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by the microbiology laboratory and clinical involvement of the issued
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Abstract
Automation of viral diagnosis has led to an increase of BK virus (BKV) viral load (VL) requests. The aim of this study was to
assess the suitability of serum creatinine (SCr) for controlling the demand and to study the clinical characteristics of BKV
infection. This is a retrospective study including patients with BKV VL request during April–July 2017. Clinical records and
SCr were analyzed. Five hundred samples from 333 patients were included; 61.4% of samples were from males (55.5 ±
14.8 years), and all belonged to transplant recipients (86.4% renal). BKV VL was detectable in 40 samples (8.0%) from 23
patients (6.9%), who presented high SCr (100% vs. 90.9%, P = 0.038). Most of detectable VLs (62.5%) belonged to patients in
their first year post-transplant. Six patients with detectable VL (26.1%) developed clinical manifestations, most of them (83.3%)
had a first BKVVL greater than 10,000 copies/mL (P = 0.001). In conclusion, SCr would be useful to identify suitable specimens
for BKV VL testing without missing cases.
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Introduction

A median of 19.5% of kidney transplant recipients expe-
rience BK viremia post-transplantation and these are the
patients that most frequently develop BKV complications,
mainly BKV-associated nephropathy (BKVAN) [1–3].
Because effective and safe antiviral therapy is lacking,
screening for BKV replication (quantifying BKV DNA
by PCR) has become the key recommendation to initiate
and monitor an immunosuppressive treatment [3, 4].
Screening for BKV replication should be performed

monthly during the first 6 months post-transplant, later,
every 3 months until the first 2 years post-transplant,
and then annually until the fifth year post-transplant [4,
5]. The screening should also be performed with an un-
explained serum creatinine (SCr) rise or after acute rejec-
tion treatment [4, 5]. Although the indications for moni-
toring are clear, with the implementation of the electronic
medical record and the electronic request to the laboratory
we have seen how the number of BKV viral load (BKV
VL) tests performed grows annually although the popula-
tion subject to monitoring remains stable.

There are requests, received by the Laboratory of Virology,
that can be regulated by some parameters; for example, molec-
ular assays to detect viruses in cerebrospinal fluid can be regu-
lated according to leukocyte and protein levels. Acceptance
criteria based on these parameters allow to save time and cost
[6, 7]. The objective of our study was to evaluate the adequacy
of the viral load requests of BK virus that we receive in our
laboratory according to the indications of the clinical guide-
lines, and to evaluate the role that a parameter such as the serum
creatinine level can play in the modulation of the requests. In
addition, we review the clinical interpretation of the issued
results, the risk factors that our study population presented
and the clinical manifestations that these patients developed.
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Patients and methods

A retrospective study was conducted at Hospital Universitario
12 de Octubre (Madrid, Spain), including all patients with
request of BKV VL during April–July 2017. The study did
not require ethics committee review because it is an analysis
of suitably anonymised datasets. The BKVVLwas performed
in plasma by the RealStar® BKV PCR (Altona Diagnostics
GmbH, Hamburg, Germany). Clinical records were reviewed
to collect demographic data (age, sex, country of origin), clin-
ical data (type of transplant, donor data, graft function, pre-
sentation of rejection, active CMV infection, clinical manifes-
tations related to the BKV). The reason of the BKV VL re-
quest was also classified on medical check, impaired renal
function, immunosuppressive therapy check, stable renal in-
sufficiency, BKV monitoring due to a previous detectable re-
sult, combinations of the mentioned reasons, and a section of
others for reasons not included in the clinical guidelines. The
SCr level was analyzed in a simultaneously taken sample sent
to the biochemistry laboratory. The SCr was classified accord-
ing to reference values of our biochemistry laboratory (refer-
ence range, (0.50–0.90 mg/dL)). Risk factors for BKVAN
were analyzed in patients with detectable VL [5, 8].

Continuous variables were compared using t test or the
Mann-Whitney U test, and categorical parameters with χ2 or
Fisher’s exact test. All tests were two-tailed, and P value <
0.05 was considered statistically significant.

Results

Five hundred samples from 333 patients were included;
61.4% of samples were from men (n = 307), mean age 55.5
± 14.8 years old and all belonged to transplant recipients,
mostly renal (n = 432; 86.4%). The other samples belonged
to liver transplant (n = 36; 7.2%), kidney-pancreas transplant
(n = 16; 3.2%), liver-kidney transplant (n = 8; 1.6%), lung
transplant (n = 2; 0.4%), allogeneic stem cell transplant (n =
5, 1.0%), and kidney and autologous stem cell transplant (n =
1; 0.2%). Forty samples (8.0%) from 23 patients (6.9%) had
detectable BKV VL. Six of them showed < 100 copies/mL
BKV and the other 34 a median (interquartile range) of
1,794.50 copies/mL (435.00–8,129.50). A comparison of
clinical characteristics according to the BKV VL result is
shown in Table 1. On half of the samples (52.5%, n = 21) with
a detectable VL, this result implied a change in the immuno-
suppressive therapy, regardless of the quantification value.

Eighteen out of 23 (78.3%) patients with detectable BKV
VL were men and 2 (8.7%) had received more than one trans-
plant. The types of transplant of the 23 patients were as fol-
lows: kidney transplant in 19 (82.6%), kidney-pancreas trans-
plant in 2 (8.7%), liver-kidney transplant in 1 (4.3%), and
allogeneic stem cell transplant in another patient. Eighteen

patients (78.3%) had been transplanted in the previous year,
4 (17.4%) in the 2–5 previous years, and one before than the 5
previous years. Risk factors for BKVAN were analyzed in the
22 patients with detectable BKV VL and kidney transplant
(excluding the stem cell transplant). Regarding the donor-
related risk factors: 21 (95.5%) were deceased donor, mean
age of the donor 42.8 ± 18.7 years old, mean cold ischemia
time 16.4 ± 7.5 h, and mean HLA mismatch 4.2 ± 1.3.
Regarding the recipient-related risk factors: 18 (81.8%) pa-
tients were men, mean age of 50.2 ± 18.2 years old; about
the recipient origin, 18 (81.8%) were from Spain, 1 (4.5%)

Table 1 Comparison of clinical characteristics according to the BK
virus viral load

Characteristic All
samples
(n = 500)

Detectable
BKVa viral
load
(n = 40)

Not
detectable
BKV viral
load
(n = 460)

P

Retransplant 58 (11.6%) 2 (5.0%) 56 (12.2%) 0.298
≤ 2 years

post-transplant
334

(66.8%)
33 (82.5%) 301 (65.4%) 0.028*

Serum creatinine
Value (mg/dL, mean

± SD)
1.88 ± 1.32 1.81 ± 0.89 1.88 ± 1.35 0.887

Increased serum
creatinine

458
(91.6%)

40 (100.0%) 418 (90.9%) 0.038*

Causes of viral load
request

Medical check 193
(38.6%)

1 (2.5%) 192 (41.7%) < 0.001*

Impaired renal
function

114
(22.8%)

7 (17.5%) 107 (23.3%) 0.405

Immunosuppressive
therapy check

68 (13.6%) 4 (10.0%) 64 (13.9%) 0.489

Stable renal
insufficiency

37 (7.4%) 1 (2.5%) 36 (7.8%) 0.345

BKV monitoring
(because of
previous
detectable)

32 (6.4%) 19 (47.5%) 13 (2.8%) < 0.001

Other causes 19 (3.8%) 0 (0.0%) 19 (4.1%) 0.387
BKV monitoring and

immunosuppres-
sive therapy check

5 (1.0%) 4 (10.0%) 1 (0.2%) < 0.001*

Impaired renal
function and
immunosuppres-
sive therapy check

22 (4.4%) 0 (0.0%) 22 (4.8%) 0.243

BKV monitoring and
impaired renal
function

7 (1.4%) 4 (10.0%) 3 (0.7%) 0.001*

Acute rejection 3 (0.6%) 0 (0.0%) 3 (0.7%) 1.000

aBKV, BK virus

*These results are statistically significant

1970 Eur J Clin Microbiol Infect Dis (2019) 38:1969–1973



Ta
bl
e
2

C
ha
ra
ct
er
is
tic
s
of

pa
tie
nt
s
w
ith

cl
in
ic
al
m
an
if
es
ta
tio

ns
of

B
K
vi
ru
s
in
fe
ct
io
n

R
ec
ip
ie
nt

da
ta

T
ra
ns
pl
an
td

at
a

D
on
or

da
ta

Po
st
-t
ra
ns
pl
an
tp

er
io
d

C
lin

ic
al
m
an
if
es
ta
tio

ns

P
at
ie
nt

S
ex

A
ge

(y
ea
rs
)
C
ou
nt
ry

of
bi
rt
h

Ty
pe

N
um

be
r
Fi
rs
t

de
te
ct
ab
le

B
K
V
a
vi
ra
l

lo
ad

(c
op
ie
s/
m
L
)

T
im

e
fr
om

tr
as
pl
an
tt
o
fi
rs
t

de
te
ct
ab
le
B
K
V

vi
ra
ll
oa
ds

(d
ay
s)

A
ge

(y
ea
rs
)
D
ec
ea
se
d
C
ol
d

is
ch
em

ia
tim

e
(h
ou
rs
)

H
L
A

m
is
m
at
ch

D
ia
be
te
s

m
el
lit
us

D
el
ay
ed

gr
af
t

fu
nc
tio

n

C
M
V
b

in
fe
ct
io
n
A
cu
te

re
je
ct
io
n
C
lin

ic
al

m
an
if
es
ta
tio

n
Pa
th
ol
og
ic
al

an
at
om

y

1
M
an

18
Sp

ai
n

K
id
ne
y

1
11
73
8

40
N
A
c

Y
es

N
A

5
N
o

N
o

Y
es

N
o

N
ep
hr
op
at
hy

B
K
V ne
ph
ro
pa
-

th
y

2
M
an

41
Sp

ai
n

K
id
ne
y-
pa
nc
re
as

1
16
47
4

17
26

Y
es

16
.0

5
Y
es

Y
es

N
o

N
o

N
ep
hr
op
at
hy

N
A

3
M
an

45
Sp

ai
n

K
id
ne
y

2
21
87
90

17
26

18
Y
es

18
.0

2
N
o

N
o

N
o

Y
es

N
ep
hr
op
at
hy

N
A

4
M
an

36
Sp

ai
n

K
id
ne
y

1
63
28
75

85
8

20
Y
es

18
.5

2
N
o

N
o

N
o

Y
es

N
ep
hr
op
at
hy

N
A

5
M
an

68
Sp

ai
n

K
id
ne
y

1
<
L
O
Q
d

97
59

Y
es

14
.2

6
N
o

N
o

N
o

N
o

N
ep
hr
op
at
hy

B
K
V ne
ph
ro
pa
-

th
y

6
F
em

al
e
34

P
ar
ag
ua
y
A
llo

ge
ne
ic
st
em

ce
ll

1
14
74
33

-
21

e
43

N
o

N
A
pf

N
A
p

N
A
p

N
A
p

Y
es

N
A
p

H
em

or
rh
ag
ic

cy
st
iti
s

N
A

a
B
K
V,
B
K
vi
ru
s

b
C
M
V,
cy
to
m
eg
al
ov
ir
us

c
N
A
,n
ot

av
ai
la
bl
e

d
LO

Q
,l
im

it
of

qu
an
tif
ic
at
io
n
(1
00

co
pi
es
/m

L
)

e
T
hi
s
pa
tie
nt

su
ff
er
ed

fr
om

ch
ro
ni
c
ly
m
ph
oc
yt
ic
le
uk
em

ia
an
d
w
as

be
in
g
tr
ea
te
d
w
ith

ch
em

ot
he
ra
py

dr
ug
s
w
he
n
sh
e
ha
d
th
e
fi
rs
td

et
ec
ta
bl
e
B
K
V
vi
ra
ll
oa
d,
21

da
ys

be
fo
re

th
e
tr
an
sp
la
nt
at
io
n

f
N
A
p,
no
ta
pp
lic
ab
le
.T

he
se

ri
sk

fa
ct
or
s
ar
e
no
ta
pp
lic
ab
le
fo
r
cl
in
ic
al
m
an
if
es
ta
tio

ns
di
ff
er
en
tf
ro
m

B
K
V
ne
ph
ro
pa
th
y

Eur J Clin Microbiol Infect Dis (2019) 38:1969–1973 1971



from Colombia, 1 from Ukraine (4.5%), 1 from Morocco
(4.5%), and 1 from China. Finally, about the risk factors in
the post-transplant period: 8 patients (36.4%) had diabetes
mellitus, 8 delayed graft function, 6 (27.3%) cytomegalovirus
infection and 5 (22.7%) acute rejection. Only in 5/22 patients
(22.7%) a pathological anatomy study was carried out:
BKVAN was found in 2 patients (9.1%), nonspecific renal
lesions in 2 and no lesions in the other patient (4.5%). We
found a correlation between the BKV VL and the presence
of clinical manifestations (P = 0.001): 6 out of the 23 (26.1%)
patients with detectable BKV VL developed clinical manifes-
tations (5 (83.3%) had a first detectable sample with > 10,000
copies/mL). The characteristics of the 6 patients with clinical
manifestations are shown in Table 2.

Discussion

All samples with detectable BKV VL were obtained from
patients showing increased serum creatinine levels, as well
as most samples with undetectable viral load; however, all
samples belonging to patients with a normal serum creatinine
were negative for BKV VL. It seems reasonable therefore, the
use of serum creatinine as a parameter of the request’s suit-
ability, allowing the clinical laboratory to discriminate the
requests that do not follow the established recommendations.

Most detectable samples belonged to patients in the first year
post-transplant, decreasing along with years after transplanta-
tion, as it has been previously reported [5, 9]. The main reasons
for the BKV VL request in detectable samples were impaired
renal function and immunosuppressive therapy check.

In our study, only 26.1% of patients with detectable BKV
VL developed clinical manifestations, which is a similar rate
to that reported in other studies [10]. The clinical manifesta-
tions that our patients have presented (5 BKVAN in kidney
transplant and 1 hemorrhagic cystitis in an allogeneic hema-
topoietic stem cell transplant) coincide with those found by
other authors [3, 8]. Based on the study of Hirsch et al. [11] a
value of 1 × 104 copies/mL of BKV has been proposed as a
threshold for improving the positive predictive value of BKV
VL on blood. However, there is a study that suggests that this
cutoff underestimates the diagnosis of BKVAN [12] and it is a
fact that standardization of the BKV VL assays is required. In
addition, variant BKV strains may have a substantial effect on
quantification of the VL [13]. In our study, all patients with
clinical manifestations had a first BKV VL > 10,000
copies/mL, except for one patient with a first detectable
BKV VL below the limit of quantification (100 copies/mL).
However, reporting a detectable VL involved a change in the
immunosuppressive therapy in half of the cases, regardless of
the VL value obtained. A definitive diagnosis of BKVAN
requires a kidney biopsy, but it is lacking in most cases [2,
9]. All patients with clinical manifestations, except for the

stem cell transplant recipient, were white-ethnicity men with
a deceased donor, which are important risk factors for
BKVAN [8, 14].

In conclusion, although previous studies have associated
high SCr level to a worse prognosis of BKV infection [10,
15], to our knowledge, this is the first time that SCr value has
been analyzed as a parameter to study the suitability of BKV
VL requests. Other parameters such as the time after trans-
plantation and the reason for the request may also be useful to
identify BKV VL requests that do not follow established clin-
ical guidelines and to control unnecessary laboratory orders.
Most patients (> 80%) with clinical manifestations had a first
BKV VL > 10,000 copies/mL.
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