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Abstract: Background. Polyomavirus nephropathy (PVN) mainly
caused by BK polyomavirus (BKPyV) remains the most common
productive viral infection of the kidney in immunosuppressed
patients. The diagnosis of PVN is based on the detection of BK
viruria and BK viremia in conjunction with histological findings in
the graft biopsy.

Methods. Our study was aimed to estimate the prevalence of
productive BKPyV infection among renal transplant patients within
the first year post-transplant and identify those at risk of developing
PVN. Our cross-sectional study was conducted on 134 kidney
transplant patients. Evidence of BKPyV replication was assessed by
viral quantification of blood and urine samples of studied patients
using a quantitative real-time polymerase chain reaction (Q-PCR)
PCR), detection of decoy cells in urine cytology smears, histological
examination of graft biopsies from Q-PCR BKPyV-positive patients,
and immunohistochemical staining by simian virus 40 (SV40)
antibody.

Results. Significant BKPyV infection was prevalent in 8% (# = 11) of
our patients, with a peak of BKPyV infection about 8 months post
transplant. BKPyV viral load by Q-PCR assay in these patients varied
from 1350 to 20,000,000 (1.35 x 10°to 2 x 107) copies/mL for urine
samples and 935 to 18,920 (9.35 x 10* to 1.89 x 10*) copies/mL for
blood samples. All the 11 patients were positive for decoy cells but
only 3 developed PVN based on histology and positive SV40 staining.
BKPyV infection was more prevalent in older patients. All patients
responded to reduction in their immunosuppressive regimens, apart
from 2 patients who required replacement of calcineurin inhibitors-
based regimen with mammalian target of ramapycin inhibitors with
an overall good response.

Conclusion. Protocol screening programs based on detection of viral
replication by viruria, viremia, and decoy cells in urine are necessary
to shed light on patients with high virus replication and hence
increased risk of developing PVN, and to allow early diagnosis and
intervention.
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The prevalence of polyomavirus nephropathy (PVN) in
kidney transplant recipients is estimated to be between
1% and 10% and may cause graft dysfunction and loss
(1). BK polyomavirus (BKPyV) infection directly cor-
relates with long-term intense immunosuppression,
often including tacrolimus (TAC) and mycophenolate

mofetil (MMF); other factors include previous acute
rejection episodes, induction therapy, and older age in
males (2). BKPyV replication can be easily detected by
examination of urine cytology for identification of decoy
cells (3), which are epithelial cells with enlarged nuclei
and large Dbasophilic ground-glass intranuclear
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inclusions of viral particles, or by ultrastructural detec-
tion using electron microscopy of tubular casts formed
of viral particles known as “Haufen”; the latter is
considered to be diagnostic (4). Also quantification of
BK viral DNA of serum and urine by quantitative real-
time polymerase chain reaction (Q-PCR) are useful in
diagnosing and monitoring kidney transplant recipients
for BKPyV infection (5). Regular screening for BKPyV
reactivation, mainly during the first 2 years post trans-
plant, with subsequent reduction in immunosuppres-
sion is considered the best option to avoid disease
progression (2). A definitive diagnosis of PVN is made
by renal allograft biopsy, also called “Definitive PVN.”
PVN is defined morphologically by intrarenal poly-
omavirus replication, mainly in tubular epithelial cell
nuclei, and varying degrees of tubular cell injury
ranging from early and minimal to marked with marked
cell lysis and acute tubular necrosis (6). Patients with
PVN do not show symptoms of a generalized infection,
the urine sediment is bland, and renal function can be
normal. Minimal and early stages of PVN present with
normal renal function and may not show intranuclear
viral inclusion bodies or significant acute tubular
necrosis. In such cases, a diagnosis can only be
established by immunohistochemistry, usually with an
antibody directed against the simian virus 40 (SV40) T
antigen or by in situ hybridization (7). In the absence of
definite histologic evidence obtained by biopsy, find-
ings of sustained urine viral replication (>2 weeks) and
significant BK replication (plasma DNA PCR load
>10,000 copies/mL) with or without kidney dysfunc-
tion, can define BK nephropathy and, in this case, it is
known as “Presumptive PVN” (8, 9).

The target of this study was the estimation of the
incidence of BKPyV infection among renal transplant
patients presenting with graft dysfunction within the
first year post transplant, with determination of who
developed PVN and BKPyV-induced graft loss.

Patients and methods
Patients

Our cross-sectional study was conducted on a total of
134 adult living-donor renal allograft recipients, trans-
planted between January 2013 and June 2015 in Kasr El-
Aini Renal Transplant Unit, Cairo University, Egypt.
Donors were selected based on ABO blood group and
human leukocyte antigen compatibility; all of them had
negative cross-match tests. Mean age of enrolled
patients was 47.72 years + 12.70, and patients were
88 males (66%) and 46 females (34%).

All patients were subjected to detailed history-taking,
concerning mainly the presence of fever or not, urinary
manifestations like dysuria and hematuria, and duration
of renal transplantation. Basic laboratory investigations
included complete blood count, serum creatinine levels,
and creatinine clearance. Extra laboratory investiga-
tions for suspected patients included calcineurin
inhibitors (CNI) drug levels, urine cytology for detec-
tion of decoy cells, quantification of BKV viral load by
Q-PCR technique, and renal biopsy for patients with
evidence of BKPyV replication by Q-PCR.

According to the Q-PCR results, the patients were
then divided into 2 groups based on BKPyV status
(group I composed of 11 BKPyV-positive patients while
group II encompassed 123 BKPyV-negative patients).

Immunosuppressive regimens

The standard immunosuppressive regimens for all
patients were as follows: CNI, either cyclosporine
(CsA) or TAC. CsA was given at initial 3 months at
dose of 200-300 ng/mL, at 4-18 months the dose
was 150-200 ng/mL, at 19-36 months it was
100-150 ng/mL, after that the patients were maintained
on 80-100 ng/mL. TAC was given at first 3 months at
dose of 10-15 ng/mL/day, at 4-18 months it was
reduced to 8-10 ng/mL/day, and finally the patients
were maintained on 5-7 ng/mlL/day. In addition, the
patients received antiproliferative drugs: MMF at dose
of 2 g/day or mycophenolate sodium at dose of 750 mg
twice daily. Also all patients received steroids at dose of
20 mg/day for 70 kg adult patient given 2 weeks
postoperatively then tapered to 15 mg/day at
3-6 months and 10 mg at 6-12 months, and finally
they were maintained at a dose of 5-7.5 mg/day.

Methods
Sample collection

Urine samples were collected for detection of decoy
cells by cytology and detection of BKV by Q-PCR
technique. From each patient 3 mL of venous blood
was collected by sterile venipuncture under complete
aseptic conditions in EDTA tubes for the study of BKV
by Q-PCR technique. Blood and urine samples for
quantification of BKV load were collected from trans-
planted patients complaining of urinary manifestations
and/or with elevated serum creatinine level and dimin-
ished creatinine clearance values according to the
method described by Anzivino et al. (10).
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DNA extraction from blood and urine samples

For blood samples, blood is collected in 4-mL Vacun-
tainer® tubes containing EDTA (BD Becton Dickinson
S.p.A., Milan, Italy) and DNA was extracted from the
whole blood. For urine samples, 1 mL of each urine
sample was collected without preservatives. Centrifuga-
tion at 14,000 RPM for 10 min for turbid urine samples
was done, and clear samples were processed without
centrifugation. DNA from both blood and urine samples
was extracted using the Mag NA Pure Compact Nucleic
Acid Isolation Kit I (03730964001; Roche Diagnostics
GmbH, Mannheim, Germany) according to the manu-
facturer’s instructions and stored at —20°C until use.

Q-PCR for BKV

DNA samples extracted from all urine and blood
samples were analyzed using the BKV Q-PCR Alert
Kit (Nanogen Advanced Diagnostics S.p.A., Lombardy,
Italy), it is a quantitative amplification assay designed
for the diagnosis and monitoring of BKPyV infection in
DNA samples. This technique, based on TagMan-
MGB® (Minor Groove Binder) technology, was per-
formed using a Real-Time PCR System (PICO REAL 24
Thermo Scientific TCR 0024, Vantaa, Finland). The
amplification reaction is carried out both for a region of
the gene that encodes BKV TAg and for the promoter
region and 5UTR of the human beta globin (B-globin)
gene. B-globin gene is amplified simultaneously with
the target sequence to verify successful DNA isolation
and exclude false-negative results. Our reaction volume
is composed of 20 pL containing 5 uL. (50 ng/ul) of
total purified DNA, BKV Q-PCR Alert AmpliMIX (speci-
fic primer oligonucleotides mixture), BKV Q-PCR Alert
AmpliPROBE (mixture of fluorescent probes labeled
with FAM/MGB-NFQ specific for BKV DNA and
fluorescent probes labeled with VIC/MGB-NFQ specific
for human pB-globin gene), and Q-PCR Alert
AmpliMASTER (optimized reagent mixture with Ura-
cil-N-glycosidase, an enzyme to inactivate contamination
from amplification product, and ROX fluorophore, as the
passive reference for the normalization of the fluores-
cence). Thermal cycling was carried out according to
the following steps: an initial denaturation at 95°C for
10 min, followed by 45 cycles of 95°C for 15 sec and 60°C
for 1 min, at the end of which the fluorescence was read.
Amplification data were analyzed with software provided
by the manufacturer. The standard curve for this
quantitative amplification assay is obtained using the
BKV Q-PCR Standard, 4 stabilized serial dilutions at
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known titer (range: 10°-10° plasmid copies) of a plasmid
containing part of the BKV genome region encoding for
TAg. The number of viral copies in each sample was
calculated from the standard curve. The Q-PCR results
for urine and blood specimens were expressed as copies
of viral DNA per milliliter (copies/mL) of sample. A
Control lane was included in each run for its validation.

Urine cytology

Cytology smears from urine samples of 60 patients
were performed, all of which had presented with graft
dysfunction. Standard smears were prepared from fresh
voided morning urine samples, fixed in alcohol, and
stained with Papanicolaou stain. Smears were exam-
ined for decoy cells, all 4 types reported in literature (3)
and, when present, the number of decoy cells per 10
high-power fields (hpf) was counted. Patients with > 5
decoy cells per 10 hpf in the smears were considered to
be high risk/positive (3).

Renal graft biopsies

Indication renal graft biopsies were obtained from
group I patients (positive BKPyV replication by Q-PCR)
as all of them presented with impaired graft function,
mainly increased serum creatinine levels. Biopsies
were routinely processed, cut in 2-3 um thick sections
with 25-30 serial sections per biopsy, and stained with
hematoxylin and eosin, Masson trichrome, and periodic
acid-Schiff stains. Immunohistochemistry for C4d
(Spring Bioscience, Pleasanton, California, USA) and
SV40 (Cell Marque, Rocklin, California, USA) were
performed for all biopsies. Not included in the study
were indication biopsy results within the study period,
from some of group II patients (2%) with various causes
of graft dysfunction, mainly drug toxicity and acute
rejection. All biopsies were scored according to the
Banff classification and, in the presence of PVN,
severity was classified according to the latest recom-
mendations of the Banff PVN working group (11).
Based on morphology, PVN can be classified into
disease grades 1-3 based on the severity of poly-
omavirus replication and the Banff “ci” interstitial
fibrosis scores, with disease resolution and favorable
outcome in early disease grade 1 and a high risk of
graft failure in grade 3. Presence of associated intersti-
tial inflammation as well as concurrent acute/active T-
cell-mediated or antibody-mediated rejection was doc-
umented.
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Statistical analysis

Statistical analyses for subjects’ demographic, clinical
characteristics, and laboratory data were done using
SPSS 15.0 software (SPSS, Chicago, Illinois, USA).
Numerical data were expressed as mean and standard
deviation for continuous variables or median and range
for non-normally distributed data. Qualitative data were
expressed as frequency and percentage for categorical
variables.

Declaration of ethics

Oral and written informed consent was obtained from
all patients according to Helsinki guidelines of research
ethics.

Results

The baseline demographic, clinical, and laboratory data
of the patients in the study groups are listed in Table 1.
Regarding demographic features, the 2 groups were
comparable in respect to gender; meanwhile, the mean
age value was different between the 2 groups, with
more frequent BKPyV infection among older patients in
group I than in group II (39.18 & 9.02 vs.
32.52 £ 9.56). On clinical examination, renal and ane-
mic manifestations were more evident in patients of
group I, with less frequency among group II patients.
Mean value of duration of renal transplant was higher
in group II than group I (13.9 & 8.25 vs. 10.6 & 5.3)
and frequency of fever was comparable between both
groups. Regarding baseline laboratory data, all patients
of group I suffered from impaired kidney functions and
lowering of creatinine clearance and hemoglobin levels
than group II patients (mean creatinine value
1.8 + 0.59 and 1.05 + 0.35, mean creatinine clearance
level 54.96 + 1841 and 86.65 + 18.28, and mean
hemoglobin level 10.05 4+ 4.65 and 12.33 + 4.35,
respectively). BKPyV viral infection was noticed in 11
(8%) of all patients, with mean value of peak BKPyV
infection at 7.9 4+ 1.8. BKPyV viral load in urine
samples, estimated by Q-PCR, varying from 1350 to
20,000,000 (1.35 x 10 to 2 x 107) copies/mL to mean
value of 2,259,004.54 + 5,929,031.55 copies/mL and
median of 9000 copies/mL. BKPyV viral load in blood
samples was positive in 7 of 11 patients, and ranged
from 935 to 18,920 (9.35 x 10* to 1.89 x 10%
copies/mL with mean value of 10,342.14 + 7181.12
copies/mL and median of 5000 copies/mL (Table 2).

Descriptive statistics of BK polyomavirus (BKV)-positive and -negative

patients regarding demographic, clinical, and laboratory data

Group | (BKV+ Group Il (BKV—
patients) patients)

Characteristics (n=11) (n=123)
Age, years

Range 29-55 21-45

Mean + SD 39.18 + 9.02 32.52 + 9.56
Gender

Males, n (%) 7 (64) 81 (66)
Females, n (%) 4 (36) 42 (34)
Duration of renal

transplant (months)

Range 7-18 9-22

Mean £+ SD 10.6 + 5.3 13.9 £+ 8.25
Renal manifestations,

n (%)

Present 9 (82) 2 (2)

Absent 2 (18) 121 (98)
Fever, n (%)

Present 1(9) 6 (5)

Absent 10 (91) 117 (95)
Anemic manifestations,

n (%)

Present 7 (64) 4 (3)

Absent 4 (36) 119 (97)
Creatinine (mg/dL)

Range 1.2-3.2 0.7-1.4
Mean + SD 1.8 + 0.59 1.05 + 0.35
Creatinine clearance

(mL/min)

Range 23.5-72.8 75.52-110.29
Mean £+ SD 54.96 + 18.41 86.65 + 18.28
Hb (g/dL)

Range 10.20-11.70 11.90-13.90
Mean + SD 10.05 + 4.65 12.33 + 4.35

SD, standard deviation; Hb, hemoglobin.

Table 1

Biopsy results from all 11 patients are summarized in
Table 2. Of the 11 patients, only 3 showed evidence of
viral replication within the renal parenchyma, mainly
evident by marked tubular injury, various intranuclear
viral inclusion bodies with tubular cell lysis, and
variable degrees of inflammatory infiltrate, mainly
formed of lymphocytes and plasma cells, but without
tubulitis in tubules and with no evidence of viral injury
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and hence no associated T-cell-mediated rejection was
determined. All 3 cases were C4d negative and showed
no significant microvascular inflammation, Banff
microvascular inflammation sum score <2. One case
showed mild fibrosis (Banff ci score: 1). All 3 cases
were graded as PVN stage 2. SV40 staining showed
strong positive nuclear staining in scattered tubules
(Fig. 1).

Discussion

Viral infections, especially cytomegalovirus and poly-
omavirus, are becoming very prominent with the use of
potent immunosuppressive therapies (12). The preva-
lence of BKV viruria and BKV viremia in renal
transplant recipients is around 40% and 12% respectively
(13). PVN, which affects about 8% of recipients,
manifests as an asymptomatic gradual rise in serum

creatinine levels and results in allograft loss or perma-
nent dysfunction in 40% to 60% of cases (12). The
diagnosis of PVN is based on detection of viruria,
viremia, and histologic findings from a kidney biopsy
(14). To the best of our knowledge, this is the largest
and may be the first report of the incidence of BKPyV
viral infection as well as definite PVN among Egyptian
living-donor renal transplant recipients. Our study
utilized living donation, which reduces the recipient’s
waiting times with a longer (over 20 years vs. 13 years
for deceased Kkidneys) and a better graft function
(living-donor organs always start functioning immedi-
ately, whereas deceased-donor kidneys can take from a
few days to a few weeks to start functioning) (15). Our
results showed an incidence of BKPyV viral infection
among our renal transplant patients of 8% (n = 11).
Three of the 11 patients progressed to PVN, but none of
them developed irreversible graft loss. Our findings
agree with those of many researchers; Pham et al. (16).

Fig. 1. (A) Intranuclear viral inclusions (arrows) and marked cell lysis in adjacent tubule, hematoxylin and eosin stain. (B) Other forms of
polyoma viral inclusions, periodic acid-Schiff stain. (C) Low-power view of interstitial inflammation and fibrosis, Masson trichrome stain. (D)
Positive intranuclear inclusions for SV40 from Patient 3. (E) Abundant decoy cells in cytology smears from Patient 7. (F) Low-power view
showing scattered positive SV40 intranuclear inclusions among inflammatory infiltrate, from Patient 7.
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stated that the incidence of PVN in kidney transplant
recipients ranges from 1% to 10%. Also, Hirsch et al.
(17), van Aalderen et al. (18), and Bassil et al. (19).
reported that PVN occurs in 4% to 12% of kidney
transplant patients; this was 2% within our study group.
In our study, the mean time post transplant to the peak
of BKPyV infection was 7.9 £ 1.8 months. This time
matches several studies that showed occurrence of
BKPyV infection within the first year post transplant,
with a peak incidence at 9 months (20, 21). In our
study, all BKPyV-positive cases showed positive decoy
cells in urine preparations, with mean value of
4.27 £ 1.79 cell/10 hpf, thus making them an impor-
tant simple, cheap, and non-invasive screening diag-
nostic modality for clinical assessment of risk. Our
BKPyV viral load mean and median values for urine and
blood samples estimated by Q-PCR were
2,259,004.54 + 5,929,031.55 and 10,342.14 + 7181.12
copies/mL, respectively, median 9000 and 5000
copies/mL, respectively; this was in accordance with
Abdel Halim et al. (22), who stated that BK viremia was
considered significantly positive when it exceeded
10,000 copies/mL. Furthermore, Drachenberg et al.
(23) found that significant BKPyV replication (plasma
DNA PCR load >10,000 copies/mL), with or without
kidney dysfunction, defines presumptive BK nephropa-
thy. In our study, viruria was detected in all of our
patients; however, viremia was detected in 7 of the 11
patients. This directed our interest to examine for BK
viruria by Q-PCR primarily in urine; with the advantage
of a high negative predictive value to rule out PVN,
viruria is usually reported 12 weeks before developing
viremia and nephropathy, but it carries the disadvan-
tage of having a low positive predictive value for PVN
and requiring BK viral load differences >2 logl0
copies/mL to be significant (5). From the above
findings, we and others suggest that quantitative
measurement of viremia is not indicated in patients
without viruria (5).

Our study showed more prevalent BKV infection
among older patients. This was in accordance with the
data obtained by Dharnidharka et al. (24) and Prince
et al. (25), who found that older age group is a
potential risk factor for the reactivation of BKPyV
infection, with more liability of development of PVN.
Renal and anemic manifestations were more evident
among BKPyV patient groups, with less frequency
among group II patients. All patients of group I
suffered from increased serum creatinine, and lower-
ing of creatinine clearance and of hemoglobin levels
than group II patients. These findings were in agree-
ment with Abdel Halim et al. (22), who assessed basal
graft function by measurement of glomerular filtration
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rate; they found its reduction to 35.4 4+ 18.8 mL/min/
1.73 m? at 1 year.

Immunosuppression with TAC and MMF has been
considered the most important risk factor for BKPyV
infection (26). However, it might occur with any triple-
drug regimen, and perhaps the overall load of immuno-
suppressive drugs is the most important risk factor
(27). There is a paucity of data evaluating the effective-
ness of anti-BKV therapies in patients with established
BKPyV viremia. Vincenti et al. (28). reported immuno-
logic non-inferiority at 6 months post transplant
between TAC-MMF vs. CsA-MMF in a large prospec-
tive randomized trial of de novo renal transplant patients
randomized to CsA microemulsion (CsA-ME, using C
[2] monitoring) or TAC, with mycophenolate sodium,
steroids, and basiliximab. Early management of BKPyV
viremia and PVN is essential to avoid graft loss (29, 30).
All our patients were primarily managed for their
BKPyV viremia with reduction in the doses of immuno-
suppressive regimens: CNI (CsA or TAC) and MMF
doses were reduced by half, however, the 2 non-
responders were shifted to mammalian target of
rapamycin (mTOR) inhibitors (sirolimus replaced CNI
or everolimus replaced MMF). The 2 patients
responded without progression to graft dysfunction
and loss. This result matches the studies using drugs
that specifically target the Akt and mTOR pathway and
could reduce BKPyV pathogenesis (31). Because both
sirolimus and leflunomide possess immunosuppressive
activity, treatment of BK reactivation using this combi-
nation may control BK replication (32).

Unlike our treatment plan, Hirsch et al. (33). sug-
gested that CsA-mycophenolic acid had lower rates of
viremia than TAC-mycophenolic acid at month 6
(10.6% vs. 16.3%, P=0.048) and 12 (4.8% vs. 12.1%,
P =0.004) and lower plasma BKV loads at month 12
(3.9 vs. 51 log[10] copies/mL; P = 0.028). Also,
Hirsch et al. (34) compared the effects of mTOR
inhibitors and CNI on BKPyV replication in primary
human renal tubular epithelial cells. Sirolimus
impaired BKPyV replication, with a 90% inhibitory
concentration of 4 ng/mlL, by interfering with mTOR-
SP6-kinase activation. Sirolimus inhibition was rapid
and effective up to 24 h post infection during viral
early gene expression, but not thereafter, during viral
late gene expression. The mTOR C-1 kinase inhibitor
torin-1 showed a similar inhibition profile, supporting
the notion that early steps of BKPyV replication
depend on mTOR activity. CsA also inhibited BKPyV
replication, whereas TAC activated BKPyV replication
and reversed sirolimus inhibition. FK binding protein
12 kDa (FKBP-12) siRNA knockdown abrogated sir-
olimus inhibition and increased BKPyV replication
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similar to adding TAC. Thus, sirolimus and TAC exert
opposite effects on BKPyV replication in renal tubular
epithelial cells by a mechanism involving FKBP-12 as
a common target. Immunosuppressive drugs may
therefore contribute directly to the risk of BKPyV
replication and nephropathy besides suppressing T-
cell functions.

Conclusion

BKPyV infection is a threatening issue for renal trans-
plant patients, especially with the advent of newer more
potent immunosuppressive agents. It may cause PVN
with subsequent allograft dysfunction and loss, so
diagnosing, treating, and distinguishing PVN from acute
rejection is essential for proper management and
enhancing kidney allograft survival. Proper diagnosis is
based on detection of viruria, viremia, and histologic
findings from a kidney biopsy. However, the optimal
screening method and timing to detect BKPyV remain
challenging. Furthermore, cutoff values, especially for
quantitative tests, need to be defined and standardized.
Protocol screening programs based on detection of viral
replication by viruria, viremia, and decoy cells in urine
are necessary to shed light on high-risk patients and
allow early diagnosis, reduction in immunosuppression
therapy, and establishment of the optimal combination of
immunosuppression in those patients.

Acknowledgements:

We thank our patients selected from Kasr El-Aini renal
transplant unit for their willing participation in our
research. Also we thank employee of main Clinical
Pathology and Pathology laboratories, Kasr El-Aini
Hospital and BeniSuef University, for processing of
this study.

Disclosure statement: The authors declare no conflicts
of interest.

References

1. Yogo Y, Sugimoto C, Zhong S, Homma Y. Evolution of the BK
polyomavirus: epidemiological, anthropological and clinical
implications. Rev Med Virol 2009; 19: 185-199.

2. Schaub S, Hirsch HH, Dickenmann M, et al. Reducing
immunosuppression preserves allograft function in presumptive
and definitive polyomavirus-associated nephropathy. Am J
Transplant 2010; 10: 2615-2623.

536

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Transplant Infectious Disease 2016: 18: 529-537

. Nickeleit V, True K, Detwiler R, Kozlowski T, Singh H. Risk

assessment for polyomavirus nephropathy using urine cytology
and the detection of decoy cells: cheap and efficient.
Transplantation 2012; 94: e42.

. Singh HK, Andreoni KA, Madden V, et al. Presence of urinary

Haufen accurately predicts polyomavirus nephropathy. J] Am Soc
Nephrol 2009; 20: 416-427.

. Westervelt JD, Alexander BD, Costa SF, Miller SE, Howell DN,

Smith SR. Detection of BK polyomavirus after kidney
transplantation: a comparison of urine electron microscopy with
plasma polymerase chain reaction. Clin Transplant 2013; 27:
E42-E48.

. Nickeleit V, Colvin RB, Mengel M. Renal transplant pathology. In:

Jennette JC, Olson JL, D’Agati VD, Silva FG, eds. Heptinstall’s
Pathology of the Kidney 2. Philadelphia, PA: Lippincott, Williams
& Wilkins, 2014: 1441-1446.

. Randhawa P, Viscidi R, Carter JJ, et al. Identification of species

specific and cross reactive epitopes in human polyomavirus
capsids using monoclonal antibodies. ] Gen Virol 2009; 90 (3):
634-639.

. Pollara CP, Corbellini S, Chiappini S, et al. Quantitative viral load

measurement for BKV infection in renal transplant recipients as a
predictive tool for BKVAN. New Microbiol 2011; 34: 165-171.

. Chung BH, Hong YA, Kim HG, et al. Clinical usefulness of BK

virus plasma quantitative PCR to prevent BK virus associated
nephropathy. Transpl Int 2012; 25: 687-695.

Anzivino E, Bellizzi A, Mitterhofer AP, et al. Early monitoring of
the human polyomavirus BK replication and sequencing analysis
in a cohort of adult kidney transplant patients treated with
basiliximab. Virol J 2011; 8: 407.

Haas M, Sis B, Racusen LC, et al. Banff 2013 meeting report:
inclusion of c4d-negative antibody-mediated rejection and
antibody-associated arterial lesions. Am J Transplant 2014; 14:
272-283.

Basse G, Mengelle C, Kamar N, et al. Prospective evaluation of
BK virus DNAemia in renal transplant patients and their
transplant outcome. Transplant Proc 2007; 39 (1): 84-87.

Egli A, Binggeli S, Bodaghi S, et al. Cytomegalovirus and
polyomavirus BK posttransplant. Nephrol Dial Transplant 2007;
22 (Suppl 8): viii72.

Gonzalez S, Escobar-Serna DP, Suarez O, Benavides X, Escobar-
Serna JF, Lozano E. BK virus nephropathy in kidney
transplantation: an approach proposal and update on risk factors,
diagnosis, and treatment. Transplant Proc 2015; 47 (6):
1777-1785.

Lee S, Kim J, Shin M, et al. Comparison of outcomes of living and
deceased donor kidney grafts surviving longer than 5 years in
Korea. Transplant Proc 2010; 42 (3): 775-777.

Pham PT, Schaenman J, Pham PC. BK virus infection following
kidney transplantation: an overview of risk factors, screening
strategies, and therapeutic interventions. Curr Opin Organ
Transplant 2014; 19 : 401el2.

Hirsch HH, Randhawa P. BK polyomavirus in solid organ
transplantation. Am J Transplant 2013; 13 (Suppl 4): 179.

van Aalderen MC, Heutinck KM, Huisman C, ten Berge IJ. BK
virus infection in transplant recipients: clinical manifestations,
treatment options and the immune response. Neth ] Med 2012;
70: 172.

Bassil N, Rostaing L, Mengelle C, et al. Prospective monitoring of
cytomegalovirus, Epstein-Barr virus, BK virus, and JC virus
infections on belatacept therapy after a kidney transplant. Exper
Clin Transplant 2014; 12 (3): 212-219.



20.

21.

22.

23.

24.

25.

26.

27.

Koukoulaki M, Grispou E, Pistolas D, et al. Prospective
monitoring of BK virus replication in renal transplant recipients.
Transpl Infect Dis 2009; 11 (1): 1-10.

Costa C, Bergallo M, Astegiano S, et al. Monitoring of BK virus
replication in the first year following renal transplantation.
Nephrol Dial Transplant 2008; 23: 3333-3336.

Abdel Halim M, Al-Otaibi T, Gheith O, et al. Active management
versus minimization of immunosuppressives of BK virus-
associated nephropathy after a kidney transplant. Exper Clin
Transplant 2014; 12 (6): 528-533.

Drachenberg CB, Papadimitriou JC. Polyomavirus-associated
nephropathy: update in diagnosis. Transpl Infect Dis 2006; 8 (2):
68-75.

Dharnidharka VR, Cherikh WS, Abbott KC. An OPTN analysis of
national registry data on treatment of BK virus allograft
nephropathy in the United States. Transplantation 2009; 87 (7):
1019-1026.

Prince O, Savic S, Dickenmann M, Steiger J, Bubendorf L,
Mihatsch M]. Risk factors for polyomavirus nephropathy.
Nephrol Dial Transplant 2009; 24: 1024e33.

Manitpisitkul W, Drachenberg C, Ramos E, et al. Maintenance
immunosuppressive agents as risk factors for BK virus
nephropathy: a case-control study. Transplantation 2009; 88: 83e8.
Vasudev B, Hariharan S, Hussain SA, Zhu YR, Bresnahan BA,
Cohen EP. BK virus nephritis: risk factors, timing, and outcome
in renal transplant recipients. Kidney Int 2005; 68 (4): 1834-1839.

Transplant Infectious Disease 2016: 18: 529-537

28.

29.

30.

3L

32.

33.

34.

El Ansary et al: Effect of BKV in renal transplantation

Vincenti F, Friman S, Scheuermann E, et al. Results of an
international, randomized trial comparing glucose metabolism
disorders and outcome with cyclosporine versus tacrolimus. Am J
Transplant 2007; 7 (6): 1506-1514.

Hirsch HH, Babel N, Comoli P, et al. European perspective on
human polyomavirus infection, replication and disease in solid
organ transplantation. Clin Microbiol Infect 2014; 20 (Suppl 7): 74.
Nickeleit V, Singh HK. Polyomaviruses and disease. Curr Opin
Organ Transplant 2015; 20: 348-358.

Franco-Esteve A, Tordera D, de la Sen ML, et al. mTOR inhibitor
monotherapy. A good treatment choice in renal transplantation.
Nefrologia 2012; 32 (5): 631-638.

Liacini A, Seamone ME, Muruve DA, Tibbles LA. Anti-BK virus
mechanisms of sirolimus and leflunomide alone and in
combination: toward a new therapy for BK virus infection.
Transplantation 2010; 90 (12): 1450-1457.

Hirsch HH, Vincenti F, Friman S, et al. Polyomavirus BK
replication in de novo kidney transplant patients

receiving tacrolimus or cyclosporine: a prospective,
randomized, multicenter study. Am ] Transplant 2013; 13 (1):
136-145.

Hirsch HH, Yakhontova K, Lu M, Manzetti J. BK polyomavirus
replication in renal tubular epithelial cells is inhibited by
sirolimus, but activated by tacrolimus through a

pathway involving FKBP-12. Am ] Transplant 2016; 16 (3):
821-832.

537



