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Introduction. Recent data have emerged about a protective association between JCV viruria and chronic kidney disease (CKD).
Material and Methods. Single-center retrospective cohort study; 230 living kidney donors (LKD) candidates and 59 potential
living kidney receptors (LKR) were enrolled. Plasma and urinary JCV and BKV viral loads were measured in all LKD candidates
and in nonanuric LKR candidates. Twenty-six living kidney transplant surgeries were performed. LKR were followed in order to
evaluate BKV and JCV viremia and urinary viral shedding after KT. Results. In LKD candidates, JCV viruria was negatively
associated with proteinuria of >200 mg/24 hours (JC viruric LKD: 12.5% vs JCV nonviruric LKD: 26.7%, p = 0.021, OR:0.393; 95%
CI: 0.181-0.854). In a multivariate analysis, LKD candidates with JCV viruria had a lower risk of proteinuria of >200 mg/24 hours
(p = 0.009, OR: 0.342, 95% CI: 0.153-0.764), in a model adjusted for age, gender, presence of hypertension, and eGFR <80 mL/
min. Prevalence of JCV viruria was higher in LKD candidates when compared with LKR candidates (40.0% vs 1.7%, p <0.001).
Among the 26 LKR, 14 (53.8%) KT patients evolved with JCV viruria; 71.4% received a graft from a JCV viruric donor. Conclusion.
Our data corroborate the recent findings of an eventual protective association between JCV viruria and kidney disease, and we
extrapolated this concept to a South European population.

1. Introduction

Kidney transplantation (KT) is the preferred treatment for
eligible patients with end-stage renal disease because it
confers substantially longer survival and a better quality of
life compared with other renal replacement therapies [1].
Due to organ shortage, living kidney donation becomes an
important complement to deceased donor KT. Unilateral
nephrectomy inevitably leads to reduced renal mass and
function [2], which associates with a rise in blood pressure
and increased proteinuria [3, 4]. These factors are

responsible for a high risk of cardiovascular and all-cause
mortality in general population and, eventually, in living
kidney donors (LKD) [5]. Therefore, a careful selection of
LKD is crucial, in order to minimize the potential risks
associated with living kidney donation [6]. Whereas, many
donor baseline characteristics, such as age, predonation
estimated glomerular filtration rare (eGFR) and blood
pressure, have been included in recent guidelines for the
preoperative assessment of LKD [7, 8]; polyomavirus viruria
is not routinely measured in either living or cadaveric do-
nors. JC polyomavirus (JCV) and BK polyomavirus (BKV)
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are human polyomaviruses, which cause asymptomatic
childhood infection and persist in various sites including the
urinary tract [9] and the central nervous system [10]. Nearly
80% of adults are seropositive for JCV and BKV [11]. De-
tection of viruria unveils renourinary polyomavirus reac-
tivation [9, 12]; nevertheless, with the exception of
immunosuppression, factors that control the balance be-
tween latency and reactivation of polyomaviruses are un-
known. Previous studies have shown that approximately
30% of adult population shed JCV in urine at any time point
[12]. Conversely, patients with chronic kidney disease
(CKD) have a significantly reduced urinary shedding rate of
JCV, as low as 2.2% [13].

Recent data have emerged about a protective association
between JCV viruria and kidney disease. Urinary tract JCV
infection was measured in African Americans in order to
access relationships with apolipoprotein L1 gene (APOL1)-
associated nephropathy. Surprisingly, JCV urinary shedding
was associated with lower rates of nephropathy in indi-
viduals with APOLI1 high-risk genotypes [14]. Additional
studies confirmed an association of JCV viruria with pro-
tection from CKD in nondiabetic African Americans in-
dependently from APOL1 genotype [15], in African
Americans with diabetic kidney disease [16] and in Black
South Africans with hypertension-attributed CKD [17].

As far as we know, data are scarce about the prevalence
and implications of JCV viruria in European, predominantly
Caucasian LKD candidates and potential living kidney re-
ceptors (LKR) with advanced CKD. We hypothesized that
JCV viruria is negatively associated with markers of CKD in
donors, such as lower proteinuria and lower estimated
glomerular filtration rate (eGFR). We also postulated to find
a significantly lower prevalence of JCV viruria in living
kidney receptors (LKR) candidates when compared with
LKD candidates because its absence have been related with a
higher risk of nephropathy.

2. Material and Methods

2.1. Study Design and Population. In this single-center,
retrospective, observational study, we enrolled 230 con-
secutive LKD candidates and 59 potential LKR, followed in a
Kidney Transplant Unit in Portugal.

From November 2013 to August 2020, urine and plasma
JCV and BKYV viral loads were measured by quantitative,
commercial, real-time quantitative polymerase chain reac-
tion (qQPCR) in all LKD candidates. Urine and plasma
samples were also collected from LKR candidates, except if
anuric. In anuric CKD patients, JCV and BKV plasma viral
load were not measured either.

In a subgroup of 76 LKD candidates, persistence of
polyomavirus viruria was confirmed through a subsequent
qPCR measurement, in order to evaluate the consistency of
viruria, to avoid false-positive results and to evaluate vari-
ations in viral load over time.

As polyomaviruses are transmitted by the oral-fecal
route, socioeconomic factors and familial clustering were
considered in the analysis of JCV viruria. As LKD candidates
are mainly first-degree relatives or spouses of the LKR, we
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matched the 59 pairs in which both donor and nonanuric
receptor had available results for JCV viruria, in order to
evaluate possible familial clustering. Conversely, in 171
anuric LKR candidates, it was impossible to evaluate JCV
viruria. Prevalence of JCV viruria was compared between
matched and nonmatched LKD candidates.

During follow-up period, 26 living kidney transplant
surgeries were performed from LKD to nonanuric LKR
candidates. LKR were subsequently followed in order to
evaluate BKV and JCV viremia and urinary viral shedding
after KT. JCV and BKYV viremia and viruria wereevaluated
every month for the first 6 months and then every 3 months
until 2 years after KT.

2.2. Data Collection

2.21. Living Kidney Donor Candidates. Demographic
characteristics of LKD candidates (age, gender, ethnicity)
were recorded at the first appointment. Estimated glomer-
ular filtration rate (eGFR) was computed using the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI)
equation [18], and 24-hour proteinuria was also measured at
baseline. Blood pressure (BP) was evaluated in all LKD
candidates through 24-hour ambulatory blood pressure
measurement. Hypertension was defined as mean systolic
BP of >130 mg, diastolic BP of >80 mmHg, or a controlled
BP under at least one antihypertensive drug.

Outcome data included the association of JCV and BKV
viremia or viruria with proteinuria, hypertension, or lower
eGFR at baseline.

2.2.2. Kidney Transplant Patients. Demographic charac-
teristics (age, gender), donor/recipient cytomegalovirus
(CMV) serologic status, maintenance immunosuppression,
length of follow-up, and immunologic risk profile (number
of mismatches between donor and recipient, presence of
class I and class IT anti-HLA antibodies) were also evaluated.

Outcome data included the occurrence of the novo BKV
and/or JCV viremia and/or viruria in KT recipients, inde-
pendent of the donor status.

Tissue typing performed to determine HLA-A, HLA-B,
and HLA-DR anti-HLA antibodies was assessed through
Luminex assays and using class I and II identification Kits.

2.3.BKVand JCV Analysis. In both assays, two amplification
reactions were performed starting from extracted DNA. For
BKYV, a specific primer for the region of the Large T antigen
gene of BKV and a specific primer for the region of the
human beta Globin gene (internal control) were used; for
JCV, a specific primer for the Large T antigen region of the
JCV gene and a specific primer for an artificial sequence of
DNA (internal control) were used. The BKV- and JCV-
specific probe with ELITe MGB® technology, labelled with
FAM fluorophore, is activated when it hybridizes with the
specific product of the BKV and JCV amplification reaction.
Viral load is obtained, in each case, through a calibration
curve.
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2.4. Immunosuppressive Regimen. KT recipients received
basiliximab or antithymocyte globulin as induction therapy,
except if HLA identical, in which situation, no induction
therapy was used.

Basiliximab (20 mg IV) was administered in the first and
fourth day after KT; antithymocyte globulin (1.25 mg/kg/day
IV) was administered since the first day and optimally until
the seventh day after KT; methylprednisolone (500 mg on 1st
day, 250 mg on 2nd day, 125 mg on 3rd, and 80 mg on 4th
day IV after KT) was included in all immunosuppressive
induction regimens.

The choice of the immunosuppressive regimen depen-
ded, mainly, on patient’s immunologic profile (% of panel
reactive antibodies; number of HLA mismatches with the
donor, preformed donor-specific antibodies).

The maintenance immunosuppressive therapy included,
in most patients, tacrolimus, mycophenolate mofetil, and
prednisone.

Tacrolimus was administered orally at 0.15mg/kg/day
divided in two doses and adjusted to maintain a target
trough concentration between 4 and 10 ng/mL, depending
on the time elapsed after KT. Prednisolone was prescribed
since the fifth day after KT (0.6 mg/kg) and was tapered to
5 mg/day during the first 3 months after KT. Mycophenolate
mofetil (1000 mg orally twice daily) was started after KT and
was reduced if adverse events appeared; it was reduced to
1000 to 1500 mg daily dose after the first 3-6 months.

2.5. Prophylaxis Regimens. All KT recipients received tri-
methoprim/sulfamethoxazole (480 mg qd) as Pneumocystis
jirovecii pneumonia prophylaxis for 1 year.

Valganciclovir (900 mg/d, adjusted to kidney function)
was given to patients which induction therapy included
antithymocyte globulin and/or rituximab or in receptor
CMV IgG-negative/donor CMV IgG-positive pairs for 6
months.

2.6. Statistical Analysis. Categorical variables were described
as absolute or relative frequencies. Continuous variables
were described as mean *standard deviation (SD), for
normally distributed variables, or median and interquartile
range (IQR) for nonnormal distributed variables. Propor-
tions were compared using chi-squared test. Differences
between clinical data were assessed by Student’s t-test for
unpaired samples for normal variables and Wilcoxon test for
continuous data with nonnormal distribution. Binary lo-
gistic regression was used for multivariate analysis. A p value
of <0.05 was considered statistically significant. All statistical
tests were performed using the Statistical Package for the
Social Sciences (SPSS) 25.0 software (SPSS, Inc, Chicago, IL,
USA). Study protocol complies with the Declaration of
Helsinki and has obtained full approval from the local
clinical research ethics committee.

3. Results

Prevalence of JCV and BKV viruria and viremia in living
kidney donor candidates and its association with demo-
graphic data, blood pressure, eGFR, and proteinuria.

A total of 230 LKD candidates with a mean age of 49 + 12
years were enrolled in this study. Clinical and demographical
data at baseline are detailed in Table 1. The overall preva-
lence of JCV viruria was 40.0% (n=92), and prevalence of
BKYV viruria was 4.8% (n=11). BKV and JCV viremia were
absent in all LKD candidates. Simultaneous BKV and JCV
viruria occurred in 0.9% of LKD candidates (n=2).

JCV viruria was not associated with an eGFR of <80 mL/
min (JCV viruric LKD: 19.6% vs JCV nonviruric LKD:
15.9%, p =0.480); however, JCV viruria was negatively
associated with proteinuria of >200 mg/24 hours (JC viruric
LKD: 12.5% vs JCV nonviruric LKD: 26.7%, p = 0.021, OR:
0.393; 95% CI: 0.181-0.854).

In a multivariate analysis, LKD candidates with JCV
viruria had a lower risk of proteinuria of >200 mg/24 hours
(p =0.009, OR 0.342, 95% CI: 0.153-0.764), in a model
adjusted for age, gender, presence of hypertension, and
eGFR <80 mL/min (Table 2).

3.1. Consistence of JCV Viruria in Different Measures.
JCV viruria was reevaluated in 76 (33%) LKD candidates. De
novo JCV viruria was detected in 3 previously negative LKD
candidates, all with a low mean viral load (3.03log;,). Four
individuals who had a first positive JCV with a low viral load
(mean 3.08log;() became negative in the second evaluation.
JCV viruria was consistent in both evaluations in 90.8% of
patients (n=69).

Mean JCV urinary viral load was 4.8log;q cp/mL in the
first measure (n=230) and 4.97log;o cp/mL in the second
determination (n=76).

3.2. Comparison of JCV and BKV Viruria and Viremia be-
tween Living Kidney Donor Candidates and Living Kidney
Recipient Candidates. JCV and BKV viruria and viremia
were measured in 59 LKR candidates who had a urine output
higher than 500 mL/day. Mean eGFR was 19.1 + 6.4 mL/min.
Only 2 patients had polyoma viruria (one JCV and one
BKV). Both of them had CKD stage 5 but still not under
renal replacement therapy.

Prevalence of JCV viruria was significantly higher in
LKD candidates when compared with LKR candidates
(40.0% vs 1.7%, p<0.001). No differences were observed
between BKV viruria prevalence in LKD and LKR candi-
dates (4.8% vs 1.7%, p = 0.470). JCV and BKV viremia was
absent in all LKR candidates.

3.3. Assessment of Possible Familial Clustering for JCV
Viruria. Fifty-nine LKD candidates were matched with
their LKR candidates in the evaluation of JCV viruria. The
prevalence of JCV viruria in matched LKD candidates was
45.8% (n=27). No difference was found in the prevalence of
JCV viruria when compared with matched and nonmatched
LKD candidates (45.8% vs 38.0%, p = 0.355).

3.4. Evaluation of JCV and BKV Viruria and Viremia after
Kidney Transplantation. Demographical and clinical data of
the 26 living kidney transplanted patients are described in

85UBD17 SUOWILIOD SAIERID 3|qedldde au3 Aq paueob a1e S YO ‘B8N JO S3|NJ o AR1G1T BUIIUO /8|1 UO (SUOIPUOD-PUR-SWLBYW0D" A | 1M AReaq 1 ol jUO//SA1Y) SUORIPUOD pUe SLWB L 34} 83S *[S202/0T/60] U0 ARIqIT auljuO A8|IM ‘@Q eARRIedo0D - ZIUo N Se3 AQ ¥ TOT08/TZ0Z/SSTT OT/I0p/LI0D A8 M Alelq 1[oul|UO//:SdNY WOy papeojumod ‘T ‘T20T ‘7265



4 International Journal of Nephrology
TaBLE 1: Clinical and demographical data of viruric and notviruric living kidney donor candidates
e _ LKD with JC viruria LKD without JC
Characteristics All LKD (n=230) (n=92) viruria (n = 138) p value
Age-mean + SD, years 49.1 +12.0 50.3 +12.2 47.9 +11.8 0.083
Male gender, n (%) 78 (33.9) 36 (39.1) 42 (30.4) 0.201
Caucasian, n (%) 206 (89.6) 85 (92.4) 121 (87.7) 0.280
Hypertension-n (%) 50 (21.7) 24 (26.1) 26 (18.8) 0.197
Serum creatinine, median (IQR), mg/dL 0.8 (0.7-0.9) 0.8 (0.7-0.9) 0.8 (0.7-0.9) 0.360
eGFR <80 mL/min/1.73 m?, n (%) 40 17.4) 18 (19.6) 22 (15.9) 0.480
24-hour proteinuria >200 mg, n (%) 42 (21) 10 (12.5) 32 (26.7) 0.021

LKD: living kidney donor candidates; SD: standard deviation; eGFR: estimated glomerular filtration rate. For 24-hour proteinuria >200 mg the number of

LKD with available results are 200 (missing data in 30 LKD candidates).

TaBLE 2: JCV viruria-LKD candidates relationships (logistic regression).

95% CI
Standard error p-value OR . .
Inferior Superior
Age 0.015 0.485 1.010 0.982 1.040
Gender 0.317 0.059 1.820 0.977 3.389
Hypertension 0.385 0.245 1.564 0.735 3.328
eGFR <80 mL/min 0.440 0.859 1.081 0.457 2.560
24-hour proteinuria >200 mg 0.410 0.009 0.342 0.153 0.764

Dependent variable: JCV viruria; CI: confidence interval; OR: odds ratio; eGFR: estimated Glomerular Filtration Rate.

Table 3. Two kidney transplant recipients did not receive
induction immunosuppression because donors were HLA
identical.

During the follow-up period, 5 (19.2%) patients devel-
oped BKYV viruria, 4 of them in the first 2 months after KT.
Furthermore, 3 of them subsequently developed BKV vi-
remia. Pretransplantation BKV viruria was absent in all their
respective 5 matched donors. Fourteen (53.8%) KT patients
evolved with JCV viruria, 78.6% (n=11) within 2 months
posttransplant. One LKD patient had previous JCV viruria.
Ten de novo JCV viruric patients (71.4%) received a graft
from a JCV viruric donor. Two LKR patients developed
transient low-grade JCV viremia. JCV and BKV coinfection
was observed in 2 (7.7%) patients. Because BKV and JCV
infection was detected in a small number of KT patients, no
additional statistical analysis was performed. Thus, the role
of immunosuppression therapy and donor/recipient im-
munological profile remains unclear.

4, Discussion

The seroprevalence of BKV and JCV infections in adults
ranges from 60 to 100% worldwide [12, 19]. Both JCV and
BKV appear to establish benign latent infection in
renourinary epithelium with periodic reactivation and viral
excretion in urine [9, 12]. Nevertheless, asymptomatic
urinary shedding of BKV and JCV has shown conflicting
results. In a recent report from Kuwait [20], 165 potential
kidney donors were tested for the presence of BKV and JCV
viruria and viremia. Despite that 42% of individuals tested
positive for polyomavirus DNA, due to low viral loads in
most specimens, the authors found a prevalence of only 13%
for JCV viruria and 1% of BKV viremia by qPCR. In a
Brazilian study [13], the prevalence of JCV viruria in a
healthy control group was 20.1%, whereas BKV prevalence

TaBLE 3: Demographical and clinical data of living kidney trans-
planted patients.

N=26
17/65.4
45+12.4 (23-69)
36.5+21.5 (9-79)

Living kidney recipients

Male (n/%)

Age (mean; SD) (years)

Length of follow-up (mean; SD) (months)
Induction IMS (1/%)

No induction 2/7.7
Bas+ TAC + MMF + Pred 14/53.8
TIMO + TAC + MMEF + Pred 10/38.5
Maintenance IMS (n/%)
TAC + MMF + Pred 19/73
EVE + MMF + Pred 7127
Donor CMV IgG+ (n/%) 20/76.9
Recipient CMV IgG+ (/%) 19/73
Valganciclovir prophylaxis (1n/%) 17/63
HLA mismatches with the donor (mean + SD)
A or B 215+2.1
DR 1.2+£0.7
Anti-HLA antibodies (1/%)
Class I 10/38.5
Cass 11 13/50
Class I +1I 9/34.6

SD: standard deviation; IMS: immunosuppression; Bas: basiliximab; TAC:
tacrolimus; MMF: mycophenolate mofetil; Pred: prednisone: TIMO: thy-
moglobulin; EVE: everolimus; CMV: cytomegalovirus; IgG: immuno-
globulin G; HLA: human leukocyte antigen.

was 2.2%. Meanwhile, Rodrigues et al. [21] noted a 23.9%
urinary excretion of JCV and a 1.8% of BKV virus in the
general population in Portugal. However, in a group of 120
African American nonnephropatic individuals [15], preva-
lence of JCV and BKYV viruria varied, respectively, between
40% and 0% for APOLLI renal risk genotype group vs 48.8%
and 1.2% for APOL1 nonrisk genotype group. The wide
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variability in polyomavirus prevalence in different studies is
due to low viral load present in healthy individuals and the
lack of sensitive assays, as QPCR, in older studies. Our results
are in line with previous studies, considering the higher
incidence of JCV viruria (40%) compared with BKV viruria
(4.8%). Similar to previous studies [20], BKV and JCV vi-
remia were absent in all studied samples. Thus, despite that
human polyomavirus are common infections, it seems that
individuals with normal immune systems are capable to
suppress viremia.

Coinfection with more than one polyomavirus is a rare
phenomenon. In a study in KT patients, infection with one
polyomavirus was inversely associated with infection by the
other virus, possibly through direct inhibition or competi-
tion for the same molecular pathways involved in DNA
replication [22]. Similarly, coinfection rate was rare in our
LKD candidates (0.87%).

Contrary to the majority of studies, in which only an
occasional sample is available, we aimed to confirm the
persistence of virus shedding and variations in viral load
over time. In a subgroup of 76 LKD candidates, virus-
specific urinary loads were measured in two different times.
JCV viruria was consistent between the 2 measures in 90.8%
of patients, and mean viral load was identical. JCV DNA
remained stable over time; therefore, an isolated positive
sample was enough to define the state of JCV urinary carrier.

In our study, the prevalence of JCV viruria was signif-
icantly higher in LKD candidates when compared with LKR
candidates (40.0% vs 1.7%, p <0.001). As far as we known,
this is the first report that demonstrates an inverse associ-
ation between JCV urinary shedding and CKD in a South
European population. The current findings are strengthened
by some recent reports where a potential protective asso-
ciation between JCV viruria and kidney disease was
underlined. Divers at al. [14] tested whether infection by JCV
and BKV modulated the association between APOL1 and
the development of nephropathy. They collected samples
from 300 first-degree relatives of African Americans with
nondiabetic end-stage renal disease. After adjusting for age,
sex, and African ancestry proportion, authors found that the
presence of JCV viruria in patients with increased risk of
APOL1-associated nephropathy (2 APOLI risk variants)
was negatively associated with albuminuria and CKD (eGFR
<60 mL/min/1.73 m?). BKV viruria was not associated with
kidney disease. Concerning these results, authors postulated
that JCV may interact with APOL1 genotypes to modulate
kidney disease risk.

The potential protective effect of JCV urinary shedding
against the development of CKD in African American in-
dividuals, independently of APOLI1 genotype, was validated
in a subsequent analysis [15]; both mild and more severe
CKD patients were included to prevent possible con-
founding effects of reduced nephron mass or urinary ex-
cretion of detectable viral shedding. As JCV was present in
45.8% of nonnephropathy controls and 8.75% of CKD cases
regardless of APOL1 renal risk genotype status, authors
postulated a robust CKD protective effect by JCV (OR: 0.15;
95% CI: 0.06-0.42).

These results were further extended to African Ameri-
cans with diabetic kidney disease (DKD) [16]. This report,
which enrolled 335 individuals (148 patients with DKD vs
187 controls), corroborated that JCV viruria was inversely
associated with DKD (OR: 0.56, 95% CI: 0.35-0.91;
p =0.02).

Also, Ngebelele et al. [17] reproduced the same findings
in Black South Africans with hypertension-attributed CKD.
Beyond a group of CKD patients and a nonrelated control
group, the study included a control group of first-degree
relatives of CKD cases. Despite an identical socioeconomic
status score between CKD patients and their first-degree
relatives, prevalence of JCV viruria was significantly dif-
ferent between these groups (nonrelated controls 36%; first-
degree relatives 20%, and CKD patients 3%, p < 0.001). The
absence of JCV viruria was a strong predictor of CKD (OR
43.43 95% CI 7.39-255.2, p>0.001).

Our results are in line with previous reports. We
compared the prevalence of JC viruria in LKD candidates
who had a paired LKR candidate, with LKD candidates who
were nonmatched due to the absence of urinary samples of
their respective LKR candidates. JCV viruria prevalence was
similar between both groups of LKD candidates. Thus, as
LKD candidates are mainly first-degree relatives or spouses,
the possibility that the absence of JCV viruria in the LKR
candidates was related to socioeconomic factors or family
clustering was excluded.

We also report a prevalence of JCV and BKV viruria and
viremia in healthy individuals vs CKD patients similar to
previous studies. The prevalence of JCV viruria was sig-
nificantly higher in LKD candidates when compared with
LKR candidates (40% vs 1.7%, p < 0.001), and no differences
were observed between BKV viruria prevalence between
both groups. A Brazilian study [13] reported significantly
lower frequencies of JC viruria in Brazilians with end-stage
renal disease relative to nonnephropathic controls (3.9% vs
20.1%, p <0.0001). The authors considered that two factors
might be involved in this finding: first, high urinary urea
concentrations could inhibit the amplification of segments
of the polyomavirus sequence; second, a reduced volume
and density of the urine and a reduced renal mass of end-
stage renal disease patients could be associated with de-
creased cell scaling in the urine, consequently leading to
reduced viral load in the samples [13].

However, in most recent studies [14, 15], the protective
association between JCV viruria with kidney disease is valid
even in patients with less severe renal impairment. In line
with these studies, our 59 CKD patients with preserved
diuresis had a mean eGFR of 19 + 6 mL/min and only 2 of
them had polyoma viruria.

As in other cross-sectional observational studies, it is
difficult to establish a cause-effect relationship for the po-
tential beneficial role of JCV in the protection against CKD.
So, it is impossible to determine whether JCV viruria has a
direct effect on antagonizing deleterious pathways in CKD
or whether it is an epiphenomenon that reflects a common
complex mechanism responsible for both kidney injury and
JCV replication blockade.
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Specific pathways potentially contributing to JCV-re-
duced wurinary shedding remain to be characterized.
According to Freedman et al. [15], different potential
mechanisms need to be considered. First, CKD could lead to
a reduced production of molecules crucial to promote JCV
urinary reactivation, or inversely, CKD could stimulate the
production of inhibitory factors that might block the ex-
pression of JCV in the urinary tract. A mechanism of renal
inflammation leading to renal tubular atrophy, parenchymal
sclerosis, and inhibition of JCV replication seems to be
plausible. Second, reduced JCV expression could be a
marker of an immune and inflammatory response, which
leads simultaneously to progressive kidney injury and
suppression of JCV viruria. Third, enhanced JCV viruria
could translate an altered host immune response leading to
reduced inflammation and an inability to clear the virus
from the renourinary tract. Fourth and less probably, JCV
reactivation in non-CKD patients could competitively in-
hibit other nephrotoxic viruses.

We were not able to demonstrate an association between
eGFR and JCV viruria in LKD candidates, probably because
the reduced number of patients with eGFR of <80 mL/min.
Nevertheless, JCV viruria was negatively associated with 24-
hour proteinuria of >200 mg and that association persists
when possible confounding factors such as gender, age,
presence of hypertension, and eGFR of <80 mL/min were
included in multivariate analysis. Divers et al. [14] had al-
ready demonstrated an association between albumin to
creatinine ratio over 30 mg/g and JCV urinary shedding.
Longitudinal prospective studies are required to better
understand if the absence of JCV viruria could be a potential
marker for further development of CKD in unin-
ephrectomized LKD.

Twenty-six KT patients were followed after living KT.
We found a prevalence of BKV viruria of 19.2% and a
prevalence of JCV viruria of 53.8%. In the large majority of
cases, polyomavirus viruria appeared as early as 2 months
after KT, which is in line with previous reports. In our series,
JCV was the most frequently detected polyomavirus. Nev-
ertheless, available data on KT patients remain conflicting.
Even though some authors have shown that JCV viruria
could be as high as 56.8% and greater than BKV [23], the
majority of reports suggest that BKV viruria is more fre-
quent than JCV viruria [22, 24]. As observed in the group of
nonimmunosuppressed patients, coinfection with both
polyomavirus was a rare phenomenon, empowering the
theory of a possible inhibitory interaction between BKV and
JCV in KT patients [22].

During the follow-up period, 5 (19.2%) patients devel-
oped BKV viruria; however, BKV viruria was absent in all
their 5 matched donors, suggesting reactivation. Conversely,
71.4% of de novo JCV viruric KT patients received a graft
from a JCV viruric donor. Literature regarding sources of
polyomavirus in renal allograft recipients are scarce and
conflicting [23, 25, 26]. Notwithstanding, the tendency is to
accept that polyomavirus urinary viral shedding may be
transmitted by the allograft. We could only extrapolate this
transmission for JCV. However, it was impossible to know if
JCV urinary shedding in KT patients was due to their own
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reactivation of a latent virus that has already been able to
express after the recovery of kidney function or if it was due
to a direct donor/recipient transmission. Pretransplantation
donor and recipient BKV IgG levels could have been helpful.
Nevertheless, it seems that a preserved kidney function is
crucial to express JCV in urine. Considering the reduced
number of KT performed, it was impossible to achieve any
definitive consideration. Also, giving the short follow-up
period, the impact of polyomavirus urinary shedding in
kidney function and development of polyomavirus-associ-
ated nephropathy was not studied. The role of immuno-
suppression therapy and donor/recipient immunological
profile in JCV and BKV reactivation remains unclear.

5. Conclusions

As far as we know, this was the first cohort study where JCV
and BKV viruria and viremia were evaluated in matched
LKD and LKR candidates, complemented by follow-up of
JCV and BKV reactivation in KT receptors. Our data cor-
roborates the recent findings of an eventual protective as-
sociation between JCV viruria and kidney disease, and we
extended this concept to a South European, predominantly
Caucasian population. Due to the low incidence of JCV
viruria in LKR candidates, more sophisticated statistical
analysis, including multivariate analyses, was impossible to
perform. Prospective longitudinal studies are needed in
order to understand the role of JCV in health and disease.
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