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Abstract. BK polyomavirus (BKPyV) remains a significant challenge after kidney transplantation. International experts 
reviewed current evidence and updated recommendations according to Grading of Recommendations, Assessment, 
Development, and Evaluations (GRADE). Risk factors for BKPyV-DNAemia and biopsy-proven BKPyV-nephropathy include 
recipient older age, male sex, donor BKPyV-viruria, BKPyV-seropositive donor/-seronegative recipient, tacrolimus, acute 
rejection, and higher steroid exposure. To facilitate early intervention with limited allograft damage, all kidney transplant recipi-
ents should be screened monthly for plasma BKPyV-DNAemia loads until month 9, then every 3 mo until 2 y posttransplant 
(3 y for children). In resource-limited settings, urine cytology screening at similar time points can exclude BKPyV-nephropathy, 
and testing for plasma BKPyV-DNAemia when decoy cells are detectable. For patients with BKPyV-DNAemia loads persisting 
>1000 copies/mL, or exceeding 10 000 copies/mL (or equivalent), or with biopsy-proven BKPyV-nephropathy, immunosup-
pression should be reduced according to predefined steps targeting antiproliferative drugs, calcineurin inhibitors, or both. In 
adults without graft dysfunction, kidney allograft biopsy is not required unless the immunological risk is high. For children with 
persisting BKPyV-DNAemia, allograft biopsy may be considered even without graft dysfunction. Allograft biopsies should be 
interpreted in the context of all clinical and laboratory findings, including plasma BKPyV-DNAemia. Immunohistochemistry 
is preferred for diagnosing biopsy-proven BKPyV-nephropathy. Routine screening using the proposed strategies is cost- 
effective, improves clinical outcomes and quality of life. Kidney retransplantation subsequent to BKPyV-nephropathy is fea-
sible in otherwise eligible recipients if BKPyV-DNAemia is undetectable; routine graft nephrectomy is not recommended. 
Current studies do not support the usage of leflunomide, cidofovir, quinolones, or IVIGs. Patients considered for experimental 
treatments (antivirals, vaccines, neutralizing antibodies, and adoptive T cells) should be enrolled in clinical trials. 

(Transplantation 2024;108: 1834–1866).
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INTRODUCTION
BK polyomavirus (BKPyV) nephropathy complicates 
kidney transplantation by directly and indirectly caus-
ing premature kidney allograft failure. Although there 
are no vaccines or effective antivirals currently estab-
lished for clinical use,1 significant advances related to 
the pathophysiology, diagnosis, and treatment have pro-
vided important opportunities for optimizing the manage-
ment of BKPyV replication and nephropathy in kidney 
transplant patients. These developments necessitated a 
thorough review of the current state of the art and an 
update of The Transplantation Society (TTS) guidelines 
on BKPyV published in 20052 to improve global kidney 
transplant outcomes. Since 2005, BKPyV has evolved 
from a rare emerging opportunist in some transplant 
centers to a consistently identified complication in kid-
ney transplantation programs around the world. At the 
same time, evidence-based approaches to clinical risk 
assessment and immunosuppression have become com-
mon practice. Molecular diagnostics and pathology 
techniques are more widely available and partly standard-
ized. Scholarly reports from different centers in all 6 TTS 
regions largely support the importance of more frequent 
screening than previously proposed in 20052 and are now 
supported by new and broader cost–benefit analyses. We 
have added pharmacokinetic (PK) and pharmacodynamic 
(PD) considerations and explicitly reviewed pediatric 
aspects. Importantly, the updated TTS guidelines include 
more international representation, including low-income 
regions and a broader array of specialists, and now use 
Grading of Recommendations, Assessment, Development, 
and Evaluations (GRADE; Table 1), which has shown util-
ity in other clinical guidelines, such as those on cytomeg-
alovirus (CMV) in solid organ transplantation (SOT).3

To describe the natural continuum in kidney transplant 
patients consisting of no/low-level BKPyV-viruria, high-
level BKPyV-viruria, new-onset BKPyV-DNAemia, and 
biopsy-proven BKPyV-nephropathy without and then with 
impaired baseline allograft function,4-6 we used the follow-
ing definitions:

• Possible BKPyV-nephropathy: high-level urine BKPyV 
loads defined as BKPyV-DNAuria >10 million copies/mL (c/
mL; or equivalent) or decoy cells or PyV virions by electron 
microscopy, but undetectable plasma BKPyV-DNAemia.

• Probable BKPyV-nephropathy: plasma BKPyV-DNAemia 
>1000 c/mL (or equivalent) sustained for >2 wk.

• Presumptive BKPyV-nephropathy: plasma BKPyV-
DNAemia >10 000 c/mL (or equivalent).

• Biopsy-proven BKPyV-nephropathy: detection of compat-
ible cytopathic effects plus immunohistochemistry and a 
specific diagnostic test identifying BKPyV as opposed to JC 
polyomavirus (JCPyV).

Thus, BKPyV-DNAemia and plasma BKPyV-DNA loads 
replaced the widely used term BKPyV viremia introduced 2 
decades ago6 as outlined recently.4,5 A list of specific work-
ing definitions that complement current nomenclature rec-
ommendations7 is provided in Table S1 (SDC, http://links.
lww.com/TP/D9).

EPIDEMIOLOGY AND RISK FACTORS
This update focuses on new-onset BKPyV-DNAemia 

and biopsy-proven BKPyV-nephropathy. Overall, the num-
ber of risk factors and the evidence level associated with 
BKPyV-DNAemia were higher than those with biopsy-
proven BKPyV-nephropathy (Table 2). As discussed in 
the respective sections, this perhaps reflects the higher 
testing and event rates improving the statistical power of 
BKPyV-DNAemia compared with biopsy-proven BKPyV-
nephropathy, which is limited by invasiveness, contrain-
dications, and missed diagnoses because of the focality of 
viral replication sites in the renal allograft.

The risk factors are graded according to the quality 
of the evidence without making recommendations as 
to their relevance for interventions (Table 2). Although 
some of the testing is widely available, many of these 
tests are available in research settings only, and routine 
use is not expected without further clinical validation 
studies.
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• Donor factors: they are associated with an increased risk of 
recipient BKPyV-DNAemia, including donor urinary BKPyV 
shedding, very high donor antibody levels against BKPyV 
major capsid protein Vp1, certain donor BKPyV genotypes, 
and BKPyV genotypes different from the recipient (mis-
matching). Donor factors associated with an increased risk 
of biopsy-proven BKPyV-nephropathy were urinary BKPyV 
shedding and BKPyV genotype mismatching.

• Recipient factors: they are associated with an increased risk 
of BKPyV-DNAemia, including older recipient age, male 
patients, a seronegative BKPyV-Vp1 antibody status, previous 
kidney transplantation, and the absence of potentially protec-
tive HLA types or their combination (such as A2, A24, B7, 
B8, B13, B44, B51, Cw7, and DR15). Several of these factors 
also increase the risk for biopsy-proven BKPyV-nephropathy. 
Pediatric-specific risk factors are younger recipient age and 
obstructive uropathy as primary renal disease.8

• Transplantation factors: they are associated with an increased 
risk of BKPyV-DNAemia, including use of tacrolimus com-
pared with cyclosporine, T cell–depleting agents, acute rejection 
episodes, higher corticosteroid exposure, AB0-incompatible 
transplants, and ureteric stents. Most of these factors also 
increase the risk for biopsy-proven BKPyV-nephropathy.

The donor factors primarily related to the transplanted kid-
neys, such as the replicative activity, tissue load, and serotype/
genotype of BKPyV, on the one hand, and on the other hand, 
the immunosuppression, needed to reduce the immunological 
risk and the strength of the BKPyV-specific immunity in the 
recipient. The viral parameters can be either directly assessed 
in the case of urinary shedding of the donor or indirectly 
by the immune response, such as the type and level of anti-
bodies. Several studies reported an increased risk of BKPyV-
DNAemia and biopsy-proven BKPyV-nephropathy when the 
donor is BKPyV-seropositive or the donor antibody levels are 
high and the recipient is BKPyV-seronegative or the antibody 
levels are low.9-18 Among living donor transplants, the risk 
of posttransplant BKPyV-DNAemia was strongly increased 
when BKPyV-specific Vp1-IgG levels of the donors were in 
the highest quartile.19 Pairing of donors with the highest 
quartile BKPyV antibody levels with low- or nonreactive 

recipients was associated with a 10-fold increased risk of 
BKPyV-DNAemia (hazard ratio [HR] 10.1; 95% confidence 
interval [CI], 3.5-29.0; P < 0.001). In multivariate analysis, 
donor BKPyV-specific antibody levels were the strongest 
pretransplantation factor associated with BKPyV-DNAemia 
(P < 0.001) and biopsy-proven BKPyV-nephropathy 
(P = 0.007).19 However, no routine testing of donor and 
recipient anti-BKPyV serologies is currently approved or per-
formed available outside of research settings.

Recipient factors relate to effective BKPyV-specific immu-
nity and the ability to respond to the tissue BKPyV load, 
serotype/genotype, and replicative activity with sufficient 
humoral and cellular effector functions. Thus, in addition to 
low and undetectable antibody levels, low recipient neutral-
izing antibody titers of <10 000, that is, the serum or plasma 
dilution yielding 50% inhibitory concentration of pseudovi-
rion infectivity before transplantation, were associated with 
a higher risk of developing BKPyV-DNAemia posttrans-
plant.20 Furthermore, male sex and older recipient age were 
associated with an increased risk of BKPyV-DNAemia.21-25 
The relative effect (HR or odds ratio [OR]) reported for 
male recipients ranged from 1.04,26 2.4923 to 3.47.27 Older 
recipient age was also associated with the occurrence of 
presumptive and biopsy-proven BKPyV-nephropathy in 
some studies.24-26,28 Other recipient factors have been 
associated with posttransplant BKPyV-DNAemia, such as 
the pretransplant hemodialysis, compared with peritoneal 
dialysis or preemptive transplantation, and longer duration 
of dialysis29-31 or duration of diabetes in simultaneous pan-
creas and kidney (SPK) transplantation.32 Ureteric stents 
have been associated with an increased risk of BKPyV-
DNAemia in several prospective and retrospective studies 
with relative effects ranging from HR of 1.36 (95% CI, 
1.05-1.76; P = 0.024),33 adjusted OR of 1.55 (P = 0.04),34 
and OR of 3.17 (P = 0.02)35 to HR of 4.3 (P = 0.044).36 
Moreover, stent placement for >3 wk was associated with 
an increased risk of BKPyV-DNAemia with an OR of 
1.92 (95% CI, 1.04-3.74; P = 0.044), whereas a stent for 
<3 wk was no longer significant compared with no stent 
group (OR 1.31; 95% CI, 0.672-2.61; P = 0.438).37 The 
use of a stent has also been associated with biopsy-proven 

TABLE 1.

Quality of evidence, preponderance, and balance considerations for developing recommendations according to Grading 
of Recommendations, Assessment, Development, and Evaluations (GRADE)

Evidence Preponderance Balance 

A (high)
- Well-designed, randomized, controlled studies or diagnostic studies on relevant 

populations

Strong recommendation
(we recommend)

 

B (moderate)
- Randomized, controlled studies or diagnostic studies with minor limitations;  

overwhelmingly consistent evidence from observational studies

Recommendation
(we suggest)

 

C (low)
- Observational studies (case–control or cohort design)

D (very low)
- Expert opinion, case reports, reasoning from first principles)

No
recommendation

(statement)X (exceptional)
- Exceptional studies where validating studies cannot be done, and there is a clear 

preponderance of benefit or harm

Strong  
recommendation

(we recommend)
Recommendation
(we suggest)
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BKPyV-nephropathy with an OR of 5.63 (P = 0.004) in a 
univariate analysis and remained significant in multivariate 
models (adjusted OR 4.71; P = 0.03).38

Class I HLA molecules have been shown to exert a pro-
tective effect against BKPyV-DNAemia, such as HLA-A2, 
HLA-B44,39 HLA-B*13,40 HLA-Cw7,41 or HLA-B51.42 A 
case–control study of 141 BKPyV-DNAemia-positive and 
294 BKPyV-DNAemia-negative kidney transplant recipi-
ents from the Swiss Transplant Cohort Study found no 
impact of HLA-B51 alone, but BKPyV-DNAemia events 
were significantly reduced among recipients having HLA-
B51, -B7, or -B8,43 which allow the presentation of the 
immunodominant 9mer epitope LPLMRKAYL to CD8 T 
cells.44 The risk of BKPyV-DNAemia has also been shown 
to be lower in kidney transplant recipients harboring 

some HLA class II (eg, HLA-DR15).39 Nonclassical major 
histocompatibility complex class Ib molecules, such as 
homozygous HLA-E*01:01, state of recipients has been 
associated with a lower rate of biopsy-proven BKPyV-
nephropathy (OR 0.09; 95% CI, 0.83-4.89), but higher 
rates for HLA-E*01:03.45 Of note, reducing immunosup-
pression is also needed to release the CD8 T-cell effector 
functions for those HLA types that appear to be protec-
tive by facilitating antiviral immune control.43 Single 
nucleotide polymorphisms (SNPs) in genes orchestrating 
innate and adaptive immune responses have pointed to 
a higher incidence of BKPyV-DNAemia among homozy-
gous carriers of the C allele of the rs12369470 SNP in the 
interferon-gamma (IFN-γ) gene.46 The TT genotype of the 
IFN-γ +874 (A > T) rs2435061 SNP had a protective role, 

TABLE 2.

Risk factors of BKPyV-DNAemia and biopsy-proven BKPyV-nephropathy in kidney transplantation

BKPyV-DNAemiaa Biopsy-proven BKPyV-nephropathyb

Risk factor Evidence levelc Risk factor Evidence levelc 

Donor factors Donor factors
  Urinary BKPyV shedding Low, C   Urinary BKPyV shedding Low, C
  BKPyV genotypes and subgenotypes Very low, D   BKPyV genotypes and subgenotypes Very low, D
  BK PyV-seropositive antibodyd status (D+) if antibody 

levels are very high in living donors
Low, C   BK PyV genotypes different from the  

recipient (mismatching)
Very low, D

  BK PyV genotypes different from the recipient 
(mismatching)

Very low, D

  LVGR polymorphisms Very low, D
Recipient factors  Recipient factors  
  Older recipient age Moderate, B   Older recipient age Low, C
  Male recipient sex Moderate, B   Male recipient sex Low, C
  BKPyV-seronegative recipient antibody status (R–) if the 

donor is BKPyV-seropositive D+
Moderate, B  

  Lo w recipient neutralizing antibodye levels against the 
donor BKPyV serotype

Very low, D   Lo w recipient neutralizing antibody levelse 
against the donor BKPyV serotype

Very low, D

  Previous kidney transplantation Low, C  
  HL A class I (absence of A2, B7, B8, B51, B44, B51,  

B13, CW7)
Very low, D  

  HLA class II (DR15) Very low, D   HLA-E*01:03 vs protective HLA-E*01:01 Very low, D
  Interferon-γ gene rs2435061 Very low, D  
  Younger pediatric recipient age Very low, D  
  Ob structive uropathy as primary renal disease of  

pediatric recipients
Very low, D  

Transplantation factors Transplantation factors
  Tacrolimus (compared with cyclosporine A) High, A   Tacrolimus (compared with cyclosporine A) High, A
  Lymphocyte-depleting agents Low, C   Lymphocyte-depleting agents Low, C
  Acute rejection Low, C   Acute rejection Low, C
  Co rticosteroids (higher maintenance; cumulative,  

rejection therapy)
Moderate, B   Co rticosteroids (higher maintenance; cumu-

lative, rejection therapy)
Moderate, B

  mTOR inhibitors (decrease risk) Low, C   mTOR inhibitors (decrease risk) Low, C
  Ureteric stents Low, C   Ureteric stents Low, C

  BKPyV genome rearranged NCCR Low, C
  ABOi kidney transplantation Low, C

LVGR encodes agnoprotein and capsid proteins Vp1, Vp2, and Vp3. NCCR harbors the origin of viral DNA replication and transcription promoter/enhancer elements.
aDefined as >1000 c/mL (or equivalent) for >2wk (probable BKPyV-nephropathy) or increasing >10 000 c/mL or equivalent (presumptive BKPyV-nephropathy).
bDefined as biopsy-proven BKPyV-nephropathy using histological evidence and demonstrating BKPyV-specific involvement.4
cBased on a literature review using the GRADE classification.
dMeasured using ELISA with coated antigens of the major capsid protein Vp1 or the Vp1-derived virus-like particles.
eMeasured using infectious BKPyV or pseudovirion preparations.
ABOi, ABO-incompatible; BKPyV, BK polyomavirus; GRADE, Grading of Recommendations, Assessment, Development, and Evaluations; LVGR, late viral gene region; mTOR, mammalian target of 
rapamycin; NCCR, noncoding control region.

© 2024 The Author(s). Published by Wolters Kluwer Health, Inc.
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and a combination of rs2435061–rs2406918–rs2870953 
suggested that the A-G-T haplotype was associated with 
a significantly reduced risk for BKV infection (OR 0.43; 
95% CI, 0.25-0.73; P = 0.001).

Associations between the degree of HLA mismatch or the 
absolute amount of panel-reactive antibodies and the risk of 
BKPyV-DNAemia or biopsy-proven BKPyV-nephropathy 
are not clearly established.6,19,39,47-52 The general use 
of lymphocyte-depleting agents,47,53 including alemtu-
zumab,49 thymoglobulin/ATG/ATGAM/rATG,52,54-58  
and the B cell–depleting agent rituximab59 has been associ-
ated with higher rates of BKPyV replication in some but 
not all studies. Tacrolimus, compared with cyclosporine 
maintenance immunosuppression, has been associated 
with higher rates of BKPyV-DNAemia and biopsy-proven 
BKPyV-nephropathy.52,56,58,60-63 Two64,65 of 3 studies48 
found associations between tacrolimus trough levels and 
the diagnosis of biopsy-proven BKPyV-nephropathy. 
Mammalian target of rapamycin (mTOR) inhibitors were 
associated with fewer BKPyV events in 2 analyses of regis-
tries scoring the treatment of BKPyV events.53,56 Conversely, 
steroids were found to be a significant risk factor for 
increasing BKPyV replication,55 BKPyV-DNAemia,23,49 
and the need for intervention.56 Multiple studies reported 
a significant association between BKPyV replication 
and rejection episodes.19,28,29,47,48,50,51,53,56,58,66,67 This 
accounts for all BKPyV-related outcomes, including 
BKPyV-DNAemia,6,29,48,51,62,66,67 biopsy-proven BKPyV- 
nephropathy,19,28,47,58 and BKPyV events requiring treat-
ment.53,56 It is likely that rejection is not a risk factor but 
is confounded by antirejection treatment and increased 
immunosuppression.6,68 The hypothesis that the over-
all intensity of immunosuppression increases the risk of 
BKPyV replication is indirectly supported by recent studies 
reporting higher viral load levels of Torque teno virus pro-
posed as a surrogate of profound immunosuppression.69,70 
A recent study found higher numbers of biopsy-proven 
BKPyV-nephropathy among patients with incompatible liv-
ing donor grafts and a correlation with the intensity of desen-
sitization.71 An increased incidence of BKPyV-DNAemia or 
biopsy-proven BKPyV-nephropathy has been associated with 
AB0-incompatible procedures in some studies,72-74 particu-
larly among high-titer (anti-A/B isoagglutinin titer ≥1:256) 
recipients.75 Lymphocyte-depleting agents used in desensiti-
zation protocols and more intense immunosuppression may 
contribute to impaired BKPyV-specific cell-mediated immu-
nity (CMI) in AB0-incompatible KT recipients.66

In a multivariate analysis of CMV replication events after 
alemtuzumab induction, a higher rate of biopsy-proven 
BKPyV-nephropathy was reported with an HR of 2.72 
(95% CI, 1.19-6.24; P = 0.018).28 However, other stud-
ies have failed to show that previous CMV events impact 
the risk of BKPyV-DNAemia or biopsy-proven BKPyV-
nephropathy.6,76 Overall, the potential interaction between 
CMV and BKPyV replication yielded conflicting results,77-79 
which may reflect the confounding role of reducing immu-
nosuppression and the use of valganciclovir prophylaxis.80

Retransplantation of recipients has been associated 
with an increased risk of BKPyV-DNAemia in some29,46 
but not all studies.26 Retransplantation after allograft 
failure because of biopsy-proven BKPyV-nephropathy 
with undetectable BKPyV-DNAemia has been success-
fully performed, with a 93% 3-y graft survival,81-83 but 

selection bias for this procedure cannot be excluded. 
Transplant nephrectomy of the failed allograft has 
been performed in about half of the cases but did not 
protect against recurrent BKPyV-DNAemia or BKPyV-
nephropathy.83 In a recent analysis of the United States 
Organ Procurement and Transplantation Network/
United Network for Organ Sharing database evaluating 
341 patients who lost a first graft because of biopsy-
proven BKPyV-nephropathy and underwent retrans-
plantation, there was no difference in death-censored 
graft survival, acute rejection, or patient survival com-
pared with 13 260 retransplants who lost their first graft 
because of causes other than biopsy-proven BKPyV-
nephropathy with a median follow-up of 4.7 y after 
retransplant.84

Replication of BKPyV genotype IV, as well as the pres-
ence of multiple BKPyV genotypes, has been linked to a 
higher risk of BKPyV-nephropathy, early onset of viral rep-
lication in the first year after transplantation, higher plasma 
BKPyV loads, and an increased risk of nephropathy.14,85 
Polymorphisms within the VP1 gene sequence may affect 
cellular entry tropism and replication rates. For example, 
subtype I isolates have been reported to replicate more effi-
ciently in human renal epithelial cells than in subtype IV 
isolates.86 Urine BKPyV loads were higher for BKPyV geno-
type Ia compared with Ib.87 However, comprehensive anal-
yses of BKPyV genome variations that compare the impact 
of these determinants on BKPyV-DNAemia and biopsy-
proven nephropathy are lacking. The BKPyV-encoded 
micro-RNA (miRNA)-5p and miRNA-3p may play a role 
in immune evasion by reducing the expression of viral large 
tumor antigen (LTag)88 and by targeting the stress-induced 
protein ULBP3 to reduce killing by natural killer cells,89 
whereas the viral agnoprotein has been reported to pro-
mote innate and adaptive immune escape.90,91

Several viral genetic changes appear to emerge in kid-
ney transplant recipients after the onset of BKPyV repli-
cation. These include rearrangements of the noncoding 
control region (NCCR)92 in patients with longer duration 
and higher peak levels of plasma BKPyV-DNAemia,93 and 
which correlate with progression to BKPyV-nephropathy 
to more tissue damage and inflammatory infiltrates 
(polyomavirus-associated nephropathy-B).93 Consistent 
with the high number of partly redundant transcription 
factor binding sites,92 no specific NCCR mutations have 
been identified as risk factors for BKPyV-nephropathy. 
However, some SNPs have been detected in arche-
types and rearranged NCCR that may facilitate disease 
progression.94-96 A recent study reported that persistent 
high-level BKPyV-DNAuria in kidney transplant recipients 
was associated with the accumulation of VP1 mutations in 
the BC loop of the capsid protein Vp1 that might escape 
antibody neutralization.97 Taken together, this update on 
the epidemiology and risk factors of BKPyV-DNAemia 
and biopsy-proven BKPyV-nephropathy may help to opti-
mize current diagnostics and treatment approaches and to 
define targets for future studies (Table 3) to mitigate the 
impact of BKPyV in kidney transplant outcomes.

PATHOLOGY
Renal allograft biopsies provide important information 

for treatment decisions that are pivotal for ensuring renal 
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allograft function and survival. Indeed, renal allograft biop-
sies were key when identifying BKPyV-nephropathy as a 
newly emerging complication jeopardizing kidney trans-
plant outcomes during the last 2 decades.68,98-100 Since then, 
it has become evident that renal allograft biopsies fail to 
detect intragraft replication foci in 10% to 30% of the cases 
with BKPyV-DNAemia during early onset or when biopsy-
proven BKPyV-nephropathy is resolving.4,101-105 Moreover, 
interstitial inflammatory infiltrates are difficult to interpret 
in patients with ongoing BKPyV replication (Consensus 
recommendations and future directions, see Table 4). 
Therefore, we recommend interpreting renal allograft 
biopsies in the context of all clinical and laboratory data 
and specifically validated plasma BKPyV loads. However, 
BKPyV-DNAemia per se is not an indication for renal allo-
graft biopsy in a kidney transplant patient with baseline 
renal function and standard immunological risk. Similarly, 
an allograft biopsy is unnecessary during BKPyV-DNAemia 
monitoring unless there is a concern for rejection, and its 
detection will alter management. This also applies to new-
onset urinary decoy cells or high-level BKPyV-DNAuria of 
>10 million c/mL. The general indications for a renal allo-
graft biopsy remain in the case of altered renal function 
or signs of pathology (eg, a significant rise in serum cre-
atinine of >15% from baseline, hematuria, or proteinuria). 
Conversely, if protocol biopsies are taken at predefined time 
points as per the standard of care of the transplant center, 
testing of plasma for BKPyV-DNAemia is recommended to 
assist the expert pathologist’s approach and interpretation.

Histopathology of BKPyV-nephropathy
The biopsy findings of BKPyV-nephropathy range from 

minor, often focal signs of viral replication to severe tubu-
lar damage, interstitial inflammation, and tubulitis, and 
pronounced interstitial fibrosis. The leading features may 
change during the natural course of the disease and may 
vary as a result of other factors, including but not limited 
to lowering, increasing, or switching immunosuppressive 
drugs, administrating IVIGs, or other known or presumed 
antiviral or immunological therapies. Thus, ancillary diag-
nostic methods, including immunohistochemistry, for 
detecting BKPyV-LTag with the use of a cross-reacting 

antibody to SV40-LTag (referred to as LTag below) are 
necessary to assess the etiologic and pathogenetic contri-
bution of BKPyV replication. The expert interpretation 
aims to integrate clinical and laboratory data as well as 
earlier biopsy findings.

BKPyV-nephropathy can be classified by 2 approaches. 
The first one, adopted by the American Society of 
Transplantation, is based on the 5 strata of A, B1, B2, B3, 
and C4 and aims at providing a semiquantitative assess-
ment of the extent of viral replication,101,106,107 interstitial 
inflammation and tubulitis,108-112 and interstitial fibrosis 
and tubular atrophy.4,101,108 The second classification, 
proposed by the Banff Working Group on polyomavi-
rus nephropathy, relies on a semiquantitative score of 
the extent of BKPyV replicating cells in 3 strata of tissue 
involvement termed polyomavirus load (PyVL) 1, 2, and 
3 and the Banff ci-score.111 Both classifications have been 
correlated with the risk of graft loss. Validation studies 
reported mixed results, with some studies supporting the 
initial findings,112-115 but large-scale side-by-side compara-
tive studies are scarce.25 The interstitial infiltrates are not 
necessarily adjacent to virally affected tubules.99,106,116,117 
When tubulitis is seen with intratubular inflammatory 
infiltrates, it may appear disproportionately mild com-
pared with the density of the interstitial infiltrates. Viral 
replication and associated cytopathic changes may affect 
the renal cortex and extend to the parietal epithelium of 
Bowman’s capsule and rarely podocytes.118-122

There are challenging cases in which immunohistochem-
istry fails to detect LTag expression in the renal allograft; 
however, there is evidence of high-level BKPyV replication 
as defined by decoy cell shedding or urine viral loads >10 
million c/mL or even detectable BKPyV-DNAemia.103,123,124 
The biopsies are characterized by an influx of inflammatory 
cells and increased intraepithelial lymphocytes. Peaking of 
serum creatinine concentration can be observed in approxi-
mately 50% of the patients. Inflammation and tubulitis can 
persist for a prolonged duration in roughly 25% of patients 
having cleared plasma BKPyV-DNA loads, that is, being 
below the limit of detection (LOD).103-105 Conversely, in 
patients with new-onset plasma BKPyV-DNA loads persist-
ing at >1000 c/mL or increasing >10 000 c/mL or equiva-
lent, LTag may not (yet) be detectable. Some of these cases 
may show inflammation and tubulitis, but the extent and 
severity are less pronounced compared with biopsy-proven 
BKPyV-nephropathy with pattern B. Also, inflammatory 
tissue infiltrates can be encountered in kidney transplant 
patients with high-level viruria who never develop detect-
able BKPyV-DNAemia.125,126 As outlined below, these 
biopsy findings cannot be interpreted with confidence as 
borderline rejection, T cell–mediated rejection (TCMR), or 
antibody-mediated rejection (AMR) in kidney transplant 
patients with ongoing high-level BKPyV replication.

Differential Diagnosis of BKPyV-nephropathy and 
Renal Allograft Rejection

Allograft dysfunction is the most frequent indication for 
a diagnostic biopsy in the context of BKPyV-DNAemia. 
Pathologists are confronted with the question as to whether 
they can diagnose polyomavirus nephropathy, rejection, 
or both with certainty. A combination of the 2 poses a 
dilemma because, currently, both conditions cannot be 

TABLE 3.

Future directions in epidemiology and risk factors

➢ De fine rate and factors increasing the risk of BKPyV-DNAemia/-
nephropathy in ABO-incompatible living donor kidney transplant 
recipients 

➢ De fine the effect of mTOR inhibitors on endpoints in randomized  
clinical trials regarding rates and course of BKPyV-DNAemia/- 
nephropathy

➢ Ev aluate the role of high Torque teno virus loads as a risk factor of 
BKPyV-DNAemia/-nephropathy

➢ As sess whether optimizing immunosuppression reduces BKPyV-
DNAemia/-nephropathy rates in recipients with low neutralizing 
antibodies against the donor BKPyV serotype

➢ Ev aluate the role of BKPyV-DNAuria for recurrent BKPyV-DNAemia/-
nephropathy after retransplantation of patients with a failed trans-
plant from BKPyV-nephropathy

BKPyV, BK polyomavirus; mTOR, mammalian target of rapamycin.
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treated at the same time. The current Banff 2019 classi-
fication recognizes 3 types of rejection according to their 
pathogenesis: AMR, TCMR, and a mixed type.127

Active and chronic active AMR can be diagnosed with 
certainty if all 3 criteria or their surrogates are met (tis-
sue injury, complement deposition, and donor-specific 
antibodies [DSAs]).127 Active AMR triggers microvas-
cular inflammation in the glomeruli (glomerulitis) and 
peritubular capillaries (peritubular capillaritis) and may 
involve arteries (“intimal arteritis” with fibrinoid necro-
sis in the most severe cases). It associates with DSAs and 
complement C4d deposition in the peritubular capillaries. 
Active AMR can occur before, concomitant to, or after 
reducing immunosuppression for BKPyV-DNAemia/
nephropathy.104,128-132 Except for peritubular capillaritis, 
the pattern of active AMR does not overlap with the key 
features of biopsy-proven BKPyV-nephropathy.127

TCMR confined to the tubulointerstitium (Banff 
grades IA/B) without the so-called vascular Banff type 
II/III rejection characterized by intimal arteritis cannot 
be reliably diagnosed in cases of biopsy-proven BKPyV-
nephropathy because no morphological, immunohistochem-
ical, or molecular features distinguish both entities with  
certainty.98,99,103,108,117,118,133-141 The presence of a virus-
mediated cytopathic effect ultimately lysing LTag-positive 
cells argues for BKPyV-associated inflammation and tubuli-
tis. However, failure to identify LTag-positive cells in a focus 
of interstitial inflammation cannot reliably exclude a role of 
BKPyV in kidney transplant patients with markers of high-
level BKPyV replication (eg, BKPyV-DNAuria >10 million 

c/mL or BKPyV-DNAemia). The Banff rules to diagnose 
TCMR grade IA/B127,142 should not be applied to kidney 
transplant patients with BKPyV-DNAemia or biopsy-proven 
BKPyV-nephropathy. Instead, descriptive terminology avoid-
ing the term “rejection” and an explanatory comment is 
recommended for the report. Chronic active TCMR grade 
IA/B presents with the same problem of overlapping histo-
logical features and, therefore, cannot be diagnosed with 
certainty. However, intimal arteritis,143 as well as chronic 
allograft arteriopathy seen in both AMR and TCMR, should 
be reported as possible concomitant rejection.

Differential Diagnosis of BKPyV-nephropathy and 
Other Viral Nephropathies

Renal allograft pathology can be caused by other viral 
agents, such as JCPyV, human adenovirus (HAdV), CMV, 
or herpes simplex virus (HSV). The diagnosis of JCPyV-
nephropathy should be suspected in biopsies detecting 
LTag expression using the cross-reacting SV40-LTag anti-
body in a kidney transplant recipient without detect-
able BKPyV-DNAemia or high-level BKPyV-DNuria. 
Morphologically, BKPyV- and JCPyV-nephropathy are 
indistinguishable.102,144 The specific diagnosis of JCPyV-
nephropathy requires immunohistochemistry staining 
using JCPyV-specific antibodies, such as those raised 
against JCPyV major capsid Vp1 protein or in situ hybrid-
ization with JCPyV-specific probes. Another approach 
is the detection of JCPyV-DNA tissue viral loads in 
biopsy material by (semi-) quantitative molecular testing, 

TABLE 4.

Consensus recommendations: pathology

• We  recommend that in the context of detectable BKPyV-DNAemia, a kidney biopsy be performed as clinically indicated (eg, rise in serum creatinine, 
proteinuria, hematuria; strong, A) 

• We  suggest that in the context of detectable BKPyV-DNAemia and stable renal function, a kidney biopsy should be considered for patients at high 
immunological risk or high virologic risk (weak, D)

• We  suggest that kidney transplant biopsies be interpreted in the context of clinical, laboratory, and virologic data and prior biopsy findings (weak, C)
• We recommend reporting the semiquantitative PyVL score to enable the classification into the Banff Working Group proposal (strong, C)
• We  recommend the parallel reporting of the classification of the American Society of Transplantation (AST-PyVAN) using the 5 strata of PyVAN-A, -B1, 

-B2, -B3, and -C to accommodate inflammation and tubulitis (strong, C)
• We recommend that antibody-mediated rejection be diagnosed in a patient with detectable BKPyV-DNAemia if Banff diagnostic criteria are met (strong, C)
• We  recommend that concomitant interstitial TCMR (Banff grade IA/B) is not diagnosed on the basis of inflammation and tubulitis; instead, an explana-

tory diagnostic comment incorporating interdisciplinary discussion should be used (strong, B)
• We recommend immunohistochemistry (clone PAb 416 against SV40 large T-antigen) for confirming the diagnosis of biopsy-proven PyVAN (strong, A)
• We recommend routine SV40 (LTag) immunohistology in patients with detectable BKPyV-DNAemia (strong, B)
• We suggest to use SV40 (LTag) immunohistology in patients with unknown BKPyV-DNAemia status with inflammatory changes in the biopsy (weak, D)
• We suggest to not use routine SV40 (LTag) immunohistology staining in patients with undetectable BKPyV-DNAemia (weak, C)
• We  suggest to not perform an allograft biopsy during the course or resolution of BKPyV-DNAemia/-nephropathy unless rejection or another renal 

disease is a matter of concern and its detection will alter management (weak, D)
Future directions
 ➢ St andardize immunohistochemistry protocols that can distinguish between different polyomaviruses, such as BKPyV, JCPyV, and other PyVs, 

including SV40
 ➢ Compare Banff PyVL and AST-PyVAN staging for capturing concurrent kidney allograft failure and predicting treatment response and allograft survival
 ➢ Define clinically actionable thresholds of molecular tests of allograft biopsy viral loads that justify reduction in immunosuppression
 ➢ In vestigate how to best combine results from BKPyV-specific cell-mediated immunity with BKPyV-DNAemia and biopsy findings to optimize 

adjusting immunosuppression
 ➢ De velop noninvasive assays that provide information equivalent to a kidney biopsy for staging BKPyV-nephropathy and forms of acute or chronic 

active rejection

AST-PyVAN, American Society of Transplantation-polyomavirus-associated nephropathy; BKPyV, BK polyomavirus; JCPyV, JC polyomavirus; LTag, large tumor antigen; PyAN, polyomavirus-associated 
nephropathy; PyV, polyomavirus; PyVL, polyoma tissue viral load; SV40, simian virus 40; TCMR, T cell–mediated rejection.
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whereby BKPyV-DNA should not be detectable. Kidney 
transplant patients with JCPyV-nephropathy are charac-
terized by high-level urine JCPyV loads of >10 million c/
mL (or equivalent), whereas urine BKPyV loads are low or 
undetectable. Unlike for BKPyV screening, plasma JCPyV 
loads are not a reliable marker for screening, diagnosing, 
or monitoring JCPyV-nephropathy because these are usu-
ally undetectable or low.102,145-147

HAdV, CMV, and HSV are rare causes of renal allograft 
pathologies.148-151 HAdV cytopathic change closely resem-
bles PyV, but the nephritis is often associated with more 
extensive tubular necrosis.148,152 Cystitis is a frequent 
HAdV complication in hematopoietic cell transplantation 
that is exceptional in BKPyV-nephropathy, and cases with 
systemic multiorgan disease have been described.153 CMV 
nephritis has become extremely rare since the adoption of 
antiviral prophylactic and surveillance protocols. CMV 
manifestations are characterized by the presence of typical 
viral cytopathic effects with intranuclear inclusions (owl’s 
eye) affecting predominantly nontubular cells, such as 
endothelial cells of the glomerulus and the peritubular cap-
illaries with associated interstitial inflammation. HSV may 
cause cytopathic changes, tubular necrosis, and interstitial 
inflammation. Thus, viral nephropathies require confirma-
tion by an ancillary technique, such as virus-specific anti-
bodies for immunohistochemistry or molecular genome 
detection by in situ hybridization or quantitative nucleic 
acid testing (QNAT) loads in tissue, urine, or blood.

Ancillary Techniques
Ancillary techniques are necessary to detect and confirm 

BKPyV-nephropathy in kidney transplant biopsies, immu-
nohistochemistry being the most frequently used method. 
Ancillary techniques should be used in all renal allograft 
biopsies from patients with BKPyV-DNAemia, those with 
viral cytopathic effect by light microscopy, and in the con-
text of interstitial inflammation and tubulitis in patients 
without information about BKPyV replication.

The cross-reactive clone PAb416 raised against the 
monkey PyV SV40-LTag is the most widely used anti-
body for formalin-fixed paraffin-embedded samples in 
clinical diagnostics. Optimized staining protocols have 
been validated in a multicenter setting.154 This anti-
body cannot discriminate between BKPyV subtypes 
and certain other species of polyomaviruses; hence, 
specific molecular assays or QNATs are needed to dis-
tinguish BKPyV from JCPyV. Accordingly, without spe-
cific assays indicating BKPyV replication, the generic 
term PyV-nephropathy should be used, even if BKPyV-
nephropathy is the most likely because it is the most fre-
quent entity. In situ hybridization can be used to detect 
BKPyV-DNA but has no advantage over the immunohis-
tochemical detection of BKPyV proteins. Rarely do tissue 
samples processed for transmission electron microscopy 
detect PyV particles. Electron microscopy cannot dis-
tinguish between the 14 different human polyomavirus 
species. Measuring the virion diameter of PyVs of 40 to 
45 nm requires optimal fixation and high-quality resolu-
tion and may then allow to distinguish between other 
agents, such as parvovirus (18–26 nm), papillomaviruses 
(only marginally larger at 52–55 nm), and adenoviruses 
(70 nm) or herpesviruses (100 nm).

There is a substantial overlap in pathogenetic mecha-
nisms between polyomavirus-associated nephropathy and 
rejection-associated allograft injury.155 Currently, available 
molecular tests cannot reliably quantify the relative contri-
butions of viral and rejection-associated injury in biopsies 
with BKPyV-nephropathy because the TCMR classifier 
could not distinguish between cognate T-cell responses 
to donor-specific versus virus-specific antigens.156 It may 
be possible to use these as ancillary tools after additional 
refinement. This would require studying large numbers of 
patients with serial follow-up and careful documentation 
of therapies administered and, ultimately, clinical out-
comes. Importantly, no biopsy-based machine learning or 
gene expression profiling test is currently available to con-
fidently rule in or rule out the clinical diagnosis of prob-
able and presumptive BKPyV-nephropathy.

DIAGNOSTICS
A number of laboratory methods have become key to 

identify kidney transplant patients at risk of developing 
BKPyV-nephropathy and to complement the histology of the 
renal allograft biopsies, thereby assisting decisions regard-
ing clinical management (Consensus recommendations and 
future directions in diagnostics, see Table 5 and Figure 1).

Virologic Methods
The natural course and relative rates of BKPyV events 

after kidney transplantation have been confirmed in multi-
ple studies, and they provide the rationale for recommend-
ing universal screening to identify patients with new-onset 
high-level BKPyV replication during the first 2 y posttrans-
plant and to monitor their course.4,157 Both the choice of 
the analyte and the characteristics of the specific assay are 
essential for the validity and robustness of the results and 
their clinical interpretation. Thus, quantitative detection of 
BKPyV-DNA by molecular tests and the determination of 
viral DNA loads in urine and blood by QNAT expressed as 
c/mL (or equivalent) have demonstrated broad utility and 
are the key diagnostic tools in clinical virology laborato-
ries in North America and Europe (Table S2, SDC, http://
links.lww.com/TP/D9). In contrast, qualitative NAT is not 
considered to be sufficiently informative because a positive 
result in urine cannot distinguish kidney transplant patients 
with high-level viruria from those with low-level viruria, 
which occurs even in immunocompetent populations, 
including healthy blood donors.158 Although the detection 
of BKPyV-DNA in plasma by qualitative NAT uncovered 
its principal diagnostic value for BKPyV-nephropathy,133 
quantification of BKPyV-DNA loads by QNAT is required 
to capture the dynamics of onset, peak, levels, and clearance 
of BKPyV-DNAemia and resolving BKPyV-nephropathy. 
In an international multicenter study of >600 de novo kid-
ney transplant recipients, 19 (5.0%) of 378 patients with 
residual urine production had low-level BKPyV-DNAuria 
before kidney transplantation.23 Importantly, the levels 
were similar to healthy blood donors (ie, <100 000 c/mL; 
5 log10)

158 and none of these patients developed high-level 
BKPyV-DNAuria or BKPyV-DNAemia posttransplant.23 
Thus, new-onset high-level viruria defined by urine BKPyV 
loads of >10 million c/mL or the presence of “decoy cells” 
is seen in approximately 20% to 40% of patient posttrans-
plant, followed by new-onset plasma BKPyV-DNAemia in 

© 2024 The Author(s). Published by Wolters Kluwer Health, Inc.
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10% to 20%, and biopsy-proven BKPyV-nephropathy in 
8% (range, 1%–15%) of patients in the first 12 mo after 
kidney transplantation.6,23,102,159,160 Subsequently, BKPyV-
DNAemia and biopsy-proven BKPyV-nephropathy are 
seen in another 10% to 20% for the next 24 mo and 
another 1% to 10% for the next 3 to 5 y.8,67,102,161,162

BKPyV-DNAemia loads have a higher positive predic-
tive value for biopsy-proven BKPyV-nephropathy than 

high-level urine BKPyV loads or “decoy cells.” The posi-
tive predictive value of urine and blood tests increases with 
increasing order of magnitude and months duration after the 
first positive screening event.102 Indeed, high-level viruria 
precedes plasma BKPyV-DNAemia on average by approx-
imately 6 wk (range, 1–12 wk).6,36,102,163,164 Independent 
studies are lacking to examine the risks and benefits of 
using high-level viruria for guiding immunosuppression 

TABLE 5.

Consensus recommendations: diagnostics

Screening 
• We  recommend regular screening of kidney transplant recipients for BKPyV replication to identify patients for treatment of probable/presumptive/

biopsy-proven BKPyV-nephropathy (strong, A)
• We  recommend screening kidney transplant recipients for plasma BKPyV loads monthly until mo 9, then every 3 mo until 2 y posttransplantation 

(strong, B; Figure 1)
• If plasma BKPyV-DNA loads are 1000–10 000 c/mL (or equivalent), we suggest confirmatory testing within 2–3 wk (weak, B)
• In  kidney transplant recipients with sustained plasma BKPyV-DNA loads >1000 c/mL (or equivalent), we suggest monitoring BKPyV-DNAemia every 

2–4 wk to assess dynamics and response to the intervention (weak, D)
• In  kidney transplant recipients requiring increased immunosuppression or antirejection therapy, we suggest resuming monthly screening for BKPyV-

DNAemia for the next 3 mo (weak, D)
• In  resource-limited settings, we recommend using urine cytology for decoy cells as the minimal screening approach (strong, B) at similar time points to 

the above (weak, D)
• If  blood sampling is not available or considered inappropriate for screening, we suggest measuring urine BKPyV-DNA loads by QNAT at similar time 

points as recommended above (weak, D)
• If  urine decoy cells or urine BKPyV-DNA loads of >10 million copies/mL (or equivalent) are detected, we recommend measuring plasma BKPyV-DNA 

loads to guide clinical management (strong, B)
• For combined kidney/solid organ transplants, including pancreas, we suggest extending screening for BKPyV-DNAemia every 3 mo up to 36 mo post-

transplant (weak, C)
• Fo r non-kidney solid organ transplant recipients, we recommend to not routinely screen for BKPyV-DNAemia (strong, B)
• Fo r non-kidney solid organ transplant recipients presenting with declining renal function, in the absence of other reasons for the renal compromise, we 

suggest testing for BKPyV-DNAemia and looking for BKPyV-nephropathy if a renal biopsy is performed (weak, C)
Laboratory testing
• We  recommend that the same specimen type and assay be used in the same diagnostic laboratory to avoid uncertainty because of assay variability 

when monitoring the dynamics of BKPyV-DNAemia (strong, B)
• We recommend using QNAT assays that target conserved BKPyV genome sequences to permit the detection of all genotypes and variants (strong, C)
• We recommend using QNAT assays with a short amplicon size of <150 bp to avoid significant underquantification (strong, C)
• We  recommend that clinical virology laboratories serving transplantation programs participate in external quality assurance programs for quantitative 

BKPyV-DNA load testing (strong, C)
Statements
• Further data are needed:
   - be fore pretransplant BKPyV serology of donor or recipient can be recommended for risk stratifying kidney transplant recipients for posttransplant 

BKPyV-DNAemia/-nephropathy
   - be fore pretransplant BKPyV-specific CMI measurement can be recommended for routine clinical use to predict posttransplant 

BKPyV-DNAemia/-nephropathy
   - before posttransplant BKPyV serology can be recommended for routine clinical use to predict the course of BKPyV-DNAemia/-nephropathy
   - be fore posttransplant BKPyV-specific CMI can be recommended for routine clinical use to predict the course of posttransplant 

BKPyV-DNAemia/-nephropathy
   - before posttransplant BKPyV-specific CMI can be used to safely guide changes in immunosuppression
   - be fore recommendations can be made as to how best to screen for BKPyV-associated urothelial carcinoma in kidney transplant recipients with ongo-

ing BKPyV-DNAemia/-nephropathy
Future directions
 ➢ De velop commutable international standards for BKPyV-DNA loads (plasma, whole blood, urine, and tissue) based on defined molecular sequences 

and copy numbers of early and late viral gene regions
 ➢ Better define optimal intervals for screening and monitoring using relevant assays, minimizing additional diagnostics without compromising outcomes
 ➢ Evaluate the utility of donor and recipient BKPyV serostatus, serotype, and neutralizing antibody pretransplantation and posttransplant
 ➢ Evaluate the role of BKPyV serotype/genotypes and mutants in increasing the rate, severity, and duration of BKPyV-DNAemia/-nephropathy
 ➢ Id entify BKPyV-specific CMI assays and thresholds pretransplant and posttransplant to predict protection from BKPyV-DNAemia/-nephropathy 

posttransplant

BKPyV, BK polyomavirus; CMI, cell-mediated immunity; QNAT, quantitative nucleic acid testing. 
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reduction in patients with undetectable BKPyV-DNAemia. 
Urine viral loads are associated with higher variability 
and may be outside the linear range of the assays, which, 
together with the physiological changes in urine compo-
sition, impairs reliable decision-making regarding the 

impact of immunosuppression reduction. If urine samples 
are used for screening kidney transplant patients, plasma 
testing should be considered when urine BKPyV-DNAuria 
exceeds 10 million c/mL.165,166 If urine QNAT is not used 
or unavailable for screening, smeared or cytocentrifuged 

FIGURE 1. Flowchart integrating screening, diagnosis, and management of BKPyV replication in kidney transplant recipients. For 
details, see consensus statements and recommendations, including Tables 6 and 7, which describe the principal approaches to 
reducing immunosuppression. AST, American Society of Transplantation; BK polyomavirus nephropathy; BKPyV, BK polyomavirus; 
BKPyVAN, PyVL, polyomavirus-tissue load.

© 2024 The Author(s). Published by Wolters Kluwer Health, Inc.
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urine could be examined for “decoy cells” with enlarged 
nuclei and intranuclear viral inclusions, either directly or 
after Papanicolaou staining or immunohistochemistry for 
viral antigens (eg, LTag). Decoy cell screening followed by 
plasma BKPyV-DNAemia has been shown to be successful 
in larger clinical studies.102,162,167 However, “decoy cells” 
are not specific for BKPyV and can also reflect high-level 
JCPyV replication.102 Cases of biopsy-proven JCPyV-
nephropathy are often positive for urine “decoy cells” and 
BKPyV-DNAemia negative, whereas JCPyV-DNAemia is 
mostly low or undetectable. In such cases, urine JCPyV-
DNA loads are commonly >10 million c/mL, and JCPyV-
nephropathy can be demonstrated (see the Pathology 
section).

Critical issues regarding QNAT include underquantifi-
cation or false-negative results because of high viral target 
sequence variability and primer–probe mismatch,168,169 
and false-positive results because of cross-detection of 
sequences conserved across other polyomavirus genomes 
(eg, JCPyV). The insufficient assay coverage of patient 
variants cannot be corrected by calibration to inter-
national standards. Differences in specimen handling, 
nucleic acid extraction, assay performance, and stand-
ard curve calibration may contribute to the variability 
of BKPyV-DNAemia loads and impair intra- and inter-
laboratory commutability of the results.170 Although 
plasma BKPyV-DNAemia levels significantly associated 
with biopsy-proven BKPyV-nephropathy have been listed 
in several guidelines as >10 000 c/mL in a single sample 
or as >1000 c/mL persisting for >2 wk,4 some single-
center studies have reported lower168,171 or higher viral 
loads.172,173 Most but not all of these thresholds were 
within the 0.5 log10 c/mL range accepted as not signifi-
cantly different in amplification-based QNATs. Resolving 
these issues includes targeting highly conserved sequences 
in the early viral gene region (EVGR) encoding sTag or 
LTag or in the late viral gene region (LVGR) encoding the 
capsid proteins Vp1, Vp2, or Vp3.5,174 To avoid detection 
failure, regular review of available sequences has been 
recommended to allow optimization of targets, prim-
ers and probes, and adapted use of degenerated primers 
and probes5,174 and by developing dual genome target 
assays.175 Sequence variation is well known in the serotype- 
defining domain of VP1 and possibly also occurs as a 
result of viral mutations and immune escape.97,176-178 
Limited data suggest a lower sensitivity of <90% for 
assays based on a modified VP1 probe.179 Notably, 
plasma BKPyV-DNAemia mostly derives from nonen-
capsidated fragmented DNA of <150 bp.5,178 Extended 
transport, storage, freezing, and thawing can significantly 
reduce plasma BKPyV-DNAemia loads and should be 
avoided.5 Moreover, the use of QNATs with larger ampli-
cons of >150 bp will lead to significant underquantifica-
tion of BKPyV-DNAemia.5 The use of internationally 
approved calibrators was expected to improve the com-
mutability of BKPyV-DNA load results. However, recent 
next-generation sequencing analysis of the World Health 
Organization–approved international standard pro-
duced by the National Institute for Biological Controls 
(a national UK agency) has identified large deletions in 
the BKPyV-EVGR in approximately 80% to 90% of the 
viral genome coverage, which is not seen in the sequence 
from the National Institute of Standards and Technology 

(US government).180 Although these deletions in the cali-
brator may only marginally affect LVGR- or dual-target 
assays including LVGR-targets, EVGR QNATs target-
ing the deleted region will underquantify the calibrator 
standards and yield 5- to 10-fold higher BKPyV-DNA 
loads after conversion into international units. Therefore, 
some centers have proposed using the National Institute 
of Standards and Technology (instead of the World 
Health Organization standard) or calibrators containing 
complete genomes or plasmids containing all available 
target sequences in equimolar concentrations.170 Thus, 
the copy number of the calibrators in international units 
should not rely on averaging variability across different 
assays and procedures from different arbitrarily selected 
laboratories but rather determine precise copy numbers 
by limiting dilution replicas or digital-droplet NAT to 
permit calibration of the different QNAT targets of the 
BKPyV genome.5,170 External quality assurance programs 
play an important role in this process and allow for doc-
umenting diagnostic proficiency when assessing QNAT 
performance and variability across different laboratories 
and assays.170

Besides QNAT using plasma and urine samples to cap-
ture BKPyV replication as the standard of care in kidney 
transplant patients, a number of studies explored meth-
odological adaptations (Table S2, SDC, http://links.lww.
com/TP/D9), including the nucleic acid extraction from 
EDTA-anticoagulated whole blood rather than plasma 
for parallel processing together with other transplant-
relevant viruses, such as Epstein-Barr virus; the use of 
digital-droplet NAT for a more precise enumeration of 
the true genome viral load; the use of point-of-care/near 
patient testing for outpatient management; the measure-
ment of viral transcripts, such as VP1 mRNA or viral 
miRNA by reverse transcription-QNAT; the development 
of CRISPR-cas9 and similar technologies; the direct test-
ing of native urine without extraction; and the process-
ing of resuspended native urine, or urine supernatants or 
of urine pellets after centrifugation, as well as electron 
microscopy for PyV virion particles and virion aggre-
gates (hauffen). Although these approaches have plausible 
rationales, the available clinical data and the pro-and-cons 
as to their utility in guiding diagnosis and management are 
limited. Nevertheless, they speak to the fact that there is 
considerable innovation potential for improving the cur-
rent diagnostic status in the near future, pending appro-
priately designed comparative clinical studies. This also 
applies to BKPyV genome sequencing using Sanger tech-
nology to assess the viral serotype and genotype present 
in donors and recipients or to identify rearrangements of 
the viral NCCR as a marker of advanced stages of BKPyV-
nephropathy, the use of next-generation sequencing to 
capture the genome variability and minority variants more 
in-depth, as well as transcriptomic approaches to identify 
biomarkers of BKPyV pathology and the differential diag-
noses including innate and alloimmune responses in the 
setting of transplantation.

BKPyV genotyping is based on the sequence heterogene-
ity in the viral genome, whereby a specific region of the VP1 
gene has been reported to define 4 major serotypes that 
correlate with the target of serotype-specific neutralizing 
antibodies.20,181 BKPyV serotype I is most common world-
wide (70%–80%) followed by serotype IV (10%–20%), 
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whereas serotypes II and III are less frequently identified 
(1%–10%).182 Comprehensive genotyping requires the 
combined assessment of the BKPyV serotype sequence 
VP1 and parts of the LTAG gene to identify 10 subtypes of 
genotype I and IV (ie, genotype Ia, Ib-1, Ib-2, Ic; genotype 
IV into IVa-1, IVa-2, IVb-1, IVb-2, IVc-1, IVc-2).182-184 In 
addition to the serotype-specific neutralizing antibodies, 
recent work has identified genotype-specific differences 
in cytotoxic T-cell responses and genotype-independent 
escape.178,184

Immunological Methods

BKPyV-specific Antibodies
BKPyV-specific antibodies are most commonly ana-

lyzed in plasma or serum using ELISA format providing 
antigens coated to the solid phase. Total Ig, IgG, IgM, or 
IgA can be distinguished depending on the choice of the 
secondary antibody. Although some studies explored the 
LTag or agnoprotein,90,185 the most widely used antigen is 
the major capsid viral protein Vp1. The Vp1 antigen can 
be present as 3-dimensional virion-like virus-like particles 
(VLPs) or as Vp1 monomers or pentamers. Whereas puri-
fied VLPs mostly present the unique outer surface for anti-
body binding, Vp1-monomers and pentamers also allow 
access to the less specific, cross-reactive internal capsid sur-
faces, especially when coupled to other recombinant units, 
such as glutathione S-transferase or streptavidin. Without 
further characterization, Vp1 ELISAs do not distinguish 
whether the binding antibodies have different functional 
activities, such as opsonizing or neutralizing activities. 
Other assays include hemagglutination inhibition, pre-
venting the VLP or virion binding to sugar residues on red 
blood cells, and neutralization of infectious BKPyV prepa-
rations or pseudoviruses (for review, see Kaur et al17 and 
Table S3, SDC, http://links.lww.com/TP/D9). Technically, 
preadsorption assays may help to estimate the cross- 
reactivity between different subtypes and other human 
polyomaviruses, especially JCPyV.186 In the general 
population, BKPyV seroprevalence increases to >90% 
during childhood, followed by declining rates and titers 
among adults 50 y of age.158,186-189 As outlined in the 
Epidemiology and Risk Factors section, the detection 
of BKPyV-specific antibodies in donors has been asso-
ciated with an increased risk of BKPyV-DNAemia and 
biopsy-proven BKPyV-nephropathy in kidney transplan-
tation,190,191 particularly when donor BKVPyV IgG lev-
els are high19,190 or when they are undetectable or low 
in the recipient.12,192 Notably, pretransplant seropositiv-
ity in the recipient does not confer protection from high-
level viruria or BKPyV-DNAemia.6,13,18 However, high 
pseudovirus-neutralizing antibody titers of >10 000 (4 
log10) 50% inhibitory concentration against the specific 
donor serotype BKPyV have been correlated with reduced 
BKPyV-DNAemia events posttransplant.20 BKPyV-
specific antibody levels, as measured by ELISA using Vp1-
based antigens, have been shown to significantly increase 
in response to BKPyV events, such as new-onset viruria, 
DNAemia, and nephropathy, and include the appear-
ance of IgM.44,90,185,189,193-197 However, no correlation 
with clearance of BKPyV-DNAemia has been observed 
unless paralleled by increasing BKPyV-specific T-cell 
responses.44,195 Similarly, neutralizing antibody titers 

have been reported to increase in patients clearing BKPyV-
DNAemia and biopsy-proven BKPyV-nephropathy,20,198 
but the potential contributory role of serotype-specific 
T-cell responses has not been assessed.178,184 A barrier 
to routine clinical use of BKPyV-specific IgG is the lack 
of standardization of such assays as well as limited com-
mercial availability with only 1 ELISA currently avail-
able, which is not food and drug administration-approved 
for organ donor or recipient testing and does not allow 
for distinguishing between the different serotypes. Thus, 
prospective randomized interventional studies using vali-
dated serological assays are needed before recommenda-
tions can be made regarding the use of serological assays 
for risk stratification, organ allocation, adapted screening, 
or treatment modalities.

BKPyV-specific CMI
BKPyV-specific CMI is most commonly measured 

in peripheral blood without or with prior preparation 
and enrichment of peripheral blood mononuclear cells 
(PBMCs) through buffy coats or Ficoll density gradients. 
Other rarely described sources include kidney biopsy sam-
ples.199 CMI assays measure a variety of cellular differenti-
ation and activation markers as well as effector functions, 
as summarized recently.17,200 Most clinical data refer to 
BKPyV-specific T-cell activities directly ex vivo or after 
prestimulation and short-term expansion in vitro (Table 
S3, SDC, http://links.lww.com/TP/D9). CMI read-outs are 
typically based on T-cell receptor binding and activation 
when interacting with viral peptides presented by HLA 
class I or class II molecules on the surface of nucleated cells 
or by recombinant multimers (HLA-tetramers, -pentamers, 
-dextramers, -streptamers). The HLA-presented BKPyV 
peptides used for the assay are chemically synthesized 
and correspond to amino acid sequences of viral pro-
teins, such as LTag, sTag, Vp1, Vp2, Vp3 or agnoprotein, 
or come from the respective recombinant viral proteins 
or from BKPyV infected cell cultures preparations pro-
cessed and presented by antigen-presenting cells (Table 
S3, SDC, http://links.lww.com/TP/D9). IFN-γ is the most 
frequently used functional read-out and can be extended 
to other cytokines, such as tumor necrosis factor-alpha 
(TNF-α) and interleukin (IL)-2, thereby defining so-called 
polyfunctional responses. Other read-outs are markers 
of activation, proliferation, degranulation, cell prolifera-
tion or the cytotoxic killing of pulsed phythemagglutinin 
(PHA) stimulated PHA-blasts, antigen-presenting cells, or 
other cells.44,189,195,201,202 Cytokine-release assays measure 
the secreted activity in cell culture supernatants by ELISA 
or enumerate the number of cytokine-secreting PBMCs by 
enzyme-linked immune absorbent spot (ELISpot) assays.200

Flow cytometry can be combined with intracellular 
cytokine staining (ICS) to identify T-cell responses express-
ing IFN-γ, TNF-α, or IL-2 and is typically used together 
with differentiation and secretion markers. When using 
fluorescently labeled HLA-multimers presenting viral 
peptides, BKPyV-specific T-cell receptors can be identified 
directly without or with stimulation/activation.44,202-206 
Other functional assays include the antigen-dependent cell 
proliferation measured by H3-thymidine incorporation, 
fluorescent dye dilution (eg, carboxyfluorescein diacetate 
succinimidyl ester), or cytotoxic killing of peptide-pulsed 

© 2024 The Author(s). Published by Wolters Kluwer Health, Inc.

Copyright © 2024 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/transplantjournal by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4
X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dgG
j2M

w
lZ

LeI=
 on 08/21/2024

http://links.lww.com/TP/D9
http://links.lww.com/TP/D9
http://links.lww.com/TP/D9


1846 Transplantation  ■  September 2024  ■ Volume 108  ■  Number 9 www.transplantjournal.com

autologous PHA-blast or other antigen-presenting 
cells.44,202-206 Combining the results of several CMI assays 
with different read-outs is usually considered to strengthen 
the interpretation and evidence level.

Overall, the clinical utility of direct testing for BKPyV-
specific CMI is challenged by the often very low or unde-
tectable number of BKPyV-specific T cells in peripheral 
blood. PBMC preparations have been expanded by 
BKPyV-specific stimulation in specialized laboratory set-
tings to increase sensitivity.44,195,201,204 Studies exploring 
BKPyV-specific CMI in recipients before transplantation 
have reported somewhat conflicting results with respect 
to predicting BKPyV-DNAemia posttransplant. For 
example, no association was seen between pretrans-
plant CMI measured via ELISpot and new-onset BKPyV-
DNAemia posttransplant.207 Another study using ICS 
reported an association between posttransplant BKPyV-
DNAemia and possibly senescent CD8 T cells, although 
a definition was lacking.208 Loss of pretransplant detect-
able BKPyV-specific CMI after kidney transplantation 
was associated with new-onset BKPyV-DNAemia.66 In 
several studies, subsequent mounting of BKPyV-specific 
CMI has been correlated with a >2 log10 c/mL decline or 
clearance of plasma BKPyV-DNAemia44,195,201,204,209,210 
(Table S3, SDC, http://links.lww.com/TP/D9). BKPyV-
specific CMI correlated inversely with the levels of 
maintenance immunosuppression in kidney transplant 
recipients in vivo, and increasing calcineurin inhibitor 

(CNI) concentrations also impaired polyfunctional 
CMI in vitro.211 Conversely, reducing immunosuppres-
sion was associated with increasing BKPyV-specific CMI 
and eventual clearance of BKPyV-DNAemia.195,201,212 
Polyfunctional CMI and higher frequencies of CD4 and 
CD8 BKPyV-specific T cells correlated with a shorter 
duration and clearance of BKPyV-DNAemia.205,213-215 
Detailed characterization of the T cells suggested a func-
tional role of terminally differentiated effector memory 
phenotype in the clearance of BKPyV-DNAemia.216 
Similarly, cytotoxic CD8 T cells responding to LTag-
derived immunodominant 9mer-specific appeared to 
correlate better with clearance of BKPyV-DNAemia 
than CD4 T cells responding to 15mers.44 Although the 
overall results appear in line with current immunology 
concepts, the clinical translation of the evidence is ham-
pered by differences in methodology, viral antigens used 
for stimulation, detection assays (ELISpot, ICS, or major 
histocompatibility complex-multimers), sensitivity and 
specificity, and time points posttransplant and relative 
to new-onset BKPyV-DNAemia. Identifying the most 
informative approach and working toward standardiza-
tion of definitions, time points, and techniques may be 
key to identifying robust and commutable benchmarks 
that define the risk and show utility in guiding clini-
cal management. Accordingly, clinically validated com-
mercial CMI assays currently remain an unmet need in 
the field. Such assays are expected to guide decisions 

TABLE 6.

Practice guidance suggestions for reducing immunosuppression

General management approach 
• We suggest first confirming that all immunosuppressive drug doses and concentrations are within the institutional target range (weak, C)
• We  recommend that BKPyV-DNAemia should be monitored every 2–4 wk until clearance (strong, B) or stabilizing at plasma viral loads <1000 c/mL (or 

equivalent) (weak, C)
• Fo r  rare patients on the lowest acceptable immunosuppression with detectable BKPyV-DNAemia below <1000 c/mL, we suggest follow-up of BKPyV-

DNAemia and serum creatinine concentration every 3 mo (weak, D)
Strategy 1: Antimetabolite is reduced first
I. Reduction of the dose of antimetabolite by at least 50%
• We  suggest further immunosuppression reduction if BKPyV-DNAemia does not decrease by 10-fold at 4 wk or does not clear below lower limit of detec-

tion (weak, C), as follows:
II. Discontinuation of the antimetabolite and tapering of corticosteroid dose to 5–10 mg/d of prednisone or equivalent, if applicable
• We suggest adding prednisone (or equivalent) 5–10 mg/d for patients who are not on corticosteroids to avoid CNI monotherapy (weak, C)
III. If  further decrease in immunosuppression is necessary, we suggest a stepwise reduction of the CNI dose (tacrolimus trough target 5 ng/mL; cyclo-

sporine trough target 100 ng/mL; weak, C)
• Th e  target concentrations for further reduction are not well defined and need to be individualized. Expert opinion and case reports discuss tacrolimus 

target trough concentrations of 3 ng/mL and cyclosporine target trough concentrations 75 ng/mL followed by tacrolimus target trough of 1.5 ng/mL; 
cyclosporine target trough of 50 ng/mL (no recommendation—statement only)

Strategy 2: CNI is reduced first
I. Re duction of the dose of CNI by 25%–50% in 1 or 2 steps to target trough concentrations of tacrolimus of 3–5 ng/mL and cyclosporine trough concen-

trations of 75–125 ng/mL)
• We  suggest further immunosuppression reduction if BKPyV-DNAemia does not decrease by 10-fold at 4 wk or does not clear below the lower limit of 

detection (weak, C), as follows:
II. Reduction of the antimetabolite by 50% and tapering of corticosteroid dose to 5–10 mg/d of prednisone or equivalent, if applicable
III. Discontinuation of the antimetabolite
• We suggest adding prednisone (or equivalent) 5–10 mg/d for patients who are not on corticosteroids to avoid CNI monotherapy (weak, C)
• Th e  target concentrations of further reduction are not well defined and need to be individualized. Expert opinion and case reports discuss tacrolimus 

target trough concentrations of 3 ng/mL and cyclosporine target trough concentrations of 75 ng/mL followed by tacrolimus target trough of 1.5 ng/
mL; cyclosporine target trough of 50 ng/mL (no recommendation—statement only)

BKPyV, BK polyomavirus; CNI, calcineurin inhibitor.
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TABLE 7.

Consensus recommendations: management

Reduction of immunosuppression (see Table 6 for detailed guidance) 
• We  recommend reducing maintenance immunosuppression as the primary treatment of sustained BKPyV-DNAemia/-nephropathy in kidney transplant 

patients without high immunologic risk or concurrent acute rejection (strong, B)
• We  suggest reducing immunosuppression when BKPyV-DNAemia is between 1000–10 000 copies/mL (or equivalent) on 2 measurements within 

2–3 wk (weak, B)
• We  recommend reducing immunosuppression based on 1 measurement BKPyV-DNAemia >10 000 copies/mL (or equivalent) or if biopsy-proven 

BKPyV-nephropathy (strong, B)
• We  recommend reducing immunosuppression for biopsy-proven BKPyV-nephropathy even if plasma BKPyV-DNA load results needed to confirm the 

diagnosis are still pending (strong, B)
• We  suggest each transplant center to develop an institutional algorithm and standard operating procedure of how to reduce immunosuppression in 

patients with BKPyV-DNAemia (weak, D)
• Th e re is insufficient data to evaluate the efficacy of switching to mTOR inhibitors for treating BKPyV-DNAemia or biopsy-proven BKPyV-nephropathy (no 

recommendation—statement only)
• We  suggest to judiciously reincrease maintenance immunosuppression based on the individual immunologic risk after confirmed BKPyV-DNAemia 

clearance, with appropriate screening for BKPyV-DNAemia (weak, D)
• We  suggest testing patients with persistent BKPyV-DNAemia despite the lowest acceptable immunosuppression for de novo DSA if there is evidence of 

renal dysfunction to assist decisions regarding kidney transplant biopsy (weak, D)
• Fo r multiorgan transplant recipients, including kidney or non-kidney solid organ transplant recipients with BKPyV-DNAemia or biopsy-proven BKPyV-

nephropathy, we suggest a careful reduction of immunosuppression as per above, with close clinical and laboratory monitoring, weighing the risks 
and benefits of rejection and graft loss (weak, D)

Statement
• In  the absence of data defining the best treatment of acute rejection in patients with ongoing BKPyV-DNAemia/-nephropathy, most experts apply high-

dose steroid therapy followed by resuming close monitoring of renal allograft function and at least monthly monitoring of BKPyV-DNAemia for the 
next 3 to 6 mo (expert opinion)

• De pending on the clinical course, some experts consider a judicious increment of maintenance immunosuppression, whereas others consider decreas-
ing immunosuppression as a second step, especially in cases experiencing a significant rise in BKPyV-DNAemia loads (expert opinion)

mTOR inhibitor regimens
• Fo r kidney transplant recipients developing BKPyV-DNAemia or biopsy-proven BKPyV-nephropathy while receiving a combination of mTOR inhibitors 

and calcineurin inhibitors, there is insufficient data to guide the reduction of immunosuppression.
Possible approaches include
- to first reduce the dose of calcineurin inhibitor followed by a reduction of the dose of mTOR inhibitor if needed (expert opinion)
- to first switch to low-dose cyclosporine followed by a reduction of the dose of mTOR inhibitor if needed (expert opinion)
Belatacept regimens
• Fo r kidney transplant recipients developing BKPyV-DNAemia or biopsy-proven BKPyV-nephropathy while receiving a belatacept-based regimen, there is 

insufficient data to guide the reduction of immunosuppression.
Possible approaches include
-to first reduce or discontinue the antimetabolite (expert opinion)
-to increase the interval of belatacept administration to every 6–8 wk (expert opinion)
-to switch to a low-level calcineurin-based or mTOR inhibitor–based immunosuppressive regimen (expert opinion)
Adjunctive therapies
• We  suggest consideration of intravenous immunoglobulin administration as adjuvant therapy in kidney transplant recipients with insufficient response to 

reduced immunosuppression to facilitate viral clearance (weak, D)
• We  suggest consideration of IVIG administration as adjuvant therapy to prevent acute rejection in recipients with high immunological risk when immu-

nosuppression reduction is necessary to facilitate viral clearance (weak, D)
• We recommend to not use cidofovir to treat BKPyV-DNAemia/-nephropathy in kidney transplant recipients (strong, B)
• We recommend to not use leflunomide to treat BKPyV-DNAemia/-nephropathy (strong, B)
• We recommend to not use fluoroquinolones to prevent or treat BKPyV-DNAemia or BKPyV-nephropathy in kidney transplant recipients (strong, A)
• We recommend to not use statins to prevent or treat BKPyV-DNAemia or BKPyV-nephropathy in kidney transplant recipients (strong, A)
Future directions
 ➢ Randomized controlled trials to evaluate the administration of IVIG to prevent or treat BKPyV-DNAemia/-nephropathy
 ➢ Ra ndomized controlled trials to evaluate the administration of BKPyV-neutralizing monoclonal antibodies to prevent or treat 

BKPyV-DNAemia/-nephropathy
 ➢ Randomized controlled trials to evaluate the administration of adoptive virus-specific T cells to prevent or treat BKPyV-DNAemia/-nephropathy
 ➢ Development of BKPyV vaccines to prevent or improve treatment responses of BKPyV-DNAemia/-nephropathy
 ➢ Development of effective and safe antiviral therapies to prevent or treat BKPyV-DNAemia/-nephropathy

BKPyV, BK polyomavirus; DSA, donor-specific antibody; mTOR, mammalian target of rapamycin.
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regarding immunosuppression and the potential clinical 
application of adoptive transfer of virus-specific T cells 
for the prevention and treatment of BKPyV events in kid-
ney transplant patients.

Other Laboratory Assays
A variety of other markers have been studied to predict 

BKPyV-DNAemia (Table S4, SDC, http://links.lww.com/
TP/D9). These include lymphocyte counts,66 nonspecific 
IgG levels, donor-derived cell-free DNA,217-219 measuring 
other cytokines, chemokines and their combination,220,221 
Torque teno virus loads in plasma, as well as determin-
ing HLA or KIR polymorphisms.42,222,223 These markers 
need further development and validation before they can 
be used for guiding clinical decisions.

Considerations for Screening and Monitoring of 
Kidney Transplant Recipients

Given the absence of effective prophylaxis, kidney 
transplant patients should be tested regularly for plasma 
BKPyV-DNAemia by sensitive and specific plasma QNAT 
to identify BKPyV-nephropathy early at the stage of lim-
ited viral allograft involvement. When BKPyV-DNAemia 
is detected, testing should be repeated within 2 to 3 wk 
to confirm whether BKPyV-DNAemia has spontaneously 
resolved or is persistent, hence justifying intervention. In 
contrast, a threshold BKPyV-DNAemia of >10 000 c/mL 
(or equivalent) identifies presumptive BKPyV-nephropathy 
necessitating prompt reduction of immunosuppression if 
laboratory errors are unlikely. Persistent BKPyV-DNAemia 
at 1000 to 10 000 c/mL (or equivalent) identifies kidney 
transplant patients with probable BKPyV-nephropathy 
in cases without biopsy-proven BKPyV-nephropathy. 
Notably, persistent BKPyV-DNAemia at levels <10 000 
c/mL has been reported in patients eventually diagnosed 
with biopsy-proven BKPyV-nephropathy.6,224,225 A posi-
tive screening result should trigger a clinical review of the 
immunosuppression and the monitoring of plasma BKPyV-
DNAemia every 2 to 4 wk. Although higher plasma BKPyV 
loads have been linked to longer time to clearance,162,226,227 
routine monitoring every 2 to 4 wk is still recommended 
because the use of intervals beyond every 4 wk may fail 
detection of significant BKPyV-DNAemia dynamics.224 
After clearance of BKPyV-DNAemia, the optimal dura-
tion of monitoring is unknown, and it should be indi-
vidualized, guided by viral kinetics, immunological risk, 
renal function, and cautious evaluation of (re-)increasing 
immunosuppression to prevent rejection and possible DSA 
formation. BKPyV recurrence may arise late after trans-
plantation following treatment for rejection, with the risk 
depending on the type of antirejection treatment and other 
factors. Enhanced screening rates of high-risk patients (eg, 
needing re-increased immunosuppression) for BKPyV-
DNAemia may allow early identification of recurrence.

Other Diagnostic Considerations

Resource-limited Settings
Although molecular testing for viruses has become more 

widely available because of the SARS-CoV-2/COVID-19 
pandemic, screening and monitoring kidney transplant 
recipients for BKPyV by QNAT may represent a significant 

burden for transplant programs in resource-limited set-
tings. Transplant programs in resource-limited settings 
may consider screening for urine decoy cells at similar time 
points as recommended for plasma BKPyV-DNAemia. Due 
to the high negative predictive value, undetectable decoy 
cells on properly processed urine cytology analyzed by 
trained personal can virtually exclude BKPyV-DNAemia 
and biopsy-proven BKPyV-nephropathy.102,162 Conversely, 
the detection of urinary decoy cells should be followed up 
by measuring plasma BKPyV-DNAemia. Similar consid-
erations apply to screening urine for BKPyV-DNA loads, 
whereby high-level loads of >10 million c/mL should be 
followed up by testing for BKPyV-DNAemia.164,228

Multiorgan Transplant Recipients, Including Kidney
A later onset of BKPyV-DNAemia and biopsy-proven 

BKPyV-nephropathy has been reported in SPK trans-
plant recipients compared with kidney transplant 
recipients.54,161,229 Some centers extend the duration of 
screening for BKPyV-DNAemia in SPK transplant recipi-
ents. However, there are insufficient data from cohort or 
prospective studies to define optimal duration and benefits 
regarding outcome. Even less data are available regard-
ing screening other multiorgan transplants, including 
kidneys.230-233

Non-kidney SOT Recipients
BKPyV-DNAemia and biopsy-proven BKPyV-

nephropathy are rarely reported in non-kidney SOTs.234,235 
Although some studies have suggested an association of 
chronic kidney failure and BKPyV-DNAemia in these 
patients,236-239 this association has not been found in 
cross-sectional studies.240,241 A series of 74 pancreas-only 
transplants reported a higher risk of pancreas allograft 
failure with BKPyV-DNAemia (associated with older age 
and lymphopenia), but no kidney biopsies or end-stage 
kidney disease were reported242; the impact of reduction 
of immunosuppression on the pancreas allograft in the 
setting of BKPyV-DNAemia needs further study. A recent 
retrospective study of lung transplant patients identified 
BKPyV-DNAemia in approximately 4% of patients, with 
biopsy-proven BKPyV-nephropathy in 1%.239

BKPyV-associated Urothelial Carcinoma
Prolonged high-level BKPyV replication with high 

BKPyV loads and biopsy-proven BKPyV-nephropathy 
may be associated with rearrangements of the NCCR in 
the viral genome93 and also increase the risk of chromo-
somal integration of the BKPyV genome and subsequent 
urothelial cancer.243-247 Increased incidence of urothelial 
cancers (adjusted IRR 2.2; 95% CI, 0.9-5.4) has been 
reported among kidney transplant recipients subsequent to 
prolonged BKPyV-DNAemia and biopsy-proven BKPyV-
nephropathy, supporting an association between BKPyV 
and urothelial carcinogenesis in this population.248 The 
diagnosis of BKPyV-associated urothelial carcinoma 
is not different from other forms of bladder cancer and 
requires histology of cancer obtained by cystoscopy and 
surgical removal. There is no specific screening modal-
ity for BKPyV-associated urothelial cancer compared 
with non-BKPyV-associated cancer. However, BKPyV-
DNAemia is detectable in such patients and has been used 
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for monitoring treatment outcomes, especially when meta-
static disease is present.

MANAGEMENT
Given that there are no effective antivirals to prevent 

or treat BKPyV replication, the primary therapeutic inter-
vention for sustained BKPyV-DNAemia or biopsy-proven 
BKPyV-nephropathy in kidney transplant patients aims at 
reducing maintenance immunosuppression to allow for 
sufficient BKPyV-specific immune control, without precipi-
tating rejection episodes (Figure 1).4,17

The primary outcome of the therapeutic intervention is 
monitored by following BKPyV-DNAemia loads because 
the significant decline and eventual clearance of BKPyV-
DNAemia (ie, defined as decline below the LOD) correlate 
with the sustained disappearance of BKPyV replication 
foci from the renal allograft, a prerequisite for regenerat-
ing the tubular lining.4,162,164 A schematic diagram summa-
rizes the timing of key events in the screening, intervention, 
and follow-up monitoring of kidney transplant recipients 
(Figure 2). The optimal strategy to reduce immunosup-
pression has not been defined; it varies among transplant 
centers and is often individualized because there are no 
randomized controlled trials (RCTs) directly comparing 
different protocols.4 The time point of diagnosis, early 
or late after transplantation, the magnitude of BKPyV-
DNAemia, and whether routine screening or rather graft 
dysfunction led to diagnosing BKPyV-DNAemia or biopsy-
proven BKPyV-nephropathy may all influence clinical 
decision-making. Other important factors are the immu-
nosuppressive regimen (eg, standard triple-drug regimen, 
CNI-sparing, steroid-sparing) and the dosing and target 
range as per institutional protocol; the known or perceived 
immunological risk; the presence of DSAs; the presence of 
other SOTs (eg, pancreas, liver, heart, lung); the history of 
rejection and antirejection treatment; and failure of a pre-
vious kidney transplant (Consensus recommendations and 
future directions, see Tables 6 and 7).

Kidney Transplant Recipients Receiving Standard 
Combination Immunosuppression

Reducing maintenance immunosuppression consisting 
of standard triple therapy with CNIs, such as tacrolimus or 
cyclosporine, antiproliferative agents, such as mycopheno-
late or azathioprine, and corticosteroids led to successful 
clearance of BKPyV-DNAemia below the LOD in 80% to 
100% of cases according to a meta-analysis249 and several 
prospective observational studies.36,67,162,167,250 Treatment 
of biopsy-proven BKPyV-nephropathy tended to require 
more interventional steps, a longer time to clearance, and 
a higher risk of allograft failure.67,162 Rapid immunosup-
pression tapering was associated with a shorter duration of 
BKPyV-DNAemia and better allograft function in patients 
with biopsy-proven BKPyV-nephropathy.251 However, 
acute cellular rejection36,162,195,252,253 and subsequent de 
novo DSAs have been reported in around 10% to 30% of 
the patients during or after clearance of BKPyV-DNAemia 
in some studies.251,254-256 Overall, earlier intervention at 
lower levels of BKPyV-DNAemia required fewer inter-
vention steps and resulted in fewer rejection episodes. As 
pointed out in the diagnostic section, assay sensitivity, the 
respective LOD, and the lower limit of quantification may 

differ between the various commercial and laboratory-
developed assays.257 However, most experts agree to use a 
cautious watch-and-wait strategy once BKPyV-DNAemia 
loads have declined to <1000 c/mL (or equivalent) after 
reducing immunosuppression. Follow-up testing is not 
well defined, but most agree that this would correspond to 
monthly measurements for 3 mo of follow-up.

Notably, recurrent BKPyV-DNAemia has been observed 
in 10% to 20% of patients in the context of reincreasing 
immunosuppression for maintenance or actual treatment 
of rejection.162,164 There are 2 major strategies for reduc-
ing immunosuppression, which differ in the initial steps of 
either first reducing the antiproliferative drugs (signal-3) 
to facilitate the expansion of virus-specific lymphocytes or 
first reducing the CNIs (signal-1) to facilitate T-cell recep-
tor activation and effector functions (Table 6). For both 
strategies, we suggest starting by reviewing and promptly 
adjusting the doses and trough concentrations of immuno-
suppressive drugs if found to be in excess of the respective 
predefined institutional target range.

Evidence for first reducing the antimetabolite mostly 
concerns the use of mycophenolate mofetil (MMF) or 
mycophenolic acid (MPA) and consists of initial dose 
reduction or discontinuation (Table S5, SDC, http://links.
lww.com/TP/D9). MMF discontinuation for kidney trans-
plant patients with sustained BKPyV-DNAemia (no allo-
graft biopsy performed) is safe and effective for clearance 
of BKPyV-DNAemia.36 Notably, these patients underwent 
lymphocyte-depleting induction therapy, and in 8 of 23 
(35%) patients, the CNI was reduced in a second step to 
achieve clearance.36 The risk of acute rejection was not 
elevated as long as CNI trough concentrations were within 
the therapeutic range, for example, tacrolimus (3–5 ng/
mL) or cyclosporine (50–100 ng/mL) along with low-dose 
corticosteroids.36 This approach was safe and effective 
when assessed at 5 and 10 y of follow-up.250,254 Not all 
studies support the reduction/discontinuation of antime-
tabolites for those with sustained BKPyV-DNAemia. For 
example, in patients receiving alemtuzumab induction and 
MMF 1000 mg twice per day, reduction of the MMF dose 
may clear low-grade BKPyV-DNAemia without the need 
for discontinuation.258 Other studies reported that stop-
ping mycophenolate was associated with a higher chance 
and faster clearance of the BKPyV-DNAemia with fewer 
graft losses than those in whom the mycophenolate was 
reduced but not discontinued.259 The role of mycophe-
nolate discontinuation permitting de novo antibody for-
mation has been a concern with respect to DSAs162 and 
has also been demonstrated for antibody formation in 
response to SARS-CoV-2 vaccines.260,261 Some studies 
reported an association of persistent BKPyV-DNAemia 
with de novo DSA formation following MPA discontinu-
ation and tacrolimus reduction.255 Because the underlying 
mechanisms need further study, testing for de novo DSAs 
is performed according to center practice and available 
resources and is typically considered in the case of renal 
allograft dysfunction.

Evidence for first reducing the dose of the CNIs comes 
from 2 approaches to achieve declining and clearing 
BKPyV-DNAemia and resolving BKPyV-nephropathy. 
The first approach is to reduce the CNI dose by 25% 
to 50% in 1 or 2 steps, followed by a 50% reduction 
and subsequent discontinuation of the antiproliferative 
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drug. The second is to simultaneously reduce both the 
CNI and the antimetabolite (Table S6, SDC, http://links.
lww.com/TP/D9). In a prospective study of 293 patients, 
stepwise reduction of tacrolimus dose resulted in 92% 
clearance of BKPyV-DNAemia and 8.6% incidence of 
subsequent clinical rejection occurrence.167 Comparable 
findings were observed for pediatric patients, without 
increasing the rate of acute rejection or graft dysfunc-
tion.195 In a large retrospective study of 644 consecutive 
kidney transplants, clearance of BKPyV-DNAemia was 
seen in 96% of 105 patients, 39% of them after step-
wise tacrolimus dose reduction and 43% after additional 
reduction of mycophenolate.162 Over a follow-up of 6 
y, rates of rejection, graft survival, and patient survival 
were similar between kidney transplant recipients with 
and without BKPyV-DNAemia.162 A prospective study 
of reducing CNIs together with antimetabolites has been 
reported to clear BKPyV-DNAemia in all 28 patients 
with plasma viral loads >10 000 c/mL within 6 mo with 
ensuing acute cellular rejection in 14%, which responded 
to steroid treatment.67 A retrospective study found that 
>20% reduction in CNI concentration 1 mo after the ini-
tial BKPyV-DNAemia was associated with an increased 
rate of acute rejection262 but needed to be distinguished 
from virus-specific immune reconstitution.134

The treatment of acute rejection in patients with ongo-
ing BKPyV-DNAemia/-nephropathy is as challenging as 
its diagnosis (see the Pathology section). In the absence 
of data defining the best approaches in such cases, most 
experts apply high-dose steroid therapy followed by 
resuming close monitoring of renal allograft function and 
at least monthly monitoring of BKPyV-DNAemia for the 
next 3 to 6 mo. Depending on the further course, some 
experts consider a judicious increment of maintenance 
immunosuppression, whereas others consider decreasing 
immunosuppression as a second step, especially in cases 
experiencing a significant rise in BKPyV-DNAemia loads. 
These approaches and additional interventions are not 
well supported by published data and represent expert 
case-by-case management integrating the clinical course, 
histopathological and virological findings, and potential 
novel biomarkers.263,264

mTOR Inhibitor–based and Belatacept-based 
Regimens

Two large multicenter trials in kidney transplant recipi-
ents reported a lower incidence of BKPyV-DNAemia and 
BKPyV-nephropathy in patients receiving tacrolimus, 
mTOR inhibitors, and steroids compared with those 
receiving tacrolimus, mycophenolate, and steroids.265,266 
Potential mechanisms include lower CNI exposure, 
absence of mycophenolate, and specific antiviral mecha-
nisms of mTOR inhibitors.

There are insufficient data to evaluate the efficacy 
of switching to mTOR inhibitors for treating BKPyV-
DNAemia or biopsy-proven BKPyV-nephropathy (Table 
S7, SDC, http://links.lww.com/TP/D9).85,267-269 Two case 
series reported improved viral clearance and superior graft 
function after switching from mycophenolate to everoli-
mus together with reduced tacrolimus exposure.85,269 In a 
larger trial, switching patients from tacrolimus, mycophe-
nolate, and steroids to either everolimus and reduced CNI 
or reduced mycophenolate and reduced CNI reported no 

significant difference in the combined endpoint of clear-
ance of BKPyV-DNAemia or 50% reduction of viruria.267

The use of belatacept, mycophenolate, and steroids 
together has not been associated with a higher incidence 
of BKPyV replication.270,271 There are no data to guide the 
reduction of immunosuppression in this specific setting.

Multiorgan Transplant Recipients
A larger case series of BKPyV-DNAemia and nephropa-

thy events in multiorgan transplants are available from 
SPK transplant recipients.32,229,272-275 In some studies, the 
rate of BKPyV-DNAemia tends to be higher, and the out-
come of biopsy-proven BKPyV-nephropathy is inferior 
in SPK transplant recipients compared with kidney-only 
transplantation229,272 but not in other studies.32,273,275 
Reduction of immunosuppression has been effective and 
reported a low risk of pancreas allograft loss.32,273-275 Only 
a few case reports are available from other multiorgan 
transplant recipients.231 Also, there is not sufficient evi-
dence to guide immunosuppression reduction for treating 
other multiorgan transplant recipients, including kidney 
or non-kidney SOT recipients with BKPyV-DNAemia or 
biopsy-proven BKPyV-nephropathy.

Adjuvant Therapies: Update and Rating
Very limited clinical data suggest benefits of currently 

available adjuvant therapies in addition to reducing main-
tenance immunosuppression for clearing BKPyV-DNAemia 
or biopsy-proven BKPyV-nephropathy, with most data 
from noncontrolled case series, while results from rand-
omized controlled studies are currently lacking.276

IVIG preparations contain high neutralizing antibody 
titers against BKPyV.277,278 Although one study suggested 
a lower incidence of BKPyV-DNAemia associated with the 
preventive administration of IVIG,279 there are only a few 
studies reporting a trend of improved clearance of BKPyV-
DNAemia in patients receiving adjunctive IVIG compared 
with historical controls treated solely with immunosup-
pression reduction.109,280,281 Given the limitations in study 
design and sample size (Table S8, SDC, http://links.lww.
com/TP/D9), adjunctive IVIG may potentially reduce or 
prevent rejection following immunosuppression reduction. 
IVIG is generally well tolerated, and the risk for complica-
tions, such as fever, nausea, or rarely thrombosis, is low, 
making it an option to consider. There is little evidence 
regarding which IVIG dosing is most appropriate or effec-
tive. Several scenarios have been considered: low dose of 
0.1 to 0.3 g/kg body weight once every 2 to 4 wk as used 
to supply neutralizing antibodies; high-dose of 0.5 to 2 g/
kg body weight for corticosteroid-sparing immunomodu-
lation 1 to 3 times per week as used for treating immune 
thrombocytopenia; adjusted dosing as needed for correct-
ing hypogammaglobulinemia.

Cidofovir has documented in vitro activity against 
BKPyV,282 but there are conflicting data regarding the in 
vivo activity of cidofovir against BKPyV.109,276,283 No RCTs 
provide evidence that cidofovir is beneficial for adjunctive 
treatment of biopsy-proven BKPyV-nephropathy. A 2010 
meta-analysis of 1 cohort study and 11 case series (each 
with ≤25 patients) found no benefit of cidofovir.164,249 If 
it is considered for use, the lack of demonstrated benefit 
needs to be balanced against the risk of nephrotoxicity and 
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ophthalmologic toxicity (Table S9, SDC, http://links.lww.
com/TP/D9).

Leflunomide is an antiproliferative immunosuppressive 
agent originally approved for treating rheumatoid arthri-
tis. The active metabolite teriflunomide inhibits T- and 

B-lymphocyte proliferation and may inhibit BKPyV repli-
cation in cell culture unless uridine is added in physiologi-
cal concentrations.17,284 The clinical data on leflunomide 
use for BKPyV-DNAemia and nephropathy are conflicting 
(Table S10, SDC, http://links.lww.com/TP/D9).249,281,285-291 

FIGURE 2. Timelines of BKPyV replication and related laboratory and clinical events after kidney transplantation. Urinary cytology data 
mostly describe the onset of decoy cell shedding. Low-level BKPyV-DNAuria in native urine is detected in <10% before transplantation 
and increases to high-level BKPyV-viruria defined by decoy cells or BKPyV-DNAuria of >10 million copies/mL of urine. BKPyV-
DNAemia loads are identified in plasma by QNAT approximately 2 to 6 wk after high-level BKPyV-DNAuria. BKPyV-specific antibody 
levels increase before immunosuppression is reduced. As the net state of immunosuppression decreases, rising BKPyV-specific T 
cell activity is detectable. The colored dashed lines attempt to capture different scenarios of marker and disease evolution. Serum 
creatinine concentration may increase when allograft BKPyV loads and the associated interstitial inflammation become more extensive. 
Reducing immunosuppression facilitates antiviral immunity (immune reconstitution), clearance of intragraft replication foci, and clearance 
of BKPyV-DNAemia loads below the limit of detection while increasing the risk of antidonor immunity and allograft rejection. Increase 
in serum creatinine may arise because of antiviral immune reconstitution or acute rejection, whereby the former may be transient, 
unlike the latter. The shaded green area marks the window of opportunity for reincreasing maintenance immunosuppression to prevent 
acute T cell–mediated rejection. Potentially accelerated generation of donor-specific antibodies and antibody-mediated rejection are not 
depicted. BKPyV, BK polyomavirus; c/mL, copies/mL; hpf, high-power field; QNAT, quantitative nucleic acid testing.
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There are no RCTs of leflunomide; a phase II trial with 
FK778 (a derivative of leflunomide) failed to show any 
benefit for resolving BKPyV-nephropathy.292 A recent case 
series suggests that combining leflunomide with mTOR 
inhibitors, such as everolimus, may increase efficacy.293 
Leflunomide has a long half-life and has been associated 
with hepatotoxicity.

Fluoroquinolones are bacterial gyrase/topoisomerase-
inhibiting antibiotics that have modest inhibitory activity 
on BKPyV replication in vitro. Clinical data have reported 
mixed results (Table S11, SDC, http://links.lww.com/TP/
D9). A retrospective study reported that a 1-mo treatment 
with fluoroquinolones led to reduced BKPyV-DNAemia 
rates compared with placebo.294 Another retrospective 
study reported that 30 d of ciprofloxacin resulted in fewer 
BKPyV replication events at 3 mo but not 12 mo.295 In 
a systematic review, fluoroquinolones were not associated 
with reduced rates of BKPyV-DNAemia, biopsy-proven 
BKPyV-nephropathy, or graft loss.296 A prospective RCT 
found that 3 mo of levofloxacin prophylaxis did not pre-
vent BKPyV-DNAemia rates compared with placebo.297 
Another RCT reported that 3 mo of ciprofloxacin did not 
reduce BKPyV-DNAemia rates but increased the rate of 
fluoroquinolone-resistant infections.298

3-Hydroxy-3-methylglutaryl coenzyme A reduc-
tase inhibitors (statins) can decrease the expression of 
caveolin-1 required for BKPyV entry into cells. An in 
vitro study reported that pravastatin reduced the per-
centage of BKPyV-infected cells.299 However, in kidney 
transplant recipients, administration of statins at maximal 
cholesterol-lowering dose did not prevent the progression 
of BKPyV-DNAemia to BKPyV-nephropathy300 (Table 
S12, SDC, http://links.lww.com/TP/D9).

PEDIATRIC CONSIDERATIONS
Seroepidemiology studies indicate that the majority 

of primary BKPyV exposure occurs during childhood. 
Accordingly, the proportion of BKPyV-naive patients who 
lack BKPyV-specific cellular and humoral immunity is higher 
in the pediatric transplant population.189,301 According to 
a large multicenter study of the Cooperative European 
Paediatric Renal Transplant Initiative (CERTAIN) registry, 
the prevalence of BKPyV-DNAemia in pediatric kidney 
transplant recipients is highest (33.4%) in the first year 
posttransplant.8 Presumptive BKPyV-nephropathy defined 
by high-level plasma BKPyV-DNAemia loads of >10 000 c/
mL and biopsy-proven BKPyV-nephropathy were reported 
in approximately 16% and 5% of patients, respectively,8 
and slightly higher than in adult studies. Graft loss rates 
are variable and were reported in 24% at a mean of 24 
mo after diagnosis in the North American Pediatric Renal 
Trials and Collaborative Studies (NAPRTCS) cohort.302 
Unlike in adults, a significant proportion of high-level 
BKPyV-DNAemia (12.5%) and biopsy-proven BKPyV-
nephropathy (21.4%) in pediatric kidney transplant recip-
ients occurs more than after 24 mo posttransplant,8 and 
would be missed by current screening interval recommen-
dations for adult kidney transplant recipients (Consensus 
recommendations and future directions, see Table 8).

Risk factors for BKPyV-DNAemia and biopsy-
proven BKPyV-nephropathy are common to both 

adult and pediatric kidney transplant recipients (see 
above). Obstructive uropathy as the primary cause of 
kidney disease appeared as an independent risk factor 
for these outcomes.8,303 The underlying mechanism as 
to how obstructive uropathy predisposes to BKPyV-
nephropathy is unclear8 and might derive from vesi-
coureteral reflux.164 Because congenital anomalies, 
including obstructive uropathy, are the most common 
cause of end-stage kidney disease in children,304 the 
association between obstructive uropathy and BKPyV 
events should be further examined. Other risk factors for 
BKPyV-nephropathy identified in the NAPRTCS cohort 
are depleting lymphocyte induction therapy and zero 
HLA-DR mismatch.302 According to the CERTAIN regis-
try, younger recipient age at kidney transplantation (OR, 
1.1 per year younger; P < 0.001) was an independent 
risk factor associated with new-onset BKPyV-DNAemia 
and biopsy-proven BKPyV-nephropathy.8 Although the 
risk factor underlying younger age is unknown, it likely 
includes an increased rate of BKPyV-naive children. 
Calculations made from the available data suggest sig-
nificantly elevated ORs for BKPyV-nephropathy ranging 
from 4.9301 to 13.75.305 Comparing BKPyV antibody lev-
els in adult donor and pediatric recipient sera, only 17% 
of recipients younger than 6 y had high titers compared 
with 73% of older recipients (P < 0.002).10 The combi-
nation of having high antibody levels in the donor and 
low antibody levels in the recipients was associated with 
BKPyV-DNAemia of 57% (4/7), as compared with 0% 
(0/3) and 4% (1/26) for donor–recipient combinations 
being low–low or low–high, respectively (P = 0.004).10 
For donor–recipient pairs being high–low, the OR for 
BKPyV-DNAemia was 5.16.10

Laboratory Testing in Pediatric Kidney Transplant 
Recipients

No specific data exist for identifying clinically relevant 
BKPyV-DNAemia loads in pediatric kidney transplant 
recipients; most reports use those proposed for adults.8,195 
Analysis of a patient’s adaptive immune response toward 
BKPyV may be considered a useful tool to evaluate 
the individual capacity for effective BKPyV control. 
Measuring BKPyV-specific CMI in children indicated 
that clearance of BKPyV-DNAemia was associated with 
increasing BKPyV-specific T cells in peripheral blood.195 
Measuring BKPyV-specific CD4 and CD8 T cells at the 
time of new-onset BKPyV-DNAemia allowed us to iden-
tify patients with transient, self-limiting BKPyV-DNAemia 
and those in need of preemptive treatment.306 BKPyV-
specific CMI correlated with the duration of plasma 
BKPyV-DNAemia but not with the peak viral load. The 
detection of BKPyV-specific CD4 T cells (≥0.5 cells/μL) 
and CD8 T cells (≥0.1 cells/μL) revealed a positive predic-
tive value of 1.0 and a negative predictive value of 0.86 for 
self-limiting DNAemia.306 Clearance of BKPyV-DNAemia 
and BKPyV-specific CMI responses may differ between 
standard immunosuppressive regimens and mTOR inhibi-
tor–based therapy.306 As with adults, the measurement 
of BKPyV-specific CMI in children requires further vali-
dation in randomized clinical trials to ascertain its role 
in individualized decision-making, which may include 
unnecessary reduction of immunosuppression in patients 
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with self-limiting BKPyV-DNAemia, thereby reducing the 
risk of posttreatment rejection events.

Indications for Allograft Biopsy in Pediatric Kidney 
Transplant Recipients

The studies guiding the indication for kidney allograft 
biopsy in children with BKPyV-DNAemia and baseline 
renal function are limited by their heterogeneity regard-
ing study design, length of follow-up, screening proto-
cols, and immunosuppressive regimens. This is captured 
in a survey of 90 pediatric providers where 31% of 
respondents said they performed a biopsy before adjust-
ing medication in children with stable kidney function 
and high-level BKPyV-viruria, and 50% of respondents 
stated that biopsy was indicated in patients with stable 
kidney function and significant BKPyV-DNAemia.307 
In studies including pediatric kidney transplant recipi-
ents with stable renal function undergoing surveillance 
biopsies, biopsy-proven BKPyV-nephropathy was iden-
tified in 1.3% to 4.9% within 3 to 24 mo after trans-
plant; most but not all of these patients had documented 
BKPyV-DNAemia at the time of protocol biopsy.308-311 
Biopsy-proven BKPyV-nephropathy was diagnosed 
in 2.2% to 7.7% of children with persistent BKPyV-
DNAemia or high-level viruria undergoing for-cause 
biopsies.8,215,301,305,306,312-316

Management of BKPyV-DNAemia and BKPyV-
nephropathy in Children

There is no evidence supporting any specific treat-
ment for BKPyV-DNAemia or biopsy-proven BKPyV-
nephropathy in pediatric kidney transplant recipients 
other than reduction of immunosuppression. Most studies 
in children are retrospective, single-center analyses with 
findings confounded by patients receiving multiple inter-
ventions, typically in combination with reduced immuno-
suppression. In the absence of specific randomized clinical 
trials, timely decreasing of immunosuppression is the cur-
rent treatment option for BKPyV-DNAemia/-nephropathy 
in pediatric kidney transplant recipients. In a prospective 
study of 62 children with a follow-up of 2 y, 13 devel-
oped BKPyV-DNAemia. Treatment was initiated without 
allograft biopsy and consisted of stepwise reduction of 
the CNI in 15% and of mycophenolate in 50%, followed 
by mycophenolate discontinuation if BKPyV-DNAemia 
persisted. All patients cleared BKPyV-DNAemia by a 
median of 2 mo after reducing immunosuppression, 
and none developed rejection.195 However, other stud-
ies reported lesser efficacy in reducing immunosuppres-
sion, especially for biopsy-proven BKPyV-nephropathy. 
Among 20 patients followed prospectively, 4 developed 
biopsy-proven BKPyV-nephropathy, with only 2 clearing 
BKPyV-DNAemia after reducing immunosuppression.313 
Retrospective studies reported mixed results, includ-
ing targeting lower tacrolimus trough levels (3–7 ng/
mL) and switching from tacrolimus to cyclosporine or 
sirolimus.215,305,306,311,312,315,317-324

Three multicenter registries report variability in treat-
ment approaches for BKPyV events. Among 313 children 
followed in the European CERTAIN registry, 64 developed 
BKPyV-DNAemia or biopsy-proven BKPyV-nephropathy, 
45 (70.3%) were treated with reducing CNI, and 23 (35.9%) 

with reducing mycophenolate.8 In a North American reg-
istry of 542 patients, 25 developed BKPyV-nephropathy 
with 13/25 clearing BKPyV-DNAemia at a median of 5 
mo after reducing immunosuppression (CNI reduction 
[n = 11] and mycophenolate reduction [n = 18]).305 Finally, 
a survey of European pediatric programs indicated treat-
ment by reducing mycophenolate in 40%, CNI in 29%, 
and both in 31% of patients.307 The use of adjunctive 
therapies included cidofovir in 32%, leflunomide in 25%, 
fluoroquinolones in 20%, and IVIG in 22%.307 However, 
no trials in children systematically assessed the efficacy 
of adjunctive therapies, including leflunomide, cidofo-
vir, or IVIG. Small studies have described patients who 
were switched from mycophenolate to leflunomide, with 
variable response rates and even prolonged times to clear 
BKPyV-DNAemia ranging from 10 to 27 mo.311,319,324-328 
Cidofovir has been administered in doses of 0.25 to 1 mg/
kg every 1 to 3 wk, typically without probenecid. Even 
with reduced immunosuppression, permanent decreases 
in kidney function and graft loss have been reported in 
patients receiving cidofovir, and not all patients have 
cleared BKPyV-DNAemia.312,314,318,320,322,325,326,329,330 
Finally, IVIG in doses up to 2 g/kg body weight has been 
administered to children who did not respond to immu-
nosuppression reduction, with mixed results that do not 
create enough evidence to recommend IVIG treatment in 
children.317,318,324,326,327,330,331

PK AND PD ASPECTS
Aspects of PK and PD in kidney transplant recipients 

with BKPyV-DNAemia and BKPyV-nephropathy include 
the following: (1) kinetics and dynamics of BKPyV rep-
lication; (2) PK and PD of immunosuppressive drugs 
directly promoting or inhibiting BKPyV replication; (3) 
PK and PD of immunosuppressive drugs and drug–drug 
interactions that may affect the kinetics and dynamics of 
BKPyV replication; (4) PK and PD of ancillary medica-
tions such as those that have been used as an adjunct 
therapy for prevention or treatment of BKPyV replica-
tion; and (5) pediatric aspects of immunosuppressive 
therapy (Consensus recommendations and future direc-
tions, see Table 9).

The kinetics and dynamics of BKPyV replication in kid-
ney transplant patients have been most directly approxi-
mated by measuring plasma BKPyV-DNAemia following 
transplant nephrectomy.332 In 3 patients undergoing allo-
graft nephrectomy, the half-life [t(1/2)] of BKPyV-DNAemia 
ranged from 1 to 2 h up to 20 to 38 h and was independ-
ent of continued immunosuppressive treatment, whereas 
in 12 patients without allograft nephrectomy, lowering 
immunosuppression was associated with slower BKPyV-
DNAemia clearance with t(1/2) of 6 h to 17 d, reflecting 
differences in sampling density and efficacy from recon-
stituting immunity.332 Assuming average half-lives of 2 h, 
>99% of plasma BKPyV-DNAemia are turned over daily 
in steady-state patients with stable plasma viral loads.332 
Assuming urine BKPyV-DNAuria loads are 3 to 5 orders 
of magnitude higher in kidney transplant patients with 
than without detectable BKPyV-DNAemia.36,101,163,164 In 
patients with low-level BKPyV-viruria of <5.5 log10 c/mL, 
large increases in BKPyV-DNAuria were associated with 
only moderate increases in BKPyV-DNAemia, whereas in 
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patients with very high urine BKPyV-viruria of >9.5 log10 
c/mL, BKPyV-DNAemia loads increased more steeply. 
Mathematical modeling supported the notion that BKPyV 
replication starts in the kidney and is amplified by partial 
reflux from the urothelial compartment (renal pelvis, ure-
ter, and bladder) into the allograft. Cytopathic loss was 
estimated to be >70 million renal tubular epithelial cells 
daily.164 This process drives the progression of BKPyV-
nephropathy through inflammation, fibrosis, and tubu-
lar atrophy. Monitoring plasma BKPyV-DNAemia loads 
helps to ensure that the efficacy of a given intervention 
results in >80% curtailing of BKPyV replication needed 
for clearance.36,164

In patients without allograft nephrectomy, the time to 
clearance of BKPyV-DNAemia will be related to the peak 
level and the rate of ongoing replication in the kidney allo-
graft and its representation in the blood of patients. In one 
RCT that used a strategy of monitoring and preemptive 
withdrawal of the antimetabolite on detection of BKPyV-
DNAemia, the median time to onset of BKPyV-DNAuria 
was 40 d and the median time to onset of BKPyV-DNAemia 
was 60 d.36 The mean time to clearance of BKPyV-
DNAemia was 54 d (range, 7–213 d). Only 5 of 23 (21%) 
patients with BKPyV-DNAemia cleared their urine during 
the >12-mo observation period. Twenty percent of patients 
underwent for-cause biopsy, but BKPyV-nephropathy 
was not detected on histology. Thus, this study describes 
the wide range of clearance of BKPyV-DNAemia in the 
absence of biopsy-proven BKPyV-nephropathy.

In another study of patients receiving tacrolimus, MMF, 
and prednisone, BKPyV-DNAemia was diagnosed at 44 
to 986 d (mean 377) posttransplantation.253 At the time 
of diagnosis, the mean plasma BKPyV loads ranged from 
10 205 to 1 920 691 c/mL (mean 460 409 c/mL) and serum 
creatinine ranged from 1.2 to 2.8 mg/dL (mean 1.8 mg/
dL), consistent with presumptive BKPyV-nephropathy 
in all patients. Following the simultaneous lowering of 
both tacrolimus and MMF but not the discontinuation 
of either, a gradual decline in plasma BKPyV-DNAemia 
was noticed within 2 to 4 wk postintervention. BKPyV-
DNAemia cleared after a mean period of 5.8 mo (range, 
1–9.5). This study describes the wide range of clearance 
of BKPyV-DNAemia in the presence of biopsy-proven 
BKPyV-nephropathy.

Discerning the PK and PD of immunosuppressive drugs 
on BKPyV replication is difficult because some immuno-
suppressive drugs, such as cyclosporine,333,334 MPA, and 
mTOR inhibitors,335 have been reported to directly inhibit 
BKPyV replication in cell culture, whereas others such as 
tacrolimus and corticosteroids have been shown to pro-
mote BKPyV replication.17,93,335-337 By contrast, MPA, the 
active metabolite of leflunomide A771726, or the mTOR 
inhibitor sirolimus did not inhibit BKPyV-specific CMI 
as measured by IFN-γ, TNF-α, and IL-2 production, but 
interfered with antigen-specific T-cell expansion.211 Several 
clinical studies have associated the combined use of tac-
rolimus and MMF with an increased risk of BKPyV rep-
lication compared with cyclosporine, MMF, azathioprine, 
or other immunosuppressants, such as mTOR inhibitors 
and respective combinations (see above).

Another PK/PD effect of interest in kidney transplant 
patients is the reduced renal excretion of the metabo-
lite mycophenolate acid glucuronide (MPAG) in patients 

with renal impairment.338 This is in part because uremia 
decreases MPA binding to albumin, leading to higher free 
fractions of MPA.339 MPAG is normally cleared by the 
kidney. In patients with a glomerular filtration rate (GFR) 
<25 mL/min, MPAG accumulates 3- to 6-fold, and worsen-
ing uremia leads to progressive 3- to 5-fold increases in the 
MPA-free fraction. These PK/PD considerations, includ-
ing altered MPA/MPAG exposure in plasma and urine 
than expected on the basis of dosing, may contribute to 
the onset of BKPyV-DNAemia and biopsy-proven BKPyV-
nephropathy after transplant.

In pediatric kidney transplant patients, there are age-
related PK and PD differences for many drugs compared 
with adult kidney transplant recipients.340 Some of the 
reasons are differences in gastric emptying time, intes-
tinal transit time, plasma protein binding, liver enzyme 
metabolic capacity, and GFRs.341 Children typically 
need higher doses of many immunosuppressants (calcu-
lated according to body surface area) than those used 
in adults. Also, special preparations of the drugs, that 
is, as liquids or suspensions, are needed to facilitate and 
secure administration. PK monitoring based on trough 
levels or abbreviated area-under-curve measures can be 
important in children to reach the therapeutic window 
of the immunosuppressants.

Immunosuppressive protocols in pediatric kidney trans-
plantation have substantially changed in the last decade. 
Many programs now rely on tacrolimus and MMF with 
early steroid withdrawal, frequently combined with anti-
body induction therapy. The higher treatment efficacy of 
this approach is accompanied by higher rates of viral com-
plications, especially when children undergo primary viral 
infections. Summarizing the few randomized controlled 
pediatric trials, tacrolimus seems to have advantages 
over cyclosporine A (CsA) in pediatric kidney trans-
plantation,342 steroid-free protocols are feasible in low 
immunological risk, and in White patients, if there is no 
overimmunosuppression,343 and induction therapy with 
IL-2 receptor antagonists might not be advantageous in a 
standard-risk population.344 However, RCTs of pediatric 
patients are lacking to compare all possible combinations 
of CsA, tacrolimus, MMF, or steroids. Nonrandomized 
trials have shown that additional therapy with MMF can 
reduce the number of acute rejections345 and can reverse 
the loss of GFR in children.346 Concerning the use of the 
mTOR inhibitor everolimus, retrospective studies and 
registry analyses reported fewer BKPyV events compared 
with controls; the rates of elevated cholesterol and arte-
rial hypertension were increased.8,347,348 In a prospec-
tive randomized controlled study, early conversion to the 
mTOR inhibitor everolimus has shown to be equally effec-
tive in children despite a higher discontinuation rate than 
standard immunosuppression.349,350 However, there were 
no significant differences in the cumulative incidence of 
BKPyV-DNAemia during 1 and 3 y posttransplant.349,350 
Finally, combining mTOR inhibitor with a low-dose CNI 
might be an option in children at high risk of BKPyV-
DNAemia/-nephropathy, but sufficient data are lacking. 
In summary, the mainstay of immunosuppression in chil-
dren after kidney transplantation is a combination of tac-
rolimus and MMF with or without induction therapy in 
combination with early steroid cessation in the case of a 
low immunological risk. Individualized approaches using 

Copyright © 2024 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/transplantjournal by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4
X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dgG
j2M

w
lZ

LeI=
 on 08/21/2024



© 2024 Wolters Kluwer  1855Kotton et al

mTOR inhibitors and biomarker-based personalizing of 
immunosuppression are expected in the near future.

COST–BENEFIT CONSIDERATIONS
Precise estimates of the cost–benefit of routine screening 

for BKPyV replication are difficult to determine as imple-
mentation varies widely. Programs differ in transplant 
donor and recipient populations, underlying diseases, 
immunological risk, immunosuppression protocols used, 
diagnostic testing, their performance, specimen type, fre-
quency, and duration. Moreover, the clinical approaches to 
positive screening have been different. Here, we examine 
the long-term patient benefits and costs of a recommended 
screening strategy based on published test characteristics, 
including all relevant clinical and resource parameters 
as well as reduction in immunosuppression potentially 
contributing to rejection and developing donor-specific 
alloimmunity (Consensus recommendations and future 
directions see Table 10).

A first medical decision analysis model demonstrated in 
2005 that routine screening for BKPyV replication after 
kidney transplantation would improve outcomes and 
reduce the total cost of care compared with a no-screening 
strategy.351,352 Key model parameters included the rate 
of biopsy-proven BKPyV-nephropathy presenting with 
declining renal function and rate of graft loss. In addition, 
the reduction of immunosuppression was modeled because 
the risk of acute rejection may be greater in this popula-
tion. Modeled screening parameters reflected the proposed 
practice in 2005 with 6 urine cytology samples during 2 y 
and testing for BKPyV-DNAemia in positive screens. This 
testing was assumed to reduce the incidence of advanced 
biopsy-proven BKPyV-nephropathy by 80%. The model 
included estimates of the risk of a “false-positive” screen 
leading to inappropriate reduction of immunosuppres-
sion, increasing the risk of subclinical alloimmune injury 
and acute rejection. Cost estimates were drawn from US 
Medicare payments. In this model, screening for BKPyV 

replication provided a small net benefit of 0.02 quality-
adjusted life years (QALYs) and cost savings of $1912. 
Importantly, if the rate of BKPyV-nephropathy in the 
unscreened group was <2.1%, the benefits of screening 
were lost and potentially harmful.

A second contemporary model of plasma screening 
for BKPyV-DNAemia monthly for 6 mo, then 3 monthly 
for up to 1 y, considered the greater use of lymphocyte- 
depleting induction and increased risk of BKPyV-
nephropathy.353 This model estimated that biopsy-proven 
BKPyV-nephropathy developed in 10% of unscreened 
recipients. In the screened arm, 4.6% of patients were 
assumed to have a higher BKPyV-DNAemia load with a 
predicted probability of 87% of biopsy-proven BKPyV-
nephropathy. An additional 13.5% had a lower BKPyV-
DNAemia, and the estimated risk of biopsy-proven 
BKPyV-nephropathy was assumed to be 31%. The model 
included the possibility of retransplantation and had a 
longer time horizon than the 2005 study.352 Furthermore, 
at baseline, 10% of patients in the new study were assumed 
to require adjunctive therapies beyond the reduction in 
immunosuppression. Costs were reported in Australian 
dollars (AUD; 1 AUD = 0.7 USD = 0.6 EUR), with an esti-
mated screening cost of $762 AUD per patient. The study 
demonstrated the benefit of screening, which resulted in a 
gain of 0.236 QALYs and savings of $6833 AUD. In a sen-
sitivity analysis, the benefits of screening were stable across 
ages and rates of BKPyV-DNAemia in the screened arm. 
This study strongly supported the use and cost savings of 
routine screening for BKPyV-DNAemia (Figure 3).

A third analysis considered a more frequent screening 
strategy with BKPyV-DNAemia testing monthly for 9 and 
then every 3 mo through 2 y, leading to a reduction in 
immunosuppression in screening-positive patients (Bryce 
Kiberd, MD, unpublished data). The baseline incidence 
of biopsy-proven BKPyV-nephropathy developed in 8% 
of unscreened patients. BKPyV-DNAemia was detected 
in 18% of the screened arm, and treatment reduced the 
rate of biopsy-proven BKPyV-nephropathy by 90%. The 

TABLE 8.

Consensus recommendations: pediatric kidney transplantation

• Fo r pediatric kidney transplant recipients, we recommend monthly screening for plasma BKPyV-DNAemia until mo 9, then every 3 mo until mo 24 post-
transplant (strong, B), and we suggest further screening every 3 mo until mo 36 posttransplant (weak, C) 

• We  recommend reducing maintenance immunosuppression as the primary intervention of sustained BKPyV-DNAemia, presumptive, or biopsy-proven 
BKPyV-nephropathy in pediatric kidney transplant patients without concurrent acute rejection (strong, B)

• Fo r pediatric kidney transplant recipients with BKPyV-DNAemia, we recommend performing a kidney biopsy as clinically indicated (eg, rise in serum 
creatinine, new-onset proteinuria, hematuria; strong, A)

• Fo r pediatric patients with stable kidney transplant function and persistent BKPyV-DNAemia >10 000 c/mL (or equivalent) despite reducing immuno-
suppression, we suggest performing a renal allograft biopsy because serum creatinine rise may be delayed in children with significant renal injury 
including rejection (weak, B)

• Fo r pediatric kidney transplant patients, we suggest to not use adjunctive therapies, including leflunomide, cidofovir, or fluoroquinolones, because of the 
lack of well-designed studies, poorly documented efficacy, and confounders arising from concomitant reduction in immunosuppression (weak, D)

Future directions
 ➢ Ev aluate the role of pretransplant BKPyV serology (qualitative and quantitative) in donor and pediatric recipient pairs to predict the risk of 

BKPyV-DNAemia/-nephropathy
 ➢ Ev aluate the role of pretransplant and posttransplant BKPyV-specific CMI (qualitative and quantitative) to predict BKPyV-DNAemia/-nephropathy and 

to guide reducing immunosuppression
 ➢ Evaluate the role of antibody preparations in targeting and neutralizing BKPyV (sub-)types for preventing or treating BKPyV-DNAemia/-nephropathy
 ➢ Evaluate the role of adoptive T-cell therapy for preventing or treating BKPyV-DNAemia/-nephropathy

BKPyV, BK polyomavirus; CMI, cell-mediated immunity.

© 2024 The Author(s). Published by Wolters Kluwer Health, Inc.
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model included the harms of screening and reducing 
immunosuppression, such as developing acute rejection 
with and without de novo DSAs. Patients with a failed 
transplant could be retransplanted. The time horizon was 
truncated at 95 y of age. Costs were from the perspective 
of the US federal government. In the baseline case analysis, 
the screening strategy added 0.189 more QALYs, saving 
$5497 USD. These results were most sensitive to the esti-
mated rate of BKPyV-nephropathy with impaired allograft 
function, the rate of alloimmunity following immunosup-
pression reduction, and the economic benefits of trans-
plantation. The benefit of screening was clearly greater if 
rates of BKPyV-nephropathy were higher and diminished 
if screening did not completely eliminate the development 
of BKPyV-nephropathy. Thus, frequent screening may 
benefit patients exposed to more intense immunosup-
pression, such as those undergoing desensitization regi-
mens.74,354 Screening appeared beneficial if the rate of de 
novo DSA formation and acute rejection did not exceed 
20% after immunosuppression reduction. Cost savings 
were sensitive to patient age and the cumulative incidence 
of biopsy-proven BKPyV-nephropathy in the unscreened 

arm. Screening of patients older than 70 y was associated 
with about a 50% reduction in savings. The largest driver 
of savings was the difference between the annual mainte-
nance costs of dialysis and that of a functioning transplant. 
There were no savings from screening if the annual cost 
difference between dialysis and transplant was <$35 000.

There are significant limitations to the econometric 
analyses. Without a randomized control trial examining 
the clinical and economic benefits of screening, the risks 
and benefits of screening are extrapolated from published 
literature, without directly comparing the screened and 
unscreened groups, and may be subjected to a range of 
biases, including selection, confounding, and indication 
biases. Because historic outcomes of BKPyV-nephropathy 
were poor, in part because the screening was not in place 
and the disease was diagnosed late at a stage of allograft 
failure, it is possible that the assumed rates of graft loss 
from BKPyV-nephropathy are overestimated. The models 
may also underestimate the harm of screening by favoring 
unnecessary reduction of immunosuppression and the risk 
of subsequent rejection.251 Conversely, additional benefits 
of reducing immunosuppression, such as a lower risk of 

TABLE 10.

Consensus recommendations: cost–benefit considerations

• We  recommend routine screening for BKPyV-DNAemia using the strategies proposed in this current guideline because it is associated with an improve-
ment in clinical outcomes and is cost-effective in kidney transplant recipients in robust models up to the seventh decade of life (strong, B) 

• We  suggest not decreasing the frequency of screening because it may reduce the efficacy of intervention by reducing immunosuppression, thereby 
increasing the overall direct healthcare costs (weak, B)

Future directions
 ➢ Ev aluate different screening strategies (modality and frequency) on cost-effectiveness, particularly because they relate to different geographic 

areas, ethnicities, and limited access to laboratory testing
 ➢ De termine the cost-effectiveness ratio of duration and frequency of monitoring of patients not clearing BKPyV-DNAemia at the lowest possible level 

of immunosuppression (persistent low plasma viral loads with or without biopsy-proven BKPyV-nephropathy)
 ➢ Ev aluate the cost-effectiveness ratio of BKPyV-specific immunity, such as serotype-specific antibodies, neutralizing antibodies, or CMI, to shorten or 

extend screening for BKPyV-DNAemia
 ➢ Ev aluate the cost-effectiveness ratio of novel interventions such as neutralizing antibodies, novel antivirals, or adoptive T-cell therapies for preven-

tion and therapy of BKPyV-DNAemia/-nephropathy
 ➢ As sess the benefits of customized screening strategies based on immunosuppression exposure, including choice of induction agent and need for 

additional therapy for desensitization

BKPyV, BK polyomavirus; CMI, cell-mediated immunity.

TABLE 9.

Consensus recommendations: PK and PD aspects

• We  recommend interpreting dosing and trough concentrations of immunosuppressive drugs in the context of PK/PD, drug–drug interactions (including 
all other medications, any alternative and complimentary medicines, and over-the-counter medications), as well as liver and kidney function when 
managing patients with BKPyV-DNAemia/-nephropathy (strong, B) 

• We  suggest carefully considering and monitoring the interactive PK/PD role(s) of immunosuppression on promoting or inhibiting viral replication,  
kinetics, and dynamics of BKPyV-DNAemia (weak, C)

• We  recommend providing ongoing medication education to patients and caregivers regarding medication adherence and routinely assessing adherence 
(strong, B)

Future directions
 ➢ Ev aluate the role of immunosuppressive drugs in different compartments, such as unbound (free), total, or intracellular concentration, to guide the 

management of BKPyV-DNAemia/-nephropathy
 ➢ Ev aluate the PK/PD of immunosuppressive drugs for optimizing prevention and treatment of BKPyV-DNAemia/-nephropathy in pediatric and adult 

kidney transplant recipients
 ➢ In clude PK/PD analyses of novel agents in both pediatric and adult transplant populations, focusing on the prevention/treatment of 

BKPyV-DNAemia/-nephropathy

BKPyV, BK polyomavirus; PD, pharmacodynamics; PK, pharmacokinetics.

Copyright © 2024 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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infectious complications and cancer, may not be accu-
rately captured. Moreover, besides differences between 
pediatric and adult patients, it is often unclear, with few 
exceptions,6,23,28 whether episodes of rejection preceded or 
followed the detection of BKPyV-DNAemia in the cohort 
studies used to populate the models.156 Therefore, robust 
sensitivity analyses over a range of plausible estimates 
were performed, demonstrating that screening remained 
clinically and economically beneficial under all reasonable 
variations in these estimates.

Despite these limitations and differences in tree 
structures, assumptions, and perspectives, the key 
findings of the 3 cost-utility models are remarkably con-
sistent. Screening results in net survival benefits and is cost- 
effective for kidney transplant recipients. It is important to 
note that these studies did not consider screening in other 
SOTs. SPK transplants may have higher rates of BKPyV-
nephropathy and include patients with later onset.161,229 
Screening duration and frequency may need to be adapted 
to this population to reduce missing cases but may affect 
the risk–benefit relationship. A report of biopsy-proven 
BKPyV-nephropathy has been described in a recipient of a 
simultaneous liver-kidney recipient.231 Further research is 
needed to determine the risks and benefits of screening in 
SLK recipients (ClinicalTrials.gov NCT05224583) as well 
as in other multi-SOTs, including kidneys.

RETRANSPLANTATION
Analyzing transplants performed between 2004 and 

2008, retransplantation after graft loss from BKPyV-
nephropathy was associated with a greater risk of a subse-
quent graft loss from BKPyV-nephropathy (15.2% versus 
2.2% in second transplants without a history of BKPyV-
nephropathy). However, death-censored graft survival was 
found to be equivalent (adjusted HR 0.78; 95% CI, 0.58-
1.06; P = 0.11).84 To date, several retrospective analyses 
from the United States confirmed that retransplantation 
outcomes in patients with a failed first kidney transplant 
from BKPyV-nephropathy were acceptable.81,355 Patients 
retransplanted after a failed first transplant following 
BKPyV-nephropathy (n = 341) had slightly better 5-y 
death-censored graft survival (90.6%) than those whose 
transplant (n = 13 260) failed from other causes (83.9%). 
In an adjusted analysis, the outcomes were not statisti-
cally different (adjusted HR 0.78; 95% CI, 0.58-1.06; 
P = 0.11). Overall patient survival and risk of acute rejec-
tion were also equivalent between the 2 groups. Using 
Organ Procurement and Transplantation Network data 
between 2005 and 2016, including 495 kidney retransplan-
tation procedures after allograft loss following BKPyV-
nephropathy,355 the retransplanted kidney allografts had 
longer survival times than the original transplants that 
had failed because of BKPyV-nephropathy (10.44 versus 

FIGURE 3. One-way sensitivity analyses: tornado diagram showing the influential variables on the incremental cost-effectiveness 
ratio in the base case model. The tornado diagram indicates the extent of the variability associated with these important variables 
on the incremental health benefits and costs. For example, if the age of transplantation is decreased from 70 y (shades of black) to 
18 y (shades of gray), the incremental benefits of screening would increase from 0.20 to 0.24 QALYs. However, the total savings 
will be reduced from $7884 to $6844, as younger recipients would incur greater resources used over their lifetime compared with 
their older counterparts because of their longer expected posttransplant survival. EV, expected value; HD, hemodialysis; ICER, 
incremental cost-effectiveness ratio; PyVAN, polyomavirus-associated nephropathy; QALY, quality-adjusted life year. Adapted from 
Wong et al.353

© 2024 The Author(s). Published by Wolters Kluwer Health, Inc.
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3.70 y, P < 0.0001). Only 10 of 495 retransplants had a 
subsequent graft loss from BKPyV-nephropathy. Overall 
5-y death-censored graft survival (90.6%) was better in 
this population than those whose transplant failed from 
other causes (83.9%).355 Similarly, earlier literature review 
supported the feasibility of retransplantation because 
recurrent BKPyV-nephropathy occurred in only 2.3% of 
retransplant recipients, with the reported rate of graft loss 
from BKPyV-nephropathy being <1%83,356 (Consensus 
recommendations and future directions, see Table 11).

Despite observational data indicating the principal 
feasibility, the rates of recurrent BKPyV-DNAemia and 
biopsy-proven BKPyV-nephropathy may be higher, which 
raises questions about predictors of successful retrans-
plantation after graft loss from biopsy-proven BKPyV-
nephropathy. For patients without other non-kidney 
SOT, sustained clearance of BKPyV-DNAemia for 3 to 
6 mo after reducing or discontinuing immunosuppres-
sion has been used as an indirect marker of sufficient 
BKPyV-specific immunity before retransplantation. For 
patients having persistent plasma BKPyV-DNAemia or 
being evaluated for preemptive retransplantation, a sig-
nificant decrease of >2 log10 c/mL following reduced 
immunosuppression201 has been proposed as a marker 
for sufficient BKPyV-specific immunity in patients consid-
ered for preemptive retransplantation.83 Although graft 
nephrectomy has been demonstrated to instantaneously 
clear BKPyV-DNAemia and thereby reduce the risk of 
this source for reinfection of the subsequent renal allo-
graft, there is no evidence that routine nephrectomy of 
the failed allograft lowers the risk of BKPyV-DNAemia 
and biopsy-proven BKPyV-nephropathy originating 
from and manifesting in the subsequent kidney trans-
plant.164,357,358 Allograft nephrectomy cannot be assumed 
to increase the BKPyV-specific immunity. Moreover, the 
characteristics of the new donor organ, including tissue 
viral load, serotype mismatching, and the immunosup-
pression needed to accommodate the allograft, remain 
important factors unaffected by prior allograft nephrec-
tomy. Evidence supporting the reduction of immuno-
suppression in patients with other organ transplants is 

limited and may otherwise compromise the function of 
vital organs. The current evidence is inconclusive regard-
ing the need for allograft nephrectomy before retrans-
plantation in patients with persistent BKPyV-DNAemia. 
Moreover, the native kidneys also remain as a potential 
reservoir of BKPyV infection, from where reactivation 
and superinfection of the second kidney transplant can 
occur particularly in cases with residual urine production 
and ureteral stenting. Together with the increased risk of 
surgical complications, routine nephrectomy of the failed 
kidney allograft cannot be endorsed either before or at 
the time of retransplantation.

CONCLUSIONS
Although long recognized for its impact on kidney 

transplant outcomes, BKPyV-nephropathy continues to, 
directly and indirectly, contribute to premature kidney 
allograft failure. In these guidelines, we have comprehen-
sively reviewed and highlighted significant advances in the 
field and identified areas where we were able to reach a 
robust international consensus to provide both updated 
recommendations and future directions addressing unmet 
clinical needs in epidemiology and risk factors, pathol-
ogy, diagnostics, management, pediatric and pharmaco-
logic considerations, cost–benefit, and retransplantation. 
Clearly, proactive, careful screening and monitoring after 
kidney transplantation, integrated histopathology evalua-
tion, and the importance of a timely reduction of immu-
nosuppression for BKPyV-DNAemia/-nephropathy after 
careful consideration of the individual risks are the corner-
stones of mitigating the impact of BKPyV in kidney trans-
plantation. As highlighted in each section, much additional 
research is needed to advance this field, whereby rand-
omized clinical trials play a key role regarding evidence 
and future recommendations.
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TABLE 11.

Consensus recommendations: retransplantation

• We recommend retransplantation in otherwise eligible patients who lost their prior allograft from BKPyV-nephropathy (strong, B) 
• We suggest that BKPyV-DNAemia be resolved before retransplantation (weak, C)
• We suggest not routinely performing graft nephrectomy before retransplantation in those patients with allograft failure subsequent to BKPyV-

nephropathy having undetectable BKPyV-DNAemia (weak, C)
• There is insufficient information to make recommendations on the choice of immunosuppression for a subsequent kidney transplant after a prior kidney 

transplant failed because of BKPyV-nephropathy (no recommendation—statement only)
Future directions
 ➢ Evaluate the need for BKPyV-DNAemia clearance before retransplantation in patients with a failed kidney transplant from BKPyV-nephropathy
 ➢ Ev aluate thresholds of BKPyV-specific immunity, such as neutralizing antibody titers and CMI, predicting increased risk or protection from recurrent 

BKPyV-DNAemia/-nephropathy
 ➢ Ev aluate the need for significant BKPyV-DNAuria decrease or clearance before retransplantation in patients with a failed kidney transplant from 

BKPyV-nephropathy
 ➢ Ev aluate the need for nephrectomy in patients with a failed transplant from BKPyV-nephropathy and persistent BKPyV-DNAemia before 

retransplantation
 ➢ Ev aluate the role of nephrectomy before retransplantation in patients with a previous multiorgan transplant and a failed kidney transplant from 

BKPyV-nephropathy

BKPyV, BK polyomavirus; CMI, cell-mediated immunity.
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