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Polyomavirus-associated nephropathy:
critical issues in virological monitoring

Rossana Cavallo, Massimiliano Bergallo, Francesca Sidoti, Sara Astegiano, 
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Polyomavirus-associated nephropathy (PVAN) is
an emerging disease affecting renal transplant pa-
tients and is currently one of the most common
viral complications in this context. Since its first
description in 1995, PVAN has increased in preva-
lence from 1% to 10% (Hirsch et al., 2006): this
could be due to the introduction of new deeply
immunosuppressive drugs and/or the relative de-
cline in acute rejection rates. PVAN may lead to
kidney graft loss in 10% up to 100% of the cases,
with return to hemodialysis within 6-60 months,
thus markedly and significantly decreasing the
graft survival rate (Hariharan 2006). As most of
the problems associated with these findings are
due to the limited information regarding patho-
genesis, uncertainty about diagnostic procedures,
and paucity of effective interventions, manage-
ment strategies have to focus on close monitoring
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and early diagnosis, thereby prompting adjust-
ment of the immunosuppressive regimen and use
of effective antiviral agents, thus requiring a mul-
tidisciplinary approach. 

Polyomaviruses BK, JC and SV40
Polyomaviruses BK, JC and SV40 are members of
the Polyomaviridae Family that is constituted by
40-45 nm non-enveloped virions with a super-
coiled circular dsDNA genome of about 5,000
base pairs. The genome homology between the
three viruses ranges from 68% to 72% and the
genome is divided into three regions (early, late,
and non-coding-control region - NCCR). BKV and
JCV are specific for the human host, with which
they have coevolved, and are independently trans-
mitted from one another. BKV and JCV are high-
ly seroprevalent (rate ranging from 70% to 90%
and approximately 30% in adults, respectively).
Primary infection usually occurs early in child-
hood, at a median age of five years, and is char-
acterized by low upper respiratory tract morbid-
ity or is asymptomatic. Following primary infec-
tion, BKV and JCV remain latent in the renouri-
nary tract, as the epidemiologically most impor-
tant site, B cells, brain, spleen, and probably oth-
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er organs. Asymptomatic reactivation with shed-
ding into the urine may occur in both immuno-
competent subjects (in 0% up to 62% [Hirsch and
Steiger, 2003]) and immunocompromised pa-
tients. Hirsch (2005) has proposed the use of the
following definitions to describe the different
types of interactions between BKV and the hu-
man host: 
- BKV infection: case with serological or viro-

logical evidence of virus exposure, including
replicative and nonreplicative states;

- BKV replication: case with evidence of virus
multiplication (active or lytic infection) ob-
tained by detection of infectious virus, virions,
structural proteins or their mRNA, or cell-free
DNA in nonlatency sites (e.g., plasma or cere-
brospinal fluid); by cytological analysis (of de-
coy cells in urine); or by histological analysis;

- BKV disease: case with histological evidence of
BKV-mediated organ pathology. 

In renal transplant recipients, viral replication
may cause PVAN consisting in interstitial nephri-
tis and/or ureteral stenosis. The polyomavirus
SV40 naturally infects some species of macaques
and may cause nephropathy in these primates in
immunocompromised conditions, such as infec-
tion with simian immunodeficiency virus. SV40
was inadvertently introduced as a pathogen into
the human population as a contaminant of early
polio vaccines, both Salk inactivated and Sabin
oral. It has been estimated that up to 150,000,000
persons worldwide (both children and adults)
were exposed to infectious SV40 between 1955
and 1963 (Butel and Lednicky, 1999). However,
Cutrone et al. (2005) evidenced that some polio
vaccines prepared by an Eastern European man-
ufacturer were contaminated with SV40 and dis-
tributed in the former Union of Soviet Socialist
Republic as late as 1978. Based on serological
studies, the prevalence of SV40 infection in hu-
mans ranges from 3% to 10% (Martini et al., 1996;
Engels et al., 2004; Lopez-Rios et al., 2004; Poulin
and DeCaprio, 2006). 
Apart for polio vaccines, strong serological and
molecular evidence suggests that new SV40 in-
fections may be occurring in the human popula-
tion although the route of transmission remains
unknown. The pathogenic role of SV40 in hu-
mans is controversial. A recent study reported the
risk of false positive results because of contami-
nation by common laboratory plasmids contain-

ing SV40 sequences (Butel et al., 1999a). Like oth-
er polyomaviruses, SV40 displays renotropism
and is believed to persist latently in the kidney
after primary infection. 

Etiopathogenesis of PVAN
BKV is the most common etiologic agent of
PVAN, while JCV has been recognized as re-
sponsible in less that 3% of all reported cases,
alone (Kazory et al., 2003; Wen et al., 2004) or in
association with BKV (Cavallo et al., 2007). In a
recent study (Drachenberg et al., 2007), a biopsy-
proven PVAN was diagnosed in six renal trans-
plant recipients with exclusive JCV viruria out of
75 patients (8%) with BKV and/or JCV viruria,
with an overall incidence during the study period
of 0.9%. A role for SV40 in the etiology of PVAN
has been recently suggested. Butel et al. (1999b)
evidenced that SV40 seropositivity in children in-
creased with age and was significantly associat-
ed with kidney transplantation. Moreover, co-in-
fection with BKV and SV40 has been described in
two out of six renal transplant patients with PVAN
(Li et al., 2002).
Based on the clinical setting, Hirsch has consid-
ered the pathogenic role of BKV as divided into
four patterns: cytopathic, cytopathic-inflammatory,
immune reconstitution and autoimmune pattern.
This spectrum of pathogenic patterns has been sug-
gested to depend on the reciprocal interaction be-
tween virus replication and immune response
(Hirsch 2005). In particular, the cytopathic pattern
is characterized by predominant polyomavirus
replication and connotes PVAN histological pattern
type A, while the cytopathic-inflammatory pattern
is characterized by polyomavirus replication plus
immune response and connotes PVAN histological
pattern type B or ureteral stenosis. The immune
reconstitution pattern has been proposed in the
pathogenesis of hemorrhagic cystitis in bone mar-
row transplant recipients, while the autoimmune
pattern has been hypothesized in relation to the de-
velopment of systemic lupus erythematosus, al-
though this requires further investigations
(Sundsfjord et al., 1999; Hirsch et al., 2006; Colla et
al., 2007; Costa et al., 2008).

History of PVAN
BKV was first isolated in 1971 from the urine of
a renal transplant patient with ureteral stenosis
(Gardner et al., 1971). However, at that time, the
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pathogenic role of BKV remained elusive and
BKV was considered an orphan virus for many
years afterwards. 
In 1978, Mackenzie et al. (1978) first described
four features of nephropathy in renal transplant:
the detection of urine decoy cells, the presence
of viral inclusions in uroepithelial cells in graft
biopsies, the difficulties in differential diagnosis
with acute rejection, and the role of immuno-
suppression in the development of these findings.
In 1995, Purighalla et al. first described a case of
PVAN and recognized it as a definite disease en-
tity (Purighalla et al., 1995). Subsequently, sever-
al reports followed with increasing prevalence
rates from many transplant centres worldwide. 

Risk factors for PVAN
It is now recognized that the development of
PVAN requires the interaction of multiple risk
factors. In all cases condicio sine qua non is the
presence of intense immunosuppression.
Particularly, but not exclusively, PVAN has been
related to triple immunosuppressive therapy, in-
cluding mycophenolate mofetil (MMF),
tacrolimus (Tac), and steroids (Hirsch et al.,
2005). Although the level of immunosuppression
rather than a specific drug seems involved in the
onset of PVAN, this does not exclude a drug-spe-
cific mechanism promoting viral replication
(Hirsch et al., 2006). The prominent role of im-
munosuppression is also evidenced by the fact
that reducing, switching or discontinuing im-
munosuppression represent the primary modes
of intervention. 
However, the preferential manifestation in renal
allograft as compared to other allografts and to
the autologous kidneys of other organ graft re-
cipients suggests the role of other risk factors, in-
cluding patient, allograft, and viral determinants.
To summarize, the following factors are believed
to contribute possibly to PVAN:
- immunosuppression: triple therapy (the an-

timetabolite MMF, the calcineurin inhibitor
Tac, steroid), antirejection treatment (anti-lym-
phocyte preparations, i.v. steroid boluses);

- patient determinants: age >50 years, male sex,
white ethnicity, pre-transplantation BKV
seronegativity in children, interferon-gamma
production by specific T cells, presence of co-
morbidities (diabetes mellitus, cytomegalovirus
coinfection);

- allograft determinants: HLA mismatching, pre-
vious episode of acute rejection, latent infec-
tion load in the renourinary tract, presence of
renal injury (including calcineurin-inhibitor
toxicity);

- viral determinants: new BKV serotypes (VP1,
mutations in domain), rearrangements in NC-
CR with presumably increased viral fitness
(Gosert et al., 2008). 

Clinical features of PVAN
PVAN is typically diagnosed within the first year
posttransplantation, but about 25% of the cases
are diagnosed later (range 1.3-45.1 months).
Clinical presentation may be inconspicuous, thus
being not useful for diagnosis. Varying degrees
of allograft dysfunction may be seen, although in
the early stages even normal serum creatinine lev-
els may be detected.
PVAN may consist in interstitial nephritis and/or
ureteral stenosis with ureteric obstruction, hy-
dronephrosis, and sometimes associated urinary
tract infections. Progressive renal failure has been
reported in approximately 30-60% of cases
(Hariharan 2006). Rare fatal disseminated BKV
infection after cadaveric transplantation has also
been reported (Petrogiannis-Haliotis et al., 2001).

Screening for polyomavirus replication
Viral replication is the single common feature of
all renal transplant patients at risk of PVAN.
Therefore, screening for virus replication will
identify patients at risk of developing PVAN, thus
permitting earlier intervention, in particular a
pre-emptive reduction of immunosuppression
(Ginevri et al., 2007), with improvement of out-
come. 
This approach presents a high negative predic-
tive value (>99%), as in the absence of virus repli-
cation PVAN is excluded (Mischitelli et al., 2007).
Screening for viral replication is also the most
important tool for monitoring the response to
treatment in patients with diagnosed PVAN.
Different screening assays are available: 
1) urine cytology, i.e. detection of decoy cells that

are present in 40-60% of transplant recipients,
although it is a good screening test with a neg-
ative predictive value (NPV) of 100%, positive
predictive value (PPV) is very low (about
20%)(Hariharan 2006); 

2) quantification of urinary BKV-DNA, with a
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load 100-fold higher than plasma values evi-
denced in 30-40% of transplant recipients, that
has a PPV of approximately 40% (Hariharan
2006); 

3) quantification of plasma BKV-DNA, with a vi-
ral load >104 copies/mL recommended for a
presumed diagnosis of PVAN (Hirsch et al.,
2005; Marchetti et al., 2007; Smith et al., 2007); 

4) quantification of urinary VP1 mRNA that is
likely to mirror active viral replication. 

As regards plasma BKV-DNA quantification, two
recent studies (Viscount et al., 2007; Costa et al.,
2008) reported that by adopting a cut-off of 1.6 x
104 copies/mL the following operating charac-
teristics for the presumed diagnosis of PVAN were
achieved: sensitivity 100%, specificity 99.6%, PPV
75%, and NPV 100%. 
As regards VP1 mRNA quantification, Ding et al.
(2002) first proposed its use as a tool for nonin-
vasive diagnosis of PVAN adopting a cut-off of 6.5
x 105 copy number/nanogram of total RNA. It is
noteworthy that the relevance of these data, as
pointed out by Hirsch (Hirsch 2003), is depend-
ent on the purity of the RNA preparation before
reverse-transcription to cDNA. In fact, contami-
nation by the encoding BKV genomic DNA could
yield falsely high results, and to estimate the de-
gree of viral genomic VP1 DNA contaminating
the VP1 cDNA preparation, VP1 should be quan-
tified after prior DNase digestion. More recently,
the same authors considered BKV replication
positive subjects those renal transplant recipients
with urinary cell VP1 mRNA copy number
greater than 1 copy/1 pg of total RNA (Dadhania

et al., 2008). In a study we are conducting on VP1
mRNA quantification in urine specimens from
kidney transplant recipients, we have developed
a method comprising a first extraction step fol-
lowed by DNase digestion and subsequently a sec-
ond extraction step, and normalization of results
based on the number of urinary cells (by evalu-
ating the housekeeping gene GAPDH copy num-
ber). Considering preliminary data we have found
by using this method and adopting an arbitrary
cut-off level of 103 copies/103 cells, VP1 mRNA
quantification does not exhibit operating char-
acteristics superior to those obtained by moni-
toring viremia, in particular while negative pre-
dictive value was 100%, positive predictive value
resulted <20%. However these findings should be
more properly addressed on a large population
of kidney transplant recipients. Given a limited
experience of monitoring response to treatment
(both reduction/switching of immunosuppressive
treatment and antiviral treatment) based on VP1
mRNA, we found that this appeared to be more
closely and temporarily related to viral replica-
tion than viremia, thus allowing for a prompt ad-
justment of therapy (Sessa et al., 2008). Screening
assays present some drawbacks: no study has
compared the different screening methods; urine
cytology and urinary VP1 mRNA assays are sus-
ceptible to preanalytic hazards due to the type
and duration of processing; viruria may differ de-
pending on the type of specimen (supernatant,
cell pellet, resuspended urine), micturition inter-
vals and fluctuations of urine content may con-
tribute to intercurrent variations; inhibition of
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TABLE 1 - Virological monitoring of BK virus replication in renal transplant recipients.

Test Notes

Urine BKV-DNA 100% negative predictive value, low positive predictive value

Plasma BKV-DNA 100% negative predictive value, 75% positive predictive value by using a cut-off level of 1.6x104

copies/ml

VP1-mRNA 100% negative predictive value, very low positive predictive value; potentially useful for monito-
ring response to treatment; further studies needed

Tissue BKV-DNA >103 copies/cell in renal specimens with PVAN

Timing:
Twice monthly in the first 3 months posttransplantation. Three-month intervals in the first two years posttransplantation.
Confirm positivity of replication screening within 2-4 weeks; consider renal biopsy in the presence of renal dysfunction (in-
creased serum creatinine level).



PCR in urine (e.g. urea concentration) for viruria
(amplification controls). According to recom-
mendations of an international panel of experts
(Hirsch et al., 2005), other studies (Giraldi et al.,
2007), and our Renal Transplant Unit practice
(Table 1), to balance cost and efficiency, renal
transplant patients should be screened twice
monthly in the first three months posttransplan-
tation, thereafter every three months during the
first two years and then yearly until the 5th year.
Due to the possibility of self-limiting (transient)
replication, positive screening assays should be
confirmed within 2-4 weeks. The persistence of
an elevated plasma viral load for >3 weeks is high-
ly suggestive of PVAN (presumed diagnosis of
PVAN) and should prompt an evaluation with re-
nal biopsy. A definitive diagnosis of PVAN is made
by the demonstration of typical viral cytopathic
findings at histopathology. However, given the fo-
cal involvement of early PVAN and the possibili-
ty of tissue sampling errors, clinical management
often is based on the surrogate markers of viral
replication. On the other hand, the requirement
of tissue evaluation in patients who are suspect-
ed to have PVAN remains, also taking into ac-
count that a renal biopsy is necessary to exclude
other pathologic processes, such as acute rejec-
tion that may coexist (Drachenberg et al., 2006).
In this context, considering that viral inclusions
may be absent in the early stages of PVAN, in-
flammation may be scarce (Schmid et al., 2005)
and the focal nature of renal involvement, the
quantification of polyomavirus DNA on renal
graft biopsies and/or ureteral specimens could al-
so be taken into account besides histopathologi-
cal evaluation. Polyomavirus-DNA quantitation
could be useful in the presence of little evidence
of viral cytopathy (Schmid et al., 2005). A study by
Randhawa et al. (2005) found a mean BKV load
of 7738.9 DNA copies/cell in renal allograft biop-
sies with active PVAN, while it was 185.8 and 28.8
in pre-PVAN renal biopsies and in specimens
from patients with asymptomatic BKV viruria,
respectively. In a study we performed on kidney
and ureter specimens from renal transplant re-
cipients by quantitative Real Time TaqMan PCR,
BKV load in allograft biopsies with histological-
ly confirmed PVAN was >104 Geq/cell, while it
ranged between 0.3 and 13.7 in patients with
asymptomatic BK viruria (data not shown) and
was <1 Geq/cell in the patient with pre-PVAN

(Costa et al., 2009). Although, like most studies
investigating PVAN, our study was limited by the
low number of affected patients, data obtained
from our group and those by Randhawa et al. in-
dicate that the highest BKV loads (in both the
studies >103 copies/cell) are found in renal spec-
imens from patients with active PVAN. The evi-
dence that renal tubules accumulate thousands
of viral particles before undergoing cell lysis un-
derlines the role of cytopathic effect in renal al-
lograft injury in PVAN (Randhawa et al., 2002).
Because of focal involvement of PVAN, especial-
ly during the early stage of infection, the sensis-
tivity of histopathology and tissue PCR could be
limited. Moreover, this could affect the degree of
viral load; it has been suggested that BKV load is
better measured in urine than in tissue, because
urine represents material from the entire kidney
(Randhawa et al., 2005). However, as some
glomeruli are physiologically shut off, it seems
possible that the affected inflamed tubuli may be
underrepresented in the urine flow, but overrep-
resented in the blood. Therefore, although quan-
titation of tissue viral DNA could be comple-
mentary to histopathological evaluation and the
highest viral loads are detectable in renal speci-
mens with PVAN, i.e. >103 copies/cell, the identi-
fication of a diagnostic cut-off should require fur-
ther studies, also taking into account the poten-
tial sampling errors and the evaluation of surro-
gate markers of viral replication (Hirsch et al.,
2005). 
To monitor the course of PVAN, quantitative eval-
uation of viral load in plasma and urine should be
performed every 2-4 weeks. The relevance of ear-
ly identification of the PVAN development em-
phasizes the importance of further validating
threshold values, as well as standardisation of
quantitative PCR methods. The definitive diag-
nosis of PVAN is made by demonstrating poly-
omavirus-induced cytopathic changes in tubular
or glomerular epithelial cells. Typical histopatho-
logic changes may be confirmed by immunohis-
tochemistry with antibodies specific for the large
T-antigen (anti-SV40, which is cross-reactive
among BK, JC, and SV40). 
Sensitivity and specificity of the histological di-
agnosis of PVAN is complicated by the focality of
renal involvement, particularly early in the dis-
ease; associated changes, in particular inflam-
matory infiltrates, difficult to differentiate from
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acute rejection; and pronounced tubular atrophy
and fibrosis of late stages where only few viral
cytopathic changes are seen (possible false nega-
tive result). The limited sensitivity of allograft
biopsy is also critical for the definition of “re-
solved PVAN” as the goal of any intervention.
Resolution of PVAN not only requires the disap-
pearance of the histological signs of active dis-
ease (e.g., viral replication, inclusions, necrosis,
inflammatory infiltrates) and negative immuno-
histochemistry, but should also include negative
results of the surrogate replication markers such
as BKV viremia and viruria. 

Treatment of PVAN
The treatment of PVAN has three fundamental
objectives: to eliminate the virus, to avoid the de-
velopment of acute rejection, and to preserve the
renal function. At moment, there is no approved
treatment for PVAN. The primary mode of inter-
vention consists of reducing immunosuppression.
This can be accomplished by three different ap-
proaches: i.e. reducing, stopping or switching the
immunosuppressive drug employed. No ran-
domized controlled study has compared differ-
ent protocols and an individualized approach to
a single patient is usually considered, thus im-
plying close monitoring of viral replication and
renal function (Hirsch et al., 2005; Hariharan
2006). Reduction of immunosuppression may
prove insufficient to control viral replication or
may not be appropriate in patients at high risk
of rejection. There is no selective antiviral target
and no randomized controlled study on antiviral
agents has been performed. 
To date, a switch to leflunomide and the antiviral
agent cidofovir appears to be the most promis-
ing therapeutic approach (combined with re-
duced immunosuppression), although the mode
and timing of administration remain to be de-
fined (Hilton and Tong, 2008; Lamoth et al., 2008;
Wu and Harris, 2008; Kuypers et al., 2009; Wu et
al., 2009).
Leflunomide is an antinflammatory drug ap-
proved for the treatment of rheumatoid arthritis.
Leflunomide has evidenced immunosuppressive
potency in solid organ transplant recipients and
antiviral activity against human cytomegalovirus,
herpesvirus and BKV in vitro and in experimen-
tal animals, thus combining immunosuppressive
and antiviral actions.

Cidofovir is a phosphonate purine analogue of
cytosine that potently inhibits viral DNA poly-
merase, and displays a broad spectrum activity
against herpesviruses, papillomaviruses and
poxviruses. However, polyomaviruses do not en-
code a DNA polymerase, thus other mechanisms
that are not fully understood should be involved
in its effect. Doses, duration and timing of ad-
ministration and selection of patients are not de-
fined and further studies are needed to define spe-
cific therapeutic protocols.
The prevention of PVAN by regular monitoring
of viremia/viruria remains the most appropriate
approach and may prompt a pre-emptive reduc-
tion of immunosuppression. 
As regards retransplantation in patients who have
lost their kidney graft for PVAN, pre-emptive re-
transplantation experience is quite limited
(Hirsch and Ramos, 2006; Womer et al., 2006;
Mindlova et al., 2008) and many questions remain
unanswered, such as whether or not adopt the
same immunosuppressive drugs and combina-
tions. Recommendations for screening and treat-
ment of polyomavirus are the same as for patients
with a first renal allograft.

Immunity to BKV
Another important factor to consider in the eval-
uation of renal transplant recipients at risk of
PVAN is the immune response. As regards hu-
moral immune response, seropositive recipients
are not protected against BKV replication and
PVAN (Hirsch et al., 2002). In studies of pediatric
patients, recipient seronegativity for BKV was as-
sociated with an increased risk of viral replica-
tion and nephropathy (Ginevri et al., 2003; Smith
et al., 2004; Schaub et al., 2007). Although IgG
titer significantly increases in patients with de-
creasing viremia values and after resolution of
PVAN (Comoli et al., 2004; Chen et al., 2006;
Schaub et al., 2007), subjects with elevated IgG
levels can still develop PVAN, thus suggesting a
role of defective cellular immunity in the onset
of nephropathy. Polyomavirus BK-seropositive
healthy subjects present CD4+ and CD8+ T-cells
specific for BKV large T antigen and capsid pro-
tein VP1 (Zhou et al., 2007). In renal transplant
patients, a unfavourable balance between viral
replication and cellular immunity is a common
denominator in PVAN pathogenesis (Comoli et
al., 2004; Binggeli et al., 2007). In transplant pa-
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tients with PVAN a defective cellular immunity
has been identified using Enzyme-Linked
Immuno SPOT (ELISPOT) (Comoli et al., 2004).
Recent studies are focusing on the evaluation of
the relation between specific cellular immunity
and BKV replication for early prediction of pos-
sible PVAN development and to monitor its clin-
ical course and response to therapy. This evalua-
tion could be of great importance and further
studies are needed to define protocols and guide-
lines for immunological monitoring of BKV-spe-
cific response.

CONCLUSION

PVAN is a major problem in renal transplanta-
tion and emphasizes the impact of immunosup-
pression in this context in which patient, organ
and virus specific determinants closely interact.
Screening of viral replication in renal transplant
patients is warranted to enable early diagnosis of
“possible”, “presumptive” or “definitive” PVAN as
well as “resolved” PVAN after appropriate inter-
vention. 
The detection of a plasma BKV DNA load above
“alert” thresholds (such as 1.6 x 104 copies/ml)
should trigger closer monitoring of viral replica-
tion and, in the presence of renal dysfunction, al-
lograft biopsy to confirm PVAN and exclude acute
rejection. Antivirals or immunosuppressants with
antiviral activity are promising for the treatment
of PVAN and their use should be evaluated in
large controlled studies to define protocols and
guidelines. Many open questions remain to be an-
swered, such as the pathogenic mechanisms, the
role of JCV and SV40, the most reliable tools and
thresholds for early diagnosis (operating charac-
teristics and predicting values), the strategies for
a pre-emptive treatment, and management after
graft loss.

REFERENCES

BINGGELI S., EGLI A., SCHAUB S., BINET I., MAYR M.,
STEIGER J., HIRSCH H.H. (2007). Polyomavirus BK-
specific cellular immune response to VP1 and large
T-antigen in kidney transplant recipients. Am. J.
Transplant. 7, 1131-1139.

BUTEL J.S., ARRINGTON A.S., WONG C., LEDNICKY J.A.,
FINEGOLD M.J. (1999b). Molecular evidence of simi-

an virus 40 infections in children. J. Infect. Dis. 180,
884-887.

BUTEL J.S., JAFAR S., WONG C., ARRINGTON A.S., OPEKUN

A.R., FINEGOLD M.J., ADAM E. (1999a). Evidence of
SV40 infections in hospitalized children. Hum.
Pathol. 30, 1496-1502.

BUTEL J.S., LEDNICKY J.A. (1999). Cell and molecular
biology of simian virus 40: Implications for human
infections and disease. J. Natl. Cancer Inst. 91, 119-
134.

CAVALLO R., COSTA C., BERGALLO M., MESSINA M.,
MAZZUCCO G., SEGOLONI G.P. (2007). A case of
ureteral lesions in a renal transplant recipient with
a co-infection of BK virus and JC virus. Nephrol.
Dial. Transplant. 22, 1275.

CHEN Y., TROFE J., GORDON J., DU PASQUIER R.A., ROY-
CHAUDHURY P., KURODA M.J., WOODLE E.S., KHALILI

K., KORALNIK I.J. (2006). Interplay of cellular and
humoral immune responses against BK virus in
kidney transplant recipients with polyomavirus
nephropathy. J. Virol. 80, 3495-3505.

COLLA L., MESIANO P., MORELLINI V., BESSO L., CAVALLO

R., BERGALLO M., COSTA C., MERLINO C., MARCUCCIO

C., FOP F., LANFRANCO G., SEGOLONI G.P., CANAVESE

C., STRATTA P. (2007). Human polyomavirus BK in
patients with lupus nephritis: clinical and histo-
logical correlations. Lupus 16, 881-886.

COMOLI P., AZZI A., MACCARIO R., BASSO S., BOTTI G.,
BASILE G., FONTANA I., LABIRIO M., COMETA A., POLI

F., PERFUMO F., LOCATELLI F., GINEVRI F. (2004).
Polyomavirus BK-specific immunity after kidney
transplantation. Transplantation 78, 1229-1232.

COSTA C., BERGALLO M., ASTEGIANO S., TERLIZZI M.E.,
SIDOTI F., SEGOLONI G.P., CAVALLO R. (2008).
Monitoring of BK virus replication in the first year
following renal transplantation. Nephrol. Dial.
Transplant. 23, 3333-3336.

COSTA C., BERGALLO M., SIDOTI F., ASTEGIANO S., TERLIZZI

M.E., MAZZUCCO G., SEGOLONI G.P., CAVALLO R.
(2009). Polyomaviruses BK- and JC-DNA quantita-
tion in kidney allograft biopsies. J. Clin. Virol. 44,
20-23.

COSTA C., TOUSCOZ G.A., BERGALLO M., SIDOTI F.,
TERLIZZI M.E., ASTEGIANO S., MERLINO C., SEGOLONI

G.P., CAVALLO R. (2008). Non-organ-specific au-
toantibodies in renal transplant recipients: relation
to BK virus infection. New Microbiol. 31, 175-180.

CUTRONE R., LEDNICKY J.A., DUNN G., RIZZO P.,
BOCCHETTA M., CHUMAKOV K., MINOR P., CARBONE M.
(2005). Some oral poliovirus vaccines were con-
taminated with infectious SV40 after 1961. Cancer
Res. 65, 10273-10279.

DADHANIA D., SNOPKOWSKI C., DING R., MUTHUKUMAR T.,
CHANG C., AULL M., LEE J., SHARMA V.K., KAPUR S.,
SUTHANTHIRAN M. (2008). Epidemiology of BK virus
in renal allograft recipients: independent risk fac-
tors for BK virus replication. Transplantation 86,
521-528.

Virological monitoring in PVAN 241



DING R., MEDEIROS M., DADHANIA D., MUTHUKUMAR T.,
KRACKER D., KONG J.M., EPSTEIN S.R., SHARMA V.K.,
SESHAN S.V., LI B., SUTHANTHIRAN M. (2002).
Noninvasive diagnosis of BK virus nephritis by
measurement of messenger RNA for BK virus VP1
in urine. Transplantation 74, 987-994.

DRACHENBERG C.B., HIRSCH H.H., PAPADIMITRIOU J.C.,
GOSERT R., WALI R.K., MUNIVENKATAPPA R., NOGUEIRA

J., CANGRO C.B., HARIRIAN A., MENDLEY S., RAMOS

E. (2007). Polyomavirus BK versus JC replication
and nephropathy in renal transplant recipients: a
prospective evaluation. Transplantation 84, 323-330.

DRACHENBERG C.B., PAPADIMITRIOU J.C. (2006).
Polyomavirus-associated nephropathy: update on
diagnosis. Transpl. Infect. Dis. 8, 68-75. 

ENGELS E.A., SWITZER W.M., HENEINE W., VISCIDI R.P.
(2004). Serologic evidence for exposure to simian
virus 40 in North Americal zoo workers. J. Infect.
Dis. 190, 2065-2069.

GARDNER S.D., FIELD A.M., COLEMAN D.V., HULME B.
(1971). New human papovavirus (BK) isolated from
urine after transplantation. Lancet 1, 1253-1257.

GINEVRI F., AZZI A., HIRSCH H.H., BASSO S., FONTANA I.,
CIONI M., BODAGHI S., SALOTTI V., RINIERI A., BOTTI

G., PERFUMO F., LOCATELLI F., COMOLI P. (2007).
Prospective monitoring of polyomavirus BK repli-
cation and impact of pre-emptive intervention in
pediatric kidney recipients. Am. J. Transplant. 7,
2727-2735.

GINEVRI F., DE SANTIS R., COMOLI P., PASTORINO N., ROSSI

C., BOTTI G., FONTANA I., NOCERA A., CARDILLO M.,
CIARDI M.R., LOCATELLI F., MACCARIO R., PERFUMO

F., AZZI A. (2003). Polyomavirus BK infection in pe-
diatric kidney-allograft recipients: a single-center
analysis of incidence, risk factors, and novel ther-
apeutic approaches. Transplantation 75, 1266-1270.

GIRALDI C., NOTO A., TENUTA R., GRECO F., PERUGINI D.,
DODARO S., SPADAFORA M., LO BIANCO A.M., SAVINO

O., PAPALIA T., GRECO R., BONOFIGLIO R. (2007).
Prospective study of BKV nephropathy in 117 renal
transplant recipients. New Microbiol. 30, 127-130. 

GOSERT R., RINALDO C.H., FUNK G.A., EGLI A., RAMOS

E., DRACHENBERG C.B., HIRSCH H.H. (2008).
Polyomavirus BK with rearranged noncoding con-
trol region emerge in vivo in renal transplant pa-
tients and increase viral replication and cy-
topathology. J. Exp. Med. 205, 841-852.

HARIHARAN S. (2006). BK virus nephritis after kidney
transplantation. Kidney Int. 69, 655-662. 

HILTON R., TONG C.Y. (2008). Antiviral therapy for poly-
omavirus-associated nephropathy after renal trans-
plantation. J. Antimicrob. Chemother. 62, 855-859. 

HIRSCH HH. (2005). BK virus: opportunity makes a
pathogen. Clin. Infect. Dis. 41, 354-360.

HIRSCH HH. (2003). VP1 messenger RNA levels in urine
for diagnosing BK virus nephropathy?
Transplantation 75, 2160.

HIRSCH H.H., BRENNAN D.C., DRACHENBERG C.B.,

GINEVRI F., GORDON J., LIMAYE A.P., MIHATSCH M.J.,
NICKELEIT V., RAMOS E., RANDHAWA P., SHAPIRO R.,
STEIGER J., SUTHANTHIRAN M., TROFE J. (2005).
Polyomavirus-associated nephropathy in renal
transplantation: interdisciplinary analyses and rec-
ommendations. Transplantation 79, 1277-1286.

HIRSCH H.H., DRACHENBERG C.B., STEIGER G., RAMOS E.
(2006). Immunity and autoimmunity induced by
polyomaviruses: clinical. Experimental and theo-
retical aspects. Adv. Exp. Med. Biol. 577, 117-147. 

HIRSCH H.H., KNOWLES W., DICKENMANN M., PASSWEG

J., KLIMKAIT T., MIHATSCH M.J., STEIGER J. (2002).
Prospective study of polyomavirus type BK repli-
cation and nephropathy in renal-transplant recipi-
ents. N. Engl. J. Med. 347, 488-496.

HIRSCH H.H., RAMOS E. (2006). Retransplantation af-
terpolyomavirus-associated nephropathy: just do
it? Am. J. Transplant. 6, 7-9. 

HIRSCH H.H., STEIGER J. (2003). Polyomavirus BK.
Lancet Infect. Dis. 3, 611-623.

KAZORY A., DUCLOUX D., CHALOPIN J-M., ANGONIN R.,
FONTANIÈRE B., MORET H. (2003). The first case of
JC virus allograft nephropathy. Transplantation 76,
1653-1655.

KUYPERS D.R., BAMMENS B., CLAES K., EVENEPOEL P.,
LERUT E., VANRENTERGHEM Y. (2009). A single-cen-
tre study of adjuvant cidofovir therapy for BK virus
interstitial nephritis (BKVIN) in renal allograft re-
cipients. J. Antimicrob. Chemother. 63, 417-419.

LAMOTH F., PASCUAL M., ERARD V., VENETZ J.P., NSEIR G.,
MEYLAN P. (2008). Low-dose cidofovir for the treat-
ment of polyomavirus-associated nephropathy: two
case reports and review of the literature. Antivir.
Ther. 13, 1001-1009.

LI R.M., MANNON R.B., KLEINER D., TSOKOS M., BYNUM

M., KIRK A.D., KOPP J.B. (2002). BK virus and SV40
co-infection in polyomavirus nephropathy.
Transplantation 74, 1497-1504.

LOPEZ-RIOS F., ILLEI P.B., RUSCH V., LADANYI M. (2004).
Evidence against a role for SV40 infection in human
mesotheliomas and high risk of false-positive PCR
results owing to presence of SV40 sequences in com-
mon laboratory plasmids. Lancet 364, 1157-1166.

MACKENZIE E.F., POULDING J.M., HARRISON P.R., AMER

B. (1978). Human polyoma virus (HPV) - a signif-
icant pathogen in renal transplatation. Proc. Eur.
Dial. Transplant. Assoc. 15, 352-360.

MARCHETTI S., GRAFFEO R., SIDDU A., SANTANGELO R.,
CIOTTI M., PICARDI A., FAVALLI C., FADDA G., CATTANI

P. (2007). BK virus DNA detection by real-time poly-
merase chain reaction in clinical specimens. New
Microbiol. 30, 119-126.

MARTINI F., IACCHERI L., LAZZARIN L., CARINCI P.,
CORALLINI A., GEROSA M., IUZZOLINO P., BARBANTI-
BRODANO G., TOGNON M. (1996). SV40 early region
and large T antigen in human brain tumors, pe-
ripheral blood cells, and sperm fluids from healthy
individuals. Cancer Res. 56, 4820-4825.

242 R. Cavallo, M. Bergallo, F. Sidoti, S. Astegiano, M.E. Terlizzi, C. Costa



MINDLOVA M., BOUCEK P., SAUDEK F., JEDINAKOVA T.,
VOSKA L., HONSOVA E., LIPAR K., ADAMEC M., HIRSCH

H.H. (2008). Kidney retransplantation following
graft loss to polyomavirus-associated nephropathy:
an effective treatment option in simultaneous pan-
creas and kidney transplant recipients. Transpl. Int.
21, 353-356.

MISCHITELLI M., FIORITI D., ANZIVINO E., BELLIZZI A.,
FERRETTI G., GUSSMAN N., MITTERHOFER A.P., TINTI

F., BARILE M., DAL MASO M., CHIARINI F.,
PIETROPAOLO V. (2007). BKV QPCR detection and
infection monitoring in renal transplant recipients.
New Microbiol. 30, 271-274. 

PETROGIANNIS-HALIOTIS T., SAKOULAS G., KIRBY J.,
KORALNIK I.J., DVORAK A.M., MONAHAN-EARLEY R.,
DE GIROLAMI P.C., DE GIROLAMI U., UPTON M.,
MAJOR E.O., PFISTER L.A., JOSEPH J.T. (2001). BK-
related polyomavirus vasculopathy in a renal-trans-
plant recipient. N. Engl. J. Med. 345, 1250-1255.

POULIN D.L., DECAPRIO J.A. (2006). Is there a role for
SV40 in human cancer? J. Clin. Oncol. 24, 4356-
4365.

PURIGHALLA R., SHAPIRO R., MCCAULEY J., RANDHAWA P.
(1995). BK virus infection in a kidney allograft di-
agnosed by needle biopsy. Am. J. Kidney Dis. 26,
671-673.

RANDHAWA P., SHAPIRO R., VATS A. (2005). Quantitation
of DNA of polyomaviruses BK and JC in human
kidneys. J. Infect. Dis. 192, 504-509.

RANDHAWA P.S., VATS A., ZYGMUNT D., SWALSKY P.,
SCANTLEBURY V., SHAPIRO R., FINKELSTEIN S. (2002).
Quantitation of viral DNA in renal allograft tissue
from patients with BK virus nephropathy.
Transplantation 74, 485-488. 

SESSA A., ESPOSITO A., GILIBERTI A., BERGALLO M., COSTA

C., ROSSANO R., LETTIERI E., CAPUANO M. (2008).
BKV reactivation in renal transplant recipients: di-
agnostic and therapeutic strategy - case reports.
Transplant. Proc. 40, 2055-2058.

SCHAUB S., MAYR M., EGLI A., BINGGELI S., DESCOEUDRES

B., STEIGER J., MIHATSCH M.J., HIRSCH H.H. (2007).
Transient allograft dysfunction from immune re-
constitution in a patient with polyoma BK-virus-
associated nephropathy. Nephrol. Dial. Transplant.
22, 2386-2390.

SCHMID H., NITSCHKO H., GERTH J., KLIEM V., HENGER A.,
COHEN C.D., SCHLÖNDORFF D., GRÖNE H.J., KRETZLER

M. (2005). Polyomavirus DNA and RNA detection

in renal allograft biopsies: results from a European
multicenter study. Transplantation 80, 600-604.

SMITH T.F., ESPY M.J., MANDREKAR J., JONES M.F.,
COCKERILL F.R., PATEL R. (2007). Quantitative real-
time polymerase chain reaction for evaluating
DNAemia due to cytomegalovirus, Epstein-Barr
virus, and BK virus in solid-organ transplant re-
cipients. Clin. Infect. Dis. 45, 1056-1061. 

SMITH J.M., MCDONALD R.A., FINN L.S., HEALEY P.J.,
DAVIS C.L., LIMAYE A.P. (2004). Polyomavirus
nephropathy in pediatric kidney transplant recipi-
ents. Am. J. Transplant. 4, 2109-2117.

SUNDSFJORD A., OSEI A., ROSENQVIST H., VAN GHELUE

M., SILSAND Y., HAGA H.J., REKVIG O.P., MOENS U.
(1999). BK and JC viruses in patients with systemic
lupus erythematosus: prevalent and persistent BK
viruria, sequence stability of the viral regulatory re-
gions, and nondetectable viremia. J. Infect. Dis. 180,
1-9.

VISCOUNT H.B., EID A.J., ESPY M.J., GRIFFIN M.D.,
THOMSEN K.M., HARMSEN W.S., RAZONABLE R.R.,
SMITH T.F. (2007). Polyomavirus polymerase chain
reaction as a surrogate marker of polyomavirus-as-
sociated nephropathy. Transplantation 84, 340-345.

WEN M-C., WANG C-L., WANG M., CHENG C-H., WU M-
J., CHEN C-H., SHU K.H., CHANG D. (2004).
Association of JC virus with tubulointerstitial
nephritis in a renal allograft recipient. J. Med. Virol.
72, 675-678.

WOMER K.L., MEIER-KRIESCHE H.U., PATTON P.R., DIBADJ

K., BUCCI C.M., FOLEY D., FUJITA S., CROKER B.P.,
HOWARD R.J., SRINIVAS T.R., KAPLAN B. (2006).
Preemptive retransplantation for BK virus
nephropathy: successful outcome despite active
viremia. Am. J. Transplant. 6, 209-213. 

WU S.W., CHANG H.R., LIAN J.D. (2009). The effect of
low-dose cidofovir on the long-term outcome of
polyomavirus-associated nephropathy in renal
transplant recipients. Nephrol. Dial. Transplant. 24,
1034-1038.

WU J.K., HARRIS M.T. (2008). Use of leflunomide in the
treatment of polyomavirus BK-associated
nephropathy. Ann. Pharmacother. 42, 1679-1685.

ZHOU W., SHARMA M., MARTINEZ J., SRIVASTAVA T.,
DIAMOND D.J., KNOWLES W., LACEY S.F. (2007).
Functional characterization of BK virus-specific
CD4+ T cells with cytotoxic potential in seropositive
adults. Viral Immunol. 20, 379-388.

Virological monitoring in PVAN 243





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 320
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.09375
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 320
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.09375
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ITA <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




