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Successful prevention of BK-polyomavirus
nephropathy using extracorporeal
photopheresis for immunosuppression
minimisation following severe BK
polyomavirus replication after kidney
transplantation in a double lung transplant
recipient, a case report
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Abstract

Background BK-polyomavirus (BKpyV) nephropathy (BKVN) is associated with end-stage kidney disease in kidney
and non-kidney solid organ transplantation, with no curative treatment.

Case presentation A 45-year-old woman with a past medical history of double lung transplantation subsequently
developed end-stage kidney disease, of undetermined origin. One month after receiving a kidney transplant, a
diagnosis of early BKVN was suspected, and in retrospect was a reasonable cause for the loss of her native kidneys.
Minimisation of immunosuppression, achieved through extracorporeal photopheresis, allowed clearance of BKpyV
and so prevented nephropathy. Both lung and kidney grafts had a satisfactory and stable function after one year of
follow-up, with no rejection.

Conclusions Extracorporeal photopheresis may have facilitated minimisation of immunosuppression and BKpyV
clearance without lung allograft rejection.
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Introduction

BK-polyomavirus (BKpyV) nephropathy (BKVN) is a rare
complication of non-kidney solid organ transplantation.
Failure to control BKpyV replication in patients exposed
to immunosuppressive drugs may result in BKVN. In
patients with viral loads peaking above 6 log,, copies/
mL, the likelihood of developing extensive BKVN pathol-
ogy is extremely high (>98%) [1, 2]. BKVN is a well-
known complication in kidney transplantation because
it compromises graft survival, but it is much less well-
established in native kidneys of other organ recipients.
Chronic kidney disease (CKD) affecting a significant
proportion of patients transplanted with an organ other
than a kidney is often attributed to the chronic toxicity
of calcineurin inhibitors — a diagnosis by default — while
in fact other mechanisms can be involved, one of which
is uncontrolled replication of BKpyV [3]. Prospective
systematic urine BKpyV viral load screening showed
positivity in 16/50 patients undergoing lung transplanta-
tion [4]. Dube et al. reported 879 kidney biopsies in lung
transplants, 56 (6%) had an increased blood BKpyV viral
load and 11 (1.3%) developed BKVN at a median of 46
months after transplant (range, 9-213) with 55% evolv-
ing to end-stage kidney disease (ESKD) [5]. Of note, one
patient developed acute rejection after immunosuppres-
sive minimisation. Peak BKpyV viral load >10 000 copies/
mL was associated with ESKD (39% vs. 8% p<0.001). We
report here the case of a 45-year-old woman presenting
with a high BKpyV viral load after kidney transplantation
following lung transplantation and successful preven-
tion of BKVN using minimisation of immunosuppression
with extracorporeal photopheresis (ECP).

Case presentation

In December 2022, a 45-year-old woman was admitted
to our Department of Nephrology to receive a deceased-
donor kidney transplant.

The patient had received a double lung transplantation
in 2010 for chronic pulmonary hypertension and bron-
chiectasis secondary to tuberculosis. Induction immuno-
suppression was achieved using methylprednisolone and
anti-thymocyte globulin (10 mg/kg total). The mainte-
nance regimen was cyclosporine A (CsA), mycophenolate
mofetil (MMF), and steroids. The postoperative period
was marked by an early (postoperative day [POD]7)
acute cellular rejection (A1BO) treated with 1500 mg of
intravenous methylprednisolone and antibody-mediated
rejection at POD10 treated with five plasma exchanges,
rituximab, and intravenous immunoglobulins (IVIgs).
Tacrolimus replaced CsA at postoperative month
(POM)4, and everolimus was added at POM14 on top of
tacrolimus, MMF and steroids because of stage I bron-
chiolitis obliterans syndrome (BOS). Rituximab was re-
administered at posttransplant year (POY)8, and IVIgs
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were resumed monthly for chronic lung allograft dys-
function (CLAD).

Kidney function was normal prior to lung trans-
plantation (estimated glomerular filtration rate [GFR]
was 133mL/min/1.73m?) and rapidly deteriorated at
POY6 (serum creatinine [SCr] was 240umol/L versus
100umol/L six months earlier). Proteinuria was 0.5 g per
g of creatinine without haematuria and leucocyturia. A
renal ultrasound showed a kidney length of 104 mm at
right and 74 mm at left, with no signs of obstruction. The
renal asymmetry was confirmed by a magnetic resonance
angiography which showed no sign of renal artery steno-
sis. A saline contrast echocardiography showed an aneu-
rysmal inter-atrial septum plus a patent foramen ovale
(PFO); in retrospect, PFO was already present at the time
of the double lung transplantation surgery. Anticoagula-
tion using Coumadin® was initiated because of doubts
about an embolic cause for the left kidney atrophy, and
to prevent further episodes (other tests comprising a
24-hour electrocardiogram Holter monitoring, as well
as thrombophilia markers, all proved negative). The ben-
efit/risk ratio of a biopsy of the right kidney (functionally
unique) was deemed unfavourable. Short of histology,
CKD was attributed by default to a nephronic reduc-
tion, and to the chronic toxicity of calcineurin inhibitors.
Renal replacement therapy was started in 2017 (POY7).
Maintenance immunosuppressive therapy comprised
tacrolimus, mycophenolic acid, and steroids.

Five years later, the patient received a first kidney
transplant procured from a standard criterion deceased
donor (non-diabetic 49-year-old male who died from
haemorrhagic stroke; body mass index of 45 kg/m? SCr
100pmol/L; the graft had two arteries and one vein). The
patient had no donor specific antibodies (DSAs) against
the donor, and complement-dependent cytotoxicity
crossmatch was negative. Cold ischemia time (CIT) was
unusually long (33 h). Induction and maintenance immu-
nosuppression were achieved by thymoglobulin (4.5 mg/
kg total) and MME, tacrolimus, and steroids, respectively.
Graft function recovery was slow (0% creatinine reduc-
tion ratio at POD2, without need for dialysis). Acute graft
pyelonephritis occurred on POD7, due to an NDM-1
carbapenemase-producing Escherichia coli infection
(Cefiderocol, 2 g thrice a day, was administered for 10
days). An endo-ureteral double-] stent was inserted
because of ureteral extrinsic compression caused by a
haematoma that had developed under unfractionated
heparin, prescribed for the PFO.

Real time PCR detected BKpyV DNA replication
(EurobioPlex BK virus) in blood (6.9log;, copies/mL) on
POD15, at which point we decided to withdraw MMF.
Since the lowest SCr level was 79umol/L on POD19 with-
out proteinuria, we decided to cancel the allograft biopsy.
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However, SCr concentration increased (145umol/L)
on POD28, proteinuria was 1.5 g per g of creatinine and
BKpyV DNA replication increased (8log;, copies/mL,
Fig. 1). An allograft biopsy was performed on POD?29,
which showed neither inflammation nor tubulitis in non-
scarred cortical areas. Tubular epithelial cells were free
from nuclear anomalies, and Sv40 immunohistochemis-
try was negative. NanoString analysis (B-HOT panel) of a
biopsy sample found no BKpyV-specific transcripts.

Retrospectively, urinary samples taken in 2017 (at
enrolment for kidney transplant) showed decoy cells con-
sistent with BKVN. In addition, blood samples taken on
the day of transplantation and on POD8 were analysed
and showed a BKpyV viral load of 3.85 and 6.19log;, cop-
ies/mL, respectively, suggesting that BKpyV viral load
was already positive prior to kidney transplantation and
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that the patient’s native kidney(s) may have presented
BKVN in the first place.

Tacrolimus was switched to CsA on POD44 (with a
target serum trough concentration of between 150 and
200ng/mL) and, to prevent lung/kidney allograft rejec-
tion, ECP was started to accompany this regimen of
immunosuppression minimisation (Fig. 1). The ECP pro-
tocol is shown in Fig. 2.

On POM4, SCr concentration stabilised around
130umol/L and technetium-99 m diethylene-triamine-
pentaacetate-measured GFR was 32mL/min/1.73m%
urine proteinuria output decreased below 0.3 g per
g of creatinine. Blood BKpyV viral load decreased to
3.4log,, copies/mL. DSAs (against both lung and kidney
donors) were negative at POM5. A second renal allograft
biopsy showed no sign of BKVN (neither tubulitis nor
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Fig. 1 Management of BK-polyomovirus nephropathy after kidney transplantation in a dual lung transplant recipient. BKpyV: BK polyomavirus; C: creati-

nine; KT: kidney transplantation; MMF: mycophenolate mofetil; POD: postoperative day
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Fig. 2 Extracorporeal photopheresis administration protocol. POD: postoperative day; POM: postoperative month

inflammation, and negative staining for SV40 antigen)
or rejection, but with an interstitial fibrosis/tubular
atrophy grade 2, with moderate arterial intimal fibrosis.
CD3+total T cell count was 870/mm?® at POMI1 before
ECP and had decreased to 460/mm> at POM5 (both
CD3+CD4+CD8- and CD3+CD4-CD8+T cell count
decreased). A liver biopsy performed for anicteric cho-
lestasis showed hepatic porto-sinusoidal vascular dis-
ease, leading to a switch from CsA to tacrolimus. Blood
BKpyV viral load was negative at POM9 and POM11. At
that time, SCr concentration was 138umol/L and tacroli-
mus serum trough level was 5.5ng/mL. Lung transplant
function was found to be satisfactory and relatively sta-
ble (forced expiratory volume in one second decreased
slightly from 860mL to 720mL between preoperative and
POM11).

Discussion and conclusions

We present here a successful strategy of BKVN preven-
tion without allograft rejection using ECP to permit
MMF minimisation in a kidney recipient previously
transplanted with a double lung and experiencing intense
BKpyV replication.

Our patient had many risk factors for BKVN including
(a) a high cumulative immunosuppressive therapy (two
courses of thymoglobulin, rituximab, plasma exchanges,
tacrolimus, MMF and steroids), (b) a prolonged CIT
before kidney transplantation, (c) a recent endo-ureteral
double-] stenting and (d) many HLA mismatches with
the kidney donor (A: 2, B: 2, DR: 0, DQ: 2) [6].

Only one study has reported a case of BKVN 30
months after kidney transplantation with prior double
lung transplant 8 years earlier [7]. Despite successive
cidofovir, leflunomide and ciprofloxacin administration,
and MMF cessation, the patient evolved toward ESKD 6
months after, and died 3 months later. However, Dube et
al. recently reported 11 cases of BKVN in a native kid-
ney after lung transplantation. Despite light minimisation
using a decreased dose of immunosuppression (MMEF)
or switch (tacrolimus to CsA or mTOR inhibitors), 6
patients evolved towards ESKD. Pulmonary function
remained stable and just one patient — the only one in

whom MMEF was discontinued — presented with allograft
rejection [5]. In our case, ECP allowed safe MMF dis-
continuation and stabilisation of lung function without
sacrificing the newly implanted kidney transplant. Xipell
et al. reported a case of BKVN after antibody-mediated
rejection where ECP allowed kidney function stabilisa-
tion until discontinuation and allograft failure [8]. How-
ever, used on top of standard of care immunosuppression
in heart transplant recipients, ECP gave no protection
against viral infection, suggesting that minimisation is
necessary for the immunomodulatory effects of ECP [9].

A BKpyV-specific CD8 T cell response plays a cru-
cial role in controlling viral replication after transplan-
tation [10]. Dekeyser and colleagues showed that, in
patients with BKVN, alteration of T cell functionality is
indeed limited to BKpyV-specific T cells, and not to the
response to other viruses. Furthermore, they showed
that class II HLA-DR mismatches play an important role
in the control of BKpyV replication, through the help
of an allogeneic CD4 T cell [11]. This allogeneic CD4 T
cell response may provide some support to BKPyV-spe-
cific-memory CD8 T cells, improving their functionality.
Signals from CD4 T cells are critical for optimal mainte-
nance and reactivation of memory CD8 T cell responses
[12]. ECP seemed an interesting option for countering
the loss of a BKpyV-specific T cell response by modu-
lating cytokine profiles or changing trafficking patterns.
These modifications have already been described both in
ECP for steroid-refractory acute and chronic graft ver-
sus host disease and in leukaemic cutaneous T cell lym-
phoma. Thus, ECP has immunomodulatory properties
and promotes T-regulatory lymphocytes [13]. It also has
unspecific anti-inflammatory properties, for example by
inducing the release of IL-10 [14]. ECP is currently used
as a rescue option in patients with BOS or CLAD, ideally
at an early stage [15-17]. Whether it affects the BKpyV-
specific T cell response is, however, still unknown.

In keeping with current guidelines on BKpyV manage-
ment, our first step was to reduce immunosuppression
by stopping MMF, exposing the patient to a vital risk of
lung transplant rejection (DSAs, and history of BOS and
CLAD) [18]. We thus combined photopheresis to ensure
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minimisation of immunosuppression at the earliest pos-
sible stage of BKVN (i.e. at a moment of high viral rep-
lication, but without any histological or even molecular
signal of BKVN). This strategy allowed safe reduction of
MMEF without lung or kidney transplant rejection, and
BKpyV viral load clearance.
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