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A Multicenter Application of the 2018 Banff 
Classification for BK Polyomavirus-associated 
Nephropathy in Renal Transplantation
Yassine Bouatou, MD,1,2 Tri Q. Nguyen, MD, PhD,3 Joris J.T.H. Roelofs, MD, PhD,1  
Frederike J. Bemelman, MD, PhD,4 Laura Michielsen, MD, PhD,5 Roel Goldschmeding, MD, PhD,3  
Jesper Kers, MD, PhD,1,6,7 and Sandrine Florquin, MD, PhD1

INTRODUCTION
Human BK polyomavirus (BKPyV) is found in urine 
samples from the general population.1,2 BKPyV resides 
in the urothelium and BKPyV-associated nephropathy 
(BKPyVAN) is observed in 5% to 10% of kidney trans-
plant recipients. It is associated with allograft loss during 

the first years after transplantation.3-5 Early detection of 
BKPyVAN allows appropriate reduction of the immuno-
suppressive medication, which leads to reversal of disease 
in about 80% of the cases, while late detection results gen-
erally in allograft loss.6,7
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Original Clinical Science—General

Background. With current immunosuppressive regimens, BK polyomavirus-associated nephropathy (BKPyVAN) is still a 
matter of concern. Stratification of patients at risk for allograft loss is of uttermost importance to guide treatment choice and 
assess prognosis. In 2018, the Banff working group proposed a classification scheme for the prognosis of BKPyVAN, but 
external application on independent cohorts is yet to be performed. We investigated how the 2018 Banff classification would 
perform in a multicenter cohort comprising 50 cases of biopsy-proven BKPyVAN compared to previously published classifica-
tion systems. Methods. We analyzed consecutive BKPyVAN cases from two Dutch university hospitals between 2002 and 
2013, retrieved clinical data, and scored all biopsies according to the Banff 2018 classification, and as a comparison, 4 pre-
viously proposed BKPyVAN classification systems. We used estimated glomerular filtration rate trajectories and death-cen-
sored graft survival as primary endpoints. Results. The 2018 Banff classification did not associate with estimated glomerular 
filtration rate decline or graft failure and performed only slightly better than the 4 previously proposed classifiers. Anti-human 
leukocyte antigen donor-specific antibodies (DSAs), especially in combination with ongoing biopsy-proven BKPyVAN on 
follow-up, did correlate with graft function and survival. Patients who were DSA+/BKPyVAN+ on follow-up had more inflam-
mation at the baseline biopsy, which by itself was not associated with graft outcomes. Conclusions. Neither the 2018 Banff 
BKPyVAN classification nor previously published stratification systems could be applied to our multicenter patient cohort. Our 
data suggest that there might be a prognostic value for follow-up biopsies and DSA measurements to improve risk stratifica-
tion after BKPyVAN, although prospective multicenter efforts with protocol measurements are needed to confirm this.

(Transplantation 2019;103:2692–2700)
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The diagnostic criteria for BKPyVAN have evolved over 
the past few years. Still, a diagnosis of definitive BKPyVAN 
can only be made on renal biopsies immunohistochemi-
cally stained positive for the viral SV40 large-T-antigen.8 
There is currently an unmet need for parameters that 
enable clinicians to stratify patients at risk for progres-
sive transplant decline and graft failure. There has been 
discussion over the past years on the value of biopsy-
related parameters and scoring systems that claimed to 
predict outcome and to date, but none are routinely used 
in clinical practice to guide the treatment strategy; over-
immunosuppression will lead to ongoing viral replication 
in renal transplant tissue and underimmunosuppression 
could lead to (re)activation of the allograft response lead-
ing to rejection.9 Besides being obligatory for the diagnosis 
of definite BKPyVAN, quantification of viral replication 
with SV40 large-T-antigen staining could also have prog-
nostic value. The Banff Initiative for Quality Assurance 
in Transplantation (BIFQUIT) working group evaluated 
the reproducibility of SV40 large-T-antigen in 60 cent-
ers with 81 pathologists involved.10 Given their findings, 
a simplification of BK immunohistochemical scoring was 
proposed using a three-tier grading system (pvl0-3) repre-
senting the percentage of SV40-stained nuclei (pvl0: none, 
pvl1: <10%; pvl2: 10% to 25%; pvl3: >25% of tubules 
with nuclear staining). Also, histopathological parameters 
found at the time of biopsy could have prognostic value. 
For this reason, the Banff working group developed a 
novel classification scheme based on the data from 192 
patients transplanted in 9 medical centers from the United 
States and Europe between 1996 and 2008 who developed 
biopsy-proven BKPyVAN.11 The new classification scheme 
is a combination of the three-tier pvl score and the Banff 
interstitial fibrosis (ci) score. Interobserver agreement of 
the score was not determined since both parameters were 
previously shown to be substantially reproducible. Most 
importantly, external validation of the 2018 classification 
has not been performed yet, which limits generalizability 
and wide-spread application in clinical practice as of yet.

The primary aim of the current study was to apply the 
latest Banff 2018 classification for BKPyVAN in our inde-
pendent multicenter cohort comprising 50 biopsy-proven 
cases and test how well it predicts the prognosis of the 
renal transplant recipients. Since it is known that the fol-
low-up after biopsy is at least partly determined by wean-
ing of immunosuppression, we additionally determined 
how donor-specific antibodies (DSAs) and diagnosis on 
follow-up biopsies were associated with renal allograft 
outcomes as a secondary outcome.

MATERIALS AND METHODS

Study Design and Patient Population
We retrospectively collected data from 50 consecu-

tive patients with a biopsy-proven BKPyVAN from the 
Amsterdam University Medical Center (UMC), location 
Academic Medical Center (N = 35) and the UMC Utrecht 
(N = 15) meeting the minimal criteria for adequacy of at 
least 7 glomeruli and 1 artery in the period of 2002 until 
2013 assuring at least 4 years of follow-up after the index 
biopsy for all cases. The first biopsy with a diagnosis of 
definitive BKPyVAN (SV40 large-T-antigen positive) was 

chosen for in-depth histological analysis and disease strati-
fication according to the 2018 Banff classifications (hereaf-
ter referred to as “baseline biopsy”). No patients were lost 
to follow-up. The electronic patient database was used to 
collect all relevant clinical data and biopsy material that 
was left-over after diagnostics and was used as study mate-
rial. All information was processed anonymously accord-
ing to the code of conduct by the Federation of Dutch 
Medical Scientific Society (FDMSS).12

Renal Allograft Recipients
Standard immunosuppressive medication during that 

time-period consisted of induction therapy with basilixi-
mab (Simulect; Novartis Pharma B.V., The Netherlands), 
prednisolone, a calcineurin inhibitor; either cyclosporine 
A (Neoral; Novartis Pharma B.V., The Netherlands) or 
tacrolimus (Prograf; Astellas Pharma, The Netherlands) 
and the proliferation inhibitor mycophenolate mofetil 
(Cellcept; Roche B.V., The Netherlands). Basic immuno-
suppressive regimens are not different between the two 
UMCs. BK blood polymerase chain reaction screening 
was performed every 3 months after transplantation. All 
patients with BKPyVAN underwent reduction of immu-
nosuppression as follows: mycophenolate mofetil was 
discontinued, and after 4 weeks when the BK blood poly-
merase chain  reaction stayed above 10 000 copies/mL, 
calcineurin inhibitor was reduced and administration of 
intravenous immunoglobulins was administered according 
to the center’s decision.

Histology and (Immuno) Histochemical Stainings
The biopsy material was formalin-fixed and paraffin-

embedded. Standard staining consisted of hematoxylin 
and eosin staining, Jones’ silver staining, and periodic 
acid-Schiff after diastase staining. A monoclonal anti-
SV40 large-T-antigen antibody was used (clone PAb416; 
EMD Millipore, The Netherlands). Biopsies were centrally 
scored according to the latest Banff updates by 2 observ-
ers from one center (S.F. and J.K.) simultaneously.13,14 
Additionally, the total inflammation score (ti-score), which 
includes inflammatory infiltrates in areas with fibrosis, was 
evaluated and scored as a percentage of inflammation per 
10% of parenchyma. Banff 2009 Classes for BKPyVAN 
were attributed according to the Banff working pro-
posal15: Class A: Variable number of virus infected cells 
with no or minimal injury to tubular epithelial cells; Class 
B: Tubular epithelial cell necrosis or lysis with denudation 
of basement membrane across a length of more than 2 
cells; Class C: Any degree of tubular injury with interstitial 
fibrosis affecting >50% of cortex. The Banff 2009 scheme 
is a simplified version of the classification as proposed by 
Drachenberg and colleagues and the American Society of 
Transplantation.16,17 The percentage of BKPyV-infected 
tubules (pvl score) was scored according to the method 
described in the article by Nickeleit et al.11 as follows: 
pvl1: ≤1% positive tubules/ducts, pvl2: 1% to 10% posi-
tive tubules/ducts, and pvl3: >10% positive tubules/ducts. 
Note that this three-tier scoring system is not in accordance 
with the validated BIFQUIT study.10 Subsequently, Banff 
2018 Classes were scored according to Nickeleit et al11 as 
follows: Class 1: pvl-score 1 and ci-score 0 to 1; Class 2: 
pvl-score 1 and ci-score 2 to 3, pvl-score 2 and ci-score 0 
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to 3, or pvl-score 3 and ci-score 0 to 1; Class 3: pvl-score 3 
and ci-score 2 to 3. All 50 cases were negative for C4d and 
none of the cases could additionally be classified as C4d-
negative antibody-mediated rejection (AMR) on their ini-
tial baseline biopsy. None of the included cases had a Banff 
v-score > 0. BKPyVAN co-occurrence with T cell-mediated 
rejection (TCMR) grade I cannot be excluded, since no 
diagnostic criteria exist to distinguish both entities. All of 
the included cases had tubulointerstitial nephritis in the 
areas of viral inclusions.

Outcome Measures
We investigated as a primary outcomes death-censored 

allograft failure, defined as the return to dialysis, retrans-
plantation or an estimated glomerular filtration rate 
(eGFR) of less than 10 mL/min on at least 2 follow-up 
time-points without a regain of renal function thereafter. 
Our secondary outcome was the eGFR trajectory over 
time. This allowed us to calculate the dynamic association 
of renal function trajectories over time. We performed log-
transformation of the eGFR measures and normal distri-
bution was validated visually. Analysis of the evaluation 
of graft function over time was performed using linear 
mixed-effects models.11 GFRs were estimated from serum 
creatinine measures using the Modification of Diet in 
Renal Disease algorithm.18 From all patients, serum creati-
nine measures were collected at the time of biopsy (t = 0) 
and on follow-up at days 7, 30, 60, 90, and 180, and year 
1, 2, 3, and 4. In the case of missing data for an individual 
serum creatinine follow-up, values were imputed (see Text 
S1, SDC, http://links.lww.com/TP/B722). In case of graft 
failure, an eGFR value of 10 mL/min was imputed for the 
eGFR trajectories from the time of failure, because we can 
reasonably assume that renal function does not recover 
after graft failure.

Predictors
A detailed description of the included predictors, includ-

ing the intention-to-diagnose imputation approach for 
DSA measurements can be found Text S1 and Figure S1 
(SDC, http://links.lww.com/TP/B722).

Statistical Analysis
A detailed description of the statistical approach is 

described in Text S1 (SDC, http://links.lww.com/TP/B722).

RESULTS

Baseline Characteristics of the Kidney Transplant 
Recipients and Donors

Patients characteristics can be found in Table 1. We did 
not observe major differences among the three Banff 2018 
BKPyVAN Classes. Patients who presented with Banff 
2018 BKPyVAN Class 3 were biopsied significantly later 
after transplantation compared to Banff 2018 Classes 1 
and 2: median 533 days (interquartile range [IQR] 368–
828) as compared to 146 days (IQR 141–202) and 222 
days (IQR 118–615) for Classes 1 and 2, respectively (P 
= 0.05). The total follow-up time was at a median of 59 
months (IQR 37–93 mo) and the follow-up time after 
the biopsy diagnosis was a median of 41 months (IQR 
17–73 mo). At the end of the follow-up period, 20 of 50 
(40%) had lost their allograft. For all the 50 patients, the 
baseline biopsy was the first presentation of acute graft 
failure and, therefore, none of those patients had a prior 
episode of biopsy-proven rejection. No significant dif-
ferences in baseline parameters were observed between 
the Academic Medial Center and UMC Utrecht cohorts 
(Table S1, SDC, http://links.lww.com/TP/B722). Baseline 
Banff scores are depicted in Figure S2 (SDC, http://links.
lww.com/TP/B722).

TABLE 1.

Demographic, clinical, transplantation, and biopsy characteristics of patients with BKPyVAN as baseline

 Banff 2018 classification

 All Class 1 Class 2 Class 3

N 50 5 31 14
Donor     
Donation type, N, %     
 Living donation 20 (40%) 2 (40%) 13 (42%) 5 (36%)
 DCD 9 (18%) 2 (40%) 3 (10%) 4 (29%)
 DBD 21 (42%) 1 (20%) 15 (48%) 5 (36%)
Recipient     
 Age, median y, IQR 52 (41–61) 54 (40–63) 52 (41–60) 51 (44–64)
 Gender, N male, % 27 (54%) 2 (40%) 18 (58%) 7 (50%)
 Paediatric recipients, N, % 7 (14%) 1 (20%) 4 (13%) 2 (14%)
Transplantation     
 HLA A/B/DR mismatch, median, IQR 3 (2–4) 3 (2–4) 3 (2–4) 3 (2–5)
 Cold ischemia time, median min, IQR 14 (2–19) 11 (3–16) 12 (2–19) 17 (3–21)
 Delayed graft function, N, % 12 (24%) 0 (0%) 7 (23%) 5 (36%)
At the time of biopsy     
 Time of Bx after Tx, median days, IQR 310 (141–668) 146 (141–202)a 222 (118–615)a 533 (368–828)a

 eGFR–MDRD, median mL/min per 1.73 m2, IQR 26 (18–35) 35 (22–42) 25 (18–35) 27 (20–33)
aP = 0.05.
BKPyVAN, BK polyomavirus-associated neuropathy; Bx, biopsy; DBD, donation after brain death; DCD, donation after circulatory death; eGFR, estimated glomerular filtration rate; HLA, human leukocyte 
antigen; IQR, interquartile range; MDRD, modification of diet in renal disease; Tx, Transplantation.
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Renal Function Trajectories and Graft Survival 
According to BKPyVAN Classifications

At baseline, there were no significant difference in the 
eGFR between Banff 2018 Classes 1 to 3 (P > 0.15), 
Figure 1A. On follow-up, the eGFR trajectories for all 3 
Classes declined to a similar extent for the first 500 days, 
whereas after that they all stabilized without significant 
differences among the Classes and widely overlapping 
95% confidence intervals (CIs) (P > 0.09). Numerically, 
Class 3 had the worst renal function at the end of follow-
up, but renal function was also the worst at the time of 
biopsy. A similar pattern was observed in the survival 
analysis, where there were no significant differences in 
death-censored graft survival curves between groups  
(P = 0.51), although again numerically, patients desig-
nated Class 3 had the worst allograft outcome (Figure 1B). 
When we restricted our Kaplan–Meier analysis to the 
first 24 months follow-up after biopsy, the same results 
were obtained (P = 0.51, data not shown). In Figure S3 
(SDC, http://links.lww.com/TP/B722), we compared the 
results from the Banff 2018 classification with previously 
published BKPyVAN prognostic classifiers (University of 
Maryland 2001,16,19 Polyomavirus Interdisciplinary Work 
Group 2005,20 Banff working draft 200915 and American 
Society of Transplantation 201317). Although there were 
significant between-Class differences in terms of eGFR tra-
jectories for all 4 previously published classifiers, these as 
well did not follow the expected pattern of A < B (1 to 3)  
< C from best to worst prognosis in our cohorts. No signifi-
cant differences were found for the corresponding survival 
analyses. Including the Banff 2018 classification, we found 
that 19 of the 50 (38%) were given the same Class in all 5 
classifiers (Figure S4, SDC, http://links.lww.com/TP/B722).

Associations of Isolated BKPyVAN-related Banff 
Components With eGFR Trajectories and Graft 
Survival

In Figure S5 (SDC, http://links.lww.com/TP/B722), we 
further validated whether individual BKPyVAN-related 

Banff parameters were associated with death-censored graft 
failure or the eGFR trajectories. The Banff i-score did not 
associate with death-censored graft failure (P = 0.99), but 
eGFR trajectories differed per group. Compared to patients 
with <25% interstitial inflammation in nonscarred areas as 
a reference group, we observed a significantly more declin-
ing eGFR trajectory over time for patients with 25% to 50% 
interstitial inflammation (P = 0.0004), but a more stable 
eGFR trajectory for patients with >50% interstitial inflam-
mation (P = 0.007). A similarly complex association with 
graft outcome was observed for the ti-score. The association 
between BKPyV-infected tubules (pvl-score) and graft out-
come was also complex. We observed that patients with pvl-
score 2 had a significantly better graft survival compared to 
patients with pvl-scores 1 and 3 (P = 0.041), which was also 
reflected by the most stable eGFR trajectories (P = 0.0003). 
There were no significant differences between patients with 
<25%, 25% to 50%, or >50% interstitial fibrosis and tubu-
lar atrophy for death-censored graft failure (P = 0.64). The 
group of patients with <25% (P = 0.65) and 25% to 50% 
interstitial fibrosis and tubular atrophy (P = 0.01) had the 
worst eGFR trajectory over time, whereas the group of 
patients with >50% interstitial fibrosis and tubular atrophy 
had relatively stable eGFR trajectories.

DSAs on Follow-up Determine Graft Outcome
Seven of the 50 patients (14%) were DSA-positive at the 

time of biopsy. None of the 50 patients could concurrently 
be classified as either C4d-positive AMR (since all cases 
were per definition C4d-negative) or C4d-negative AMR 
at baseline. On follow-up, 15 of the 50 patients (30%) 
developed de novo DSAs, coming to a total of 22 of the 
50 patients (44%) with detectable DSAs on follow-up. The 
presence of DSAs on follow-up (either already present at 
biopsy or de novo), but not at time of biopsy alone, was asso-
ciated with significantly worse graft survival in the inten-
tion-to-diagnose analysis (log-rank test P = 0.0026 versus  
P = 0.84, respectively; Figure  2). We obtained similar 
results in complete case (Figure S5, SDC, http://links.lww.

A B

FIGURE 1. Graft outcome for the Banff 2018 BKPyVAN classification. eGFR trajectories (A) and death-censored graft survival curves for 
(B) the Banff 2018 BKPyVAN classification. When we restricted the analysis to a 24 mo follow-up by right-censoring the data thereafter 
(in accordance with the Banff 2018 article), the results were the same: P > 0.44 for log-transformed linear mixed-effects model on eGFR 
trajectories and P > 0.97 for Kaplan–Meier survival analysis (cumulative incidence of graft failure within 24 mo = 14%). BKPyVAN, BK 
polyomavirus-associated nephropathy; eGFR, estimated glomerular filtration rate.
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com/TP/B722) and multiple imputations with chained 
equations (MICE) analyses, even after sensitivity analysis 
for nonmissing at random (see statistical methods section 
in Text S1 and Table S2, SDC, http://links.lww.com/TP/
B722). The eGFR trajectories did not significantly differ 
between patients who were DSA-positive or DSA-negative 
at the time of biopsy (P = 0.30) or on follow-up (P = 0.23), 
although for the latter analysis, there was a significantly 
decreasing eGFR trajectory within the first year after base-
line biopsy in the group of patients that were DSA-positive 
on follow-up (P = 0.0001). Again, a similar pattern was 
observed with complete case and MICE analyses, even 
after additional sensitivity analysis for detection bias. We 
observed similar results for DSAs directed against human 
leukocyte antigen (HLA) class I and class II (Figure S6, SDC, 
http://links.lww.com/TP/B722). With respect to the 2018 
Banff classification for BKPyVAN at baseline, we observed 
that 1 of 5 (20%) in Class 1, 11 of 31 (35%) in Class 2, 
and 10 of 14 (71%) of patients in Class 3 were classified as 
DSA-positive on follow-up (P = 0.046; Figure 3).

Ongoing Biopsy-proven BKPyVAN also Determines 
Graft Outcome

On follow-up, 21 of 50 patients (42%) had one or more 
episodes of acute graft dysfunction that required a new 

renal transplant biopsy. The majority of cases had an ongo-
ing biopsy-proven BKPyVAN (ongoing BKPyVAN; 12/21; 
57%), but we also identified patients who underwent 
rejection after BKPyVAN at baseline (TCMR-only 29%, 

FIGURE 2. Graft outcome for BKPyVAN patients with donor-specific antibodies. eGFR trajectories and death-censored graft survival 
curves for BKPyVAN patients with DSAs at the time of biopsy (A, B) and DSAs on follow-up after biopsy (C, D). The total number of 
DSA-positive patients completely overlaps with the patients who were only DSA class II positive on follow-up. Sensitivity analyses with 
complete case and multivariate imputations with chained equations revealed similar results. BKPyVAN, BK polyomavirus-associated 
nephropathy; DSA, donor-specific antibodies; eGFR, estimated glomerular filtration rate.

FIGURE 3. The 2018 Banff classification for BKPyVAN correlates 
with DSA-positivity on follow-up. Patient distribution for follow-up 
DSA-positivity per Banff 2018 BKPyVAN Class at baseline. 
BKPyVAN, BK polyomavirus-associated nephropathy; DSA, 
donor-specific antibodies.
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AMR-only 0%, mixed rejection 14%). In total, 12 of the 50 
patients (24%) had a follow-up of ongoing biopsy-proven 
BKPyVAN. Patients with ongoing biopsy-proven BKPyVAN 
had a significantly worsening eGFR trajectory after biopsy  
(P = 0.004), whereas the eGFR was not significantly dif-
ferent at the time of biopsy between groups (P = 0.27, 
Figure 4). These patients also showed a trend toward more 
death-censored graft failure (P = 0.088). For rejection 
on follow-up biopsies (TCMR and mixed rejections), we 
observed the same trend, but also in the group of patients 
without rejection, there was a decline in renal function and 
graft loss was observed (Figure S7, SDC, http://links.lww.
com/TP/B722). Follow-up rejection and follow-up DSA 
were not significantly correlated (P = 0.20); neither were 
ongoing BK on follow-up and DSA on follow-up (P = 0.32) 
and ongoing BK virus nephropathy on the follow-up and 
rejection on follow-up (P = 0.71). Also, the sole presence 
of any follow-up biopsy did not associate with follow-up 
DSA-positivity (P = 0.15). Patients who had a biopsy-
proven ongoing BKPyVAN and were also DSA-positive on 
follow-up (BKPyVAN+/DSA+; 6/50; 12%) had the worst 
renal function trajectories, leading to an eGFR < 10 mL/min  
within 500 days after the initial biopsy in most cases  

(P < 0.0001; Figure 4). The other three groups (BKPyVAN-/
DSA−, BKPyVAN+/DSA−, and BKPyVAN−/DSA+) had 
overlapping renal function trajectories. In survival analy-
sis, BKPyVAN+/DSA+ patients also did worst, and all  
(n = 6) lost their allograft within 1200 days after the initial 
biopsy (P < 0.0001, Figure 4). The hazard ratio of 12.52 
for these 6 patients (95% CI 3.30-47.43; P = 0.0002) was 
much higher than the “background” hazard ratio of 2.66 
(95% CI 1.06-6.69; P = 0.04) of having undergone DSA 
screening at all. The BKPyVAN−/DSA+ group had the sec-
ond worst outcome. Both groups that did not have DSAs 
on follow-up had overlapping survival curves.

Determinants of Ongoing BKPyVAN and DSAs  
on Follow-up

We made an attempt to see which of the clinical and 
histopathological parameters differed among the 4 groups 
as defined by ongoing biopsy-proven BKPyVAN status and 
follow-up DSA status. Figure 5A displays a heat map with 
clinical and histological parameters per individual patient 
within the 4 groups. Figure 5B is the summary of Figure 5A, 
showing the median values per group as well as boxplots 
for the ti-score, the factor that discriminated between the 4 

FIGURE 4. Graft outcome for patients who had ongoing biopsy-proven BKPyVAN and DSA on follow-up. eGFR trajectories (A) and 
death-censored graft survival curves for (B) patients with ongoing biopsy-proven BKPyVAN and patients who had ongoing BKPyVAN 
and/or DSAs on follow-up after the initial biopsy diagnosis (C, D). Having an episode of graft failure requiring a transplant biopsy, 
independent of biopsy diagnosis, associated with death-censored graft failure to a lesser extent compared to the subset of patients who 
had ongoing biopsy-proven BKPyVAN and follow-up DSA-positivity (HR = 2.66, 95% CI = 1.06-6.69, P = 0.04 vs HR = 12.52, 95% CI = 
3.30-47.43, P = 0.0002). BKPyVAN, BK polyomavirus-associated nephropathy; CI, confidence interval; DSA, donor-specific antibodies; 
eGFR, estimated glomerular filtration rate; HR, hazard ratio.
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groups the best. The patients with persisting biopsy-proven 
BKPyVAN and DSA-positivity on follow-up (n = 6, 12%) 
underwent their baseline episode of BKPyVAN relatively 
late after transplantation (median 576 days, IQR 273–828 
d, range 54–2874 d, P = 0.26 for trend over groups, P = 
0.29 versus all other groups) and presented with the high-
est ti-scores (median 75%, IQR 70% to 88%, range 50% 
to 100%, P = 0.11 for trend, P = 0.04 versus all other 
groups). We did not identify other baseline clinical param-
eters (recipient age, cold ischemia time, eGFR at biopsy) or 
histopathological parameters (Banff scores, pvl-score) that 
differed between groups.

DISCUSSION
In the present study, performed in a cohort of 50 kid-

ney transplant recipients with a definitive diagnosis of 
BKPyVAN, we showed that neither the novel Banff 2018 

BKPyVAN classification nor previously described clas-
sification systems correlated well with renal function or 
allograft survival. We also showed that the individual his-
tological Banff score at the time of BKPyVAN diagnosis 
were unable to predict outcomes whereas anti-HLA DSAs, 
follow-up histological diagnosis, and especially the combi-
nation of both associated with allograft outcome instead.

Several previous attempts to stratify BKPyVAN based 
on morphological parameters failed to provide clinically 
relevant information to clinician as those classifications 
did not accurately correlate with allograft loss. The predic-
tive value of the 2009 Working group proposal has been 
previously assessed in 71 biopsies with BKPyVAN.21 The 
proportions of partial and complete responses 3 months 
after the diagnosis of BKPyVAN has shown a higher trend 
for class A when compared to B and C, but this result did 
not reach statistical significance. Interestingly, Banff class 

FIGURE 5. Heatmaps of clinical and histopathological data distribution in patients with ongoing biopsy-proven BKPyVAN and DSA. A, 
Heatmap with individual patient data distribution of clinical and histopathological parameters in patients with ongoing BKPyVAN and/
or DSAs on follow-up after the initial biopsy diagnosis. Heatmap (B) is a summary graph depicting median scores for all parameters 
per diagnostic group. These data indicate that patients with both ongoing BKPyVAN and DSAs on follow-up were diagnosed later after 
transplantation and had higher Banff ti-scores in the initial BKPyVAN biopsy. BKPyVAN, BK polyomavirus-associated nephropathy; DSA, 
donor-specific antibodies; ti-scores, total inflammation scores.
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A was associated with a higher risk of graft loss when 
compared with class B. In our cohort, patients from class C 
remained relatively stable over time in terms of graft func-
tion. The Banff Working Proposal 2009 needed to be mod-
ified to incorporate the degree of inflammation. However, 
in a cohort of 192 patients transplanted from 1996 to 2008 
with a biopsy-proven diagnosis of BKPyVAN, Nickeleit et 
al.11 used a mixed-effects model with repeated measures 
to predict allograft function trajectories and a logistic 
regression model to analyze graft failure at 24 months and 
constructed a classification system that included the Banff 
ci and pvl scores. Contrary to prior findings by Masutani 
et al., the inflammation status seemed not associated with 
outcome in their cohort.21 Corroborating on the findings 
by Masutani et al, we did not observe any association 
between inflammation (i-score and ti-score) and outcome, 
but we did observe an association of ti-score at baseline 
with a group of patients who were both DSA-positive on 
follow-up and had ongoing biopsy-proven BKPyVAN. 
These data suggest that the cohort-specific association 
between extent of inflammation during BKPyVAN and 
outcome is driven by intermediate complications of both 
viral persistence and allo-immunity. The functional charac-
teristics of the infiltrate leading to both an ongoing antivi-
ral immune response and an allo-immune response are not 
deciphered and require further investigation, although T 
cell clones directed against viral and donor HLA epitopes 
have been described concomitantly in situ.22 Two recent 
studies23,24 and an accompanying editorial25 discussed 
the natural history of BKPyVAN. Clearance of viremia 
often resulted in more tubulointerstitial inflammation and 
tubulitis suggesting the development of subclinical rejec-
tion, most probably due to a reduction in immunosup-
pression. A study by Dieplinger and colleagues observed a 
similar finding with the development of DSAs after BKPyV 
viremia, especially in cases where viremia persisted, which 
is in line with our findings.26 In our study, we observed that 
patients who were DSA-positive on follow-up with ongo-
ing biopsy-proven BKPyVAN had the worst follow-up 
with respect to eGFR trajectories as well as graft survival. 
Altogether these findings suggest that there is a complex 
interplay between antiviral immunity and the allo-immune 
response. This complex interplay between antiviral and 
allo-immune responses might be the reason why stratifica-
tion systems for BKPyVAN have not appeared to be very 
useful in the past. The study by Nickeleit et al11 identified 
the pvl-score and interstitial fibrosis, but not inflammation, 
as the parameters best associated with outcome, whereas 
the study by Masutani et al determined the inverse.21 
Striking to us was also the finding that of the 5 classifica-
tion systems/proposals tested, 38% of patients were classi-
fied in exactly the same class for each of the classification 
systems.

In the broader context on the use of histology to pre-
dict outcomes and determine response to treatment in 
kidney transplantation, two recent studies from the Paris 
Transplant Group suggest that, rather than using data at 
the time of treatment, using data 3-month after treatment 
(eGFR, DSAs, histology) better stratified patients at risk 
for adverse outcome.27,28 This was found for TCMR and 
AMR, and in the current study, we suggest that this might 
also be the case for BKPyVAN, although studies with stand-
ardized collection of DSAs and protocol biopsies need to 

confirm this finding. In this study, we were limited by the 
availability of retrospective data. There was no standardi-
zation with regards to DSA measurement and we had to 
rely on data from both complement dependent cytotoxic-
ity (CDC) and the Luminex method. Therefore, we might 
have missed some cases with DSAs, because of the infe-
rior sensitivity of the CDC method. Also, we observed that 
patients who had undergone DSA screening (irrespective 
of outcome), had a worse outcome, which suggests detec-
tion bias. We tried to address the validity of our findings 
by various (conditional) sensitivity analyses, but stand-
ardized measurement of DSAs in a prospective fashion is 
preferable to address the association with graft function 
and survival. Although data from both centers was almost 
complete, we had to impute some of the follow-up serum 
creatinine measurements, and this might have influenced 
calculation of the estimates in the mixed-effects models. 
We also have to acknowledge the relatively small sample 
size of the current study and cannot completely rule out a 
statistical type II error. Altogether, we found that the novel 
2018 Banff classification for BKPyVAN, as well as previous 
classification systems, could not be successfully applied to 
our multicenter cohort. The lack of predictive value might 
come from a complex interplay between ongoing antivi-
ral immunity, levels of immunosuppression, allo-immune 
responses, and timing of disease onset/decision to biopsy.
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