyribonucleic acid (DNA) human polyomavirus with a
5300-base pair genome that replicates in the host nucleus.® The polyoma family includes JC
virus (the well-known cause of progressive multifocal leukoencephalopathy), simian virus
SV40, and monkey polyomavirus. The BKV genome shares an overall homology of 75%
with the JC virus and 70% with SV40; it can be divided into regulatory, early, and late
regions. The regulatory section of the BKV genome is the noncoding control region
(NCCR), the early-coding region is responsible for the small and large T antigens (T-ag),
and the late-coding region is responsible for three capsid proteins, viral protein (VP1, VP2,
and VP3) and agnoprotein.” The NCCR contains the promoter/enhancer elements of early
and late genes, and initiates replication. Early genes encode the large tumor antigen (I'T-ag)
as the regulatory master protein and the supporting small T-ag.® Late gene expression is initi-
ated after viral DNA replication has started. After translation into the cytoplasm, the viral
capsids are transported to the nucleus for virion assembly supported by the agnoprotein®

Transmission and reactivation

Several serological studies suggest that primary BKV infection occurs during childhood
at a median age of 4-5 years.” Seroprevalence is at its lowest at age 6 months after the loss of
maternal antibodies, and increases to about 75% among adults worldwide (range 46%-94%)."°
After the initial infection, BKV persists in the uroepithelium. It is postulated that during
kidney transplantation, there is viremic spread from the site of entry; subsequently, the virus
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is presumed to enter the renal cortex through the renal
peritubular capillaries."

Interestingly, the exact pathogenesis of BKV infection
leading to BKVN is unclear. Hypothetical mechanisms
include the source of BKV; immunological factors such as
host humoral and cellular immunity, alloimmune activa-
tion and immunosuppression medications, kidney speci-
ficity such as ischemic injury, and viral virulence."

The nature of BKV transmission is also poorly under-
stood, but is presumed to be respiratory. There is sero-
logical evidence of primary respiratory infection, which
suggests transmission through aerosol or formites.”* Urinary
shedding argues for oral transmission by contaminated
food or water. BKV is highly resistant to environmental
inactivation; it has been detected in human sewage and
shellfish samples around the world. Other potential routes
include blood, semen, and organ transplantation."* Trans-
placental transmission of polyomavirus has been suggested
based on the detection of immunoglobulin M (IgM) in
cord blood samples, but this remains controversial."®

The most frequent primary symptoms associated with
BKYV infections are upper respiratory infection as well as
sporadic reports of acute cystitis, with or without hema-
turia.'® As the primary infection resolves, the virus enters
a latency phase in the uroepithelium.” BKV disease
caused by reactivation of the latent virus is normally not
seen in the immunocompetent host. There is an intermit-
tent low-level replication of BKV viruria occurring in 5%
of healthy individuals. BKV disease in itself is rare, which
suggests that additional factors are needed for the disease
to develop, such as changes in immune status. Reactivation
of latent viruses has been reported in old age, pregnancy,
and diabetes mellitus, as well as in immunosuppression
associated with organ transplantation or human immuno-
deficiency virus (HIV) infection.'® Such conditions can
lead to transient, asymptomatic and self-limiting viral
activation, especially in the urothelium.' In K'TRs, there
is progressive replication leading to BKVN.

Risk factors for BKV infection

There are conflicting reports regarding risk factors for
BKVN in KTRs, since it may be donor or recipient
related.”® Recipient-related risk factors include older age,
male gender, Caucasian race, diabetes mellitus, acute rejec-
tion, and total human leukocyte antigen mismatches.'
Donor-related risk factors include presence of active BKV
or cytomegalovirus, deceased-donor transplantation, and
organ cold ischemia time."’

Moreover, there is no doubt that immunosuppression
has the greatest impact. In the last 10 years, since intro-
ducing the third generation of immunosuppressant
medications (eg, tacrolimus and MMF) the prevalence of
BKVN has increased.*”° Recent trials comparing tacro-
limus versus cyclosporine demonstrated no significant
difference in development of BKVN as well as with MMF
and BKVN development.’'** Tt seems reasonable to infer
that it is the maintenance of higher doses of medications
rather than the presence of any particular agent that

increases the risk of BKVN. In addition, steroid pulses and
antilymphocyte globulins used for cellular rejection have
been noted to increase the risk of BKVN.?

Outcomes

BKYV reactivation, specifically in KTRs, can cause 3
different lesions: hemorrhagic cystitis, urethral stenosis,
and interstitial nephritis.”* Sachdeva et al®® reported that
BKVN has been diagnosed as early as 6 days and as late as
6 years post-transplant. Reactivation of BKV in KTRs can
vary up to 50% in prevalence for the first year post-trans-
plantation.'® Unfortunately, the most common clinical
feature is the lack of signs and symptoms of infection.
BKVN can vary from normal creatinine (early stages) to
markedly elevated creatinine (late stages with severe
injury). However, BKVN is often not clinically considered
until there is elevated creatinine. In recent years, routine
post-transplant protocol biopsy has also detected BKVIN
in the absence of serum creatinine elevation.!” Current
reports suggest the prevalence of BKVN ranges from 1%
to 10%." Progressive renal failure with graft loss from
BKVN ranges from 10% to >80% of the cases.'® Rare fatal
disseminated BKV infection just after deceased donor
transplantation has also been reported.?

The clinical course of KTRs with BKVN is varied,
and the reduction of viral load does not always translate
into improved graft function, owing to the irreversible
chronic allograft changes. Some suggest that those KTRs
with BKVN have better graft outcomes with earlier diag-
nosis (less interstitial and tubular damage on kidney
biopsy).***” Vasudev et al'® report that a serum creatinine
level >2.2 mg/dL at the time of diagnosis of BKVN corre-
lates with prolonged graft survival. Recently published
series suggest that histological features such as moderate
to severe fibrosis indicate poor outcomes.'

Diagnosis

Given the high prevalence of graft loss, it is imperative
to make an early and appropriate diagnosis. Currently,
there are several available modalities for laboratory moni-
toring of BKV infection (Table 1)."?

Cytology. Infected cells in the urine, known as decoy
cells, show rounded nuclei which are generally larger
than the average transitional and tubular cell. Using a
Papanicolaou-stain thin prep smear, the nuclei appear to
have viral inclusions with dense granular basophilic cyto-
plasm with no surrounding halo (Figure 1A).** Hirsch et
al?”’ reported that the positive predictive value of decoy
cells for BKVN was 25%-30%, but the negative predictive
value was greater than 99%. Thus, the presence of decoy
cells in KTRs implies BKV reactivation and not necessarily
BKVN. This is a simple, quick, and inexpensive screening
tool, but is limited with respect to predictive value.

Serology. Recently, polymerase chain reaction (PCR)
assay has been used as a more sensitive method of
detecting BKV viral load. Urine PCR has a higher
sensitivity but lower specificity than urine cytology and
therefore is not routinely used for BKVN diagnosis.”



Table 1: Diagnosis of BK virus nephropathy

Tests

Findings

Comments

Urine cytology

Presence of decoy cells

Seen in 40%-60% of transplant recipients, good
screening fest, positive predictive values ~20%

Viremia (plasma BKV DNA)

Copies >7000 per mL plasma values

Seen in 10%-20% of transplant recipients, good
screening fest, positive predictive values ~60%

Viruria (urinary BKYV DNA)

Copies 100-old higher

than plasma values

Seen in 30%-40% of transplant recipients, good
screening fest, positive predictive values ~40%

Urinary BKV mRNA
(active viral replication)

Copies diagnostic of BKYN

To be confirmed in other studies, research tool

BKV DNA in renal tissue

Detection of BKV DNA in renal
biopsy tissue

Negative predictive value 100%, positive
predictive values ~70%

BKV DNA in renal tissue

Inflammatory changes with viral cytopathic
effects, positive immunoperoxidase
reaction with SV40 stain, predominant
CD20-positive lymphocytic infiltrates

Gold standard, invasive procedure, focal lesions,
chronic state with minimal viral cytopathic effects.
Mimics acute rejection.

Serum BKV-specific antibodies

Diagnostic levels of IgM and IgG?

Seen in 80%-90% of general population

BKV-specific antibodies

and BKYV DNA IgM, 1gG, and BKYV DNA?

Diagnostic levels of BKV-specific antibodies

Research tool

T-cell immunity Diagnostic measurement?

Research tool

BKVN = BK virus nephropathy; DNA = deoxyribonucleic acid; Ig = immunoglobulin

Adapted by permission from Macmillan Publishers Ltd: Hariharan S. Kidney Int. 2006;69(4):655-662. Copyright © 2006.

Figure 1: BK virus pathology®
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A: Decoy cells in urine (PAP,x 400). B: Renal tubules w/epithelial cells
containing viral inclusions (H&E,x 160). C: Immunohistological stain shows

nuclei of the epithelial cells of the tubules (confirms BKV) (mouse monoclonal
Ab,x100). Copyright © 2000. Massachusetts Medical Society.

Ding et al’' proposed measuring messenger ribonucleic
acid for BKV capsid protein VP1 in urine with specificity
and sensitivity as high as 93.8% and 93.9%, respectively.
However, this method is not yet in routine use.

On the other hand, serum PCR analysis of BKV has
become a reliable method of predicting BKV infection
with a positive predictive value of 50% and negative
predictive value of 100% ® Hirsch et al® reported that
circulating plasma BKV DNA of >10 000 copies/mL
correlates with acute BKVN. Of note, PCR assays are
not standardized and interlaboratory variability can exceed
1 log10.

Histology:

The gold standard for BKVN diagnosis requires a
kidney biopsy and demonstration of BKV inclusions in
tubular epithelial or Bowman capsular epithelial cells.!
BKYV infection is accompanied by varying degrees of
inflammatory cell infiltrates, tubular atrophy, and fibrosis
(Figure 1B).”” BKVN progresses through 3 stages, each
with a different histological pattern:™"*
® Stage A: Viral activation, identified by positive intra-
nuclear immunohistochemical or iz situ hybridization
signals, is noted in cortical or medullary tubular cross-
sections. Interstitial inflammation is absent or minimal.
Interstitial fibrosis and tubular atrophy do not affect
>10% of the biopsy core. If diagnosed at this stage,
BKYV responds to therapy and typically results in favor-
able long-term graft survival.

® Stage B: Viral activation is seen in cortical and
medullary tubular cross-sections with conspicuous
virally induced epithelial cell lysis, denudation of tubular
basement membrane, and interstitial edema. There are
significant mononuclear inflammatory cell infiltrates,
but interstitial fibrosis and tubular atrophy are <50%.



Table 2: Treatment of BK virus nephropathy

Mode of of action

Comments

Cidofovir Antiviral Nephrotoxicity, potential benefit with reduction
in immunosuppression. Needs evaluation.
Leflunomide Antiviral Potential clinical efficacy with therapeutic trough level

(50-100 g/mlL) with reduction in immunosuppression

Fluoroquinolones Antiviral?

Seem fo inhibit BK viral replication in vitro

Intravenous immunoglobulin

Augments immunity

Efficacy unknown

Reduction, discontinuation, and/or Decreasing

(MMF, tacrolimus, cyclosporine,
sirolimus, prednisone)

change in immunosuppressive agents | immunosuppression

Safe and appears effective, risk of acute rejection
in selected recipients with immunosuppressive
alterations

Prevention: monitoring viral disease
(urinary decoy cells, viremia, viruria,
and surveillance biopsy) and altering | nephritis
immunosuppression

Diagnosis of preclinical,
subclinical, or early

Safe and effective with proper monitoring, risk of
acute rejection with immunosuppressive alterations

MMF = mycophenolate mofetil

Adapted by permission from Macmillan Publishers Ltd: Hariharan S. Kidney Int. 2006;69(4):655-662. Copyright © 2006.

* Stage C: Viral replication is associated with tubular
epithelial injury. Fibrosis and tubular atrophy affect
>50% of the biopsy sample. The fibrosis noted in
stage C is irreversible and correlates with graft loss.

The cytopathic effects seen by light microscopy
are typical, but not pathognomonic for BKVN.
Confirmatory immunohistochemistry or in situ
hybridization studies are usually performed using
antibodies against specific BKV proteins or probes
complementary to viral DNA (Figure 1C).?® Hirsh et
al*? have also argued that immunohistochemistry
using antibodies against the large T antigen of SV40
increases the sensitivity and specificity of the diag-
nosis of BKVN. Electron microscopy can demon-
strate unenveloped, viral particles, approximately
40 nm in diameter. It is important to note that BKVN
can be focal in distribution and diagnosis can be
missed by sampling error. Therefore, ideally >2 cores
should be examined. If the biopsy is negative but
there is associated BKV viremia with allograft
dysfunction, a presumptive diagnosis of BKVN
should be considered.

Given the growing incidence and difficulty of
treating BKVN, it is important to develop a cost-
effective screening tool. Buehrig et al*® have diag-
nosed BKVN early in protocol surveillance biopsies
of stable allografts with favorable outcomes. Many in
the field of transplantation are advocates for protocol
biopsies, but often it is not logistically feasible or it is
not perceived to be cost-effective. Randhawa and
Brennan® suggested a BK monitoring algorithm that
is cost-effective if the incidence of BKVN in a trans-
plant program exceeds 2.1%. The screening cost
substantially offsets the savings related to reductions
in immunosuppression following BKVN diagnosis.

The histological features of BKVN may mimic
those of acute cellular rejection, or both processes
may be present concurrently. It is important to estab-
lish the difference between the two, since the appro-
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priate therapy for BKVN is a reduction, rather than
an increase, of immunosuppression. The use of
tubular major histocompatibility complex class II
(human leukocyte antigen DR) or complement C4
fragment d (C4d) along peritubular capillaries is an
easy way of distinguishing acute rejection from
BKVN.'¢ Definitive diagnosis of rejection concurrent
with viral nephropathy should only be made if endar-
teritis, fibronecrosis, arterial necrosis, glomerulitis, or
accumulation of complement degradation product
C4d along the peritubular capillaries is observed.'®

Treatment

Management of BKV infection should target
virus elimination, acute rejection avoidance, and
preservation of kidney function. Current treatment of
BKVN is inadequate as there are no uniformly effec-
tive antiviral agents currently available. Prevention of
BKVN seems to be a better strategy. In a large study,
Brennan et al* demonstrated that prospective moni-
toring of urine and blood for BKV and pre-emptive
withdrawal of the antimetabolite upon development
of viremia resulted in clearance of viremia and viruria;
this appeared to decrease the risk of BKVIN without
increasing the risk of acute rejection. Bressollette-
Bodin et al** also found that viremia and viruria could
decrease over time with standard immunosuppressant
reductions without pre-emptive complete withdrawal
of any component of the immunosuppression regimen.
The primary treatment of BKVN is reduction of
immunosuppression. In practice, primary interventions
include decreasing or stopping the antimetabolite such
as MMF while simultaneously lowering the calcineurin
inhibitor trough levels. The switch from tacrolimus to
cyclosporine or cyclosporine to sirolimus has been
reported to decrease risk of BKVN.' Care must be
taken because rapid reduction in immunosuppression
may result in insufficient control of immunity and
places the graft at risk of acute rejection.




In KTRs with BKVN and progressive graft
dysfunction, it is unlikely they will respond to reduc-
tion in immunosuppression alone; the addition of
antivirals should be considered (Table 2)."> Antiviral
drugs such as acyclovir, ganciclovir, foscarnet, and
ribavirin have not demonstrated an effect on BKVN.
There were some initial case reports implicating a
role for amantadine and vidaribine, but subsequent
studies have revealed no benefit in treating BKVN."
Other antiviral agents used with anecdotal success
include cidofovir, leflunomide, fluoroquinolones, and
intravenous gammaglobulin.”**' The efficacy of each
of these strategies is unclear, since there was a con-
comitant immunosuppression reduction in each case.

Cidofovir is a cytosine nucleoside analog that
inhibits viral DNA synthesis and has mainly been
used to treat cytomegalovirus retinitis in HIV-infected
patients. It has in vitro activity against papovaviruses
(including polyomavirus), adenoviruses, herpes-
viruses, iridiviruses and poxviruses. It has also been
used in the treatment of BKVN. A recent report
indicated a favorable effect on BKVN with low-dose
cidofovir (0.25-1 mg/kg per dose without probenecid)
every 1 to 3 weeks” However, the nephrotoxicity of
cidofovir limits its use.

Leflunomide, metabolized to its active metabolite
A771726, inhibits pyrimidine synthesis; the inhibitory
effects on protein phosphorylation is presumed to
provide some of the antiviral effects. It is used mainly
to treat rheumatoid arthritis. Williams et al*® and
Josephson et al*” both reported stabilization or
improvement in serum creatinine and reduction of
viral load in BKVN patients treated with leflunomide.

Fluoroquinolone antibiotics seem to inhibit BKV
replications iz vitro. Recently, 5 fluoroquinolones
(gatifloxacin, ofloxacin, ciprofloxacin, trovafloxacin,
and levofloxacin) were examined and proved to be
able to inhibit viral replication of SV40 in permissive
monkey cells*** Chandraker et al* found a positive
effect with a short course of gatifloxacin (500 mg
orally once daily) in KTRs excreting BKV in urine.

Intravenous immunoglobulin IVIG) is used to treat
immunodeficient patients such as those with autoim-
mune or inflammatory diseases. In KTRs, it has been
used to treat steroid-resistant rejection, in desensiti-
zation protocols, and as a maintenance immuno-
suppressant. The mechanism of action of IVIG is
complex; it transcends antibody transference, including
modulation and expression of Fc receptors, inhibition
of complement-mediated damage, and interference
with the inflammatory cytokines network. In theory,
the immunomodulatory effects of IVIG may neutra-
lize the antibodies against BKV. There are several
reports on the treatment of BKVN patients with
IVIG showing limited success.*!

All these proposed antiviral therapies require
prospective randomized controlled studies to evaluate
their efficacy.

NEPHROLOGY

Retransplantation

Successful repeat kidney transplantation with
graft loss caused by BKVN can be safely performed.
A pooled study of 5 US centers revealed that success-
ful retransplantation can be performed without recur-
rence in 90% of cases, with a mean follow-up of over
2 years; the risk of recurrence does not seem to be
increased in comparison with the first graft.”> Womer
et al¥ reported successful pre-emptive re-transplanta-
tion with simultaneous allograft nephrectomy in 2
patients with active BKVN and viremia at the time of
surgery. In essence, intense immunosuppression of
KTRs with retransplantation due to BKVN should be
avoided. Ideally, post-transplant, BK viral load should
be as low as possible. The risk of BKVN after a
second transplant is low, but should not be ignored.

Conclusion

BKVN is becoming an increasingly significant
complication after kidney transplantation. Once it is
diagnosed, there are limited improvements in graft
survival and no optimal antiviral treatment. The
pathogenesis of BKV in K'TRs requires further inves-
tigation. Currently, the mainstay for graft survival is
early diagnosis, prevention of BKVN, and cautious
pre-emptive reduction in the patient’s immuno-
suppression regimen. Until a safe antiviral agent
becomes available, reduction in immunosuppression
appears to be the best partial treatment for BKVN.
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Abstract of Interest

Presence of Urinary Haufen Accurately Predicts
Polyomavirus Nephropathy

SINGH HK, ANDREONI KA, MADDEN V, TRUE K,
DETWILER R, WECK K, NICKELEIT V.

There are no accurate, noninvasive tests to diagnose BK poly-
omavirus nephropathy, a common infectious complication after
renal transplantation. This study evaluated whether the qualita-
tive detection of cast-like, three-dimensional polyomavirus
aggregates (“Haufen”) in the urine accurately predicts BK
polyomavirus nephropathy. Using negative-staining electron
microscopy, we sought Haufen in 194 urine samples from 139
control patients and in 143 samples from 21 patients with BK
polyomavirus nephropathy. Haufen detection was correlated
with pathology in concomitant renal biopsies and BK viruria
(decoy cell shedding and viral load assessments by PCR) and BK
viremia (viral load assessments by PCR). Haufen originated from
renal tubules containing virally lysed cells, and the detection of
Haufen in the urine correlated tightly with biopsy confirmed BK
polyomavirus nephropathy (concordance rate 99%). A total of
77 of 143 urine samples from 21 of 21 patients with BK poly-
omavirus nephropathy (disease stages A-C) contained Haufen,
and during follow-up (3 to 120 wk), their presence or absence
closely mirrored the course of renal disease. All controls were
Haufen-negative, however, high viremia or viruria were detected
in 8% and 41% of control samples, respectively. kappa statistics
showed fair to good agreement of viruria and viremia with BK
polyomavirus nephropathy or with Haufen shedding and demon-
strated an excellent agreement between Haufen and polyoma-
virus nephropathy (kappa 0.98). Positive and negative predictive
values of Haufen for BK polyomavirus nephropathy were 97%
and 100%, respectively. This study shows that shedding of
urinary Haufen and not BK viremia and viruria accurately mark
BK polyomavirus nephropathy. It suggests that the detection of
Haufen may serve as a noninvasive means to diagnose BK poly-
omavirus nephropathy in the urine.

7 Am Soc Nephbrol. 2009 Feb;20(2):416-27. Epub 2009 Jan 21
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