
TYPE Review
PUBLISHED 24 January 2024| DOI 10.3389/frtra.2024.1309927
EDITED BY

Enver Akalin,

Albert Einstein College of Medicine,

United States

REVIEWED BY

Osama Ashry Gheith,

Mansoura University, Egypt

Ramin Yaghobi,

Shiraz University of Medical Sciences, Iran

*CORRESPONDENCE

Sandesh Parajuli

sparajuli@medicine.wisc.edu

RECEIVED 08 October 2023

ACCEPTED 08 January 2024

PUBLISHED 24 January 2024

CITATION

Parajuli S, Aziz F, Zhong W and Djamali A

(2024) BK polyomavirus infection: more than

50 years and still a threat to kidney transplant

recipients.

Front. Transplant. 3:1309927.

doi: 10.3389/frtra.2024.1309927

COPYRIGHT

© 2024 Parajuli, Aziz, Zhong and Djamali. This
is an open-access article distributed under the
terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic practice.
No use, distribution or reproduction is
permitted which does not comply with these
terms.
Frontiers in Transplantation
BK polyomavirus infection: more
than 50 years and still a threat to
kidney transplant recipients
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BK polyomavirus (BKPyV) is a ubiquitous human polyomavirus and a major
infection after kidney transplantation, primarily due to immunosuppression.
BKPyV reactivation can manifest as viruria in 30%–40%, viremia in 10%–20%,
and BK polyomavirus-associated nephropathy (BKPyVAN) in 1%–10% of
recipients. BKPyVAN is an important cause of kidney graft failure. Although the
first case of BKPyV was identified in 1971, progress in its management has
been limited. Specifically, there is no safe and effective antiviral agent or
vaccine to treat or prevent the infection. Even in the current era, the mainstay
approach to BKPyV is a reduction in immunosuppression, which is also limited
by safety (risk of de novo donor specific antibody and rejection) and efficacy
(graft failure). However, recently BKPyV has been getting more attention in the
field, and some new treatment strategies including the utilization of viral-
specific T-cell therapy are emerging. Given all these challenges, the primary
focus of this article is complications associated with BKPyV, as well as
strategies to mitigate negative outcomes.
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Introduction

BK polyomavirus (BKPyV) is a ubiquitous human polyomavirus, which is a major

viral pathogen after kidney transplantation (1). The first case of BKPyV was diagnosed

in an immunosuppressed kidney transplant recipient who presented with ureteric

stenosis in 1971 and is named after the initials of this kidney transplant recipient (2).

The primary BKPyV infection occurs in early childhood, mainly without any symptoms

or only with mild respiratory symptoms and persists in latent form in the kidneys and

urogenital tract (3). BKPyV replicates in renal tubular cells, along with other glomerular

vascular units including podocytes, endothelial, and mesangial cells (4). After kidney

transplantation, the virus becomes reactivated because of immunosuppression and

begins to replicate as a result of the breach in the uroepithelium. This sets off a chain

reaction of events that begins with tubular cell lysis and viruria, followed by viremia,

and BKPyV-associated nephropathy (BKPyVAN) in the absence of intervention (5, 6).
Abbreviations

AKI, acute kidney injury; AMR, antibody-mediated rejection; BKPyV, BK polyomavirus; BKPyVAN,
BKPyV-associated nephropathy; CXCL10, C-X-C motif chemokine 10; HLA, human leukocyte antigen;
PCR, polymerase chain reaction; TCMR, T-cell-mediated rejection
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After kidney transplantation, BKPyV reactivation could manifest as

viruria in 30%–40%, viremia in 10%–20%, and BKPyVAN in 1%–

10% of the recipients (7). In addition, it is estimated that 10%–80%

of the recipients with BKPyVAN lose their graft prematurely (8). In

this article, we will discuss the risk factors and complications

associated with BKPyV infection, as well as some of the advances

and pitfalls in management that are associated with it.
TABLE 1 Risk factors for BKPyV replication after kidney transplantation.

Immunosuppression
related

Types and degree of immunosuppression

Depleting induction therapy
BK serology

BK polyomaviruses are a species of icosahedral, non-enveloped,

double-stranded DNA viruses. The genomes of all known full-

length isolates of BKPyV can be categorized into four discrete

genotypes (I–IV) based on analyses of nucleotide sequences (9).

The prevalence and sequence characteristics of each genotype are

thought to vary within different human populations worldwide

(10). Polyomavirus seropositivity is common in the United States

and varies by sociodemographic and biological characteristics,

including those related to immune function. In one study among

460 participants, 87.6% were seropositive for BKPyV (11).

BKPyV-I is the most common genotype and studies indicate

83%–98% of individuals have antibody responses to BKPyV-I

major capsid VP1 by the time they are 21 years old (12, 13).

However, after kidney transplantation with T-cell suppression,

recipients are vulnerable to developing new serotype BKPyV

infections, mainly type IV (12). Polymerase chain reaction

(PCR)-based prevalence studies have suggested that infection

with BKPyV-II or BKPyV-III is rare in all human populations

worldwide (14, 15). However, another study based on the

serological analysis indicates the prevalence of BKPyV-II

seropositivity of 69% and 42% for BKPyV-III (12). BKPyV

genotype mismatch between recipients and donors and lower

titer of genotype-specific neutralizing antibody titer are two of

the predictive markers for BKPyV replication post transplant

(16). However, in clinical practice accepting or rejecting organ

transplantation based on the BKPyV genotype is not a

widespread practice, as it may add more complexity to already

limited donor organs.

Treatment of rejection

Transplant related Post-transplant interval

Prolonged ischemia time

Ureteric stent placement

Graft injury, re-operation

Degree of HLA mismatch

ABO incompatibility

Donor related Older donor age

Donor BK seropositivity

Absence of HLA-C7

Deceased donor

Recipient related Older recipient age

Obesity

Previsions graft failure due to BKPyVAN

BK seronegative

Degree of HLA mismatching

Pre-transplant serum albumin level

Negative virtual cross match and lower panel reactive
antibodies
Risk factors

Immunosuppression intensity is currently the only widely

accepted risk factor for BKPyV replication (17). Another

important risk factor is the proximity by time to the

transplantation, as the majority of BKPyV replication occurs

within the first 1–2 years of transplantation (18). In addition,

kidney transplantation itself is one of the most important risk

factors for BKPyV replication. Outside of kidney transplantation,

BKPyV is mostly encountered in bone marrow transplant

recipients, mainly presenting as hemorrhagic cystitis (19).

However, there have been few case reports and series on BKPyV

viruria and viremia among other solid organ transplant

recipients, including the heart, lung, or liver, without significant

detrimental kidney function in these patients (5). The existing
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body of research has compiled a comprehensive list of additional

potential risk factors; however, the majority of these risk factors

are either ambiguous, inconsistently identified across studies, or

contradicted by findings from different studies: for example,

tacrolimus-based immunosuppression regimens, deceased donor

recipients, male recipients, acute rejection, and ureteral stent

placement, donor–recipient human leukocyte antigen (HLA)

mismatch >4, donor BKPyV seroreactivity, older recipient,

previous transplant, steroid pulses, and many more (20). On the

other hand, Drachenberg et al. found an inverse relationship

between the level of HLA matches and graft survival among

recipients with BKPyVAN. Recipients who maintained graft

function had a lower mean HLA match of 1.5 vs. 2.87 among

those who lost their graft (p = 0.001), thus postulating the lack of

HLA matches as a predictor of better outcomes in patients with

BKPyVAN (21). Some of the risk factors for post-transplant

BKPyV replications are summarized in Table 1 (22, 23).

Further, evidence suggests BKPyV viremia is predominantly

donor-derived rather than a reactivation of the recipient’s latent

infection (24). In one contemporary study among deceased

donor kidney transplant recipients, where both kidneys were

transplanted in the same single center, Breyer et al. noticed a

higher donor body mass index to be protective against BKPyV

viremia, and having concordance or discordance of BKPyV

viremia in the recipients receiving deceased donor kidneys from

the same donor in two different recipients was not associated

with inferior outcomes (20). Similarly, in another study,

Srivastava et al. noticed, pre-transplant hypoalbuminemia to be

one of the risk factors for post-transplant BKPyV viremia (25).

Likewise, in a recent study, even having a kidney-delayed graft

function was associated with an increased risk for BKPyV

viremia (26). Some studies suggest prolonged cold ischemia time

to be a risk factor for BKPyV replication, while others do not

(17, 27, 28). In addition, in a pre-clinical animal model, donor
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acute kidney injury (AKI) was associated with an increased risk for

post-transplant BKPyV replication (29). However, contrary to this,

in one multicenter study among 1,025 kidney recipients, Hall et al.

reported, that donor AKI was associated with a lower risk of

BKPyV viremia (30). In light of all these conflicting and puzzling

data, the only risk factor that has been shown to consistently be

associated with post-transplant BKPyV replication is the degree

of immunosuppression in kidney transplant recipients, primarily

within the first few months after receiving the transplant.
Management

Diagnosis and screening
In general, BKPyV replication post transplant is asymptomatic

and diagnosed with routine screening. Screening for BKPyV

replication, whether in urine or plasma, followed by the timely

reduction of immunosuppression is the only currently established

option to prevent detrimental outcomes from BKPyV infection

(31). Most, if not all, of the kidney transplant programs

implement regular screening for BKPyV replication. However,

there are variations in the frequency, timing, and initial methods

used for BKPyV screening. Both the Kidney Disease Improving

Global Outcomes and the American Society of Transplantation

Infectious Diseases Community of Practice have published

screening recommendations, highlighting the importance of the

early detection of DNAemia (5, 32). Some of the commonly used

screening tests include screening for decoy cells in the urine,

quantification of urine BKPyV DNA by real-time PCR, and

quantification of plasma BKPyV DNA by PCR (5, 33). All these

tests have their pros and cons. Some centers start screening with

urine PCR, given the high sensitivity and less invasive nature of

this test, and proceed to plasma PCR for those with positive

viruria, while other centers start screening with urine decoy cells,

due to their high sensitivity and negative predictive value for the

diagnosis of BKPyVAN at 100%. However, quantification of

plasma BKPyV DNA by real-time PCR is the preferred screening

test for BKPyVAN at most transplant centers due to it being

both highly sensitive (100%) and specific (88%) for the diagnosis

of BKPyVAN along with a higher positive predictive value than

viruria or decoy cells (34). In addition, Haller et al. recently

reported on C-X-C motif chemokine 10 (CXCL10), which is a

small cytokine belonging to the CXC chemokine family, and

found a stepwise rise in the median urine CXCL10 levels at

various phases of BKPyV replication (35). However, moving

forward it will be of interest to assess the importance of the early

detection of BKPyV by CXCL10 in overall patient and graft

outcomes. As studies suggest, just having lower level BKPyV

viremia without BKPyVAN may not have a detrimental effect (36).

For a molecular characterization of BKPyV, it is essential to

identify the genotypes of the virus. This will help analyze the

distribution of the variants of the virus in each population as

well as help determine the mismatches in the genotypes between

recipients and donors. A common method of genotyping BKPyV

is sequencing, which was first described by Furmaga et al. (37).

With the advancement of research and knowledge of the genetic
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variation in BKPyV, the sequencing reaction is used for further

division into subtypes of the virus (38). These recent

achievements, including advancements in genomic techniques,

have contributed a better understanding of the course of

infection and the molecular epidemiology of BKPyV, which will

help identify the risk and proper management of this virus.
Treatment
The timelines and evaluation of various treatments of BKPyV

are summarized in Figure 1 (6, 39, 40). Unfortunately, since the

first report of BK virus-related complications more than 50 years

ago, little progress has been made as no effective medications

exist for either treatment or prophylaxis (5). To date, the

mainstay of treatment for severe BKPyV or BKPyVAN is the

reduction of immunosuppression (41), because adjuvant

therapies to treat BKPyV replication have not been safe and

effective, with a lack of rigorous studies addressing the role of

leflunomide, cidofovir, intravenous immunoglobulin (IVIG),

switching from tacrolimus to cyclosporine or mycophenolic acid

to mTOR inhibitors, the use of fluoroquinolones, and many

more (31, 40). Usually, the antimetabolite is reduced or

discontinued, followed by a reduction of calcineurin inhibitors

trough goal. The timelines and evaluation of various treatments

of BKPyV are summarized in Figure 1 (6, 39, 40).

Even the reduction of immunosuppression may not be safe and

effective in all recipients. In one study, among 224 kidney

transplant recipients with initial plasma BKPyV-DNAemia

>3 log10 copies/ml (>1,000 copies/ml), Kharel et al. reported that

even after the initial and stepwise reduction in

immunosuppression, only 53% were able to clear viremia without

major complications within 2 years post transplant (42).

However, of the remaining recipients, 19% either developed de

novo donor-specific antibodies against the HLA antigen or

rejection, indicating an aggressive reduction of

immunosuppression, while the remaining 28% developed a severe

form of BKPyV with BKPyV-DNAemia >5 log10 copies/ml or

even BKPyVAN, indicating an inadequate reduction of

immunosuppression. With this, the authors recommended a

personalized immunosuppressive modification plan based on

patient-specific risk factors to prevent any detrimental outcomes

associated with BKPyV (42). In addition, BK virus-specific T-cell

therapy (VST) may be a promising addition for the management

of post-transplant BKPyV infections in the near future, as it is

mainly used only in clinical trials currently (43). The use of

adoptive allogeneic T-cell transfer is a therapeutic option capable

of restoring virus-specific T-cell immunity with infusions of VST

from donor-derived VSTs (44). VSTs have been used and found

to be a safe and effective treatment of viral infections in

hematopoietic stem-cell transplantation for more than two

decades (43, 45). Although it is relatively new among kidney-

only transplant recipients with BKPyV, there are few clinical

trials underway, including one from the University of Wisconsin

(NCT03950414) and another from the University of Cincinnati

(NCT02532452) regarding the utilization of VST for the

management of severe cases of BKPyV (43). Both centers are
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FIGURE 1

Evolution of BK polyomavirus management.
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actively recruiting patients and outcomes data have not been

released yet. We hope to see positive reports of this soon.
Complications associated with BKPyV
replications

Viruria is the earliest manifestation of BKPyV infection, is

mostly asymptomatic, and is without any clinical consequence

(46). In one study, urine viral loads <7 log10 copies/ml did not

progress to high viral loads of BKPyV viremia or BKPyVAN and

did not show a significantly negative impact on the kidney graft

function (47). Though viruria is non-specific, at higher levels it

could be a sensitive marker for progression to BKPyVAN (48).

Similarly, urine decoy cells, which are renal tubular or

uroepithelial cells containing intranuclear viral inclusions,

precede BKPyV viremia and BKPyVAN; however, like viruria,

the detection of decoy cells is non-specific (49).

BKPyV viremia follows viruria and usually with a high urine

viral load. Similar to viruria, viremia is also asymptomatic (50).

Viremia is a better predictor of progression to BKPyVAN in

comparison to viruria (51). Although BKPyV viremia is

asymptomatic, studies report that the management of BKPyV

viremia is associated with an increased risk for the development

of de novo donor-specific antibodies (52, 53). In another study

among 1,146 kidney transplant recipients, the authors analyzed

the outcomes of death, graft failure, rejection, and other

opportunistic infections based on the no detectable viremia vs.

various levels of BKPyV viremia and BKPyVAN, and reported

that BKPyV viremia without BKPyVAN was not to be associated
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with an increased risk of outcomes of interest (36). However, in

the same study, comparing outcomes comparing BK PCR

>10,000 vs. <10,000 copies/ml within the first year of the

transplant was associated with an increased risk of other

infections, mainly urinary tract infections among higher levels of

the BKPyV group (36).

BKPyVAN is the major complication of BKPyV replication.

The incidence of BKPyVAN is highest in the first 2–6 months

post transplant, with the majority of cases occurring within the

first year of the transplant (54). A kidney allograft biopsy is

necessary for the diagnosis of BKPyVAN (55). However,

interpretation of the biopsy can be significantly complicated due

to sampling variation and or concomitant rejection (56, 57). It is

associated with characteristic histologic findings on kidney

biopsy. The Banff Working Group in 2017 established the

classification of BKPyVAN based on intrarenal polyomavirus

replication/load levels (pvl) and Banff interstitial fibrosis (ci)

scores from class I-3 (58). A tubule with intranuclear viral

inclusion bodies and/or a positive immunohistochemical reaction

for SV40 large T antigen in one or more cells per tubular cross-

section is considered a positive tubule (58). BK staining using

hematoxylin and eosin (H&E) in low power and high power

along with SV40 staining is presented in Figure 2A–C.

BKPyVAN and rejection are two extremes of

immunosuppression management in transplantation, as

BKPyVAN indicated an excess suppression of immunity, while

rejection is due to hyperactive immune systems (59). However, in

clinical practice, it is not uncommon to see simultaneous

rejection and BKPyVAN. In one study, having early BKPyVAN

and concurrent microvascular inflammation (a feature of
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FIGURE 2

BK polyomavirus nephropathy staining with H&E low power (A) showing extensive interstitial inflammation, and high power (B) showing interstitial
inflammation with mixed infiltrates of mononuclear and plasma cells, tubulitis, and nuclear enlargement, hyperchromasia and intranuclear
inclusions of tubular epithelial cells; and immunohistochemical SV40 staining (C) showing positive nuclear SV40 staining in tubular epithelial cells.
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antibody-mediated rejection (AMR)) and higher serum creatinine

were associated with an increased risk of kidney allograft failure

(60). AMR and BK staining using H&E in low power and high

power along with C4d and SV40 staining is presented in

Figure 3A–C. The differentiation between T-cell-mediated

rejection (TCMR) and BKPyVAN is important but could be

challenging. Some of the pathophysiological features could be

similar and two entities could even co-exist (61). TCMR and BK

staining using H&E in low power and high power along with

SV40 staining is presented in Figure 4A–C. Rogers et al.

compared 10 cases of BKPyVAN and 20 cases of TCMR and

found similar CD20 staining in both groups (62). Similarly,

Yamanaka et al. studied the immunohistochemical features of

BKPyVAN and demonstrated that BKPyVAN primarily affects

the collecting duct to the distal tubule (63). In TCMR, tubulitis

affects mostly distal tubular segments in the cortex; proximal

tubules are often spared, and collecting ducts in the medulla are

hardly involved (64). Tubular epithelial cells are predominantly

affected in BKPyVAN; however, it is not uncommon to find

glomerular changes as well (65).

Infections and rejections are entangled, it is not uncommon that

management of BKPyV viremia or nephropathy may trigger

rejection, and treatment of rejection may increase the risk of

severe BKPyV and BKPyVAN (66, 67). BKPyVAN and acute

rejection are both nephrotoxic to the kidney and damage the
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kidney allograft. Mannon et al. found that patients with

BKPyVAN demonstrated a significant elevation of transcripts for

inflammatory cytokines and CD8+ T-cell cytotoxic molecules

similar to TCMR but at higher levels of gene transcripts associated

with graft fibrosis and of epithelial-mesenchymal damage (68).

Similar to this finding, in one study of 96 cases of BKPyVAN and

256 cases of acute rejection, the difference in the rate of graft

failure was similar in both groups, while at 3 years after diagnosis,

kidney function was worse in the BKPyVAN group compared to

the rejection group (69). Given all these findings, while rejection is

a feared complication, BK polyomavirus nephropathy (BKPyVAN)

is also an equally lethal complication.
Management of concurrent BKPyVAN with
acute rejection

There are conflicting data guiding the optimal management of

concurrent BKPyVAN and acute rejection. Some suggest treating

the acute rejection first followed by a subsequent reduction of

immunosuppression after the patient achieved a clinical response

with antirejection therapy (31), while others propose a further

reduction of maintenance immunosuppression after the diagnosis

of concurrent BKPyVAN and acute rejection (41, 70). In our

clinical practice, we reduce or stop antimetabolites and add
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FIGURE 3

BK polyomavirus nephropathy and concurrent antibody rejection staining with PAS low-power (A) showing diffuse interstitial inflammation, and
high-power (B) showing mononuclear interstitial inflammation, tubulitis, glomerulitis and peritubular capillaritis; immunohistochemical C4d
staining (C) showing diffuse positive C4d staining in peritubular capillaries; and immunohostochemical SV40 staining.
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IVIG. It should be noted that there is no guideline about resuming

previous immunosuppression once BKPyVAN and rejection are

treated. In our practice, once serum BKPyV PCR is down-

trending (usually serum BKPyV PCR <10,000 copies/ml), we

reintroduce mycophenolic acid at a lower dose (approximately

25% of the original dose) and step up slowly with close

monitoring of kidney function and BKPyV PCR.
Persistent BKPyV viremia

Of all detectable BKPyV viremia, 50% occurs within the first 2

months and 95% within the first 2 years after transplant (71).

There are variations in the study about the time of clearance of

BKPyV viremia after a stepwise immunosuppression reduction.

In one study, 78% of infected patients were still viremic 4 weeks

after diagnosis and the initiation of immunosuppression

reduction, and 61.5% of viremic at 3 months (52). For most

individuals, persistent infections at low levels are clinically silent

and not associated with adverse outcomes (66, 72). However,

persistent high BKPyV viremia was associated with BKPyVAN

and graft dysfunction (66). BKPyV can also play a direct
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persistent causal role in bladder carcinoma and other

genitourinary cancers. Persistent BKPyV may warrant cystoscopy

and evaluation for bladder cancer (73).

Other complications
Although rare in kidney transplant recipients, BKPyV is known

to cause ureteric stenosis and hemorrhagic cystitis (74). There is a

known link between BKPyV and the development of genitourinary

cancers mainly in the animal models (75, 76).
Retransplant after graft failure due to
BKPyVAN

Graft failure after BKPyVAN is a common complication; in the

USA it is estimated that approximately 300 kidney grafts fail due to

BKPyVAN every year (77). It is not uncommon for these recipients

to seek another kidney transplant. Current guidelines also support

retransplant among recipients who had a previous graft failure due

to BKPyVAN (31). In a current study among second kidney

transplants between 2005 and 2016, with 13,601 recipients, the

authors compared first kidney failure due to BKPyVAN vs. other
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FIGURE 4

BK polyomavirus nephropathy and concurrent T-cell-mediated rejection staining with PAS low power (A) showing diffuse interstitial inflammation, and
high power (B) showing interstitial inflammation with mixed mononuclear and plasma cell infiltrates with severe tubulitis; and immunohistochemical
SV40 staining (C) showing focal tubules with scattered nuclear SV40 staining.
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causes, with a median follow-up of 4.7 years, and found similar

outcomes in terms of death-censored graft survival, acute

rejection, or patient survival (78). The absence of BKPyV

replication should be confirmed before retransplantation (71).

Most of the centers wait for the resolution of BKPyV viremia.

However, successful pre-emptive, living, related kidney

transplants during active BKPyVAN with viremia have been

reported in two recipients with simultaneous graft nephrectomy

(79). Even a case of successful repeat kidney transplant in a

patient with high-grade BKPyV viremia and fulminant hepatic

failure without concomitant allograft nephrectomy has been

reported (80). Some centers consider failed allograft and/or

native nephrectomy before considering retransplant. However,

this is not recommended, given the lack of evidence-based

guidelines to substantiate this practice (50).
Discussion

In this article, we summarized various pitfalls of BKPyV infection

in kidney transplant recipients starting from the recognition of the

risk factors, screening methods, treatment, graft failure, and
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retransplant, despite being such a common infection that infects

almost one-third of kidney recipients. However, recently, among

the transplant community, this infection has gotten more attention.

Most of the centers have heightened surveillance protocols leading

to early detection. There are also multiple clinical trials in the

pipeline for the treatment of BKPyV. There are multiple unknowns

about the course of this infection. It would have been better if we

were able to assess the risk of progression to a severe form of

BKPyV, i.e., BKPyVAN among those with early detection of

BKPyV viremia. As mentioned earlier, even after protocolized

immunosuppression reduction, 28% of recipients developed a

severe form of BKPyV and 19% developed rejection or de novo

Donor specific antibody (DSA) (42). In addition, although the

direct burden of graft failure attributed to BKPyV may not sound

that high, there could be indirect consequences related to BKPyV

replication. For example, among recipients with BKPyV viremia,

detected on routine screening, and immunosuppression reduction,

if they develop rejection and graft failure, the cause of the graft

failure will be attributed to the rejection rather than BKPyV, which

leads to rejection. Further, the costs associated with the

management of BKPyV and other indirect consequences, including

psychological stress recipients have to deal with, are understudied.
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In conclusion, BKPyV infection is associated with significant

morbidity and mortality after kidney transplantation. BKPyV

infection is, in general, asymptomatic and currently only

diagnosed with routine screening. Despite having 50 years of

experience, the management of BKPyV infection remains limited

and controversial. In the absence of effective antiviral

medications and with the emergence of potent

immunosuppressive medications to treat and prevent rejection,

we may win the battle against rejection, but lose the war of graft

failure due to BKPyV. With the emergence of VST therapy, we

hope to see some positive outcomes in the near future.
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