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BK virus (BKV) is a very common pathogen infecting up 
to 90% of the general population [1]. While usually innocu-
ous, BKV reactivation is a frequent complication after renal 
transplantation leading to graft loss in 1–10% of cases [1]. 
Risk factors for reactivation include age, male sex, graft 
rejection and the use of calcineurin inhibitors [2]. However, 
it is still unclear whether pre-transplant BKV-reactive anti-
body levels of the transplant recipient are associated with 
BKV reactivation post transplant. This is in strong contrast 
with the case of cytomegalovirus, for which pre-transplant 
serostatus is an established marker. [3]

We characterized the kidney transplant recipients of a 
large, clinically well-characterised multi-centre cohort 
(N = 397) for the presence of serum IgG antibodies against 
the structural BKV protein VP1, using an ELISA assay (see 
Supplementary Methods and Fig. S1) [3, 4]. In parallel, 
BKV load in serum was monitored pre-transplant and then 
two weeks and one, two, three, six, nine and twelve months 

post-transplant, as published previously [3]. A total of 2092 
samples were analysed for BKV load. Significant differ-
ences in quantitative variables were calculated employing 
the Mann–Whitney U test; correlations were assessed using 
Spearman's rank correlation coefficient.

Three hundred ninety-five (99.5%) patients had detectable 
pre-transplant anti-BKV antibodies, with a median [IQR] 
IgG concentration of 23 [13–38] µg/ml (Fig. 1A). BKV load 
over the detection limit (> 250 copies/mL) was observed 
in 196 (49.4%) patients, with a peak viral load of 1463 
[731–7444] copies·mL−1 (Fig. 1B). Reactivations occurred 
at a median time of 63 [31–181] days post-transplant. Impor-
tantly, no association between anti-BKV IgG concentrations 
and reactivation was observed (no reactivation: 22 [14–38] 
µg/ml, reactivation: 25 [13–38] µg/ml; P = 0.886; Fig. 1C). 
We also evaluated whether the anti-BKV IgGs correlate with 
the height of viral load; no correlation was found (ρ = 0.00, 
P = 0.955; Fig. 1D). Interestingly, 33 patients (8.3%) had 
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Fig. 1   Pre-transplant reactive to the BKV VP1 are almost ubiquitous 
and are associated with pre-Tx BKV load and early viral reactivation. 
A Histogram of the distribution of pre-transplant anti-BKV antibod-
ies. B Histogram of the distribution of peak BKV viral load during 
the first post-transplant year among patients with viral reactivation. 
Note the logarithmic scale of the x axis. C Comparison of pre-trans-
plant anti-BKV antibody levels between patients with no BKV reac-
tivation during the first post-transplant year and patients with BKV 
reactivation. Note the logarithmic scale of the y axis. D Scatterplot 
of anti-BKV antibody levels and peak BKV viral load during the 
first post-transplant year among patients with viral reactivation. Note 

the logarithmic scale of both axes. E Comparison of pre-transplant 
anti-BKV antibody levels between patients with no pre-transplant 
viral load and patients with pre-transplant BKV load. Note the loga-
rithmic scale of the y axis. F Comparison of pre-transplant anti-BKV 
antibody levels between patients with BKV reactivation at an early 
and late time point. The categories early and late were defined with 
respect to the median reactivation time of 62  days post-transplant. 
Note the logarithmic scale of the y axis. G Scatterplot of anti-BKV 
antibody levels and graft function one year post-transplant. Note the 
logarithmic scale of the x axis. BKV BK virus; Pre-Tx pre-transplant, 
eGFR-1y estimated glomerular filtration rate 1 year post-transplant
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detectable BKV load before transplantation, with a median 
viral load of 770 [422–1442] copies·mL−1. These patients 
also had increased anti-BKV antibody concentrations (35 
[17–53] vs. 22 [13–37] µg/ml; P = 0.010; Fig. 1E). Inde-
pendently from this association, we observed that patients 
with early post-transplant BKV reactivation (< 60 days) had 
significantly higher anti-BKV antibody concentrations than 
patients with late reactivation (29 [16–45] vs. 22 [11–33] 
µg/ml; P = 0.007; Fig. 1F). Finally, there was no correlation 
between anti-BKV IgG and graft function one year post-
transplant (ρ = 0.00, P = 0.950; Fig. 1G).

Our results show that, even though pre-transplant anti-
BKV-VP1 antibodies are nearly ubiquitous, they do not 
protect against viral reactivation. In fact, patients with pre-
transplant viral load had significantly higher antibody levels 
than those with no detectable viral load. This suggests that 
antibodies are a marker for virus levels in peripheral blood 
and probably also in tissue. Interestingly, while patients with 
a high antibody concentration did not suffer from more fre-
quent or severe reactivations, early reactivation was signifi-
cantly associated with higher antibody levels. This further 
supports the hypothesis of pre-transplant antibodies as a 
marker for virus reactivation levels. Intriguingly, our results 
agree with our previous work with other cohorts, suggesting 
a central role for T cell-mediated immune response in BKV 
clearing [5, 6]. Here, quantification of pre-transplant neutral-
izing antibodies, as well as antibodies reactive to other BKV 
antigens, could contribute to the elucidation of the interplay 
between humoral immunity, cellular immunity and BKV.

In summary, our work demonstrates that pre-transplan-
tation levels of BKV-specific binding antibodies cannot be 
employed to anticipate the post-transplant reactivation risk 
but might be used as a marker of pre-transplant viral load. 
Our data are in agreement with previously published studies, 
which showed that anti-BKV titres measured before trans-
plantation in kidney recipients cannot be used as a predic-
tive tool to manage clinical BKV infection [7–9]. However, 
measuring donor anti-BKV titres or the neutralizing capac-
ity of the BKV-reactive antibodies in KTX rather correlates 
with a decreased risk of developing viremia and might be 
used to adapt pre-emptive therapies.

Further characterization of recipient and donor character-
istics are needed to better understand the risk constellation 
of BKV reactivation and to implement effective prevention 
strategies.

BK virus, kidney transplantation, viral reactivations, risk 
assessment.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s40620-​022-​01487-7.

Funding  Open Access funding enabled and organized by Projekt 
DEAL. This work was performed supported by grants from the Ger-
man Federal Ministry for Education and Research (BMBF) e:KID 

(01ZX1612A), Bundesministerium für Bildung und Forschung (Grant 
FKZ 13GW0338B), Stiftung Mercator (Grant St-2018–0014) and Sep-
sisDataNet (Grant EFRE-0800984).

Availability of data and material  Limited data access requests can be 
sent to Nina Babel (nina.babel@charite.de).

Code availability  Not applicable.

Declarations 

Conflict of interest  The authors have no conflicts of interest.

Ethical approval  The trial was approved by the Ethics Committee of 
the Gustav Carus Technical University Dresden.

Consent to participate  Informed consent was obtained from all indi-
vidual participants included in the study.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Hirsch HH, Steiger J (2003) Polyomavirus BK. Lancet Infect Dis 
3:611–623

	 2.	 Demey B et al (2018) Risk factors for BK virus viremia and 
nephropathy after kidney transplantation: a systematic review. J 
Clin Virol 109:6–12

	 3.	 Blazquez-Navarro A et al (2018) BKV, CMV, and EBV interactions 
and their effect on graft function 1 year post-renal transplantation: 
results from a large multi-centre study. EBioMedicine 34:113–121

	 4.	 Blazquez-Navarro A et al (2022) Early prediction of renal graft 
function: analysis of a multi-center, multi-level data set. Curr Res 
Transl Med 70:103334

	 5.	 Stervbo U et  al (2019) BKV clearance time correlates with 
exhaustion state and T-cell receptor repertoire shape of BKV-spe-
cific T-cells in renal transplant patients. Front Immunol 10:1–11

	 6.	 Blazquez-Navarro A et al (2018) Differential T cell response 
against BK virus regulatory and structural antigens: a viral 
dynamics modelling approach. PLOS Comput Biol 14:e1005998

	 7.	 Solis M et al (2018) Neutralizing antibody–mediated response and risk 
of BK virus–associated nephropathy. J Am Soc Nephrol 29:326–334

	 8.	 Dakroub F et al (2022) Impact of pre-graft serology on risk of 
BKPyV infection post-renal transplantation. Nephrol Dial Trans-
plant 37:781–788

	 9.	 Wunderink HF et al (2017) Pretransplantation donor-recipient 
pair seroreactivity against BK polyomavirus predicts viremia 
and nephropathy after kidney transplantation. Am J Transplant 
17:161–172

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s40620-022-01487-7
http://creativecommons.org/licenses/by/4.0/

	Lack of predictive capacity of pre-transplant anti-BK virus antibodies for post-transplant reactivation
	Anchor 2
	References




