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Abstract
Background JC polyomavirus (JCPyV)-associated nephropathy (JCPyVAN) is a severe, but rare complication in adult renal
transplant (RTx) recipients. Related data in pediatric patients are scarce.
Methods Based on the CERTAIN Registry, we therefore performed a multi-center, retrospective study on the JCPyV antibody
status, prevalence of JCPyV replication, and its associated disease in 139 pediatric RTx recipients (mean age, 8.5 ± 5.3 years).
JCPyV DNA in plasma and/or urine was measured by quantitative PCR at a median time of 3.2 (IQR, 0.3–8.1) years post-
transplant.
Results 53.2% of patients were JCPyV-seronegative prior to transplantation; younger age was associated with JCPyV seroneg-
ativity. 34/139 (24.5%) patients post-transplant showed active JCPyVreplication in either urine (22.0%), plasma (13.4%), or both
(7.6%). JCPyV viremia occurred significantly (p < 0.001) more often in patients with viruria (34.6%) than in those without
(7.6%), but 7/118 (5.9%) had isolated viremia. High-level viruria (> 107 copies/mL) was found in 29.6% of viruric patients. A
higher net state of immunosuppression constituted an independent risk factor for JCPyVreplication both in urine and plasma (OR
1.2, p < 0.02).Male patients tended to have a higher risk of JCPyV viremia than females (OR 4.3, p = 0.057). There was one male
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patient (0.7%) with JCPyVAN 7 years post-transplant, which resolved after reduction of immunosuppressive therapy. No patient
exhibited progressive multifocal leukoencephalopathy.
Conclusions This first multi-center study on JCPyV in pediatric renal transplant recipients shows that JCPyV replication is
common (24.5%), with strong immunosuppression being a significant risk factor, but associated nephropathy is rare.

Keywords JC polyomavirus . JC virus . Polyomavirus . Nephropathy . Pediatric renal transplantation . Pediatric kidney
transplantation

Introduction

The human neurotropic JC polyomavirus (JCPyV) belongs to
the family of polyomaviruses, also comprising more than 10
human polyomaviruses, including BK polyomavirus
(BKPyV) [1]. JCPyV was discovered in the 1960s through
electron microscopy and eventual isolation from post-
mortem brain tissue of a patient (J.C.) succumbing to progres-
sive multifocal leukoencephalopathy (PML) [2–4].
Seroprevalence studies indicated at least two phases of
JCPyVexposure: an early phase in childhood in approximate-
ly 25%, and a second phase in adult life eventually reaching
70% by the sixth decade of life [4]. Various seroprevalence
studies detected JCPyV-specific antibodies in 30–70% of
healthy individuals [5–7]. Unlike BKPyV, JCPyV is difficult
to culture and requires specific glial progenitor cells or cell
lines that express the SV40 large T-antigen [4]. After primary
infection, JCPyV, similarly as BKPyV, causes a persistent
infection in the renourinary tract. Urinary shedding of
JCPyVin healthy individuals rises from about 10% in the third
decade to 30% in the sixth decade of life [6].

JC polyomavirus-attributed pathologies have been reported
in diverse immunocompromised hosts, including human im-
munodeficiency virus (HIV)-infected individuals and patients
under immunosuppressive medication, e.g., transplant recipi-
ents and patients suffering from autoimmune disease, treated
with natalizumab [8] or rituximab [9]. Progressive multifocal
leukoencephalopathy is the most severe and best-known com-
plication of JCPyV replication in immunosuppressed patients.
Other relevant entities include JCPyV-associated nephropathy
(JCPyVAN), which has been systematically studied and
contrasted with BKPyV replication and nephropathy in a large
prospective study of adult kidney transplant patients [10].
Additional information about JCPyVAN comes from small
case series [11] or case reports [10, 12–15], but data on the
epidemiology of JCPyV infection and associated disease in
kidney transplant patients have largely been obtained only in
adults [16–18].

Here, we report on the first multi-center study investigating
the prevalence of JCPyV infection and disease in a cohort of
139 pediatric renal transplant recipients. To identify the prev-
alence of ongoing JCPyV replication, we determined the pres-
ence of JCPyV DNA in urine (viruria) and in plasma

(viremia). To analyze the pre-transplant exposure and infec-
tion status, we determined the presence of JCPyVantibody. To
identify the occurrence of JCPyV-associated diseases, we
assessed the rate of JCPyVAN and PML in pediatric kidney
transplant recipients.

Materials and methods

Study design and patient population

This is a multi-center, retrospective study of data provided to
the Cooperative European Paediatric Renal Transplant
Initiative (CERTAIN) Registry (www.certain-registry.eu)
[19, 20]. The CERTAIN Registry is a voluntary registry
used by 60 pediatric renal transplant centers from 16
European countries, that provide data from pediatric kidney
allograft recipients aged ≤ 21 years at transplantation. The
registry’s dataset offers essential information on generic
kidney transplantation-related topics and also captures
pediatric-specific topics, such as growth, physical and psycho-
social development, and adherence [19, 20]. JCPyV-specific
data collection for this analysis followed a defined protocol
(see Supporting information in the online version of this arti-
cle). Eligible patients were pediatric kidney allograft recipi-
ents (i) aged ≤ 21 years at time of engraftment; (ii) having a
complete and validated dataset; and (iii) with JCPyV surveil-
lance at least once in plasma and/or urine using quantitative
nucleic acid testing (QNAT). All diagnostic investigations for
JCPyV events had to be documented, even those found to be
negative. Written informed consent to participate in the regis-
try was obtained from all parents/guardians, with assent from
patients, if appropriate for their age. The CERTAIN Registry
has been approved by the ethics committee of each contribut-
ing center and is maintained in compliance with the principles
of the Declaration of Helsinki and Good Clinical Practice
guidelines. The study was designed, evaluated, and reported
in agreement with the STROBE guidelines (https://www.
strobe-statement.org) [21]. In addition, written informed
consent was obtained by the patient who developed
JCPyVAN and by his parents, to describe his clinical course
in detail.
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Pediatric Vasudev score

To assess the net state of immunosuppressive therapy, a pedi-
atric immunosuppressive score [22, 23] modified according to
Vasudev et al. [24], named Bpediatric Vasudev score^, was
calculated for each patient (Table 1). Whereas an independent,
well-validated measure of Bover-immunosuppression^ is still
the holy grail of transplantation medicine, the pediatric
Vasudev score has been repeatedly published by our group
[22, 23, 25–27] and others [28, 29] to estimate the net state
of immunosuppression. It is therefore proposed as a valuable
scale applicable by other transplant researchers who compare
pediatric renal allograft recipients on different immunosup-
pressive regimens [28].

Virological assessments

Quantitative nucleic acid testing in urine and/or plasma was
performed according to the manufacturers’ instructions, in-
cluding RealStar® JCV PCR Kit (Altona Diagnostics) in six
contributing centers, and TIB LightMix® JC kit (TIBMolbiol)
and GeneProof JC Virus (JCV) PCR Kit (Medac Diagnostika)
in two further contributing centers, respectively. All PCR as-
says are CE-certified tests and conform to proficiency panels;
quantitative results are comparable among different assays per-
formed at different sites. High-level JCPyV viruria was defined
as > 107 copies/mL [16], and high-level JCPyV viremia was
arbitrarily defined as > 104 copies/mL, in analogy to BKPyV.
JCPyVAN was defined as JCPyV replication, absence of
BKPyVreplication, and histopathological changes characteris-
tic of PyVAN, together with a positive immunohistochemistry
for the simian virus 40 large T-antigen (SV40LTag) staining, as

proposed by the Banff 2013 meeting report [30, 31].
Quantitative nucleic acid testing was performed routinely at
different study sites shortly after sample collection for all but
the one patient who developed JCPyVAN. Samples of this
patient, which were stored at − 80 °C (Department of
Infectious Diseases, Virology, Heidelberg, Germany,) were an-
alyzed retrospectively. Seroreactivity against the JCPyV major
capsid protein VP1 was determined by multiplex serology, as
previously described [32], and amean fluorescence intensity of
> 400 was defined as positive. Serum samples used for multi-
plex serology were also stored at − 80 °C (Department of
Infectious Diseases, Virology, Heidelberg, Germany) before
analysis. In addition, BKPyV replication (QNAT) in plasma
and/or urine was determined routinely shortly after sample
collection by means of the RealStar® BKV PCR Kit (Altona
Diagnostics) in a subset of patients.

Statistical analysis

Data were analyzed with the aid of PASW (SPSS) Statistics
24.0. Results for continuous variables are expressed as mean
± standard deviation, unless stated otherwise. Categorical pa-
rameters are given as number and percentage of patients. The
Shapiro-Wilk test was used to assess normality of data distri-
bution. Rates in two groups were compared by means of the
Fisher’s exact or chi-square test. Differences between two
groups were analyzed by means of the two-tailed Student’s t
test or, if normality failed, with the Mann-Whitney rank-sum
test. Univariate and multivariable analyses (logistic regres-
sion) were performed to examine the effect of factors having
a potential impact on the development of JCPyV replication
and JCPyVAN. Factors with a p value < 0.20 according to

Table 1 Definition of the
pediatric Vasudev score Immunosuppressant BVasudev score^a dose per

unit (mg/day)
Pediatric Vasudev scoreb dose per
unit (mg/m2 day)

Immunosuppressive
unit

TAC 2 1.2 1

CSA 100 58 1

EVR 2 1.2 1

SRL 2 1.2 1

MMF 500 290 1

AZA 100 58 1

Prednisone
equivalent

5 2.9 1

TAC tacrolimus, CSA cyclosporine microemulsion, EVR everolimus, SRL sirolimus, MMF mycophenolate
mofetil, AZA azathioprine
a See reference [24]
b The pediatric score, modified according to Vasudev et al. for assessment of the overall immunosuppressive load,
was calculated by adjustment of the adult score to a body surface area (BSA) of 1.0 m2 , assuming an adult BSA of
1.73 m2 . Induction therapy with an interleukin-2 receptor antagonist and anti-rejection treatment with steroid
pulse therapy were included in this score and assigned to two immunosuppressive units each. See also reference
[22, 23]
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univariate analysis were included in the multivariable model.
Two-sided p values < 0.05 were considered statistically sig-
nificant. All analyses were of an explorative nature.

Results

Patient characteristics and virological assessments

A total of 139 patients, having received a renal allograft be-
tween January 20, 1999 and July 28, 2017, were available for
this analysis. Patient and transplant characteristics are given in
Table 2. JCPyV QNAT was analyzed in 12 plasma samples
per patient on average (range, 0–55 samples per patient; me-
dian 10 (IQR, 2–20) samples per patient). In addition, JCPyV
QNAT was analyzed in eight urine samples per patient on
average (range, 0–33 samples per patient; median 5 (IQR,
1–13) samples per patient). Plasma QNAT was performed in
132 (95.0%) patients, urine QNAT in 125 (89.9%), providing
both plasma, and urine results in 118 (84.9%) patients. The
median time-to-measurement of JCPyV QNAT post-
transplant was 3.2 years (IQR, 0.3–8.1 years). The pre-
transplant JCPyV serostatus (IgG) was available for a subset
of patients (47/139 [33.8%]). The mean age (8.9 ± 5.6 years)
and gender distribution (61.7% male gender) as well as the
immunosuppressive regimen (data not shown) of this sub-
group were comparable to those of the entire patient popula-
tion. BKPyV replication (QNAT) in plasma and/or urine was
determined in 113/139 patients (81.3%).

JCPyV viruria and viremia

JCPyV-viruria was detected in 27 (21.6%) of 125 pediatric
renal transplant recipients; JCPyV viremia was found in 16
(12.1%) of 132 patients. In 118 (84.9%) patients, JCPyV viral
load was analyzed in both urine and plasma: 26 (22.0%) pa-
tients had JCPyV viruria, 16 (13.4%) JCPyV viremia, and 9
(7.6%) patients had both. The rates of JCPyV replication
remained similar over the first 3 years, before declining slight-
ly (Fig. 1). High-level JCPyV viruria (> 107 copies/mL) was
observed in 8/27 (29.6%) patients with JCPyV viruria, while
only one viremic patient (6.3%) developed high-level JCPyV
viremia (> 104 copies/mL). JCPyV viremia was seen signifi-
cantly (p < 0.001) more often in patients with JCPyV viruria
(9/26, 34.6%) than in those without viruria (7/92, 7.6%).
Interestingly, 7/118 (5.9%) patients had JCPyV viremia with-
out concomitant JCPyV viruria; these patients had median
viral loads (4.0 × 102 copies/mL) patients with concomitant
viruria (6.0 × 102 copies/mL; p = 0.750). Table 3 summarizes
the JCPyV viral load values in urine and plasma. Altogether,
34 of 139 (24.5%) patients exhibited JCPyV viruria and/or
JCPyV viremia.

JCPyV serology

Pre-transplant sera for JCPyV IgG antibody analysis were
available from 47/139 (33.8%) patients; 25 (53.2%) of whom
were JCPyV-naïve prior to transplantation. Seronegative pa-
tients were significantly younger than seropositive recipients
(mean age at transplantation: 7.5 ± 4.7 vs. 12.7 ± 5.2 years,
p = 0.001). Primary JCPyV infection was observed in 8/25
(32.0%) seronegative patients after renal transplantation,

Table 2 Patient and transplant characteristicsa

Characteristic Patient cohort
(n = 139)

Age at RTx, years 8.5 ± 5.3

Male gender, n (%) 87 (62.6)

Caucasian, n (%) 136 (97.8)

Primary kidney disease

CAKUT, n (%) 54 (38.8)

Cystic kidney disease, n (%) 31 (22.3)

FSGS, n (%) 19 (13.7)

Syndrome-related renal disease, n (%) 10 (7.2)

aHUS or MPGN, n (%) 6 (4.3)

IgA- or vasculitis-associated nephropathy, n (%) 5 (3.6)

Metabolic disorder, n (%) 4 (2.9)

Unknown cause of end-stage renal failure, n (%) 10 (7.2)

Second RTx, n (%)a,b 3 (2.2)

Living-related RTx, n (%) 51 (36.7)

HLA mismatch, n 2.4 ± 1.2

Cold ischemia time (hours), n 9.5 ± 7.1

eGFR (mL/min/1.73 m2)c 81.8 ± 30.0

Initial immunosuppressive regimen, n (%)d

IL-2 receptor antagonist, n (%) 46 (33.1)

Thymoglobulin, n (%) 3 (2.2)

TAC, n (%) 98 (70.5)

CSA, n (%) 41 (29.5)

MMF, n (%) 114 (82.0)

AZA, n (%) 8 (5.8)

EVR, n (%) 18 (12.9)

Glucocorticoids, n (%) 136 (97.8)

RTx renal transplantation, CAKUT congenital anomalies of the kidney
and urinary tract, FSGS focal-segmental glomerulosclerosis, aHUS
atypical hemolytic uraemic syndrome, MPGN membranoproliferative
glomerulonephritis, IgA immunoglobulin A, eGFR estimated glomerular
filtration rate, IL-2 interleukin-2, EVR everolimus, TAC tacrolimus, CSA
cyclosporine microemulsion, MMF mycophenolate mofetil, AZA
azathioprine, BPAR biopsy-proven acute rejection
a Four patients had received a liver transplant prior to renal transplantation
b For patients with more than one renal transplantation, only the most
recent one was evaluated
c Defined as eGFR [33] at 30 days post-transplant
d At 30 days post-transplant
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while only 3/22 (13.6%) seropositive patients developed post-
transplant JCPyV reactivation or reinfection (p = 0.179). Of
the 25 seronegative patients, six (24.0%) developed JCPyV
viruria (median peak viral load, 1.9 × 106 copies/mL), and
three (12.0%) showed JCPyV viremia (median peak viral
load, 3.0 × 103 copies/mL), including one patient with both
JCPyV viruria and viremia. Of the 22 seropositive patients,
three (13.6%) developed JCPyV viruria (median peak viral
load, 4.7 × 107 copies/mL), and one (4.5%) of them exhibited
concomitant JCPyV viremia with a viral load of 7.8 × 102 cop-
ies/mL. Hence, JCPyV-seronegative patients tended to show
JCPyV replication more frequently (p = 0.179).

BKPyV viruria and viremia

BKPyV QNAT data were available in 113/139 (81.3%) of
patients. Out of these 113 patients, 99 were tested for JCPyV

DNA in urine: ten of 23 (43.5%) patients with JCPyV viruria
had also BKPyV viruria, whereas 45/76 (59.2%) patients with-
out JCPyV viruria developed BKPyV viruria (p = 0.233). In
addition, 106/113 patients with BKPyV QNATwere tested for
JCPyV DNA in plasma: 4/13 (30.8%) patients with JCPyV
viremia showed concomitant BKPyV viremia, while 33/93
(35.5%) without JCPyV viremia developed BKPyV viremia
(p = 0.738). None of the seven patients with BKPyV-
associated nephropathy (BKPyVAN) showed JCPyV viruria
or viremia.

Risk factors associated with JCPyV viruria and viremia

According to uni- and multivariate analysis, a higher net state
of immunosuppression was an independent risk factor, signif-
icantly associated with the development of JCPyV viruria
(univariate analysis: odds ratio (OR) 1.17 per unit, p =
0.028, multivariate analysis: OR 1.18 per unit, p = 0.019)
and viremia (univariate analysis: OR 1.26 per unit, p =
0.004, multivariate analysis: OR 1.24 per unit, p = 0.016)
(Table 4). It was also associated with any evidence of
JCPyV replication (OR 1.29 per unit, p = 0.001). A trend
towards an increased risk of JCPyV viremia was observed in
male patients (OR 4.32; 95% confidence interval, 0.96–1.16;
p = 0.057). Other potential factors, such as patient and trans-
plant characteristics or specific immunosuppressive agents,
did not reveal a significant association with a higher JCPyV
viruria or viremia risk (Table 4). Also, no significant associa-
tion was found between concomitant JCPyV and BKPyV
viruria, on the one hand, and the development of JCPyV vi-
remia (OR 2.7, p = 0.264), on the other.

JCPyV-associated disease

No case of PML was reported over 6.8 ± 4.0 years post-trans-
plant. One patient (0.7%) developed JCPyVAN. His primary
renal disease was congenital anomalies of the kidney and uri-
nary tract (CAKUT). He received a living kidney donation from
his mother at the age of 10 years. Initial immunosuppressive

Fig. 1 Prevalence of JC polyomavirus (JCPyV) viruria and JCPyV
viremia in pediatric renal transplant recipients. Gray bars, JCPyV
viruria; black bars, JCPyV viremia. Rates are expressed as number of
patients with positive result per number of patients with quantitative
nucleic acid testing (QNAT) in the respective time period. QNAT in
urine was performed in 125 patients (year 1, n = 40; year 2, n = 8; year
3, n = 9; > year 3, n = 68). QNAT in plasma was conducted in 132 patients
(year 1, n = 41; year 2, n = 10; year 3, n = 11; > year 3, n = 70)

Table 3 JCPyV viruria and viremia in pediatric renal transplant recipients

Parameter Patients with JCPyV QNAT in urine
and/or plasma (n = 139)

Patients with JCPyV QNAT in both
urine and plasma (n = 118)

Urine
(n = 125 patients)

Plasma
(n = 132 patients)

Urine
(n = 118 patients)

Plasma
(n = 118 patients)

JCPyV replication, n (%) 27 (21.6) 16 (12.1) 26 (22.0) 16 (13.4)

High-level JCPyV replicationa, n (%) 8 (6.4) 1 (0.8) 8 (6.8) 1 (0.9)

Peak viral load (copies/mL), median
(25th–75th percentile)

9.8 × 104

(3.0 × 103–1.4 × 107)
7.1 × 102

(3.3 × 102–4.4 × 103)
9.8 × 104

(3.7 × 103–1.5 × 107)
7.1 × 102

(3.3 × 102–4.4 × 103)

JCPyV JC polyomavirus, QNAT quantitative nucleic acid testing
a defined as > 107 copies/mL in urine [16] and > 104 copies/mL in plasma
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therapy consisted of tacrolimus (TAC), mycophenolate mofetil
(MMF), and methylprednisolone, with steroid withdrawal
4 years post-transplant. Because of declining graft function
7 years post-transplant (Fig. 2a), he underwent a kidney allograft
biopsy, which exhibited borderline rejection according to Banff
criteria [30]. Immunohistochemistry showed an absence of viral
antigens, especially no signs of SV40Ag. He did not respond to
methylprednisolone pulse therapy, and estimated glomerular fil-
tration rate (eGFR) declined further (Fig. 2a). He therefore had a
second renal allograft biopsy, which showed interstitial nephritis
suggestive of acute cellular rejection, again graded as borderline
changes. But this time, immunoperoxidase staining with a
monoclonal antibody against SV40 LTag, which reacts alsowith
the LTag of BKPyV and JCPyV, was positive, indicating
PyVAN grade A [30] (Fig. 2b). PyV NAT in the renal allograft
biopsy sample showed JCPyV DNA, but no BKPyV DNA.
Both urine and plasma had been analyzed 3 months since trans-
plantation and were repeatedly found negative for BKPyV
DNA. Retrospective evaluation of urine and plasma samples
revealed that JCPyV viruria and viremia were already positive
1 year before biopsy-proven JCPyVAN. After establishing this
diagnosis, immunosuppressive treatment was reduced: TAC
dosage was lowered by 42% to achieve target trough concentra-
tions of 3–5 μg/L, and MMF withdrawn. This intervention was
associated with graft function stabilization (Fig. 2a). JCPyV
viruria declined from a peak viral load of 1.1 × 1010 to 4.5 ×

103 copies/mL at last observation (Fig. 2a). Peak JCPyV viral
load in plasma was 5.6 × 104 copies/mL, decreased in response
to reduction of the immunosuppressive medication to 1.0 ×
102 copies/mL 8 months later, and became undetectable there-
after (Fig. 2a).

Discussion

This is the first multi-center study investigating JCPyV repli-
cation in plasma and urine and JCPyV-associated disease in
more than 100 pediatric renal transplant recipients. The main
findings are that, first, the prevalence of JCPyV viruria is
21.6% and that of JCPyV viremia 12.1%. Second, JCPyV
replication was associated with a higher net state of immuno-
suppression according to the modified Vasudev score. Third,
despite the fact that one half of tested patients had no detect-
able JCPyV-Vp1 IgG prior to transplantation, JCPyV-
associated nephropathy remained rare, though associated with
a significant impact on graft function.

One previous study reported a higher prevalence of JCPyV
viremia (21%) in the first year post-transplant in pediatric
renal transplant recipients [34], which may be explained by
differences in the patient population (higher mean age in the
study of Ettenger et al. [34]) and/or differences in the immu-
nosuppressive regimen (induction therapy in 35.3% of

Table 4 Risk factors for developing JCPyV viruria and viremia

Variable JCPyV viruria JCPyV viremia

Unadjusted OR
(95% CI)

p value Adjusted OR
(95% CI)

p value Unadjusted OR
(95% CI)

p value Adjusted OR
(95% CI)

p value

Younger age at RTx (years) 1.05 (0.97–1.13) 0.253 1.08 (0.98–1.19) 0.141

Male gender 2.06 (0.80–5.31) 0.137 2.95 (0.80–10.9) 0.105

Obstructive uropathy 1.53 (0.44–5.33) 0.504 1.36 (0.27–6.80) 0.705

DD vs. LD 1.32 (0.52–3.32) 0.556 1.30 (0.42–3.98) 0.556

Older donor age (years) 1.02 (0.99–1.05) 0.185 1.01 (0.97–1.04) 0.752

Cold ischemia time (hours) 1.01 (0.95–1.07) 0.734 1.03 (0.96–1.10) 0.472

Ureteral stent at RTx 1.21 (0.48–3.04) 0.692 1.14 (0.39–3.34) 0.818

Acute rejection therapyb 1.04 (0.44–2.48) 0.929 2.10 (0.73–6.05) 0.168

Pediatric Vasudev scorec 1.17 (1.02–1.34) 0.028 1.18 (1.03–1.35) 0.019 1.26 (1.08–1.48) 0.004 1.24 (1.04–1.48) 0.016

Induction therapyd 1.05 (0.41–2.66) 0.922 2.75 (0.74–10.2) 0.131

TAC vs. CSA 1.66 (0.52–5.33) 0.391 2.78 (0.60–12.9) 0.191

MMF vs. EVR 1.17 (0.39–3.53) 0.782 1.16 (0.34–3.94) 0.810

Glucocorticoids 1.20 (0.44–3.31) 0.726 3.15 (0.68–14.6) 0.142

JCPyV JC polyomavirus, RTx renal transplantation, DD deceased donation, LD living donation, IL-2R interleukin 2 receptor, TAC tacrolimus, CSA
cyclosporine microemulsion, EVR everolimus, MMF mycophenolate mofetil
a In multivariable analysis (logistic regression), only factors with a p value < 0.2 according to univariate analysis were included
bWithin 3 months prior to JCPyV NAT
cAccording to Ref. [22, 23]
d Defined as induction with thymoglobulin or an interleukin-2 receptor antagonist
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patients in the present study vs. 100% in the study of Ettenger
et al. [34]). A recent single-center study among 46 pediatric
renal transplant recipients [35] identified JCPyV viruria in
17%, which is markedly higher than the reported rate of 2–
7% in healthy children and adolescents [36–38]. An obvious
explanation for this difference could be that pediatric renal
transplant recipients are frequently JCPyV seronegative prior
to transplantation and acquire primary JCPyVinfection via the
transplant organ. Our observations that more than 50% of
patients were JCPyV-seronegative pre-transplant and that
post-transplant JCPyV replication occurred more frequently
(28.0%) in JCPyV seronegative than in seropositive (13.6%)
patients are consistent with this line of reasoning. Patients with
JCPyV viruria developed viremia significantly more often, as
has been shown for BKPyV [39]. Interestingly, however, a
few patients exhibited JCPyV viremia without concomitant
viruria. This supports the hypothesis that JCPyV replicates
also at sites other than the urogenital tract. It has been reported
that JCPyV virions persist in B cells [40]. Resident B cells in
the renal allograft could therefore be the source of transmis-
sion to the recipient. However, these data are discussed con-
troversially and need still to be reproduced by other re-
searchers [4].

Our study is the first reporting that a higher net state of
immunosuppression represents an independent risk factor for
the development of both JCPyV viruria and viremia. The as-
sociation between immunosuppressive treatment and JCPyV
replication has been discussed controversially in adult

patients. It has even been proposed that, once JCPyVAN has
been established, the reduction of immunosuppression has a
contentious impact on the clinical course [41]. Although no
specific immunosuppressive agent was significantly associat-
ed with a higher risk of JCPyV replication, reducing immuno-
suppressive medication in kidney transplant recipients with
proven JCPyVAN was followed by stabilization of graft func-
tion in 75% of cases [10–15]. Similarly, in the patient devel-
oping biopsy-proven JCPyVAN reported here, the reduction
of immunosuppressive therapy was associated with clearance
of JCPyV viremia, decline of urine viral load, and improve-
ment of graft function. Together, these observations are in line
with the notion that a higher net state of immunosuppression is
a risk factor for JCPyV replication progressing to organ-
invasive disease.

We report on a pediatric case of late JCPyVAN, in which a
careful stepwise reduction of immunosuppressive therapy was
associated with transplant function improvement over a long
period of time, and stabilization still continues. Another case
report on an adolescent patient with early JCPyVAN has been
published previously [12]. In that case, however, reduction of
immunosuppression merely led to an intermittent graft func-
tion stabilization, followed by graft loss due to antibody-
mediated rejection [12].

The fact that SV40Ag was absent in the first allograft bi-
opsy of the patient with JCPyVAN deserves a comment, es-
pecially since only one core had been taken during this first
biopsy. European and international guidelines recommend a

I. 

II. 

a bFig. 2 a Course of JC
polyomavirus (JCPyV)
replication and transplant
function in the patient with
JCPyV-associated nephropathy.
Blue squares, estimated
glomerular filtration rate (eGFR);
yellow triangles, JCPyV viral
load in urine; red circles, JCPyV
viral load in plasma. MPR,
methylprednisolone. Stars
indicate the time point of biopsies.
b Histopathological findings of
the second kidney allograft
biopsy in the patient with JCPyV-
associated nephropathy. I.
Masson trichrome stain with
nuclear enlargement and nuclear
inclusions. II.
Immunohistochemistry for SV40
T antigen with focal nuclear
staining in tubular epithelial cells
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minimum of two kidney biopsy cores, preferably containing
medulla tissues, for a histological diagnosis of human
polyomavirus-associated nephropathy, in order to reduce the
rate of false negative results [42]. Our observations underline
the importance of these recommendations.

A previous, prospective study systematically analyzed
BKPyV and JCPyV replication and disease in adult kidney
allograft recipients [10]. In contrast to BKPyV, JCPyV
shedding was more often asymptomatic, and decoy cells
were detectable more frequently despite immunosuppres-
sion reduction. In addition, JCPyV viremia was rare and
lower than BKPyV viremia. In case of biopsy-proven
JCPyVAN, the number of infected cells was lower than
in BKPyVAN, and graft loss was seldom [10]. Inhibitory
interactions between JCPyV and BKPyV have been pro-
posed in a study among 200 adult kidney allograft recip-
ients [43]. Our data do not confirm this hypothesis, since
concomitant BKPyV replication was observed in 48.1%
of patients with and in 54.7% of patients without JCPyV
replication. In particular, no differences were found be-
tween BKPyV viruria or viremia rates in JCPyV viruric
or viremic patients. The discrepancy between these obser-
vations may be related to differences in patient popula-
tions and particularly between adult and pediatric kidney
transplant patients. Prospective studies in larger patient
cohorts are needed to clarify this aspect.

The limitations of our study are that data on JCPyV repli-
cation were obtained in a retrospective manner and that
JCPyV antibody levels were only available in a subset of pa-
tients. Another limitation is the uneven number of samples per
patient available for urine and plasma QNAT as well as the
broad range of the post-transplant follow-up period.
Moreover, differences between GST-Vp1-based and VLP-
based assays have been reported [44, 45]. A relatively small
number of patients were investigated, but this is an inherent
problem for all studies in the pediatric renal transplant popu-
lation (only 5% of all renal transplantations are performed in
children and adolescents).

In conclusion, this first multi-center study on JCPyV
replication and associated disease in pediatric renal trans-
plant recipients shows that JCPyV replication is common
and that a higher net state of immunosuppression consti-
tutes a significant risk factor. Though a rare complication
of approximately 1% in our study, JCPyVAN is a serious
cause of graft function deterioration. Timely reduction of
the immunosuppressive medication is currently the only
viable treatment option for JCPyVAN, as long as specific
antiviral agents are lacking. While our data do not support
a routine screening of JCPyV replication in pediatric renal
transplant recipients, JCPyV plasma viral load determina-
tion is advisable in the event of unclear graft function
deterioration in the presence of SV40Ag positivity and
in the absence of BKPyV replication.
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