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Abstract

Serial serum samples from 27 patients who underwent double umbilical cord blood transplantation
(dUCBT) were analyzed for BK polyomavirus (BKPyV) DNA by real-time PCR and BKPyV-
specific immune globulin by ELISA. Clinical data were collected on all patients. All pre-
transplant sera had detectable anti-BKPyV 1gG. Fifteen patients (56%) had detectable serum
BKPyV DNA (median 8.9x10* copies/mL; range 4.1x103-7.9x108 copies/mL) a median of 40
days (range, 27-733 days) after dUCBT, with highest viral loads on Day 100 assessment. The
cumulative probability of developing BKPyV viremia by Day 100 was 0.52 (95% CI, 0.33-0.71).
Six of 15 patients with BKPyV viremia experienced hemorrhagic cystitis by Day 100. By Day
100, there was a trend towards higher BKPyV viral loads in sera of patients with hemorrhagic
cystitis than in those BKPyV viremic patients without hemorrhagic cystitis (p=0.06). BKPyV
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viremia was associated with significantly higher anti-BKPyV IgM values at 6 months post-
dUCBT (P=0.003). BKPyV viremia occurs early after dUBCT and is associated with a detectable
humoral immune response by 6 months post-dUBCT.
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2. Introduction

The mammalian species of BK polyomavirus (BKPyV) is a small non-enveloped double-
stranded DNA virus in the family Polyomaviridae, genus Orthopolyomavirus [1]. Primary
infection usually occurs during childhood and is usually asymptomatic. After primary
infection, BKPyV remains latent in the urothelium of the kidneys and urinary tract [2].
BKPyV has been identified as a cause of nephropathy, ureteral stenosis, and cystitis in renal
transplant recipients [3-7] and has also been implicated as an etiologic agent of hemorrhagic
cystitis in hematopoietic stem cell transplantation (HSCT) recipients [8, 9].

3. Objectives

While several studies have shown an association between BKPyV viruria and post-HSCT
hemorrhagic cystitis [9-12], few studies have linked BKPyV viremia to post-HSCT
hemorrhagic cystitis [13, 14]. Specific risk factors for the development of BKPyV-
associated hemorrhagic cystitis have included myeloablative conditioning and use of a graft
from an unrelated donor [15, 16]. Studies have reported that umbilical cord blood transplant
recipients are at a higher risk of developing BKPyV-associated hemorrhagic cystitis [17,
18]. These patients are known to have an impaired and delayed immune recovery, increasing
their susceptibility to infectious complications [19, 20]. As umbilical cord blood
transplantation becomes more common, it is important to better characterize these infectious
complications, including those linked to BKPyV reactivation. In the present study, we
examined BKPyV reactivation and the humoral immune response to BKPyV in a cohort of
double umbilical cord blood transplantation (dUCBT) recipients.

4. Materials and Methods

This research protocol was approved by the Office for Human Research Studies at Dana-
Farber/Harvard Cancer Center. Written informed consent was obtained from all patients for
laboratory studies at the time of transplantation.

4.1 Patients and Treatment Details
Eligibility criteria and study details have been previously published [21]. Briefly, patients
included in this analysis underwent dUCBT between October 2005 and November 2007.
UCB units were obtained from national and international cord blood banks. Both units were
required to be a 4/6 or greater Human Leukocyte Antigen (HLA) A, HLA B, and HLA
DRB1 allele-level match with each other and the patient.
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Patients underwent conditioning with fludarabine 30 mg/m? per day from Day -8 through
Day -3 (total dose of 180 mg/m?2), melphalan 100 mg/m?2 on Day -2 only, and rabbit
antithymocyte globulin 1.5mg/kg per day on Days -7, -5, -3, and —-1. Prophylaxis for graft-
versus-host disease (GVHD) included tacrolimus and sirolimus initiated on Day —3. In the
absence of GVHD, tacrolimus and sirolimus were tapered from Day +100 through Day
+180. Patients received filgrastim at 5 pg/kg per day from Day +5 until an absolute
neutrophil count higher than 2.0 x 109 cells/L was reached for 2 consecutive days [21].

4.2 Sample Collection

Peripheral blood samples were collected prospectively at the following time points:
immediately before transplantation (before administration of conditioning chemotherapy), 4
weeks, 8 weeks, 100 days, 6 months, 12 months, and 24 months after transplantation. Serum
was separated with centrifugation and stored at —80°C. Urine testing was clinically
triggered.

4.3 Detection of BKPyV DNA and Antibody

Using 150l of serum, DNA extraction was performed with the QlAamp® MinElute Virus
Spin Kit (Qiagen, CA) following the kit protocol. BKPyV DNA was quantified by
Quantitative PCR (qPCR) using a 7300 Real Time PCR System (Applied Biosystems, CA).
The primer pair 5¥-AGTGGATGGGCAGCCTATGTA-3’ (nt 2511-2531) and 5’-
TCATATCTGGGTCCCCTGGA-3 (nt 2586-2605), and probe 6FAM-
AGGTAGAAGAGGTTAGGGTGTTTGATGGCACA-TAMRA (nt 2546-2578) (Applied
Biosystems, CA), located in the VVP1 gene, were used for gPCR detection, as previously
described, with a C to G modification of nucleotide 2569 [22]. For each sample, the
extraction volume was 200 pl and the elution volume was 150 pl. Each qPCR reaction was
run in triplicate and all results were expressed in copies per ml.

BKPyV ELISA was used to quantify anti-BKPyV IgM and IgG and results were reported as
mean values of duplicates [23]. The serum dilution in assays for anti-BKPyV IgM and IgG
was 1:100. The cut-off for seropositivity was an OD value > 0.075 for anti-BKPyV IgM and
an OD value > 0.150 for anti-BKPyV IgG.

4.4 Covariates and Definitions

Medical records were reviewed for covariates of interest including: gender, age at transplant,
underlying disease, disease status at the time of dUCBT, creatinine and estimated
glomerular filtration rate [24] at each time point of sera collection, urine analysis collected
within two weeks before and after each sera time point, clinician notes documenting
symptoms of cystitis around and at each time point, all clinical urine and blood BKPyV PCR
results obtained on each patient, onset of graft-versus-host disease (GVHD), bacterial urine
culture results, and treatments intended for BKPyV. Neutrophil engraftment was defined as
the first day of three consecutive days where the absolute neutrophil count was 500
cells/mm3 or greater. Platelet engraftment was defined as the first day of three consecutive
days where the platelet count was 20,000/mms3 or greater and unsupported by a platelet
transfusion. Hematuria was defined as having three or more RBC per high power field on
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urine analysis [25]. Hemorrhagic cystitis was defined as having hematuria and symptoms of
cystitis documented by clinicians. Laboratory investigators were blinded to clinical data.

4.5 Statistical Analysis

5. Results

Non-parametric continuous variables were compared using the Wilcoxon-Rank Sum and
Mann-Whitney tests and all categorical variables were compared using Fisher’s Exact Test.
Non-parametric ordinal variables were compared using Spearman’s correlation coefficient.
The cumulative probability of having BKPyV viremia by Day 100 was determined by the
Kaplan-Meier Method. Repeated measurements were adjusted for by Generalized Estimator
Equation (GEE). Statistical analysis was performed using JMP Pro 10.0 2012 (SAS Institute
Inc., Cary, NC), Stata® 12 (StataCorp, College Station, TX), and GraphPad Prism 5
(GraphPad Software, Inc. La Jolla, CA).

5.1 Clinical Characteristics

A total of 32 patients with hematologic malignancies underwent dUCBT on the protocol.
Five patients were excluded from the analyses — 4 patients died prior to Day 100 due to
causes unrelated to BKPyV reactivation, and 1 patient had insufficient sera specimens after
transplantation. Baseline characteristics and clinical outcomes of the 27 patients included in
the analysis are shown in Table 1. Approximately half of this cohort of patients was male,
half had lymphoma as the indication for transplantation, and half died prior to completion of
the study [21].

5.2 BKPyV DNA detection in serum

No BKPyV DNA was detected in pre-transplant sera (Table 2). Fifteen of 27 patients (56%)
had detectable BKPyV DNA in at least one sample after transplant. Of these fifteen viremic
patients, 1 patient had 1 positive sample, 3 patients had 2, 6 patients had 3, 3 patients had 4,
and 2 patients had 5 positive samples. Serum specimens were available for all fifteen
viremic patients at week 4, week 8, Day 100 days, and 6 months. Ten serum specimens were
available at 1 year and 5 serum specimens at 2 years. BKPyV DNA was detected in as early
as the week 4 sample and as late as in the 2 year post-dUCBT sample.

Seven patients had additional BKPyV clinical blood specimens obtained by treating
physicians. Two of these 7 patients had positive clinical specimens prior to Week 4 and the
first positive BKPyV lab PCR. Of the remaining five, 2 patients had no detectable BKPyV
DNA by clinical lab and 3 had detectable BKPyV DNA after Week 4 and the first positive
BKPyV study PCR. The cumulative incidence of BKPyV viremia was highest between 8
weeks and 100 days, where more than 50% of the patients had BKPyV viremia (Table 2).

The probability of developing BKPyV viremia by Day 100 was 0.52 (95% CI, 0.33-0.71)
(Figure 1) and stayed constant until 6 months post-dUCBT.

The median quantity of BKPyV viral loads of 15 viremic patients who had at least 1 positive
serum specimen was examined and found to be highest on the Day 100 assessment (4.1 x
104 copies/ml; range, 0 — 6.6 x 10° copies/ml) after dUBCT as compared the week 4
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assessment (1.2 x 103copies/ml, range 0 — 1.9 x 106 copies/ml; p = 0.05) and 1 year (0
copies/ml, range 0 — 7.9 x 106 copies/ml; p = 0.004), (Figure 2).

5.3 BKPy viremia and clinical factors

Platelet and neutrophil engraftment between BKPyV viremic and non viremic patients was
similar in 26 patients. Data for one patient was not available.

We analyzed factors that may be associated with BKPyV viremia in 14 patients who
developed viremia by Day 100. We found no significant difference in median age, gender,
transplant indication, disease status, change in creatinine by Day 100, or development of
GVHD.

5.4 BKPyV-specific immunoglobulins

Pre-transplant sera were available in 24 of 27 patients and all 24 had detectable anti-BKPyV
IgG (IgG) through 1 year, and 3 of 24 had detectable anti-BKPyV IgM (Table 2). Of the 21

patients with negative anti-BKPyV IgM pre-transplant, 7 developed detectable anti-BKPyV
IgM post-transplant and all had BKPy viremia.

5.5 BKPy viremia and humoral immune response

We compared IgM values in BKPyV viremic patients to those with no viremia at each study
time point. The BKPyV viremic group contained higher individual IgM values than the non-
viremic group at each of the study time points and the median value of viremic patients was
significantly elevated at 6 months post dUCBT than non-viremic patients (p=0.003) (Figure
3).

The median IgM values in the viremic group were higher than in the non-viremic group at 1
year and at 2 years, but the difference did not remain statistically significant, as the median
IgM values of the viremic group decreased after 6 months. BKPyV viral loads at 1 year
post-dUBCT correlated inversely to the quantity of IgM (Spearman coefficients: —0.79, p =
0.019).

5.6 BKPyV viremia and hemorrhagic cystitis

Of 27 patients who underwent dUCBT, 8 (30%) developed hemorrhagic cystitis by Day 100.
Five patients had hemorrhagic cystitis before neutrophil engraftment, 1 patient had
hemorrhagic cystitis on the date of neutrophil engraftment, and 2 patients had hemorrhagic
cystitis after neutrophil engraftment. Six of the 8 patients (75%) who developed
hemorrhagic cystitis by Day 100 had concurrent BKPyV viremia. The quantitative serum
BKPyV viral loads of those patients who had BKPyV viremia and hemorrhagic cystitis by
Day 100 (median, 4 x 10 copies/ml) was non-significantly higher than the quantitative viral
loads of those patients who had BKPyV viremia and no hemorrhagic cystitis (median, 7 x
103 copies/ml) (p=0.06 GEE). There was no significant difference in the median age,
gender, transplant indication, disease status, change in creatinine by Day 100, or
development of GVHD in patients who had hemorrhagic cystitis compared to those who did
not have hemorrhagic cystitis by Day 100.
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5.7 BKPyV Viruria

BKPyV urine PCR was performed in 8 of 14 patients with detectable serum BKPyV by Day
100 and all 8 were positive. Clinically-driven urine specimens were collected at a median of
16 days (range 0-23 days) after transplant in 7 patients and 237 days post-transplant in 1
patient. Five of 6 (83%) patients with both hemorrhagic cystitis and BKPyV viremia had
urine studies sent and all had detectable BKPyV DNA by PCR.

6. Discussion

BKPyV viremia and humoral response to BKPy virus infection after dUCBT were examined
in this study. The cumulative incidence of BKPyV reactivation in this cohort of dUCBT
recipients was 56%, higher than reported in previous studies of non-dUCBT allogeneic
HSCT recipients [14, 26]. The donor cell source and conditioning regimen likely contributed
to this observation, as recipients of dUCBT are known to have delayed reconstitution of
granulocytes and an impaired immune response to viral pathogens compared to other
sources of stem cells [20, 27, 28]. Additionally, umbilical cord blood grafts may have higher
populations of regulatory T cells (Tregs), which have known suppressive effects on effector
cells in the graft which would normally respond to viral antigens [28]. Although sera
collection time points in our study were less frequent than in other studies [14, 26], we still
found a higher incidence of BKPyV viremia. Thus, a more frequent collection of serum
samples in dUCBT populations post transplantation may demonstrate an even higher
incidence of BKPyV viremia.

Six of 8 (75%) patients with hemorrhagic cystitis by Day 100 developed this complication
on or before neutrophil engraftment, a clinical surrogate marker of bone marrow
engraftment. Although some patients in this dUCBT cohort experienced hemorrhagic
cystitis prior to neutrophil engraftment, it is unclear if BKPyV viremia was also present
prior to or at the time of neutrophil engraftment, as the first serum specimen in this study
was collected only four weeks after the date of dUCBT. Erard and colleagues reported the
onset of BKPyV viremia prior to the onset of hemorrhagic cystits in their cohort [26]. If
BKPyV viremia occurs prior to neutrophil engraftment, then symptomatic BKPyV disease,
such as hemorrhagic cystitis, could be a result of replicating BKPyV in the bladder
epithelium followed by host-mediated uroepithelial cell damage with immune system
recovery, as previously described [29, 30].

Patients with BKPyV viremia by Day 100 and hemorrhagic cystitis had non-significantly
higher BKPyV viral loads than patient with BKPyV viremia and no HC. This result suggests
that the degree of viral injury in the uroepithelium may correlate with the quantity of
BKPyV viral load. Larger studies will need to be performed to better characterize the
correlation between absolute copies/mL BKPyV viremia and the degree of hemorrhagic
cystitis.

We demonstrated a statistically significant association between anti-BKPyV IgM levels and
detection of BKPyV DNA in serum at 6 months post-transplant and a non-significant trend
persisting up to 2 years post-transplant. This association shows the capability of the
developing humoral immune response to produce IgM in response to active BKPyV
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replication. Due to the small number of patients in this cohort, it is difficult to conclude if
this IgM response was able to control BKPyV viremia or if it was a measure of de novo
priming of B-cells with no correlation to immune protection. The inverse correlation
between IgM level and BKPyV viral load 1 year post transplant is suggestive of a possible
protective effect of a humoral immune response. Such protective effect of the BKPyV
humoral immune response has been proposed by Koskenvuo et al. [31], who identified a
small subset of children post-HCT unable to clear BKPyV viremia secondary to a lack of
anti-BKPyV IgM and IgG responses. Immunoglobulin (IVIG) may interfere with the
accurate quantification of anti-BKPyV IgM and 1gG. Randhawa and colleagues [32]
identified the presence of BKPyV neutralizing antibodies in human IVIG preparations;
however, the prevalence of BKPyV-specific IgM and 1gG in human IVIG is unknown.
Although IVIG administration was not captured in our patient cohort, as it was administered
when clinically indicated, anti-BKPyV IgM correlated to the detection of BKPyV viremia.
Therefore, we surmise that our detections of anti-BKPyV IgM were most likely a result of
host immune response to viremia. Another factor that could have affected anti-BKPyV IgM
detection was cross-reactivity in the assay with another virus, such a JC virus. Although re-
adsorption studies were not done for anti-BKPyV IgM and cross-reactivity could
theoretically occur, this is unlikely to explain the temporal association between anti-BKPyV
IgM response and BKPyV viral load. Additional studies are warranted since passive or
active immunotherapy would be feasible therapeutic interventions to prevent or control
hemorrhagic cystitis. Further studies are needed to examine if this IgM response along with
detection of BKPyV in sera is unique to dUCBT or present in all patients post-allogeneic
HSCT.

Strengths of this study include analysis of patients treated in a standardized protocol, with
uniform conditioning and GVHD prophylaxis. This enabled examination of specific factors
that related to BKPyV reactivation and insights into the humoral immune response in a
unique cohort of patients. There are several limitations of the study including the relatively
small number of patients in the cohort, which precludes a more detailed analysis, a
retrospective design using prospectively collected specimens, lack of systematic urine
collection, limited number of serum collection time points, especially in the time period
between transplant and week 4, and lack of data regarding immunoglobulin administration.
Furthermore, future studies examining cellular immune responses targeting BKPyV in the
HSCT population are needed to fully define host immune interactions with BKPyV.

In conclusion, this study shows a higher rate of BKPyV reactivation after reduced intensity
conditioning dUCBT than traditional allogeneic HSCT. BKPyV reactivation is an event that
occurs early post-HSCT, with the majority of events in this cohort occurring prior to Day
100, and possibly prior to neutrophil engraftment. A higher BKPyV viral load might be a
result of increased virus reactivation and lead to more urothelial damage in patients with
hemorrhagic cystitis. Anti-BKPyV IgG did not protect patients from BKPyV reactivation,
but IgM response to BKPyV was demonstrated amongst viremic patients.
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Figure 1.
Time to BKPyV viremia analysis showed the cumulative probability of developing BKPyV

viremia by Day 100 was 52%.
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Figure 2.

BKPyV viral loads in sera of 15 BKPyV viremic patients peaked at 100 days after dUBCT
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Figure 3.
Anti-BKPyV IgM levels in the patients with BKPyV viremia were elevated as compared to

those patients with no viremia at 6 months after transplantation
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Table 1
Patient characteristics and transplant outcomes.
Total Number of Patients n =27 (Range or %)
Median Age (range) 48 (19-67)
Male sex (percentage) 14 (52%))
Baseline Disease
Acute Leukemia 9 (33%)
Chronic Leukemia 2 (7%)
Lymphoma 13 (48%)
Myeloproliferative Disease 3(11%)
Clinical Outcome
Completed Study 13 (48%)
Death Prior to Study Completion 13 (48%)
Lost to Follow Up 1 (4%)
Acute GVHD! 7(26%)
Chronic GVHD2 2 (7%)
Median Days to Neutrophil Engraftment (range) 21 (13-70)
Median Days to Platelet Engraftment (range) 42 (25-162)

1. . . . .
Five patients with Grade 1 acute GVHD and two patients with Grade 2 acute GVHD

2Four with limited chronic GVHD and two with extensive chronic GVHD
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Incidence of BKPyV DNA and anti-BKPyV IgM at all study time points.

Table 2

Time Point

Number tested

BKPyV DNA  Anti-BKPyV IgM

(Number of positive (%6))

Pre-Transplant 24 0 3 (13%)
4 weeks 23 8 (35%) 1(4%)

8 weeks 26 14 (54%) 1 (4%)
100 days 26 14 (54%) 3 (12%)
6 months 21 7 (33%) 5 (24%)
1year 16 3 (19%) 7 (44%)
2 years 9 1(11%) 7 (78%)
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