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Background/Aims: To investigate if BK virus (BKV)-specific T cell immunity
measured by an interferon-y enzyme-linked immunospot (ELISPOT) assay can
predict the outcome of BK virus infection in kidney transplant recipients (KTRs).
Methods: We included 68 KTRs with different viremia status (no viremia [n = 17|,
BK viremia [n = 27|, and cleared viremia [n = 24]) and 44 healthy controls (HCs).
The BK viremia group was divided into controller (< 3 months) and noncontrol-
ler (> 3 months) according to sustained duration of BKV infection. We compared
BKV-ELISPOT results against five BKV peptides (large tumor antigen [LT], St,
VP1-3).

Results: BKV-ELISPOT results were higher in three KTRs groups with different
BKYV infection status than the HCs group (p < 0.05). In KTR groups, they were
higher in cleared viremia group than no viremia or BK viremia group. Within the
BK viremia group, controller group had higher LT-ELISPOT results compared to
noncontroller group (p = 0.032). Also, KTRs without BK virus-associated nephrop-
athy (BKVN) had higher LT, St, VP1, and VP2-ELISPOT results than those with
BKVN (p < 0.05).

Conclusions: BKV-ELISPOT assay may be effective in predicting clinical out-
comes of BKV infection in terms of clearance of BK virus and development of
BKVN.

Keywords: BK virus; Kidney transplantation; Viremia; BK polyomavirus-associat-
ed nephropathy; Enzyme-linked immunospot assay

INTRODUCTION

rolimus and mycophenolate mofetil
(MMEF) [1-3]. The nature of polyomavi-

BK virus-associated nephropathy (BKVN)
has emerged as an important factor
of graft kidney prognosis in kidney
transplant recipients (KTRs) along with
introduction of the combination of tac-
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rus BK (BKV), which has latency and
high seroprevalence rate of 60% to 9o%
in adults, results in viral reactivation
and replication with intensive immu-
nosuppressive therapy [4,5]. It is con-
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sidered that the short-term prognosis of patients with
BKYV infection is good, but the long-term prognosis is
poor especially with concurrent rejection [3]. Because
of the lack of effective antiviral treatment, only regular
monitoring of BKV-reactivation and timely reduction of
immunosuppression are strongly recommended [1,6-8].
Although immunosuppression reduction is an effective
treatment of BK viremia, it can increase the risk of de
novo donor-specific antibodies, graft rejection [9]. The
currently used BKV infection monitoring method is
based on BKV real-time quantitative polymerase chain
reaction (RT-qPCR) for quantification of BKV-DNA in
serum or urine [4]. However, RT-qPCR of BKV-DNA has
limitations, including relatively low positive predictive
value of 43% to 82% in identifying patients at risk for
BKVN [10,11]. For this reasons, clinicians have difficul-
ty deciding treatment for BKV infection based on risk
of rejection and BKVN. Therefore, improved predictive
marker for clearance of BKV and development of BKVN
is needed to plan optimal therapeutic strategies.

It is well-known that the clinical course of opportu-
nistic viral infection depends on efficacy of patient’s im-
mune response to the virus [12-14]. In addition, several
studies have suggested that control of BKV replication
is correlated with BKV-specific cellular immunity [15-18].
What is the best immunological biomarker to BKV-spe-
cific immunity is still debated, BKV-specific interferon-y
enzyme-linked immunospot (BKV-ELISPOT) assays are
relatively high throughput, sensitive method for monitor-
ing cellular responses by detecting antigen-specific T cells
activation [19]. So, there are many studies tried to establish
the clinical significance of BKV-ELISPOT [15,18,20-22].

Previous studies may have suggested BKV-ELISPOT
results are associated with control and protection from
BKV replication and serve as a marker of BKV replica-
tion [15,16,18,20-23]. However, previous studies were fo-
cused on association of BKV-ELISPOT with occurrence
risk of BKV infection. Some studies focused on clinical
outcome had relatively small number of patients [20,22].
One study showed that nine patients of cleared viremia
had higher BKV-ELISPOT results than healthy controls
(HCs) and KTRs with BK viremia [20]. Schachtner et al.
[15] suggested that the development of BKV-specific T
cells corresponds with recovery from BKVN analyzing
the ELISPOT results of seven patients with BKVN and
11 patients with self-limited BKV-reactivation. In this
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Figure 1. Distribution of kidney transplant recipients in
this study. KTR, kidney transplant recipient; BKVN, BK vi-
rus-associated nephropathy.

regard, the purpose of this study was to investigate ifthe
post-transplant BKV-specific T' cell monitoring using
BKV-ELISPOT assay could predict clinical outcomes of’
BKYV infection, especially focused on clearance of BKV
and development of BKVN.

METHODS

Defining patient cohort and measuring BKV-specific
immunity

Sixty-eight KTRs, who agreed to donate peripher-
al blood at the time of measuring BKV-DNA using
RT-qPCR, were included in this study. All participants
provided written informed consent in accordance with
the Declaration of Helsinki. This study was approved
by the Institutional Review Board at Seoul St. Mary’s
Hospital (KC16TISIoy00). They were divided into three
groups according to their viremia status before and at
enrollment, evaluated by routine screening for BKV in
our transplant center [24]; (1) no viremia (n = 17), (2) BK
viremia (n = 27), and (3) cleared viremia (n = 24). The no
viremia group consisted of patients with no evidence of
viral replication at post-transplant routine screening us-
ing blood BKV-DNA PCR and for the next 6 months af-
ter enrollment. The BK viremia group was comprised of
patients who showed significant blood BKV-DNA at the
time of the BKV-ELISPOT test, irrespective of results
before enrollment. The significant blood BKV-DNA was
defined as the value higher than 4 log copies/mL accord-
ing to our own and also other group’s previous studies
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[24,25]. In the BK viremia group, we performed subgroup
analysis according to the clinical course of BKV infec-
tion; the controller group who showed clearance of BK
viremia within 3 months, and the noncontroller group,
who had persistent viremia up to 6 months after diagno-
sis of BKV infection (Fig. 1) [26]. Clearance of BK viremia
indicates that blood BKV PCR is less than 500 copies/
mL. The cleared viremia group included patients who
had no viremia at the time of enrollment, but experi-
enced viremia previously. We also included 44 HCs.

Investigation of BKV replication and BKV-associated
nephropathy

BKV-DNA quantification in whole blood was per-
formed by RT TagMan PCR kit (Applied Biosystems,
Foster City, CA, USA) to detect target viral capsid pro-
tein (VP-1) gene using an ABI PRISM 7000 real-time
PCR system (Applied Biosystems). We performed BKV
monitoring and preemptive immune suppressant re-
duction according to our transplant center’s protocol
[24]. Briefly, plasma BKV PCR was performed at 1, 3, 6,
9, 12 months after transplantation, and once a year af-
terward or when allograft dysfunction was detected. We
defined significant BK viremia as detection of BKV (> 4
log copies/mL) in the blood sample [24,25]. When signif-
icant BK viremia was detected, we discontinued MMF
and monitored BKV RT-qPCR every month until BK
viremia disappeared. When BK viremia was sustained
after one month, we performed allograft biopsy, and the
dose of calcineurin inhibitor (CNI) was reduced by 20%,
and also started leflunomide [24]. Diagnosis of BKVN
was confirmed when the following criteria were met:
(1) typical histological features suggestive of BKVN such
as presence of intra-nuclear viral inclusions, (2) positive
SV40T by immunoperoxidase staining, and (3) detection
of BKV replication in at least one test among urine cy-
tology, urine PCR, or plasma PCR [27].

BKV-specific T cell ELISPOT assay

BK virus has double-stranded DNA genomes which in-
clude two early enzymatic proteins and three late struc-
tural proteins. The early proteins are the large tumor
antigen (LT) and the small tumor antigen (St). These T
antigens are responsible for cell immortalization and
latency. Late structural proteins consist of viral capsid:
VP1, VP2, and VP3 [28,29]. We measured T cell respons-
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es to each of the five proteins using ELISPOT assay. We
used a commercial (Human interferon y [IFN-y] ELIS-
POT Ready-SET-Go, eBioscience, San Diego, CA, USA),
96-well ELISPOT plates (Millipore, Cat. No. MAIPS4510)
were washed and coated overnight at 4°C with 100 pL/
well of a mouse monoclonal anti-human IFN-y capture
antibody diluted in ELISPOT coating buffer (reconstitute
powder to 1 L in dH,O). And then, coating antibody was
aspirated from plate. Plates were washed with 200 pL/
well of sterile ELISPOT coating buffer and blocked with
200 pLfwell of complete RPMI-1640 (with Fetal Bovine
Serum and 1% Penicillin/Streptomycin/L-Gutamine) at
room temperature for 1 hour. Peripheral blood mono-
nuclear cells (PBMCs) (3 x 105 cells/well) were stimulated
with phorbol 12-myristate 13-acetate (PMA)/ionomycin
(positive control), complete media (negative control) and
BKV peptide (1 pg/mL of VP1, VP2, VP3, LT, and St, JPT,
Peptides Technologies, Berlin, Germany) diluted in com-
plete RPMI-1640 to appropriate wells at 100 pL/well in
5% CO, humidified incubator, at 37°C for 24 hours. Plates
were washed with ELISPOT wash buffer (1 x PBS, with
0.05% Tween-20) and diluted by biotinylated detection
antibody (Anti-Human IFN gamma Biotin) in Assay Di-
luent (1X in dH,0) with 100 pL/well of detection antibody
solution. Incubate at room temperature for 2 hours. Next,
plates were washed with ELISPOT wash buffer, diluted by
Avidin-HRP reagent in Assay Diluent with 100 pL/well of
Avidin-HRP solution and incubate at room temperature
for 45 minutes. Then, washed with ELISPOT wash buffer
and two times with 1 x PBS (no Tween-20). Plates were
developed at room temperature for 30 minutes with 100
pL/well of freshly-prepared AEC (3-amino-9-ethyl carba-
zole) substrate solution and stopped the substrate reac-
tion by washing well with 200 pL/well of distilled water.
Air-drying the plate, resulting spots were counted using
a computer-assisted ELISPOT image analyzer (Cellular
Technologies Ltd., Cleveland, OH, USA). Results were cal-
culated as mean values of spots/3 x 105 cells PBMC based
on duplicate or triplicate measurements after subtracting
the response of negative control wells.

Assessment of clinical outcomes of BKV infection

First, we compared results of BKV-ELISPOT among the
four groups (HCs [n = 44] and the three KTRs: no vire-
mia [n =17], BK viremia [n = 27|, cleared viremia [n = 24]).
Second, we investigated if the BKV-ELISPOT results

https://doi.org/10.3904/kjim.2019.339


www.kjim.org

Bae H, et al. Usefulness of BKV-ELISPOT assay in kidney transplantation

Table 1. Baseline characteristics of kidney transplant recipients

KJIM™

BK viremia status

Characteristic ; ; : : : -
No viremia (n = 17) BKviremia(n=27) Cleared viremia (n = 24)

Age, yr 42.1+10.6 55.4 £ 11.4° 48.0+13.8
Male sex 7 (41.2) 19 (70.4) 15 (62.5)
Deceased donor KT 3(17.6) 12 (44-4) 5(20.8)
ABOiKT 5(29.4) 4(14.8) 3 (12.5)
HLA mismatch number 2.6+15 43+1.6°° 33%15
Highly sensitized 3 (17.6) 8(29.6) 3 (12.5)
Induction with ATG 2 (11.8) 9(333) 3(12.5)
Immunosuppressants

CNI/MPA/PD 13 (76.5) 26 (96.2)° 16 (66.6)

CNI/MPA 1(5.9) o o

CNI/PD 2 (11.8) 1(3.7) 8(333)
Serum tacrolimus level, ng/mL 5.5+2.3 6.4%2.9° 43+15
Time interval from KT to ELISPOT test, mon 2.8 (2.5-6.6) 11.1 (3.8-22.9)*° 35.6 (22.4—47.5)
Serum creatinine, mg/dL 1.2 (0.9-1.3) 1.5 (1.4-2.2) 1.5 (1.1-1.6)
Peak BKV PCR titer, log copies/mL 5.4+1.2° 43+0.9

Values are presented as mean + SD, number (%), or median (interquartile range).
KT, kidney transplantation; ABOi, ABO incompatible; HLA, human leukocyte antigen; ATG, anti-thymocyte globulin; CNI,
calcineurin inhibitor; MPA, mycophenolic acid; PD, prednisolone; ELISPOT, enzyme-linked immunospot; PCR, polymerase

chain reaction.
A p < 0.05 when compared to no viremia group.
PA p < 0.05 when compared to cleared viremia group.

can predict clearance of BKV infection in the BK vire-
mia group. We compared ELISPOT results at diagnosis
of BK viremia between of the controller (n = 10) and the
noncontroller (n = 17) groups. In the BK viremia group,
11 patients were diagnosed as BKVN, and we compared
ELISPOT results between the BKVN group and no
BKVN group.

Statistical analysis

Statistical analyses were performed using the SPSS
software version 24.0 (IBM Co., Armonk, NY, USA).
Categorical variables were compared by Pearson’s chi-
square test or Fisher’s exact test. Continuous variables
were compared using Student’s t test or Mann-Whitney
U test between two groups, and we used one-way anal-
ysis of variance test or Kruskal-Wallis test to compare
continuous variables among KTRs according to viremia
status. For non-parametric variables, transformation to
ranking variables was used. The relationship between
two parameters was assessed by Spearman’s correlation

https://doi.org/10.3904/kjim.2019.339

rank test. All tests were two-tailed, and the results were
considered significant at p < 0.05.

RESULTS

Baseline characteristics of kidney transplant
recipients

Table 1 shows the characteristics of the KTRs in this
study. Mean age of the KTRs was 50.4 +13.5 years and 66%
of the study group was male. Comparing KTRs with dif-
ferent viremia status, age of recipients, human leukocyte
antigen (HLA) mismatch number and serum creatinine
levels were higher in the BK viremia group compared to
those in the no viremia group (p < 0.05). There was no
difference in percentage of deceased donor-KT's and the
induction therapy with anti-thymocyte globulin (ATG)
among the three groups (p > 0.05). Serum tacrolimus
trough level at the time of BKV-ELISPOT assays, time
interval from kidney transplantation to BKV-ELISPOT
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Table 2. Comparison of baseline characteristics between controller and noncontroller in BK viremia group

o BK viremia group
Characteristic pvalue
Controller (n = 10) Noncontroller (n = 17)

Age, yr 48.4+113 50.5£9.5 0.010
Male sex 7(70.0) 12 (70.5) 0.334
Deceased donor KT 3(30.0) 10 (58.8) 0.116
Class PRAI 18.3 £33.0 16.1 £35.4 0.877
Class PRAII 18 +38.2 22.0%39.4 0.796
HLA mismatch number 33+2.2 4.5+1.1 0.061
ABO incompatibility 2(20.0) 2 (11.7) 0348
Induction with ATG 1(10.0) 9 (52.9) 0.028
Immunosuppressant

Tacrolimus/MPA/PD 9 17 (100) 0.370

Tacrolimus/PD 1 o 0.370
Serum tacrolimus level, ng/mL 5.7+1.9 6.9+33 0.317
Concurrent rejection 5(50.0) 3(17.6) 0.077

Antibody-mediated rejection 1(10.0) 2 (11.7) 0.464

T cell-mediated rejection 4(40.0) 1(5.8) 0.044
de novo DSA 1(10.0) 1(5.8) 0.484
EBV coinfection o 4(23.5) 0.135
CMV coinfection 4(40.0) 6(35.2) 0.308
Intervention

Withdrawal MPA 8 17 (100) 0.128

Addition leflunomide 5 14(82.3) 0.077

Reduction tacrolimus 2 2 (11.1)
Peak BKV PCR titer, log copies/mL 47+0.8 5.8+1.0 0.004
Time interval from KT to ELISPOT test, mon 3.4 (2.7—4.1) 22.9 (11.1-32.4) <0.001
Time interval from KT to BK viremia, mon 2.2 (1.5-2.9) 4.8 (2.8-25.9) 0.003
Viremia duration, mon 1.9 (1.1-2.4) 27.8 (12—40.3) <0.001
Serum creatinine, mg/dL 1.36 (1.27-1.49) 2.02 (1.51-2.68) 0.050
Incident BKVN 3(30.0) 8 (47.0) 0.154
Loss of graft function o o 1.000

Values are presented as mean + SD, number (%), or median (interquartile range).

KT, kidney transplantation; PRA, panel reactive antibody; HLA, human leukocyte antigen; ATG, anti-thymocyte globulin;
MPA, mycophenolic acid; PD, prednisolone; DSA, donor-specific antibody; EBV, Epstein-Barr virus; CMV, cytomegalovirus;
ELISPOT, enzyme-linked immunospot; BKVN, BK virus-associated nephropathy.

assays and peak BKV PCR titer in blood were higher in
the BK viremia group compared to the cleared viremia
group. The BK viremia group patients had received tri-
ple immunosuppressive therapy consisting of a tacroli-
mus, mycophenolic acid (MPA), and prednisolone (PD)
(n =26, 96.2%) before onset of the viremia. Patients who

168  www.kjim.org

diagnosed with BK viremia changed their maintenance
immunosuppressant as followings, MPA withdrawal (n
= 6), leflunomide addition (n = 2), MPA withdrawal with
leflunomide addition (n = 17), and MPA withdrawal with
tacrolimus reduction (n = 2) (Table 2).
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Figure 2. BK virus (BKV) specific interferon y enzyme-linked immunospot (ELISPOT) results of healthy controls and kidney
transplant recipients (KTRs) in three groups of no viremia, BK viremia, and cleared viremia. Vertical bars showed the median
value of BKV-specific ELISPOT counts in each of the five BKV antigens. (A) In the large T antigen, the spot was significantly
higher in the no viremia group and the cleared viremia group than in the control group. (B) In the small t antigen, the spot
was significantly higher in all KTR groups than the control group. (C) In the VP1 antigen, the control group had a lower spot
score than the cleared viremia group. The BK viremia group was also significantly lower than the cleared viremia group. (D)
In the VP2 antigen, the control group was spot-lower than all KTR groups, and the BK viremia group had fewer spot numbers
than the cleared viremia group. (E) In the VP3 antigen, the control group had a lower spot than the cleared viremia group. (F)
ELISPOT SUM shows the sum of ELISPOT counts against each of five BKV peptides (large tumor antigen [LT], St, VP1, VP2,

and VP3). SFC, spot forming cell; PBMC, peripheral blood mononuclear cell. % < 0.05 by Mann-Whitney test. *p < 0.01.

Comparison of BKV-specific T cell responses among
healthy controls and kidney transplant recipients in
three groups

KTRs had higher BKV-ELISPOT results against
all five peptides than HCs (p < 0.05). All three KTRs
group showed significantly higher or higher tenden-
cy of ELISPOT results for all five peptides than HCs.
Among KTRs with different viremia statuses, we found
increasing tendency of ELISPOT results in the no vi-
remia or the cleared viremia group in comparison
with the BK viremia group. The BK viremia group had
a lower number of spots than the no viremia group
but it is not significant. In comparison between the
BK viremia and the cleared viremia group, VP1 and
VP2 ELISPOT results were significantly higher in the
cleared group (p = 0.0434 and p = 0.0245, respectively)

https://doi.org/10.3904/kjim.2019.339

(Fig. 2). Between the no viremia and the cleared vire-
mia group, no significant difference was detected for
all five peptides.

BKV-specific T cell responses in predicting the
clinical outcome of BKV infections

In the BK viremia group, 10 (37.0%) patients succeed-
ed in BK viral clearance (the controller group) within 3
months, and 17 (63.0%) patients showed persistent vire-
mia for more than 3 months (the noncontroller group).
In the noncontroller group, LT-ELISPOT results were
significantly lower (p = 0.033) and other ELISPOT results
also showed lower tendency compared to the controller
group. The controller group had higher ELISPOT SUM
which means the sum of each spot count of five BKV
peptides (LT, St, VP1, VP2, and VP3) than the noncon-
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Figure 3. Comparison of BK virus (BKV)-specific interferon y enzyme-linked immunospot (ELISPOT) results between con-
troller and noncontroller in the BK viremia group. Vertical bars showed the median value of BKV-specific ELISPOT counts in
each of the five BKV antigens. (A) Controller of the BK viremia group is significantly higher than that of noncontroller in large
T antigen. In the BK viremia group, controller tends to be spot-higher than noncontroller in the other BKV antigens of (B)
small t, (C) VP, (D) VP2, and (E) VP3. (F) ELISPOT SUM shows the sum of ELISPOT counts against each of five BKV peptides
(large tumor antigen [LT], St, VP1, VP2, and VP3). SFC, spot forming cell; PBMC, peripheral blood mononuclear cell. * < 0.05

by Mann-Whitney test.

troller group (p = 0.0486) (Fig. 3). We also investigated if
BKV-ELISPOT results can predict the development of
BKVN. Of 27 KTRs in the BK viremia group, 22 KTRs
received allograft biopsies during 6 months’ follow-up,
and 11 patients were confirmed as BKVN. The 11 BKVN
(+) patients had lower BKV-ELISPOT results for LT, St,
VP1, VP2 peptides at the time of BK viremia develop-
ment than 16 BKVN (-) patients in the BK viremia group
(b = 0.036, p = 0.043, p = 0.006, and p = 0.025, respective-
ly). ELISPOT SUM at the time of BK viremia was lower
in patients with BKVN than those without BKVN (p =

0.01306) (Fig. 4).

DISCUSSION

This study was conducted on 68 KTRs and 44 HCs to
evaluate if the ELISPOT used to measure T cell respons-
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es could serve as a predictor of post-transplant BKV ne-
phropathy and BKV clearance. We observed that KTRs
with low levels of BKV-ELISPOT responses showed low-
er odds of early BKV clearance and also had higher odds
of development of BKVN. Our results suggest that the
BKV-ELISPOT assay could benefit screening patients
who may need more aggressive monitoring and man-
agement to overcome BKYV infection.

We compared BKV-specific T cell responses between
KTRs and HCs. Interestingly, KTRs showed significant-
ly stronger T cell responses than the HCs irrespective of
BKV infection status. BKV-specific T cell responses show
enormous increase when BK virus is activated [15,22]. In
HCs, BK virus remained at latent infection state, but can
reactivate in KTRs under immunosuppression [4]. Even
though the no viremia group did not show overt BK vi-
rus infection, it is possible that immunosuppressant can
activate BK virus at the subclinical level [30]. It can ex-
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Figure 4. Comparison of T cell responses to five BK virus (BKV) antigens between kidney transplant recipients with BK
virus-associated nephropathy (BKVN) and without BKVN in the BK viremia group. Vertical bars showed median value of
BKV-specific enzyme-linked immunospot (ELISPOT) counts in each of the five BKV antigens. (A) In large T antigen, 11 BKVN
patients had significantly lower spot counts than 16 no BKVN patients. (B) In small t antigen, BKVN patients had significantly
lower spot number than no BKVN patients. (C) In VP1 antigen, BKVN patients had significantly fewer spots than BKVN pa-
tients. (D) In VP2 antigen, BKVN patients also had significantly fewer spots than no BKVN patients. (E) In VP3 antigen, BKVN
patients had fewer spots than no BKVN patients, but not significant. (F) ELISPOT SUM shows the sum of ELISPOT counts of
each of five BKV peptides (large tumor antigen [LT], St, VP1, VP2, and VP3). SFC, spot forming cell; PBMC, peripheral blood

mononuclear cell. * < 0.01. °p < 0.05 by Mann-Whitney test.

plain the higher BKV-ELISPOT even in the no viremia
group than HCs. In comparison among KTR groups
with various BKV infection, ELISPOT results were high-
est in the cleared group. High ELISPOT can identify re-
covering BKV-specific immunity after BKV replication,
hence it may suggest the strong BKV-specific immunity
in this group. In contrast, decreased ELISPOT in the BK
viremia group can represent their impaired BKV-spe-
cific immunity.

However, these results may be affected by confound-
ing factors such as age, sex, HLA mismatch number,
use of immunosuppressant and sampling time from
kidney transplantation. First, HLA mismatch numbers
were higher in the BK viremia group than cleared vire-
mia group. Though the association of BK viremia with
HILA mismatches is controversial, HLA mismatches can
increase BKV infection because of impaired immuno-

https://doi.org/10.3904/kjim.2019.339

surveillance of BKV by virus-specific T cell responses in
addition to higher immunosuppressant use and higher
rate of rejection [23,31-34). These differences can influ-
ence immunity against BKV, changing ELISPOT results.
Seconds, time interval from transplantation to sampling
were longer in the cleared viremia group than the BK
viremia group (35.6 months vs. 11.1 months, p < 0.001).
In addition, compared to the cleared viremia group, se-
rum tacrolimus level at the BKV-ELISPOT assays were
higher in the BK viremia group (p = 0.005). So, different
tacrolimus level with different sampling time could in-
fluence BKV-ELISPOT results.

Next, we investigated if the BKV-ELISPOT assay is
effective in predicting clinical outcomes of BKV in-
fection in terms of early clearance of BK viremia and
BKVN development. Plasma BKV load > log 4 (10,000
copies/mL) is a reliable predictive marker of allograft
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damage by BKV [35-38]. Thus, KDIGO guidelines rec-
ommend reducing immunosuppressive medications
when plasma BKV RT-qPCR level is persistently great-
er than log 4 [39]. However, not all patients with high
viremia showed unfavorable outcomes. For example,
only 36.2% of 130 BK viremia patients diagnosed in
the first year showed persistent high viremia (n = 4y)
and incidence of histologically confirmed BKVN was
1.1% (n = 7) [38]. In our previous study as well, only 33.3
% of renal allograft biopsies in KTRs with high BKV
titer showed BKVN [24]. Thus, a uniform application
of the recommendation, based only on plasma BKV
RT-qPCR levels may induce unnecessary reduction of
immunosuppressant, which can lead to increased risk
of allograft rejection.

We postulate that the BKV-ELISPOT assay may be of
benefit in discriminating severity or the prognosis of
BKYV infection in patients with high viral load. In fact,
when we compared BKV-ELISPOT results between
the controller and the noncontroller groups in the
BK viremia group according to the clearance of BKV
during follow-up, the spot counts for each of the five
BKV antigens were lower in the noncontroller group.
Also, BKV-ELISPOT results were significantly lower
in KTRs who showed development of BKVN than in
KTRs who did not show it. Interestingly, the peak level
of blood BKV RT-qPCR titer and BKV-ELISPOT result
had no significant correlation (Supplementary Table 1).
It suggests that the BKV-ELISPOT assay may facilitate
in predicting the clinical course of BKV infection inde-
pendent of the BKV RT-qPCR titer.

There were some limitations in this study. First, ret-
rospective cross-sectional analysis was conducted at
a single center including relatively small number of
patients. For this reason, there were confounding fac-
tors that could not be controlled. Seconds, this study
did not include information of donor, such as BKV se-
rostatus of donor and neutralizing antibodies against
donor’s strain. It is reported that donor neutralizing
serostatus and genomic mismatch of neutralizing an-
tibodies correlates with incidence of post-transplant
BK viremia [40,41]. Thirds, cellular immunity before
kidney transplant was not investigated in this study.
One prospective study suggested that the decrease
of ELISPOT results from pretransplantation to post-
transplantation can help to predict of early-onset
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BKYV replication [21]. Finally, cut-off was not validat-
ed in this study. For clinical application, cut-off val-
ue should be investigated to stratify individual risk of
BKV infection, guiding to adoption immunosuppres-
sive strategy practically. Well-designed prospective
studies controlling relevant factors are needed to use
BKV-ELISPOT as a prognostic parameter for thera-
peutic intervention.

In conclusion, BKV-ELISPOT assay showed signifi-
cant predictive value for the clinical course after BKV
infection such as clearance of BK viremia and the devel-
opment of BKVN. Thus, the application of BKV-ELIS-
POT assay in conjunction with blood BKV-DNA viral
load may provide more accurate guidance for thera-
peutic intervention in KTRs with BKV infection.

KEY MESSAGE

1. BK virus-polymerase chain reaction (BKV
PCR) currently used BKV infection monitor-
ing method has limitation to predict clinical
outcomes. BKV-enzyme-linked immunospot
(ELISPOT) assays are high throughput meth-
od for monitoring BKV-specific cellular im-
munity.

2. BKV-ELISPOT results were higher in the
cleared viremia group, the controller group
and no BKVN (BK virus-associated nephropa-
thy) group.

3. BKV-ELISPOT assay may predict clearance of
BK virus and development of BKVN in kidney
transplant recipients.
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Supplementary Table 1. Correlation among T cell responses to BKV-specific antigens and peak level of BKV viral loads (n = 40)

T cell response measured using ELISPOT

Spearman’s correlation

Large T Small t VP1 VP2 VP3
Peak plasma BKV-DNA PCR (log)
Rho —0.228 —0.070 —0.180 —0.168 0.003
pvalue 0.156 0.672 0308 0308 0.985

BKV, BK virus; ELISPOT, enzyme-linked immunospot; PCR, polymerase chain reaction.
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