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Purpose: BK polyomavirus (BKPyV)-associated nephropathy (BKPyVAN) is one of the
most difficult infections to be treated after kidney transplantation. Although patients with
BKPyVAN usually received a reduction of immunosuppressive agents, the majority of these
patients undergo the loss of the graft kidney without any effective treatment afterward.
Therefore, development of more effective therapy for BKPyVAN is eagerly expected.
Patients and Methods: Among patients who underwent a kidney transplantation between
January 2016 and April 2019 at our hospital, there were five cases of BKPyVAN. After the
initial diagnosis, all patients discontinued administration of mycophenolate mofetil (MMF),
which was not enough to diminish decoy cells in urine cytology test. Therefore, all patients
received additional intravenous immunoglobulin (IVIG) (100 mg/kg/day) therapy for five
days and were evaluated for the therapeutic effect of IVIG with immunohistochemical
examination using re-biopsy samples of the graft kidney.

Results: After IVIG therapy, 2 cases showed negative decoy cells in urine and 3 cases
showed a drastic decrease of plasma BK virus load. Importantly, simian virus (SV) 40 large
T antigens diminished after IVIG administration in all cases, which degraded polyomavirus
nephropathy classification.

Conclusion: Although it is difficult to treat BKPyVAN after kidney transplant, IVIG
therapy was considered to a promising treatment to improve severity of BKPyVAN espe-
cially in cases that dose reduction of immunosuppressive agents was ineffective.
Keywords: BK virus, BK virus nephropathy, intravenous immunoglobulin; IVIG, kidney

transplantation, polyomavirus nephropathy classification

Introduction

In the field of kidney transplantation, advances in immunosuppressants have strik-
ingly reduced the incidence of acute rejection and significantly improved kidney
graft survival. However, despites these benefits, long-term use of immunosuppres-
sants sometimes cause infectious diseases as well as malignancies, leading to
allograft loss.'

Among various types of infection after kidney transplantation, BK polyoma-
virus (BKPyV) infection is one of the serious issues since BKPyV may accelerate
the loss of graft kidney.? BKPyV is classified into 4 genotypes, I-IV, and genotype
I and IV are the most prevalent and widespread worldwide (approximately 95%).>
However, it is unclear which specific BKPyV genotype is related to developing
BKPyV-associated nephropathy (BKPyVAN). BKPyV infection after kidney
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transplantation is usually suspected by detecting BKPyV
in urine or blood by testing quantitative polymerase chain
reaction (PCR). It is reported that urine and plasma BK
viral load by quantitative PCR were positive in 30—40%
and 10-20% of all kidney transplant recipients, respec-
tively (The positive criterion by quantitative PCR tests is
100 copies/mL or more). As a result of histological find-
ings, about 1 to 10% of all kidney transplant recipients are
diagnosed as BKPyVAN by allograft biopsies.4
BKPyVAN after kidney transplantation is very difficult
to be treated because there is no effective antiviral drug.
In general, although clinical guidelines recommend regu-
lar monitoring and timely reduction of immunosuppres-
sants for BKPyVAN such as reduction or discontinuation
of calcineurin inhibitors and mycophenolate mofetil
(MMF), allograft loss occurs in up to 67% with
BKPyVAN.’

In this study, we evaluated the efficacy and safety of
intravenous immunoglobulin (IVIG) for intractable
BKPyVAN in the patients of inadequate response for
reduction of immunosuppressants. Interestingly, low-dose
IVIG (100 mg/kg/day for 5 days) treatment substantially
improved BKPyVAN with compelling evidences of
decrease of BKPyV copy numbers in plasma and disap-
pearance of simian virus (SV) 40 large T antigens.
Collectively, IVIG treatment can be the promising option
to ameliorate the extent of BKPyVAN immediately.

Materials and Methods

A total of 112 patients underwent kidney transplantation
between January 2016 and April 2019 at our hospital. All
organs were donated voluntarily with written informed
consent, and the organ donations were conducted in accor-
dance with the Declaration of Istanbul.

For the screening test of BK virus, we first applied
urine cytology test, which is covered by Japanese health
insurance. Urine cytology test was performed every 3
months in all patients to evaluate the presence of cells
containing nuclear viruses (decoy cells) and 14 patients
were positive for first screening. Among them, 5 patients
with positive decoy cells for two consecutive times were
subjected to quantification of plasma BK viral genomic
load by quantitative real-time PCR. When the copy num-
bers in BK Viremia exceeds 200 copies/mL, the test was
considered positive. If BKPyVAN was suspected during
tests above, biopsy of graft kidney was performed for
definite diagnosis. Finally, these 5 patients were diagnosed
as BKPyVAN after kidney transplantation.

Table | Clinical Information of 5 Patients with BKPyVAN
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BKPyVAN was defined by positive immunohistochem-
ical nuclear staining using anti-SV40 large T antigen
monoclonal antibody. According to polyomavirus nephro-
pathy (PVN) classification from the Banff Working Group,
the histological features were classified to PVN class 1,
class 2, and class 3 by Banff pvl and ci score.® The pvl
scoring is based on the extent of virally induced tubular
changes. A tubule with intranuclear viral inclusion bodies
(type 1 or 2) and/or a positive SV40 T antigen in one or
more cells per tubular cross-section is considered “a posi-
tive tubule.” The overall percentage of positive tubular
cross-sections is estimated in the entire biopsy sample
(all available cores, cortex, and medulla): pvl 1: <1%;
pvl 2: >1% to <10%; pvl 3: >10% of all tubules/ducts
with viral replication. The Banff ci Score is also classified
by the percentage of interstitial fibrosis. It is defined as ci
0, ci 1, ci 2 and ci 3 when the percentage of interstitial
fibrosis is 0-5%, 5-25%, 25-50% and 50% or more,
respectively. The pathological diagnosis was performed
under the same well-experienced pathologist.

After diagnosis of BKPyVAN by graft kidney biopsy, all
patients discontinued MMF administration and the decrease
of Tacrolimus (TAC) according to clinical guidelines.” In
case 4, TAC was converted to Cyclosporine A (CsA). In this
study, all patients received IVIG (100 mg/kg/day) for 5 days

(approved dose in Japanese health insurance) after the dose
modification of immunosuppressive agents and received re-
biopsy of graft kidney to evaluate the status of BKPyVAN.

Results

Background of 5 patients’ cases are shown in Table 1. All
cases received transplant from living related donors. Three
of the 5 cases received ABO incompatible kidney trans-
plantation. Four patients were given immunosuppressive
agents with TAC, MMEF, Prednisolone (PSL) and
Basiliximab (BXM) as induction therapies and remaining
1 patient with TAC, MMF, Everolimus (EVR), PSL and
BXM. Case 5 already had TAC and MMF since he
received heart transplant 11 years before kidney transplant.
The median age at transplantation was 44 years (2653
years) and the median time to diagnosis of BKVN was
11.6 month (7.9-36.4 months). At the diagnosis of
BKPyVAN, all cases were classified as class II according
to PVN classification (Table 2). BK viremia was consid-
ered positive in 3 of the 5 cases (case 1.2 and 3).

Urine decoy cells and plasma BK viral genomic load
were still remained positive even after the discontinuation
of MMF in all cases (Table 2). Therefore, all patients
received IVIG treatment at the dose of 100 mg/kg
per day for 5 days. In 4 cases (case 1,3,4 and 5), the

Table 2 Comparison of Decoy Cells in Urine, Plasma BK Viral Load and Pathological Findings at the Time of Pre-Treatment and Post-

Treatment with IVIG

Case | At Diagnosis of BKPyVAN Post Reduction of Post IVIG Treatment
Immunosuppressants
Decoy Plasma Pathological Diagnosis Decoy Plasma Decoy Plasma Pathological Diagnosis
Cells in | BK Viral . Cells in BK Viral Cells in BK Viral .
PVN pvl ci PVN | pvl ci
Urine Load Urine Load Urine Load
Class Score | Score Class | Score | Score
| Positive 30,000 Class Il 2 | Positive 10,000 Positive 300 Presumptive |
PVN
2 Positive 8000 Class Il 2 | Positive 70,000 Negative <200 Presumptive |
(after 5 PVN
months)
3 Positive 5000 Class Il 2 2 Positive 200 Negative <200 Class I 3
(after 5 Il
months)
4 Positive Negative | Class Il 2 2 Positive Negative Positive Negative | Presumptive 2
PVN
5 Positive Negative | Class Il 2 | Positive Negative Positive Negative | Presumptive |
PVN

Abbreviation: BKPyVAN, BK polyomavirus-associated nephropathy.
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additional 1 cycle of IVIG was administered due to per-
sistent positive decoy cells or high copies of plasma BK
viral genomic load by quantitative PCR after first cycle of
IVIG. There were no adverse events related with IVIG
administration. After IVIG treatment, decoy cells disap-
peared in 2 of 5 cases and BK viral load drastically
decreased in 3 cases that had high copies of BK virus in
plasma (Table 2). The clinical course of typical case
(case 3) was shown in Figure 1A. Importantly, SV40-
positive cells disappeared after IVIG treatment in all
cases (Figure 1B), which led to the improvement of PVN
class and pvl score (Figure 1C and Table 2). The number

A
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Duration after Transplantation (Month)
At diagnosis of BKPyVAN

Post IVIG treatment
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B2

TAC trough levels (ng/ml)

of lymphocytes in the interstitium was drastically
decreased and the area of interstitial fibrosis after IVIG
therapy (The typical pathological findings (case 2) were
shown in Figure 1C). There was no evidence for acute

rejection in re-biopsy samples.

Discussion

BKPyV infection in transplant recipients has become one
of the critical issues with the widespread of potent immu-
nosuppressive agents. The infection may cause significant
deleterious effects BKPyV  which
BKPyVAN in kidney transplant and hemorrhagic cystitis

such as cause

At diagnosis of BKPyVAN Post IVIG treatment

Case1

Case2

Case 3

Case 4

Case 5

Figure | Comparison of representative renal histopathological findings at the time of initial biopsy and repeated biopsy after IVIG therapy. (A) Clinical course of typical case
(case 3). (B) SV40 positive cells diminished after IVIG therapy in all cases. (C) Many intranuclear inclusions were observed and lymphocytes infiltrated into the interstitium
(Al). After IVIG therapy, the inclusion bodies in the nucleus disappeared. The number of lymphocytes was decreased (A2). A wide range of interstitial fibrosis was observed
in the sample of initial diagnosis (Bl). The area of interstitial fibrosis improved after IVIG therapy (B2). HE staining for Al and A2 and Elastica-Masson staining for Bl and B2.
Magnification: 100 x for all pictures, 400 X for inset pictures of Al and A2. Scale bars = [00um.

Abbreviations: BKPyVAN, BK polyomavirus-associated nephropathy; IVIG, intravenous immunoglobulin.
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in hematopoietic stem cell transplant recipients.®® So far,
as a treatment for BKPyVAN, first it is necessary to reduce
the dose of calcineurin inhibitors and MME.>'® For
a certain number of patients, conversion of TAC to low-
dosage CsA is effective to lower the severity of
BKPyVAN since the immunosuppressive strength of CsA
is weaker than that of TAC."" Anti-viral drugs, lefluno-
mide or cidofovir had a certain effect on BKPyVAN.'?
However, it is difficult to use these drugs since these are
nephrotoxic for patients with unstable renal function and
have low selectivity for BKPyV. Given these findings, the
new approach to treat BKPyVAN is eagerly expected in
clinical settings.

IVIG is a pool of IgG from thousands of healthy
donors who experienced various types of infectious dis-
ease and has been used to treat patients with autoimmune
and chronic inflammatory diseases, such as Kawasaki dis-
ease, multiple sclerosis, and lupus.'® Commercially avail-
able IVIG also contains virus neutralizing antibodies
against all major genotypes of BKPyV.'*'> Vu et al
reported high-dose of IVIG (1.0 g/kg) in combination
with leflunomide for two times significantly decreased
BK viral load within 1 month of treatments.'® In many
cases, allograft biopsies after IVIG therapy did not show
any evidence of rejection or BKPyVAN. In our study, we
evaluated the efficacy and safety of much lower dose of
IVIG (100mg/kg/day for 5 days, 500 mg/kg in total)
compared to the dose of previous reports as the additional
therapy for BKPyVAN patients who had less response for
reducing immunosuppressive agents.'¢

Surprisingly, in our cohort, we found that the treatment
of lower dose of IVIG was enough to diminish SV40 large
T antigen and degrade PVN class (Presumptive PVN) in
all patients. Considering that PVN class significantly
affects renal function and the decrease of rate of allograft
loss, the degradation of PVN class with IVIG therapy may
have the benefits for long-term prognosis.°

On the contrary, the level of serum creatine level
improved in only 1 patient at 6 months after IVIG treat-
ment with the evidence that ci score still remained
unchanged at post-IVIG treatment samples. Given that
the improvement of renal function took at least 12 months
after high-dose IVIG therapy, we need to observe the
patients of our cohort over a longer period.'®

Some limitations should be considered when interpret-
ing these results. First, the sample size was small due to
the short duration of inclusion criteria. Second, first
screening of urine cytology tests for BKPyV might delay

the diagnosis of BKPyVAN in allograft biopsy. We hope
the measurement of plasma or urine BK viral load will be
permitted in Japanese health insurance as the first screen-
ing tool. Third, this was a single-arm study to evaluate
IVIG therapy for BKPyV infection and other-arm without
IVIG will be needed. We have a plan to compare these 2
arms with randomized trials to provide firm evidence of
additional IVIG therapy for BKPyVAN
transplantation.

in kidney

Conclusion

IVIG therapy appears to be effective in the treatment of
BKPyVAN and can prevent deteriorating renal function,
which may avoid allograft loss and improve long-term
graft survival.
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