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A B S T R AC T
All renal transplant recipients should undergo a regular screening for BK viral (BKV) viremia. Gradual reduction of immunosuppression is 
recommended in patients with persistent plasma BKV viremia for 3 weeks after the first detection, reflecting the presence of probable or 
suspected BKV-associated nephropathy. Reduction of immunosuppression is also a primary intervention in biopsy proven nephropathy 
associated with BKV (BKVN). Thus, allograft biopsy is not required to treat patients with BKV viremia with stabilized graft function. 
There is a lack of proper randomised clinical trials recommending treatment in the form of switching from tacrolimus to cyclosporin-A, 
from mycophenolate to mTOR inhibitors or leflunomide, or the additive use of intravenous immunoglobulins, leflunomide or cidofovir. 
Fluoroquinolones are not recommended for prophylaxis or therapy. There are on-going studies to evaluate the possibility of using  
a multi-epitope anti-BKV vaccine, administration of BKV-specific T cell immunotherapy, BKV-specific human monoclonal antibody  
and RNA antisense oligonucleotides. Retransplantation after allograft loss due to BKVN can be successful if BKV viremia is definitively 
removed, regardless of allograft nephrectomy.
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INTRODUCTION

BKVN represents a severe infection, threatening function 
of the kidney graft, particularly during the first year af-
ter transplantation. Its occurrence is closely related to the 
level of attenuation of the recipient’s immune system. In 
the absence of BK specific treatment options for advanced 
BKVN, active screening for BKV replication and subse-
quent immunosuppression adjustment represent essen-
tial measures in preventing the development of BKVN. 
Management during modification of immunosuppressive 
protocols as well as addressing the initial stages of repli-
cation associated with significant urinary BKV excretion 
remain not completely clear.

EPIDEMIOLOGY AND PATHOGENESIS OF BKVN

BKV is a  polyomavirus, which traditionally causes ne-
phropathy in renal allografts as a result of reactivation of 
latent BKV in renal tubular epithelium (1). Based on the 
amino acid sequence of the large T-antigen, polyomavi-
ruses are divided into 4 genera with >70 species. BKV is 
an omnipresent, small (40–45 nm) DNA virus, consists 
of a capsid and a DNA double helix but lacks a lipid en-
velope. The large T-antigen is important for BKV replica-
tion, recognition by the cellular immunity components 
and virus oncogenicity. Genotype I and its subgroup I/b-2 
(60–80%) are predominant, followed by the genotype IVa 
(10–20%) (2, 3). BKV was first reported in the 1970s (4). In 
the first months of life, maternal antibodies protect in-
fants from BKV infection, and after their disappearance, 
BKV infection starts to occur, as demonstrated by 10% to 
30% seropositivity in infants and 65% to >90% between 
5 and 10 years of age (5). Primary BKV infection in im-
munocompetent patients is usually a subclinical event or 
associated with mild nonspecific symptoms, after which 
BKV persists in the kidney, peripheral-blood leukocytes 
and possibly the brain. Transmission is ongoing from 
person-to-person, foecal-oral transmission via wastewa-
ter is also possible. Furthermore, leukocyte-containing 
blood transfusion and transplacental transmission has 
been also reported (4, 6). BKV replicates itself in the nu-
cleus of renal tubular proximal epithelial cells that are 
also the natural host cells (6). Daughter viruses are de-
livered to other cells to spread infection (7), which is fol-
lowed by necrosis, inflammation and local tissue damage 
which enables the virus to penetrate into the intertubular 
space, peritubular capillaries and adjacent cells (8). About 
5–15% of renal transplant recipients become viremic, and  
20–40% become BK viruric, ureteral stenosis is rarer (9, 
10). Only viremia has been related to BKVN (11). Graft fail-
ure has been observed in 50–80% of recipients who devel-
oped BKVN within 24 months from virus detection (12). 
Potential risk factors associated with BKVN development 
are the age of both the donor and the recipient, male 
gender, obesity, diabetes duration, delayed graft func-
tion (13), degree of HLA mismatches, ABO-discordance, 
the condition of retransplant, higher variability in mean 
tacrolimus levels, kidneys received from BKV seropositive 
donors and transplanted to BKV seronegative recipients 

as well as donors and recipients positivity in the serum of 
both BKV and cytomegalovirus (CMV) (14).

CLINICAL MANIFESTATIONS OF BKVN

BKV replication can be detected as early as 1 month after 
kidney transplantation and its overall accumulative rate 
increases steadily with time after transplantation, most 
frequently occurs during the first year after transplanta-
tion (in a range of six days to five years) when immuno-
suppression is at its most intense (11, 15). BKV has been 
associated with several clinical manifestations amongst 
them most prominently BKVN, ureteral stenosis and 
late-onset haemorrhagic cystitis, particularly in patients 
after bone marrow transplantation (16). Most frequent-
ly, we may observe only asymptomatic, acute or gradual 
creatinine elevation, the urinalysis corresponds to inter-
stitial nephritis. However, the urine examination may be 
even completely normal (17). Early donor-specific anti-
body (DSA) formation in case of BKV viraemia has been 
reported in African-American graft recipients more com-
monly in the first 24 months after transplantation (18). 
Association between persistent BKV viraemia (≥140 days) 
and significant class II DSA de-novo formation has also 
been pointed out by Sawinski et al. (2015) (19). Collapsing 
glomerulopathy in regressing BKVN after immunosup-
pressive therapy reduction has also been documented, as 
well as co-occurrence of BKVN with cytomegalovirus glo-
merulitis in the first weeks after kidney transplantation 
(20, 21). Also, the association with malignancies remains 
a topic of ongoing discussion (16). Cases of BKV-positive 
urothelial bladder carcinoma developing 15 months after 
transplantation have been reported, as well as BKV-pos-
itive urothelial carcinoma of the graft 5 years after clin-
ically successful BKVN therapy (22, 23). Unusual mani-
festations may include vasculopathy, retinitis, hepatitis, 
systemic lupus erythematosus, Guillain-Barré syndrome, 
cases of meningoencephalitis and interstitial pneumonitis 
(24). Metastatic clonal BKV spread from kidneys to other 
organs was not detected (25).

BKVN DIAGNOSTICS

Regular screening of BKV reactivation in asymptomatic 
patients is of paramount importance to prevent graft dys-
function. Prospective screening may be based on monitor-
ing of decoy cells in urine; quantitative polymerase chain 
reaction (PCR)-BKV analysis of urine and peripheral blood 
is rather currently used (26).

PCR
The presence of viruria usually precedes BKV viraemia by 
4 weeks and the development of BKVN with graft dysfunc-
tion by 8 weeks in average (27). PCR method analysing is 
the most sensitive marker of BKV reactivation, occurring 
in 23–73% of recipients. More than 95% of viral load in 
urine comes from BKV replication in uroepithelium and 
only less than 5% from tubular cell BKV replication (28). 
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Recently, high levels of BKV viruria (≥ 2.5 × 107 copies/ml) 
have been documented as a possible early marker of the 
BKV viraemia and BKVN development risk (29). The in-
fluence of persistent nephrotoxicity of calcineurin inhib-
itors (CI) on the higher incidence of significant BKV viru-
ria (> 107 copies/ml) with more frequent transition to BKV 
viraemia and BKVN in the first year after transplantation 
has also been reported (30). Frequent PCR screening of 
viruria is currently a common method for early detection 
of BKV replication (31). Its importance is highest during 
the first year after transplantation, or within 2 years from 
the procedure (32). BKV viraemia affects 8–62% of kidney 
recipients with a maximum incidence of 3–6 months af-
ter transplantation (33). BKVN incidence during the first 
year is reported in a range of 1–10% (34). Plasma viraemia 
>104 copies/ml has a stronger positive predictive value for 
BKVN than viruria (35). However, less than 104/ml plasma 
copies have been demonstrated in up to 35% of BKVN pa-
tients (36). Todays, higher BKV prevalence is noted based 
on standardized detection. In one recent study, PCR test-
ing for viremia or viruria indicated BKV positivity in 62% 
of patients (37). In the current study urinary cell mRNA 
profiling showed 86% sensitivity and 100% specificity (38). 
PCR negative cases have been reported sporadically (39).

ALTERNATIVE METHODS OF BKV REPLICATION 
DETECTION
PCR from saliva and oral cavity flush has similar efficacy in 
detection of BKV and John Cunningham virus (JCV) as the 
blood and urine analysis (40). The uptake of cylinder-like 
three-dimensional aggregates of polyomaviruses in urine 
in the electronmicroscopic examination, so-called Haufen 
bodies (HB), is accompanied by substantial BKV viraemia 
and provided 100% sensitivity and 99% specificity for de-
tection of biopsy proven BKVN. Quantitative determina-
tion of HB and BKVN has also demonstrated very good 
correlation (41). Determination of BKV mRNA levels in 
urine using a cut-off limit of 6.5 × 105 BKV VP1 mRNAs/ng  
of RNA in urinary cells has shown 99% sensitivity and 
specificity for BKVN detection (42). Elevation in urinary 
exosomal BKV-micro RNA-B1–5p throughout the first 12 
months post-transplantation precedes the development 
of PCR-BKV viraemia and subsequent manifestation of 
BKVN (43). Serology examination aimed at demonstration 
of BKV antibodies is not beneficial for detection of BKVN. 
In case of primary infection after transplantation they in-
crease in the IgG class in at least 6 weeks after contact with 
the virus, but even in the intervals of up to 2 years (44).

CURRENT GUIDELINES FOR PRE-TRANSPLANT 
SCREENING OF BKV REPLICATION

Due to the absence of valid studies, pre-transplant donor 
screening of BKV viruria, virus genotyping or examina-
tion of VLP/Vp1 specific antibodies is not recommended. 
Similarly, recipient testing for VLP/Vp1 specific antibod-
ies, neutralizing BKV antibodies (BKV subtypes), and the 
presence and function of BKV-specific T cells is not sug-
gested within pre-transplant screening (45).

CURRENT GUIDELINES FOR POST-TRANSPLANT 
SCREENING OF BKV REPLICATION

BKV-DNA viraemia PCR monitoring is recommended in 
the post-transplant period to initiate preemptive therapy 
early and prevent the development of BKVN. Alternatively, 
urinary DC evaluation may be used when the urine find-
ing of > 3 DC/HPF or BKV viruria > 107 copies/ml may be 
considered positive (45, 46). Testing should be performed 
monthly during the first year after transplantation for the 
first 9 months; afterwards, every 3 months up to 2 years 
after transplantation (47). Then, it is appropriate to test at 
an annual frequency for 5 years. Potential BKV replication 
should also be evaluated at any per-protocol or diagnostic 
biopsy, particularly in case of unclear dysfunction. Detec-
tion of BKV-DNA viraemia should be confirmed within the 
next 3 weeks by a repeated examination. In case of virae-
mia persistence and stable graft function compared to the 
previous examination, where the patient is not at a higher 
risk of acute rejection (AR), immunosuppressive therapy 
may be reduced without biopsy (45).

CURRENT GUIDELINES FOR GRAFT BIOPSY IN CASE 
OF SUSPECTED BKVN

Biopsy should be performed before reduction of immuno-
suppressive therapy in case of a high immunological risk 
or progressive graft dysfunction (48). Biopsy procedure 
should include collection of 2 samples of the renal tissue 
to capture the medullary part of the parenchyma. 10–30% 
of biopsy samples may be falsely negative in case of focal 
distribution of changes and predominance of medullary 
involvement within BKVN (45, 49). BKVN should be con-
sidered in cytopathic changes in tubular epithelial cells 
and confirmed with immunohistochemistry (SV40 +). His-
tological findings in demonstrated BKVN should be eval-
uated based on the AST-IDCOP 2013 guidelines together 
with the guidelines of Banff 2018 Study group (45, 48). The 
Banff 2018 kidney allograft biopsy classification schema 
applies a semiquantitative scoring system of 0, 1, 2, or 3 for 
scoring acute and chronic histological lesions within the 
kidney allograft (50, 51). In 2019 a consensus panel includ-
ing viral infections associated with transplantation was 
established (51). However, a well-designed study failed to 
show clear relationship between any of the morphological 
histological features or categories and graft prognosis (49). 
Furthermore, another large study has demonstrated that 
graft loss in BKVN correlates with 3 clinical parameters 
only – transplant from a deceased donor, level of BKV vi-
raemia, and the incidence of late AR (52). Multicenter ret-
rospective study of 124 patients with BKVN found no cor-
relation between Banff 2018 classification classes and risk 
of graft loss (53).

CURRENT GUIDELINES IN CASE OF BKVN AND  
AR COINCIDENCE

If AR and BKVN co-occurrence is suspected, we should 
search for the presence of rejection endarteritis, fibrinoid 
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vascular necrosis, glomerulitis or C4d deposition around 
the peritubular capillaries. Tubulitis and peritubular in-
flammation are not AR-specific and are also present in 
BKVN. Moreover, they may occur outside the region where 
BKVN was detected (54). C4d+ positivity may be detected 
in tubular basement membranes in isolated BKVN, but not 
in peritubular capillaries. Alloreactive and virus-reactive 
T cells co-occurrence is also common (55). Thus, anti-re-
jection therapy should be initiated in patients with biopsy 
proven AR, with persistent BKV viraemia (with or without 
histological verification of BKVN) as the first step. Only if 
there is a clinical and laboratory response to anti-rejection 
therapy after approximately 2 weeks, the second step should 
follow with reduction in immunosuppressive therapy (45).

CURRENT GUIDELINES FOR BKV VIRAEMIA  
AND BKVN THERAPY

Therapy of significant BKV viraemia and BKVN is based 
on reduction of immunosuppressive therapy. The diag-
nosis of BKVN is probable in case of demonstration of  
> 103 copies/ml of blood (2 measurements over 3 weeks) 
and presumptive in case of demonstration of > 104 copies/
ml of blood (at least 1 measurement out of 2). BKV virae-
mia resolution may be expected in 80–100% of patients 
after reduction of immunosuppressive therapy, BKV vi-
raemia recurrence in 10% of patients. Further reduction 
of immunosuppression is recommended in such a case (56, 
57). If immunosuppressive therapy is reduced in already 
developed BKVN (biopsy proven), the effect on viraemia 
is usually substantially worse and further intervention is 
often required; function restitution may take longer and 
definitive failure of graft function is more frequent as 
well (45, 58). Immunosuppressant level targets should be  
< 6 ng/ml for tacrolimus, < 150 ng/ml for cyclosporine,  
< 6 ng/ml for sirolimus; mycophenolate should be admin-
istered in a half or lower dose. Complementary therapy 
based on conversion of tacrolimus to low-dose cyclo-
sporine, CI to sirolimus or mycophenolate replacement 
with leflunomide may be considered. There are practical-
ly two options for immunosuppressive therapy reduction. 
In the first case, we initiate therapy with reduction of the 
CI dose by 25–50%; in the next step, MMF is reduced by 
50% or then completely withdrawn. This approach could 
be particularly advantageous in the case of the current 
histological finding of CI nephrotoxicity (30). The second 
option is to start the treatment with reduction of MMF by 
50%, followed by CI dose decrease by 25–50% in case of the 
persistence of virus replication, followed by withdrawal of 
MMF. The dose of prednisone should be < 10 mg/day in both 
cases. It is recommended to repeat testing every 2 weeks 
in this therapy until viraemia disappears; should viraemia 
persist, the management is individual  – further reduc-
tion of immunosuppression is recommended with target 
tacrolimus levels of < 3 ng/ml and cyclosporine levels of  
< 100 ng/ml. mTORi for therapy of refractory or advanced 
BKVN is also possible. Supportive antiviral therapy may be 
considered in patients with persistent BKV viraemia and 
probable, presumptive or biopsy proven BKVN, despite 
adequately reduced immunosuppressive therapy (45).

SUPPORTIVE THERAPY OF BKVN

INTRAVENOUS IMMUNOGLOBULINS (IVIG)
IVIGs may contain antibodies against omnipresent BKV 
and JCV. However, the neutralising effect of these antibod-
ies against all major BKV genotypes is not generally ac-
cepted (44). Possible effect of IVIG on strengthening of the 
overall antibody response may be expected in inadequate 
cellular reactivity (59). They are mostly administered in 
a dose of 0.1–2 g/kg with concomitant reduction of immu-
nosuppressive therapy (45). 

ALTERNATIVE PROCEDURES IN BKVN THERAPY
Conversion from tacrolimus to low-dose cyclosporine 
may be considered, taking advantage of the suppressive 
effects of cyclosporine for BKV replication and at the 
same time reducing mycophenolate levels. In a study by 
Chen et al., conversion from tacrolimus to low-dose cyclo-
sporine was effective in BKVN therapy (59). A prospective 
observational study in patients with BKV viraemia and 
BKVN to evaluate the effect of this conversion on virus 
replication is currently ongoing (60). Cidofovir can inhib-
it polyoma viral DNA replication but is primarily excreted 
by the kidneys and is nephrotoxic. The lack of randomized 
studies have led to reluctance to adopt it widely. Prophy-
laxis with newer less toxic brincidofovir may yet prove  
effective (61).

POSSIBILITIES OF IMMUNOTHERAPY  
IN THE TREATMENT OF BKVN

BKV SPECIFIC T CELL IMMUNOTHERAPY
Failure of BKV-specific T cell to control viral replication 
due to IS overdose results in reactivation of BKV infection 
(62). A phase II clinical trial showed that administration of 
BKV-specific T cells manufactured from a patient’s stem 
cell donor or unrelated donors could reduce symptomatic 
infection and BK viral load effectively in HSCT and solid 
organ transplant recipients. Virus-specific T cells therapy 
in this study was safe with no infusional toxicity, de novo 
graft-versus-host disease, or graft rejection (63). A phase 
II of multicentre, randomized, double-blind, placebo-con-
trolled trial of adoptively transferred multivirus-specific 
T cells in kidney transplant recipients with either high or 
low levels of BK viraemia is also currently underway. Its 
results are expected in 2023 (64). 

ANTIBODIES IN THE TREATMENT OF BK VIRUS
A randomized, double-blind, placebo-controlled study to 
assess the safety and efficacy of MAU868 for the treatment 
of BK viraemia in kidney transplant recipients is currently 
being conducted (65). MAU868 is a human monoclonal an-
tibody (IgG1), which binds to viral capsid protein VP1 and 
blocks the binding of the virus to the host cell surface. It 
could be the first effective therapy for BKV infection. Final 
results of the study are expected in 2023 (66).
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BKV VACCINE DEVELOPMENT
Administration of a multi-epitope VLP vaccine, which is 
associated with a significant response in the form of anti-
body production that neutralizes all 5 BKV serotypes, ap-
pears promising (67). A prospective phase II multicenter 
study to evaluate the tolerability and safety of BD03, 
a DNA vaccine administered intramuscularly for the pre-
vention of CMV and BKV reactivation in kidney transplant 
recipients, is currently in progress (68).

RNA-BASED THERAPY (HYBRIDIZE’S THERAPEUTICS)
A direct acting anti-viral therapy is designed to target the 
viral mRNA, work intra-cellular and protect the cells from 
within and therefore provides for low off-target effects. 
RNA antisense oligonucleotides discontinues the splicing 
process, preventing viral synthesis and replication (69). 
Clinical studies to prevent severe disease from BK virus 
(BKV) infections in immunocompromised patients are ex-
pected to start within two years (70).

SUMMARY

BKVN represents a  severe complication, threatening 
function of the kidney graft, particularly during the first 
year after transplantation. But we have to bear it in mind 
in every deterioration of function. Its incidence is likely 
to increase with the increasing number of retransplants 
and incompatible transplants. Active screening for BKV 
replication in the post-transplant period represents an 
essential prophylactic procedure in prevention of the 
graft damage considering the absence of BKV-specific 
antiviral therapy. It allows for initiation of preemptive re-
duction of immunosuppressive therapy in case of demon-
stration of significant BKV viraemia, thus preventing the 
development of nephropathy. This approach appears to 
be effective for reduction of early graft loss due to BKVN, 
despite a higher risk of alloimmune activation and AR. 
Post-transplantation screening of BKV replication is also 
suitable in organ recipients during non-renal transplants 
considering possible BKV reactivation affecting their 
own kidney. Non-specific antiviral therapy is utilised in 
patients with clinically manifest BKVN with graft dys-
function progressing over a  few weeks or months de-
spite maximum immunosuppressive therapy reduction. 
Retransplantation is delayed in patients with BKVN-in-
duced graft failure until BKV viraemia resolution. Gen-
eral nephro-ureterectomy of the original transplanted 
kidney is not recommended in the absence of BKV repli-
cation. Research on multi-epitope anti-BKV vaccination, 
BKV-specific T cell or antibody mediated immunotherapy 
or the development of BKV specific antivirals and direct 
acting anti-viral therapy is of much importance. If shown 
to be safe and effective, this therapy could be a true game 
changer in transplantation medicine with the potential to 
prevent kidney transplant patients from developing graft 
rejection and organ loss due to BKV.

FUNDING INFORMATION

This study was supported by MH CZ –  
DRO (FNOI, 00098892) and grant IGA_LF_2022_003.

REFERENCES
  1.	 Zaman RA, Ettenger RB, Cheam H, et al. A novel treatment regimen 

for BK viremia. Transplantation 2014 Jun 15; 97(11): 1166–71.
  2.	 Calvignac-Spencer S, Feltkamp MC, Daugherty MD et al. A taxonomy 

update for the family Polyomaviridae. Arch Virol 2016 Jun; 161(6): 
1739–50.

  3.	 Zhong S, Randhawa PS, Ikegaya H, et al. Distribution patterns of BK 
polyomavirus (BKV) subtypes and subgroups in American, European 
and Asian populations suggest co-migration of BKV and the human 
race. J Gen Virol 2009 Jan; 90(Pt 1): 144–52.

  4.	 Pinto M, Dobson S. BK and JC virus: a  review. J Infect 2014 Jan; 
68(Suppl 1): S2–8.

  5.	 Cohen-Bucay A, Ramirez-Andrade SE, Gordon CE, et al. Advances in 
BK Virus Complications in Organ Transplantation and Beyond. Kid-
ney Med 2020 Oct 11; 2(6): 771–86. 

  6.	 Huang Y, Chen XT, Yang SC, et al. Detection of Proximal Tubule In-
volvement by BK Polyomavirus in Kidney Transplant Recipients with 
Urinary Sediment Double-Immunostaining. Front Immunol 2020 
Sep 23; 11: 582678. 

  7.	 Moriyama T, Sorokin A. BK virus (BKV): infection, propagation, 
quantitation, purification, labeling, and analysis of cell entry. Curr 
Protoc Cell Biol 2009 Mar; Chapter 26:Unit 26.2.

  8.	 Lamarche C, Orio J, Collette S, et al. BK Polyomavirus and the Trans-
planted Kidney: Immunopathology and Therapeutic Approaches. 
Transplantation 2016 Nov; 100(11): 2276–87.

  9.	 Chancharoenthana W, Leelahavanichkul A. Innate Immunity Re-
sponse to BK Virus Infection in Polyomavirus-Associated Nephrop-
athy in Kidney Transplant Recipients. Transplantology 2022; 3: 
20–32.

10.	 Chon WJ, Aggarwal N, Kocherginsky M, Kane B., Sutor J, Josephson 
AM. High-level viruria as a screening tool for BK virus nephropathy 
in renal transplant recipients. Kidney Res Clin Pract 2016 Sep; 35(3): 
176–81.

11.	 Manzano Sánchez D, Jimeno García L, López Jiménez I, et al. Renal 
Function Impairment in Kidney Transplantation: Importance of Ear-
ly BK Virus Detection. Transplant Proc 2019 Mar; 51(2): 350–2.

12. Egli A, Binggeli S, Bodaghi S, et al. Cytomegalovirus and polyomavirus 
BK posttransplant. Nephrol Dial Transplant 2007 Sep; 22 Suppl 8: 
72–82.

13.	 Krejci K, Tichy T, Bednarikova J, Zamboch K, Zadrazil J. BK virus-in-
duced renal allograft nephropathy. Biomed Pap Med Fac Univ Palacky 
Olomouc Czech Repub 2018 Sep; 162(3): 165–77.

14.	 Lorant C, Westman G, Bergqvist A, von Zur-Mühlen B, Eriksson 
BM. Risk Factors for Developing BK Virus-Associated Nephropathy: 
A single-center retrospective cohort study of kidney transplant re-
cipients. Ann Transplant 2022; 27: e934738. 

15.	 Sachdeva MS, Nada R, Jha V, Sakhuja V, Joshi K. The high incidence 
of BK polyoma virus infection among renal transplant recipients in 
India. Transplantation 2004 Feb 15; 77(3): 429–31. 

16.	 Van Aalderen MC, Heutinck KM, Huisman C, ten Berge IJ. BK virus in-
fection in transplant recipients: clinical manifestations, treatment op-
tions and the immune response. Neth J Med 2012 May; 70(4): 172–83.

17.	 Helanterä I, Hirsch HH, Wernli M, et al. Simultaneous BK Polyomavi-
rus (BKPyV)-associated nephropathy and hemorrhagic cystitis after 
living donor kidney transplantation. J Clin Virol 2016 Mar; 76: 4–7.

18.	 Everly MJ, Briley KP, Haisch CE, et al. Racial differences in incident 
de novo donor-specific anti-HLA antibody among primary renal al-
lograft recipients: results from a single center cohort study. Transpl 
Int 2017; 30(6): 566–78.

19.	 Sawinski D, Forde KA, Trofe-Clark J, et al. Persistent BK viremia does 
not increase intermediate-term graft loss but is associated with de 
novo donor-specific antibodies. J Am Soc Nephrol 2015; 26(4): 966–75.

20.	 Gera DN, Shah MK, Ghodela VA, Kute VB, Trivedi HL. De Novo Col-
lapsing Glomerulopathy in Renal Allograft in Association with BK 
Virus Nephropathy in a Child and Stabilization of Renal Function by 
Elimination of Viremia. Indian J Nephrol 2017; 27(3): 228–30.

21.	 Chikeka IO, Paulk A, Haririan A, Papadimitriou JC, Drachenberg CB. 
Concurrent cytomegalovirus glomerulitis and BK polyomavirus-as-
sociated nephropathy in a kidney allograft biopsy. Transpl Infect Dis 
2016; 18(2): 247–50.

22. El-Mouallem NJ, Paul AK. BK Virus–Associated Urinary Bladder Can-
cer in a Kidney Transplant Recipient: A Case Report and Review of 
the Pathogenesis. Am J Hematol Oncol 2017; 13(3): 15–20.

Acta Medica_04_2022_8958.indd   123Acta Medica_04_2022_8958.indd   123 15.03.2023   8:2515.03.2023   8:25



124� Ester Kurašová et al. Acta Medica (Hradec Králové)

23.	 Salvatore SP, Myers-Gurevitch PM, Chu S, Robinson BD, Dadhania 
D, Seshan SV. Polyoma (BK) virus associated urothelial carcinoma 
originating within a renal allograft five years following resolution of 
polyoma virus nephropathy. Clin Nephrol 2016; 85(3): 179–83.

24.	 Jun JB, Choi Y, Kim H, Lee SH, Jeong J, Jung J. BK polyomavirus en-
cephalitis in a patient with thrombotic microangiopathy after an al-
logeneic hematopoietic stem cell transplant. Transpl Infect Dis 2016 
Dec; 18(6): 950–3. 

25.	 Roy S, Mieczkowski PA, Weida, C, et al. BK polyomavirus nephropathy 
with systemic viral spread: Whole genome sequencing data from a fatal 
case of BKPyV infection. Transplant Infect Dis 2020 Apr; 22(2): e13269. 

26.	 Hodowanec AC, Simon DM. BK virus screening and management 
practices among US renal transplant programs: a survey. Transpl Int 
2015; 28(11): 1339–41.

27.	 Cohen-Bucay A, Ramirez-Andrade SE, Gordon CE, Francis JM, Chita-
lia VC. Advances in BK Virus Complications in Organ Transplanta-
tion and Beyond. Kidney Med 2020 Oct 11; 2(6): 771–86.

28.	 Funk GA, Gosert R, Comoli P, Ginevri F, Hirsch HH. Polyomavirus 
BK replication dynamics in vivo and in silico to predict cytopatholo-
gy and viral clearance in kidney transplants. Am J Transplant 2008; 
8(11): 2368–77.

29.	 Chon WJ, Aggarwal N, Kocherginsky M, Kane B, Sutor J, Josephson MA. 
High-level viruria as a screening tool for BK virus nephropathy in re-
nal transplant recipients. Kidney Res Clin Pract 2016; 35(3): 176–81.

30.	 Krejci K, Tichy T, Bednarikova J, et al. Nephrotoxicity of calcineurin 
inhibitors as a risk factor for BK polyomavirus replication after kid-
ney transplantation. J Med Virol 2021 Jun; 93(6): 3871–9.

31.	 Boan P, Hewison C, Swaminathan R, et al. Optimal use of plasma and 
urine BK viral loads for screening and predicting BK nephropathy. 
BMC Infect Dis 2016 Jul 22; 16: 342.

32.	 Boran M, Yıldırım T, Boran E, Boran M, Kilic H. Late-Onset BK Viruria 
in Renal Transplant Recipients. Transplant Proc 2015; 47(6): 1786–9.

33.	 Hirsch HH, Brennan DC, Drachenberg CB, et al. Polyomavirus-asso-
ciated nephropathy in renal transplantation: interdisciplinary anal-
yses and recommendations. Transplantation 2005 May 27; 79(10): 
1277–86.

34.	 Govind S, Hockley J, Morris C. Collaborative Study Group. 2015. Col-
laborative Study to establish the 1st WHO International Standard 
for BKV DNA for nucleic acid amplification technique (NAT)-based 
assays. WHO/BS/2015.2270. WHO, Geneva, Switzerland. Available 
from: http://apps.who.int/iris/handle/10665/197764

35.	 Nankivell BJ, Renthawa J, Jeoffreys N, et al. Clinical Utility of Urinary 
Cytology to Detect BK Viral Nephropathy. Transplantation 2015; 
99(8): 1715–22.

36. Hassan S, Mittal C, Amer S, et al. Currently recommended BK virus 
(BKV) plasma viral load cutoff of ≥4 log10/mL underestimates the 
diagnosis of BKV-associated nephropathy: a single transplant center 
experience. Transpl Infect Dis 2014; 16(1): 55–60.

37.	 Kien TQ, Kien NX, Thang LV, et al. Stepwise Reduction of Mycophe-
nolate Mofetil with Conversion to Everolimus for the Treatment of 
Active BKV in Kidney Transplant Recipients: A Single-Center Expe-
rience in Vietnam. J Clin Med 2022 Dec 8; 11(24): 7297.

38.	 Salinas T, Li C, Snopkowski C, et al. Urinary cell mRNA profiling of 
kidney allograft recipients: Development of a portable protocol for 
noninvasive diagnosis of T cell mediated rejection and BK virus ne-
phropathy. J Immunol Methods 2023 Jan; 512: 113402. 

39. Kamel M, Kadian M, Salazar MN, et al. A Case of BK Nephropathy 
without Detectable Viremia or Viruria. Am J Case Rep 2015; 16: 
532–5.

40.	 Castro T, Fink MC, Figueiredo M, et al. Polyomavirus BK and JC in 
individuals with chronic kidney failure, kidney transplantation, and 
healthy controls. J Clin Virol 2017; 89: 5–9.

41.	 Singh HK, Reisner H, Derebail VK, Kozlowski T, Nickeleit V. Poly-
omavirus nephropathy: quantitative urinary polyomavirus-Haufen 
testing accurately predicts the degree of intrarenal viral disease. 
Transplantation 2015; 99(3): 609–15.

42.	 Dadhania D, Snopkowski C, Ding R, et al. Validation of noninvasive 
diagnosis of BK virus nephropathy and identification of prognostic 
biomarkers. Transplantation 2010; 90(2): 189–97.

43.	 Demey B, Descamps V, Presne C, et al. BK Polyomavirus Micro-RNAs: 
Time Course and Clinical Relevance in Kidney Transplant Recipients. 
Viruses 2021; 13: 351.

44. Randhawa P, Pastrana DV, Zeng G, et al. Commercially available im-
munoglobulins contain virus neutralizing antibodies against all 
major genotypes of polyomavirus BK. Am J Transplant 2015; 15(4): 
1014–20.

45.	 Hirsch HH, Randhawa PS. AST Infectious Diseases Community of 
Practice. BK polyomavirus in solid organ transplantation-Guidelines 
from the American Society of Transplantation Infectious Diseases 
Community of Practice. Clin Transplant 2019 Sep; 33(9): e13528. 

46.	 Krajewski W, Kamińska D, Poterek A, et al. Pathogenicity of BK virus 
on the urinary system. Cent European J Urol 2020; 73(1): 94–103.

47.	 Brennan DC, Agha I, Bohl DL, et al. Incidence of BK with tacrolimus 
versus cyclosporine and impact of preemptive immunosuppression 
reduction. Am J Transplant 2005 Mar; 5(3): 582–94.

48.	 Kasiske BL, Zeier MG, Chapman JR, et al. Kidney Disease: Improving 
Global Outcomes. KDIGO clinical practice guideline for the care of kidney 
transplant recipients: a summary. Kidney Int 2010 Feb; 77(4): 299–311. 

49.	 Drachenberg CB, Papadimitriou JC, Chaudhry MR, et al. Histological 
Evolution of BK Virus-Associated Nephropathy: Importance of In-
tegrating Clinical and Pathological Findings. Am J Transplant 2017 
Aug; 17(8): 2078–91. 

50.	 Solez K, Colvin RB, Racusen LC, et al. Banff ’05 meeting report: Differ-
ential diagnosis of chronic allograft injury and elimination of chron-
ic allograft nephropathy (“CAN”). Am J Transplant 2007; 7: 518–26.

51.	 Loupy A, Mengel M, Haas M. Thirty years of the International Banff 
Classification for Allograft Pathology: the past, present, and future of 
kidney transplant diagnostics. Kidney Int 2022 Apr; 101(4): 678–91. 

52.	 Nankivell BJ, Renthawa J, Sharma RN, Kable K, O’Connell PJ, Chap-
man JR. BK Virus Nephropathy: Histological Evolution by Sequential 
Pathology. Am J Transplant 2017; 17(8): 2065–77.

53.	 Kowalewska J, El Moudden I, Perkowska-Ptasinska A, et al. Assess-
ment of the Banff Working Group classification of definitive BK pol-
yomavirus nephropathy. Transpl Int 2021; 34(11): 2286–96.

54.	 Haas M, Loupy A, Lefaucheur C, et al. The Banff 2017 kidney meeting 
report: revised diagnostic criteria for chronic active T cell-mediated 
rejection, anti- body-mediated rejection, and prospects for integra-
tive endpoints for next-generation clinical trials. Am J Transplant 
2018; 18(2): 293–307.

55.	 Adam BA, Kikic Z, Wagner S, et al. Intragraft gene expression in na-
tive kidney BK virus nephropathy versus T cell-mediated rejection: 
Prospects for molecular diagnosis and risk prediction. Am J Trans-
plant 2020 Dec; 20(12): 3486–501.

56.	 Bischof N, Hirsch HH, Wehmeier C, et al. Reducing calcineurin in-
hibitor first for treating BK polyomavirus replication after kidney 
transplantation: long-term outcomes. Nephrol Dial Transplant 2019 
Jul 1; 34(7): 1240–50. 

57.	 Huang J, Danovitch G, Pham PT, Bunnapradist S, Huang E. Kidney 
retransplantation for BK virus nephropathy with active viremia 
without allograft nephrectomy. J Nephrol 2015; 28(6): 773–7.

58.	 Sood P, Senanayake S, Sujeet K, et al. Management and outcome of BK 
viremia in renal transplant recipients: a prospective single-center 
study. Transplantation 2012 Oct 27; 94(8): 814–21. 

59.	 Chen XT, Li J, Deng RH, et al. The therapeutic effect of switching 
from tacrolimus to low-dose cyclosporine A in renal transplant re-
cipients with BK virus nephropathy. Biosci Rep 2019 Feb 22; 39(2): 
BSR20182058. 

60.	 NCT02758288 – BK Viremia and BK Virus Nephropathy Post Kidney 
Transplant Comparison of New Practices with Traditional Approach: 
A Combined Retrospective Chart Review and Prospective Observa-
tional Study.

61.	 Kuten SA, Patel SJ, Knight RJ, et al. Observations on the use of cido-
fovir for BK virus infection in renal transplantation. Transpl Infect 
Dis 2014; 16: 975–83

62.	 Iturriza-Gomara M, O’Brien SJ. Foodborne viral infections. Curr Opin 
Infect Dis 2016; 29: 495–501. 

63.	 Nelson AS, Heyenbruch D, Rubinstein JD, et al. Virus-specific T-cell 
therapy to treat BK polyomavirus infection in bone marrow and solid 
organ transplant recipients. Blood Adv 2020; 4: 5745–54.

64.	 NCT04605484 – Study of Posoleucel (Formerly Known as ALVR105; 
Viralym-M) in Kidney Transplant Patients with BK Viremia

65.	 NCT04294472 – A Safety, Pharmacokinetics and Efficacy Study of 
MAU868 for the Treatment of BK Viremia in Kidney Transplant Re-
cipients.

66.	 Jordan S, Limaye AP, Fischbach B, et al. A Randomized Phase 2 Study 
of Mau868 Vs Placebo to Treat Bk Viremia In Kidney Transplant Re-
cipients (abstract). Am J Transplant 2022; 22 (Suppl 3). 

67.	 Kesherwani V, Tarang S. An immunoinformatic approach to uni-
versal therapeutic vaccine design against BK virus. Vaccine 2019; 
37(26): 3457–63.

68.	 NCT03576014 – Evaluate Tolerability and Safety of BD03 for Preven-
tion of CMV and BKV Reactivation in Kidney Transplant Recipient.

69.	 TG. Aicuris licences antisense RNA know-how from Hybridize Ther-
apeutics. European Biotechnology 2022 Feb 10. Available at: https://
european-biotechnology.com/up-to-date/latest-news/news/aicuris 
-licences-antisense-rna-know-how-from-hybridize-therapeutics.html

70.	 AiCuris and Hybridize Therapeutics enter worldwide license agree-
ment of up to €100M for a direct-acting RNA-based therapy against BK 
Virus. February 9, 2022. Available at: https://hybridizetherapeutics 
.com/news/aicuris_hybridize

Acta Medica_04_2022_8958.indd   124Acta Medica_04_2022_8958.indd   124 15.03.2023   8:2515.03.2023   8:25


