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ABSTRACT

Until 2007, BK virus and JC virus were considered the only genuine human polyomaviruses, and their
prevalence and association with malignant and non-malignant diseases have been extensively studied. The
application of advanced technologies resulted in the identification of three novel human polyomaviruses: Ki,
WU, and Merkel cell polyomavirus, while recent studies revealed the presence of monkey lymphotropic
polyomavirus in the human population. This review summarizes the current status of the prevalence, age and
gender distribution, co-infection with other viruses, and the tropism of the emerging polyomaviruses KI, WU,
Merkel cell, and lymphotropic polyomavirus in the human population. The genomic diversity of the different
viruses and their possible role in human diseases will be discussed. Finally, important studies needed to
understand the biology of these viruses will be addressed.

1. Introduction

The history of polymaviruses started in 1953, when other human polyomavirus was isolated from the
Ludwig Gross accidently isolated a new agent as a brain of a Hodgkin lymphoma patient with the
contaminant of murine leukaemia virus. He initials J.C. who suffered from progressive
observed that mice inoculated with this retrovirus multifocal leukoencephalopathy (PML). These
not only developed leukaemia, but also adenocar- viruses became known as BK virus (BKV) and JC
cinomas of the parotid gland. Extracts of parotid virus (JCV), respectively [1]. In 2007, two new
gland cancer tissue initiated a variety of solid human polyomaviruses were found in nasophar-
tumours when injected in newborn mice. This yngeal aspirates (NPA) [2,3]. DNA extracted from
agent, identified as a virus, was able to induce a these specimens was randomly amplified by PCR,
wide range of tumours in mice, and was therefore cloned, sequenced and then analyzed for homology
named mouse polyomavirus (Greek poly means with known sequences. In this way, both groups
many, and oma refers to cancer) [1]. In 1971, two picked up a putative novel viral sequence with
independent research groups reported the isolation similarity to the large tumour antigen (LT-ag) of
of the first human polyomaviruses (HPyV). One the polyomaviruses simian virus 40 (SV40), BKV
virus was detected in the urine of a kidney and JCV, or to SV40 VP1. The complete genomes
transplant recipient with the initials B.K., while the were sequenced and the new viruses were
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designated as KIPyV, which was isolated by the
group at the Karolinska Institute (Sweden), and
WUPyV, identified by a joint effort of research
groups at the Washington University (USA) and
the Royal Children’s Hospital in Brisbane
(Australia) [2,3]. Beginning 2008, another novel
human polyomavirus was discovered [4]. Feng and
his colleagues obtained more than 380,000 cDNA
sequences of Merkel cell carcinoma by pyroseg-
uencing. Aligning them with known human
transcripts left them with 2,395 “foreign”
sequences. Two sequences showed homology to the
LT-ag of BKV. The authors named the virus
Merkel cell polyomavirus (MCPyV) variant 350
(accession number EU375803) and variant 339
(accession number EU375804). The two variants
diverge by 191 base-pairs inserted in the LT-ag of
MCPyV339, 5 base-pairs inserted in the MCPy
V339 non-coding region, and additional 41
nucleotides substitutions dispersed throughout their
genomes [4]. Besides mice and humans, polyoma-
viruses have been isolated from other species
including birds, other rodents (hamster, rabbit, rat),
cattle, and monkeys [5]. Two monkey polyoma-
viruses also seem to be present in the human
population. In 1960, a monkey polyomavirus was
detected as a contaminant in poliovirus vaccines
that had been produced on monkey kidney cells.
This virus, referred to as SV40 has the rhesus
macaque (Macaca mulatto) as its natural host [1].
During the last years, SV40 DNA and SV40
specific antibodies have been detected in healthy
individuals that were never vaccinated with
contaminated vaccines or that had never been in
contact with monkeys [6]. These findings support
the possibility that SV40 may spread in humans by
horizontal and transmission [6]. Another monkey
polyomavirus that seems to infect the human
population was first described in 1979 [7]. Because
this virus exhibits a highly restricted host range for
continuous lines of B lymphoblasts, it was origin-
ally named lymphotropic papovavirus (LPV), but
according to the guidelines of The International
Committee on Taxonomy of Viruses this virus is
now referred to as lymphotropic polyomavirus.
Recently, serological and PCR-based studies have
demonstrated that LPV is circulating in the human
population [8,9]. LPV is most closely related to
MCPyV and their VP1 proteins share 56% amino
acid identity while their LT-ag share 40% identity
[10].

2. Molecular biology of HPyv

HPyV are non-enveloped viruses with an icosahe-
dral capsid and a double-stranded circular DNA
genome between 5,000 and 5,400 base-pairs (Table
1). The BKV and JCV genomes are packed with
cellular histones, but whether this is the case for the
emerging HPyV remains to be established [1]. The
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viral genome can be divided into three regions: one
that encodes the functional proteins large T-antigen
(LT-ag) and small t-antigen (st-ag), one that en-
codes the three capsid proteins VP1-3, and a non-
coding control region encompassing the origin of
replication and promoters controlling transcription
of the viral genes [1]. LT-ag is required for viral
DNA replication, modulates the viral promoters,
and plays a pivotal role in transformation of
infected cells, while st-ag has an auxiliary role for
LT-ag and its major contribution in transformation
relies on its ability to inactivate protein phosphatase
2A [6]. Some alternative proteins and putative open
reading frames (ORF) have been detected for BKV,
JCV, and MCPyV, but their presence in KIPyV,
WUPYV and LPV remains to be confirmed (Table
1). Their function has not been extensively studied,
but the T’135, T"136 and T’i5 proteins of JCV can
also bind the retinoblastoma family members and
induce transformation of cells [6]. The late regions
of BKV and JCV also contain an ORF for the
agnoprotein that is required for efficient virus
propagation in cell culture [11,12]. No correspond-
ding ORF seems to be present in KIPyV, WUPyV,
MCPyV, and LPV [2-4,7]. Recently, it was shown
that SV40 encodes the regulatory protein VP4,
which enhances lysis of the host cell and facilitates
release of mature virus particles [13]. KIPyV,
WUPyYV, MCPyV and LPV all lack a correspond-
ding ORF, while BKV and JCV contain a putative
ORF but VP4 expression has not been confirmed.
The genomes of SV40, BKV, JCV and MCPyV
encode a mMIiRNA that down-regulates LT-ag
expression levels [14]. Cells expressing SV40
miRNA are less susceptible to cytotoxic T cells and
trigger less cytokine expression than cells infected
with an SV40 mutant lacking miRNA. Hence,
miRNA-mediated downregulation of LT-ag levels
may allow the virus to escape the immune system
[14]. Whether BKV, JCV and MCPyV miRNAs
exert the same function remains to be tested. Viral-
encoded miRNA for WUPyV, KIPyV, and LPV has
not been reported so far.

3. Prevalence of KIPyV, WUPyV, MCPyV
and LPV and LPV in human

For this and the next sections, the reader is referred
to Tables 2, 3 and S1 for detailed information.

3.1. KIPyV and WUPyV

Many of the studies have used identical DNA
extraction methods, primers, and sensitive PCRs
allowing the detection of 10-100 genome copies
KIPyV and WUPyV [82]. When determined, the
virus load in the samples appeared relatively low.
Respiratory specimens of 3 children contained 500,



Table 1. Comparison of the coding regions of the human polyomaviruses. The numbers refer to the number of amino acid residues, except for the genome size, which is
indicated in base-pairs (bp). Absent means that a putative ORF for the protein is lacking at the corresponding site in the genome. Abbreviations: ELP, early leader protein;
ORF, open reading frame.

HPyV | accession number | genome | LT-ag | st-ag | agno | VP1 | VP2 | VP3 VP4 alternative ORF miRNA
SV40 J02400.1 5243 708 174 62 364 | 352 | 234 125 17KT, SELP present
BKV AB211371 5141 695 172 66 362 | 351 | 232 | putative ORF BELP present
JCV J02226 5130 688 172 71 354 | 344 | 225 | putative ORF | JELP, T 135, T 136, T 165 present
LPV K02562.1 5270 697 189 | absent | 368 | 356 | 237 absent not tested not tested
Kl EF127906 5040 641 191 | absent | 378 | 400 | 257 absent not tested not tested
wu EF444549 5229 648 194 | absent | 369 | 415 | 272 absent not tested not tested
MCPyV NC_010277 5387 818 186 | absent | 423 | 241 | 196 absent 17 and 57 kT present
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3,700, and 10,000 WUPyYV genomes copies/ml,
respectively [59], while the average viral load of
KIPyV (WUPyV) in stool was 3,508 (10,733)
genome equivalents/100 ng extracted DNA. The
viral load in one KIPyV positive tonsils sample was
356 genome equivalents/10* cells [80]. Incidence of
these two viruses has been mostly examined in
respiratory samples. The overall prevalence was 2%
for KIPyV and 3.4% for WUPyV. The prevalence
in other samples varies between 0-100%, but for
some specimens too few samples have been tested.
Co-infection with KIPyV and WUPyV is not
uncommon as DNA and antibodies against both
viruses have been reported in the same patients
[31,57,64,65,80]. A longitudinal study on children
revealed that in one patient KIPyV infection had
occurred after WUPYV infection [64]. To address
whether these viruses persist in their host,
successive swabs taken with a 2-week interval from
18 children were examined [64]. In three out of
four children that had >1 WUPYV positive sample,
the episodes of WUPYV infection were interrupted
by intervals during which no virus could be
detected. Two children had >1 KIPyV positive
swab sample. One child had consecutive positive
samples, while the other had a 10 weeks lap
between the first and the second positive specimen.
Others also detected reoccurring WUPyV DNA
with a 98 day interval in respiratory specimens
from the same subject [53]. Intermitted occurrence
may indicate that both viruses can persist in the
respiratory tract, however re-infection or undetec-
table viral load in negative episodes cannot be
excluded. Quantifying antibody titres and genome
analysis in the consecutive samples may help to
clarify whether persistence or re-infection is taking
place. Stable titres and sequences may favour
persistence, while increased titres and mutations
may indicate re-infection. Serological studies
demonstrated that specific WUPYV VP1 antibodies
are more common than KI VP1 antibodies (Table 3;
[8,84,85]. Seropositivity in an undefined subject
group (n=2222), hospitalized patients (n=419),
randomly  selected non-hospitalized women
(n=415), MCC patients (n=41), and age- and sex-
matched controls (n=76) for WUPyV was 64.1%,
78.7%, 97.5%, 93%, and 95%, respectively, while
the corresponding numbers for KIPyV were 55.1%,
66.3%, 90%, 76%, and 80% [8,84,85]. KIPyV and
WUPYV seropositivity is much higher than the
frequencies obtained by PCR (Tables 2 and 3). This
can be explained by the biological trace that is
monitored to detect viral infection. Antibodies
against viral proteins remain detectable in the blood
even after the viral infection has been cleared or the
virus has established a latent infection [8].
However, seropositivity against a virus does not
provide information on the actual site of viral
infection or the site of latency. PCR assays screen
for the presence of viral nucleic acids in specific
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tissues. If the viral infection has been cleared, the
virus has spread from the tissue examined, or the
tissue is not a natural target for HPyV infection,
PCR results will be negative. Hence, antibodies will
be detectable in all individuals that are or have been
infected, while viral genomic sequence will only be
detected in persons that are infected and if the
appropriate host cells are tested.

3.2. MCPyV

The PCR based prevalence studies indicate that the
virus may be ubiquitously among humans. MCPyV
is not only restricted to MCC. Among healthy
individuals, MCPyV DNA is detected at highest
frequency in skin (average 25.9%; n=193), but viral
DNA is also frequently detected in tonsils and
NPA. Serological studies indicate that initial
exposure to MCPyV takes place during childhood
and remains stable at older ages [8,84,85].
Seroprevalence in healthy adults varies between
25%-42%, and is generally lower for strain
MCPyV350 than MCPyV339 [8]. By means of a
VP1l-antibody binding technique seroprevalence
against a third MCPyV strain, MCPyV162, 64% of
the subjects from a general population were found
to be seropositive [84]. The lower seroreactivity of
MCPyV strain 350 compared to strains 162 and 339
may be explained by amino acid differences in
VP1. MCPyV strains 162 and 339 have arginine at
position 316 and aspartic acid acid at positions 288
and 366, while the corresponding residues are
histidine, isoleucine, and asparagine in strain 350.
The authors speculated that these amino acid
substitutions altered the folding of VP1 thereby
ablating the formation of conformation-dependent
epitopes recognized by human serum [84]. The
magnitude of serological responsiveness may differ
10,000-fold in older adults (n=48; age range 47-75
years) [86].

3.3.LPV

LPV DNA was detected in 0.2% of blood samples
from 727 healthy individuals, while another group
found a prevalence of 4.7% (n=105) [9,29]. The
prevalence in HIV positive patients seems higher
(7.2%; 6/83), but the number of patients examined
is too low to be conclusive [9]. Seropositivity in a
cohort of children and adults showed that 14.5%
(322/2222) of the tested individuals had LPV VP1
specific antibodies [8].

4. Tropism of KIPyV, WUPyV, MCPyV and
LPV

The presence of receptors and co-receptors, and cell
type specific transcription factors are important
determinants for virus host range and tissue
tropism. The receptor for LPV is an O-linked



glycoprotein containing o(2-6)-linked sialic acid
which constrains the cell tropism of LPV to B cells
[1]. The receptors for KIPyV, WUPyV, and
MCPyV have not been identified, but MCPyV
capsomers interact with ganglioside GT1b in vitro
[88]. The different cells types that can host these
viruses have not been examined meticulously.

4.1. KIPyV and WUPyV

1.1. Respiratory tract

Respiratory tract specimens contain WUPyV and
KIPyV DNA, suggesting that the respiratory tract
may be the port of entrance for these viruses. This
assumption is supported by high loads (up to 10’
copies/ul) in respiratory specimens, indicating viral
replication [33], and by the presence of KIPyV
and/or WUPyYV in non-malignant and malignant
tonsils [28,80,82]. In addition, KIPyV DNA was
detected in lung biopsies of a thalassemic trans-
planted boy and in lung cancer tissue and the
surrounding healthy tissue. The presence of WU-
PyV DNA was not examined [39]. Another study
failed to detect WUPyV DNA in 32 lung cancer
biopsies [15]. More samples from different patient
groups and age-matched healthy controls should be
performed to decide whether the lung is a genuine
host tissue for KIPyV and WUPyV.

4.1.2. Brain and CSF

WUPyV and KIPyV DNA have been found in
different areas of the brain from HIV positive, but
not HIV negative individuals without neurological
disease [31], while KIPyV and WUPYV were
absent in CNS tumours and neuroblastomas [32].
All CSF samples tested for KIPyV and WUPyYV so
far were negative [26,33].

4.1.3. Blood and lymph

Viremia is a common way for viruses to spread
from its original site of infection. However, neither
KIPyV nor WUPyV DNA was detected in whole
blood, serum, plasma, and leukocytes from
immunocompetent individuals, solid organ and
hematopoietic stem cell transplant patients,
wheezing children, and children with acute
lymphoblastic leukaemia [2,21,23,28,33]. Of 62
plasma samples from HIV positive or immuno-
competent patients, 3.2% were positive for KIPyV
and 1.6% for WUPyV [20] In one study, WUPyV
DNA was found in blood of 8.3% (10/121) HIV
positive patients, while blood of 2.5% (2/79)
hepatitis C virus positive patients contained
detectable DNA levels of WUPyV, but not KIPyV
[23]. Taken together, these results suggest that
KIPyV and WUPyV viremia is uncommon in
normal individuals and that blood cells may not be
the natural host cells for these viruses. High loads
of KIPyV and WUPyYV DNA were located in
lymphatic organs of AIDS patients, suggesting that
these viruses can infect lymphatic cells [29].
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4.1.4. Other tissues

Cancer tissues from the gastrointestinal tract,
female reproductive system, skin or soft tissue,
head and neck, and bladder were all negative for
KIPyV and WUPyV [15]. However, the number of
samples (1 to 16 samples) is far too limited to draw
any conclusions other than that these viruses appear
not very common in these cancers. Urine samples
of 150 hematopoietic stem cell transplant recipients
or 100 patients tested for sexually transmitted
infection or urinary tract infections were all
negative for KIPyV and WUPyV DNA [2,22]. This
may indicate that these viruses may not reside in
the kidney. The oral-gastrointestinal tract has been
suggested as a port of invasion for KIPyV and
WUPYV, and may accommodate the viruses.
Accordingly, KIPyV and WUPyV DNA can be
amplified from stool samples of many patients
(5.3% and 4.5%, respectively). In one study, the
WUPyV prevalence in faeces of children was
14.3% (2/14), while in another study a relative high
virus load (10,000 copies/ul) was measured,
suggesting that WUPYV may replicate in gastroin-
testinal epithelium [18,22].

4.2. MCPyV

4.2.1. Respiratory tract

MCPyV DNA has been detected in NPA
[22,28,56], tonsils [28], saliva [37], and wash
samples [25], and the viral load was higher in the
oral cavity compared to other tissues [37]. Taken
together, these results may suggest an oral route of
infection.

4.2.2. Skin

Besides MCC, MCPyV DNA has also been
detected in other malignant and diseased skin tissue
(section 8) and in healthy skin. MCPyV DNA was
recovered from healthy skin of immunocompetent
individuals at a rate between 16.7%-78 % [4,37,55],
and in 62% of skin swabs taken from the forehead
of healthy male adults [34]. Other studies failed to
confirm the presence of MCPyV in healthy skin
[67]. The inconsistency in results may be caused by
various PCR conditions, qualities of the template
sources, and the populations tested.

4.2.3. Blood

MCPyV DNA was present in blood and monocytes,
but not in granulocytes or lymphocytes of one
immunocompetent patient with MCC and one
immunosuppressed subject without MCC [69]. In
contrast, MCPyV DNA was not detected in 229
immunocompetent tonsillectomy patients and 458
wheezing children, while 1 leukemic child (n=51)
had a positive sample [28]. Similarly, MCPyV
DNA was not found in whole blood or in isolated
peripheral blood lymphocyte specimens of other



patients [24]. Consequently, blood cells do not
seem to be a natural reservoir for MCPyV.

4.2.4. Brain and CSF

So far, MCPyV DNA has not been found in CSF
from HIV  positive men without MCC,
immunocompetent patients, or patients with PML
[31,34, 38].

4.3.5. Urinary tract system

MCPyV genomes were detected in the bladder,
renal carcinomas, and urine of a MCPyV positive
MCC patient [38,69], but not in the kidney and
urine samples from renal-transplant recipients
without MCC [34,38].

4.3. LPV

LPV infection seems to be restricted to cells of B
lymphoid origin, although mutations in VP1 also
allow the virus to infect T-lymphoblastoid cells, at
least in cell culture [7]. LPV has only been detected
in human peripheral blood mononuclear cells of
HIV positive patients and healthy controls [9],
while all CSF examined so far were negative
[9,26]. Other human organs and tissues have not
been screened for LPV.

5. Age, Co-infection, immune status, gender,
geographic, seasonal and ethnic distrinution of
KIPyV, WUPyV, MCPyV and LPV

5.1. KIPyV and WUPuV

5.1.1 Age

KIPyV and WUPYV DNA have been detected in
individuals from all ages (Table S1) with
significantly higher detection rates in paediatric
patients than in other age groups [16,18,22,45,
58,60]. These finding underscore the assumption
that infection occurs in early childhood. WUPyV
and KIPyV DNA have been detected in respiratory
samples of children who were hospitalized since
birth [52,53,65]. This extreme early age of KIPyV/
WUPyV positive children suggests the potential for
nosocomial, congenital, or perinatal infection.
However, no significant difference in age was
detected between KIPyV and WUPYV positive
patients in a study cohort of 406 children with acute
respiratory tract infections (ARI) with ranging from
3 days to 9 years old [52]. This may suggest that
children are normally not infected by their mother
during or shortly after birth.

KIPyV and WUPYV seropositivity in adults and
children is comparable, although it appears that the
frequency of WUPyV positive individuals
increased with age [8]. About 45% of children <5
years (n=112) had antibodies against WUPyV,
while between the ages 5-21, the seropositivity
raised to ~55-60% (n=609). From >21 to 50 years
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of age (n=718) seropositivity rates increased to
~70% and remained unchanged for people older
than 50 years (n=783). KIPyV seropositivity in
children < 5 years old was the same as WUPyV
(45%), and increased to 60% between the ages 5-15
years (n=338). Beyond the age of 15, seropositivity
levels stagnated around 50-55% [8]. Similar results
were obtained with sera from 419 hospitalized
patients with an age range from 1 day to 79 years
[85]. WUPYV seropositivity was initially 83.3% in
subjects < 6 months of age. In the age category 6
months-1 year, the frequency had dropped to 45%,
but increased to 60-65% by the age of 4 years.
From age 4 to 5 there was a steep increase to almost
90% and then the seropositivity fluctuated between
90-100% in patients >9 years [85]. KIPyV seropre-
valence displayed a similar pattern: seropositivity
in children < 6 months was 43.3%, dropped to
24.1% by the age of 1, and increased to 50% by the
age of 4. Again an abrupt increase to 93% was
observed by the age of 5. Beyond this age, antibody
prevalence remained ~90% until 20 years of age,
after which it diminished to around 70% [85]. A
serological study performed on randomly picked,
non-hospitalized women (age 24 to >70 years) also
showed that the prevalence of WUPYV antibodies
was high (94-99%) and remained constant,
although a reduction in KIPyV seropositivity to
79% was noticed after the age of 69 [84]. The
reason for this decline is not understood. The high
seropositivity in young children indicates that the
majority of individuals become infected during
early childhood [8,84,85]. Nguyen et al. suggested
that the higher rates of seropositivity in babies < 6
months old is caused by maternally transmittable
antibodies. After 6 months, these maternal anti-
bodies start to wane and this explains the gradual
decrease in seroprevalence. The steep increase in 4-
6 years old children is probably caused by
facilitated virus transmission in school [85].
Longitudinal studies with serum samples of the
same individuals, as well as the characterization of
the isotypes of antibodies are needed to establish
the exact pattern of antibody fluctuation over time.

5.1.2. Co-infection

Most reports on KIPyV and WUPYV in respiratory
specimens have tested the co-presence of other
human respiratory viruses including enteroviruses,
parainfluenza virus types 1-3, influenza A and B
virus, respiratory syncytial virus (RSV), adeno-
virus, bocavirus, metapneumovirus and corona-
virus. Co-infection with one or several of these
viruses is frequent and reaches 100% in some
patient groups and specimens examined (Table S1).
Only few studies have investigated the co-presence
of BKV or JCV DNA. KIPyV tended to be more
frequent in BKV positive faeces from patients with
haematological disorders, but this could not be
confirmed in tonsils [80, 81].



5.1.3. Immune status

Several groups have found a significantly higher
KIPyV and WUPyYV DNA prevalence in
immunocompromised patients compared to normal
controls [2,29,31,33,45,57,65]. To examine whether
an immunocompromised state can lead to viral
infection, Debiaggi and co-workers tested three to
six NPA from 31 adult hematopoietic stem cell
transplant recipients [54]. Sampling occurred 14
days before admission to the hospital, during the
condition regime period and within 60 days after
transplantation. One recipient was positive for
KIPyV and one had WUPyV. Both positive
samples were obtained 2 weeks after allogeneic
transplantation; a time point where the immune
system is highly suppressed, suggesting that viral
infection occurred when the immune system is
impaired. Since both patients were co-infected with
metapneumovirus, an opportunistic co-infection
rather than an impaired immune response cannot be
ruled out. It was not reported whether these patients
had antibodies against these viruses at the time they
entered treatment [54]. Therefore, it cannot be
concluded whether primary infection, a re-
infection, or reactivation happened.

5.1.4. Gender

A study including respiratory specimens from 951
patients (57% males and 43% females; ratio 1,33:1)
reported that 18 males and 6 females (ratio 3:1)
were KIPyV positive [40]. This may suggest that
KIPyV has a preference for males, although the
number of positives is too low to be conclusive.
Another group, screening 2599 respiratory speci-
mens, reported that KIPyV positive patients were
more likely to be male than patients that were
WUPyV positive (68% versus 48%; p=0.01, [57]).
No gender association was found in other PCR-
based and serological studies [8,43,52,58,60,65].

5.1.5. Geographic distribution

KIPyV and WUPYV have been detected in
individuals from Australia, Canada, China, Finland,
France, Germany, Italy, the Netherlands, South
Africa, South Korea, Sweden, Thailand, United
Kingdom, USA. Moderate prevalence rates may be
caused by the different patient group and specimens
examined in the different countries [10].

5.1.6. Seasonal variation

Because KIPyV and WUPYV were originally
identified in NPA from ARI patients [2,3], it was
speculated that infection might peak during winter
seasons. A small infection peak with KIPyV in July
was measured in an American cohort [57], while a
study on hospitalized paediatric patients with
respiratory diseases in Thailand, showed no signifi-
cant seasonal variation for WUPYV prevalence
(p=0.11), but a predominance for KIPyV detection
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during the winter (p=0.02) [50]. Highest KIPyV
and WUPyYV incidence was obtained during
October throughout March in Scotland [45], while
an American and a South Korean study observed
highest incidence in the months April, June and
July, and little variation for the rest of the year
[43,44]. The absence of a seasonal link for KIPyV
and WUPyV infection was also demonstrated in a
Swedish patient group (p=0.20), a Chinese patient
group with ARI, and in American children
[52,53,60]. However, the relatively low number of
positive patients in each study does not allow solid
conclusions.

5.1.7. Ethnic distribution

A study performed in the USA on respiratory
samples (n=2599) compared the ethnic background
of the patients examined with KIPyV prevalence
[57]. They found that African-Americans were
more likely to be KIPyV positive (p=0.01). Another
study with an American population cohort could
not confirm these findings [44]. Of the 60 WUPyV
positive patients, 50% were African-Americans,
50% were Caucasian, and 3% were others. Because
detailed information on the exact number of
patients in each ethnic group were not given, exact
conclusions cannot be drawn.

5.2. MCPyV

5.2.1. Age

MCPyV DNA has been found more frequently in
NPA of adults than in young children [28,56], and
one study described a higher viral load in adults
[87]. As MCC is more common in elderly people,
the prevalence of MCPyV is higher in aged people
(see section 7). Although there is a tendency
towards higher seropositivity with increasing age, it
is not statistically significant [8,86,87].

5.2.2. Co-infection

Because of the association of MCPyV with MCC,
and its possible involvement in the development of
other tumours, screening MCPyV positive tumours
for co-infection with other oncoviruses may be
informative on MCPyV’s role in cancer. Kaposi’s
sarcomavirus DNA could not be detected in
MCPyV positive MCC, supporting a unique role
for MCPyV as pathogen in this cancer [37]. Eighty-
seven % (14/16) MCPyV positive SCC patients
were co-infected with different human papilloma-
virus (HPV) types, while only 57% (4/7) MCPyV
negative SCC patients were positive for HPV [25].
Of 43 carcinomas from MCC negative males, 12
were MCPyV positive and 41 had HPV. Whereas
only 1 out of 7 anal cancer patients in this group
contained MCPyV DNA, all were HPV positive
[34]. The high prevalence of HPV makes it unlikely
that MCPyV is the (only) cause for these tumours.



5.2.3 Immune status

A few studies may indicate that the immune status
of non-MCC patients may affect MCPyV
prevalence. MCPyV DNA was more frequently
detected in Bowen disease samples from immuno-
suppressed individuals (69%) than immuno-
competent individuals (17.4%), and the incidence
of MCPyV DNA in squamous cell and basal cell
carcinomas was also higher in immunosuppressed
compared to immunocompetent individuals [68].

5.2.4. Gender

In general MCC is more common among males
than females [89], hence a higher number of
MPCyV positive males have been described
[4,74,78]. However, other PCR-based analyses and
seroprevalence studies did not indicate a gender
difference [8,19,37,71].

5.2.5. Geographic distribution

MCPyV DNA has been detected in 54-100% of
MCC samples from patients worldwide [see Table
S1 for references]. The use of different sources of
samples (biopsies vs. parafin-embedded) and
distinct PCR conditions, makes it difficult to
directly compare the results obtained from various
countries. Variation in seropositivity may be the
result of different geographical distribution of the
MCPyV  strains  which  have  dissimilar
serodominance of epitopes in VP1 [8].

5.2.6. Ethnic distribution

The risk of MCC is higher among people of
European ancestry, perhaps due to deficiency of
protective melanin [90], so that this ethnic group
may have a higher MCPyV prevalence. One study
compared the prevalence of MCPyV DNA in
Australian versus Northern American MCC patients
and found a much higher frequency in Northern
American compared to Australian patients (69%
versus 24%, respectively) [67]. This could be due
to increased sun exposure in Australia, which
makes a possible viral contribution less frequent, or
a new MCPyV strain may be present in Australian
MCC patients which was not amplifiable with the
primers used in the Northern American study [67].

5.3. LPV

One study examined the prevalence of LPV DNA
in blood of healthy subjects of different age groups.
Of 22 children <9 years old, one (4.5%) was LPV
positive. None of the 17 individuals between 9-19
years of age had LPV, while the prevalence was
3.8% (1/26), 5.2% (1/19) and 9.5% (2/21) in the
age groups 20-49, 50-69 and >70, respectively [9].
Thus the frequency of LPV positivity seems to
increase with age, but more subjects should be
examined to confirm this. Because the prevalence
of LPV in blood was higher in HIV patients (7.2%,
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n=83) than in healthy individuals (4.7%, n=105),
immunodeficiency may favour LPV infection [9].
Data on gender, geographic, seasonal and
ethnic distribution are lacking for LPV.

6. STRAIN VARIATIONS

6.1. KIPyV and WUPyV

As to date, 8 complete KIPyV genome sequences
(accession numbers EF127906-8, EF520287-9,
EU358766-7) and 22 WUPYV sequences (accession
numbers EF444549-54, EU358768-9, EU711054-8,
FJ890981-2, GQ926975-80) are available. The
overall sequence identity between the different
complete genomes and originally described Stockh-
olm strain [2] varies between 99.6-100%. Two
KIPyV strains isolated from NPA by different
groups have a 10 base-pair AGGCGCTGCG
insertion in the non-coding region (isolate Brishane
001, accession number EF520287; CU-255,
accession number EU358766). The biological
importance of the insertion, as well of the other
mutations scattered throughout the KIPyV genomes
remains to be established. The nucleotide identity
between the original WUPYV strains (accession
number EF444549; [3]) and the other sequenced
WUPYV genomes ranges from 98.9% (Wuerzburg/
03/03, accession number EU711057) to 99.9%
(strains GD-WUB816, accession number GQ926978;
and CLFF, accession number EU296475). Point
mutations have been reported in the non-coding and
coding regions, but the biological consequences for
the viral life-cycle and viral pathogenicity have not
been examined [2,3,20,22,23,29,39,40,43,46,50,
52,66,80,81].

6.2. MCPyV

Besides the previously mentioned differences
between the original MCPyV 339 and 350 strains,
additional isolates with single amino acid substitu-
tions in VP1, LT-ag, and st-ag, and point mutations
scattered throughout the genome have been
described [25,33,71,91,92]. A twenty-eight amino
acids deletion in VP1 has been described in one
MCPyV positive MCC isolate [19]. Whether these
mutations affect the oncogenic properties of the
virus has not been established.

6.3. LPV

Sequences of complete genomes of LPV strains
detected in human samples have not been
published, but the transcription control region of
LPV in one AIDS patient was identical to the
reference strain LPV-K38, while a LPV isolate
from another HIV positive patient had a rearranged
transcription control region [17]. The implications
of this rearrangement for viral replication have not
been tested.



7. ASSOCIATION WITH DISEASES

7.1. KIPyV and WUPyV

The relative high prevalence of KIPyV and
WUPyYV DNA in patients with ARI may indicate a
role for these viruses in respiratory diseases.
Indeed, a significant higher prevalence of WUPyV
was found in Chinese children with ARI compared
to children without ARI (p<0.05) [66]. However,
several groups could not find any statistical
significant differences between ARI patients and
control groups [43,45,53] In fact, KIPyV positive
patients without RSV co-infection exhibited milder
respiratory symptoms than age-matched RSV
positive/KIPyV negative patients [57]. Moreover,
co-infection frequencies with one or several other
respiratory viruses can reach up to 100% (Table
S1), and thus confines the attempt to associate these
viruses with respiratory diseases [10]. KIPyV and
WUPyV infections also occur in patients with other
diseases, but again their role as pathogen needs
further investigation. Diarrhoea and vomiting
occurred more frequently in patients with haemato-
logical disorders infected by KIPyV than in non-
infected or WUPYV infected individuals (p=0.02
and p=0.06, respectively; [81]). It is, however,
difficult to draw solid conclusions because the
number of positive patients (12/31) is low, and
80% of the KIPyV positive patients were co-
infected with one or several other viruses [81].
Although 2 out of 3 WUPYV positive children had
cardiopulmonary disease, co-infection with RSV in
one patient and the limited number of subjects do
not justify a role for WUPyYV in cardiopulmonary
disease [59]. KIPyV and WUPyV DNA have been
found in different brain regions of HIV positive
patients, but no specific histopathological findings
were associated with the presence of these viruses
[31]. Finally, low viral loads in specimens from
patients with ARI argue also against a causal role
for these viruses in these diseases [2,60]. KIPyV or
WUPyYV DNA is also detected in ~5% of stool
samples examined (Table 2), which may suggest a
role for these viruses in gastroenteritis. Two
WUPyV positive patients with acute gastroenteritis
were, however, also positive for group A rotavirus,
so that a pathogenic role for WUPyYV cannot be
unequivocally established [51]. KIPyV and
WUPYV encode LT-ag with conserved binding
motifs for p53 and pRb [2,3]. Targeting these
tumour suppressor proteins is a major mechanism
by which other polyomaviruses can transform cells
or induce tumours in animals [6]. Whether KIPyV
and WUPyV can participate in oncogenesis remains
elusive, but so far, KIPyV and WUPyV genomic
sequences have not been detected in cancer tissue
[15,32].
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7.2. MCPyV

MCPyV was originally isolated from MCC, a rare
but highly aggressive skin cancer [4]. Since then,
several groups have detected MCPyV DNA,
transcripts and proteins in 40-100% of MCC
primary tumours (Table S1), and demonstrated that
MCC patients display significantly higher MCPyV
seropositivity than control individuals [84,86,87].
Furthermore, integration of the viral genome
preceded clonal expansion of tumour cells. All
these observations suggest that MCPyV may be an
etiological agent in MCC. However, the low
incidence of MCC (roughly 1,500 cases/year in the
United States, [4]) compared to seropositivity and
PCR positive prevalence in humans and a similar
robust serological response in MCC and control
individuals imply that MCPyV infection is not the
exclusive cause underlying MCC [86,87]. MCPyV
has been discovered in other malignant and non-
malignant tissues as summarized in the next part.

MCPyV and lung cancer

Hypermethylation of the tumour suppressor gene
Ras association domain family 1A (RASSF1A) is
associated with SV40 infection in mesothelioma,
prostate and breast cancer [27 and references
therein]. This promoter is also hypermethylated in
small cell lung cancer (SCLC). MCPyV was found
in SLLC, but no correlation could be established
between promoter hypermethylation and MCPyV
positivity [27]. MCPyV has also been detected in
lung cancers [36,38], but other groups were
unsuccessful in amplifying MCPyV DNA from
SCLC and other lung cancers [4,15,24].

MCPyV in prostate and bladder cancer

In some, but not all studies low numbers of
MCPyV genome equivalents could be occasionally
detected in prostate cancer tissues [38,83]. MCPyV
DNA was found in 11% (n=9) seminoma biopsies
[38], but not in bladder cancer [15]. The low
number of MCPyV positive samples and genome
copies argues against an involvement of MCPyV in
these tumours.

MCPyV in other cancers

MCPyV DNA positive colorectal, anal, and colon
tumours have sporadically been reported
[34,38,68], while no viral DNA was found in
cervical carcinoma, adenocarcinoma in large bowel,
cancer biospies of liver, ulveal tract, ovary, breast,
bone and soft tissue, neuroblastomas, and
childhood central nervous system tumours [32,36].



Table 2. Overall PCR-positive prevalence of the KIPyV, WUPyV, MCPyV, and LPV in different specimens examined. N = the number of samples; % pos = average number
of positives; range = the minimum and maximum percentage of positive samples reported in the different studies. See Table S1 for details and references.

e KIPyV prevalence WUPYV prevalence MCPyV prevalence LPV prevalence references
N % pos range N % pos range N % pos range N % pos range
bladder 1 0 2 0 15
blood 2067 0.1 0-3.2 1840 1.0 0-21.4 1456 0.8 0-3.1 242 240 0-43.3 2,9,16-30
brain and CNS 81 5.2 0-30 81 5.2 0-30 112 0 4 0 26,31,32
CSF 163 0 163 0.6 0-1.7 67 0 3 0 21,22,26,33,34
female reproductive 20 0 20 0 997 0 15,35,36
tract
gastrointestinal tract 16 0 16 0 315 5.1 0-33 4,15,35-38
lung 21 47.6 45-100 32 0 62 1.6 0-6.7 15,37-39
lymphoid tissue 97 4.1 97 4.1 29
paranasal 1 100 39
2,4,10,16,18,25,
respiratory . . ~ 28,29,35,37,38,4
specimens 14014 2.0 0-6.5 13746 34 0-10 2141 25 0-100 0-42,44-61 63~
65
. 4,15,25,34,35,38
skin 39 0 39 0 193 25.9 0-100 55.67-69
4,19,30,34,36,37
McCC 669 70.6 0-100 ,55,67,69,70,72-
79
SCC 538 28.4 0-100 25,38,67-70
skin cancer (not 34,36,55,68-
MCC/SCC) b= Ay e 7072,75
benign skin diseases 71 21.3 0-100 4,34,69,72
stool 79 53 0132 | 1067 | 42 0-44 75 0 2,18,22,37,43,51
,80,82
tonsils 404 5.7 0-13.2 411 3.2 2.2-4.4 234 3.4 0-35 4,37,81,82
urine 465 0 315 0 14 7.1 0-100 2,16,22,34,69
. 4,15,30,34,37,38
various cancers 806 6.8 0-16.4 68,83
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Table 3. Overall seroprevalence of KIPyV, WUPyV, MCPyV and LPV. See text and Table S1 for details. NT is

not tested.
KIPyV WUPYV MCPyV LPV References
percentage of samples percentage of samples percentage of samples percentage of samples (number
(number of positive/total (number of positive/ (number of positive/total of positive/total number of
number of samples) total number of number of samples) samples)
samples)
90.0% 97.5% 60.1%
(406/451) (440/451) (271/451) NT 84
66.3% 78.7%
(278/419) (330/419) NT NT 85
55.1% 64.1% 24.4% 14.5%
(1224/2222) (1424/2222) (543/2222) (322/2222) 8
44%
NT NT (8/18) NT 32
84%
NT NT (63/75) NT 86
57%
NT NT (281/493) NT 87
12.8%
NT NT (26/203) NT 30
MCPyV and respiratory diseases MCPyV varies between 13-84%, and LPV

MCPyV has been detected in the oral cavity, saliva
and NPA [22,25,28,29,38,56], but co-infections
with other respiratory viruses is common [28,56],
making it unfeasible to attribute a role for MCPyV
in respiratory diseases.

MCPyV and non-malignant skin diseases

MCPyV DNA has been amplified from seborrheic
keratosis, a benign skin growth, and from psoriasis
(Table S1;[25,34,69,72]), but not all studies have
confirmed this [70].

7.3. LPV

No particular disease has been associated with LPV
yet. Like other polyomaviruses, however, LPV
could transform hamster cells and LPV-transformed
cells induced tumours in new born hamsters [7].
Transgenic mice containing the genome fragment
encoding LT-ag and st-ag either developed tumours
or died from lymphadenopathy or renal failure [93].
Despite the oncogenic potentials of LPV, the
association of this virus with human cancers
remains elusive and no LPV positive human
tumours have been reported so far [94].

8. Conclusions and future directions

Serological and PCR-based studies have confirmed
the world-wide distribution of three novel
polyomaviruses (KIPyV, WUPyV, MCPyV) and
the presence of a previously identified monkey
polyomavirus (LPV) in humans. Infection with
these new polyomaviruses probably occurs early in
childhood (Table S1). KIPyV and WUPyYV seem to
be most dominant in the human population, with
50-98% seropositive, while seropositivity for
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seropositivity is ~15% (Table 3). The route of
infection and transmission for these emerging
polyomaviruses remains unknown, but higher
prevalence in respiratory specimens, tonsils and
stool compared to other tissue samples suggest an
oral-nasal route of infection and transmission
through faeces for KIPyV and WUPyV (Table 2).
Presumably, KIPyV, WUPyYV and maybe also LPV
establish a life-long harmless infection in immuno-
competent individuals, but the natural host cell
reservoir has been incompletely identified. LPV
binds a B-cell specific receptor [1], which explains
why LPV has a preference for B cells in its natural
host [7], and viral DNA has been detected in human
blood, but not in a limited number of human brain
and CSF specimens [26]. Other human samples
have not been examined so far. Identification of the
cellular receptors for KIPyV and WUPyV may
provide important information on the authentic host
cells for these viruses. The pathogenicity of KIPyV,
WUPyV, and LPV remains unknown. Whereas
KIPyV and WUPyYV are very common in ARI
patients, regular co-infection with other respiratory
viruses impedes the interpretation of the results. It
remains to be established whether immunosupp-
ression may lead to reactivation of the viruses and
viral-induced medical complications. Most MCPyV
studies have focused on the etiological role in
MCC, and MCPyV may be the first polyomavirus
to be oncogenic in its natural host because of its
high prevalence in MCC, the expression of LT-ag,
and an integration pattern of the viral genome that
indicates that viral infection precedes clonal
expansion of tumour cells [4]. The high incidence
of antibodies in non MCC patients, the absence of
the virus in some MCC tissues, and the presence in
non-malignant tissues, however, jeopardizes the
involvement of MCPyV in MCC (Tables 2,3, S1).
Moreover, MCPyV positive MCC should also be
tested for the absence of other human oncoviruses.



Whether MCPyV is implicated in other diseases
remains unsolved. KIPyV, WUPyV, and LPV
encode homologues to the oncoproteins LT-ag and
st-ag. LPV can transform cell cultures and induce
tumours in animal models, but the transforming
potentials of KIPyV and WUPyYV have not been
tested. Amplification of KIPyV and WUPyV DNA
from human tumours has been negative so far
(Table S1), arguing against a causal role for these
viruses in cancer. Because of its apparent restricted
tropism for B-cells, screening of malignant B-cell
or B-cells from patients with other B-cell related
diseases for LPV seems appropriate. The great
interest in these emerging polyomaviruses,
combined with meticulous studies involving large
patient and control groups, different tissues, and
methods to examine the presence of viral transcripts
or viral proteins in human specimens should
improve our knowledge of these viruses.
Elucidating the biological properties, including
their pathogenic effect on their host may allow
researchers to design therapeutic strategies that will
benefit patients infected with these viruses.
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Supplementary Table S1. Prevalences of the human polyomaviruses KI, WU, MC, and LPV in different patient groups. Co-infection with other viruses is indicated. AdV=adenovirus;
ACC= acute lymphoblastic leukemia; Age=age of the patients; ARI=acute respiratory infection; CLL=chronic lymphocytic leukemia; CMV=cytomegalovirus; CSF=cerebrospinal fluid;
d=days; HBV=hepatitis B virus; hBoV=human bocavirus; HCV=hepatitis C virus; hCoV=human coronavirus;HHV-8=human herpes virus type-8; hMPV=human metapneumovirus;
HPV=human papillomavirus; HRV=human rhinovirus; HSCT=hematopoietic stem cell transplants; IHC; immunohistochemistry; IV A/B=influenza A and B virus; KS=Kaposi’s
sarcoma;LT=Large t-antigen; m=months; N=total number of patients or samples; nPCR=nested PCR; PIV1-3 parainfluenzavirus types 1-3; PML=progressive multifocal
leukoencephalopathy; prevalence=number positive/total number of samples or individuals examined (%); gPCR=quantitative PCR; RSV=respiratory syncytial virus; st=small t-antigen;
TCR=transcriptional control region; y=years.

KIPyV WUPyV MCPyV LPV
Patient N Tissue Age prevalence target co-infection prevalence target co-infection prevalence target co- prevalence target co-infection Method Re
infection
HSCT patients 31 NPA 1/126 (0.8%) VP2,LT 100% with 1/126 VP2LT 100% with nPCR 1
hMPV (0.8%) hMPV
ARI patients 486 NPA 2-9m 1/486 (0.2%) VP2,LT RSV, AdV 71486 VP2,LT RSV, AdV nPCR 1
(1.4%)
Healthy controls 47 NPA 0/47 (0%) VP2,LT 0/47 (0%) VP2,LT nPCR 1
Cancer patients 32 lung 0/32 (0%) LT/st 0/32 (0%) LT/st 0/32 (0%) LT/st PCR 2
Cancer patients 15 gastroinstestinal 0/15 (0%) LT/st 0/15 (0%) LT/st 0/15 (0%) LT/st PCR 2
tract
Cancer patients 20 female genital 0/20 (0%) LT/st 0/20 (0%) LT/st 0/20 (0%) LT/st PCR 2
Cancer patients 3 skin or soft tissue 0/3 (0%) LT/st 0/3 (0%) LT/st 0/3 (0%) LT/st PCR 2
Cancer patients 2 head and neck 0/3 (0%) LT/st 0/2 (0%) LT/st 0/3 (0%) LT/st PCR 2
Cancer patient 1 bladder 0/1 (0%) LT/st 0/1 (0%) LT/st 0/1 (0%) LT/st PCR 2
Cancer patient 1 MCC 0/1 (0%) LT/st 0/1 (0%) LT/st 1/1 (100%) LT/st PCR 2
HIV patients with 4 brain 44-66 y 1/4 (25%) VP1 100% with 1/4 (25%) VP2 100% with PCR 3
PML JCV, WU JCV, Kl
HIV patients without 10 brain 21-37y 3/10 (33%) VP1 67% with WU 3/10 VP2 67% with Kl PCR 3
PML (40%)
HIV negative drugs 8 brain 22-30y 0/8 (0%) VP1 0/8 (0%) VP2 PCR 3
users
HIV patients with 10 peripheral blood 1/10 (10%) TCR, nPCR 4
PML TCR VP1
1/10 (10%)
VP1
HIV patients with 10 peripheral blood 2/10 (20%) TCR, nPCR 4
not-determined TCR VP1
leukoencephalopathy 1/10 (10%)
VP1
HIV patients with 10 peripheral blood 0/10 (0 %) TCR, nPCR 4
other Neurological VP1
disorder
HIV patients with no 10 peripheral blood 0/10 (0 %) TCR, nPCR 4
neurological disorder VP1
Healthy controls 10 peripheral blood 0/10 (0 %) TCR, nPCR 4
VP1
HIV patients with 11 peripheral blood, 49y 1/11(9.1%) VP1 none gPCR 5
HIV patients with 16 peripheral blood, 49y 2/16(12.5%) VP1 none gPCR 5
not-determined CSF
leukoencephalopathy
HIV patients with 11 peripheral blood, 49y 0/11 VP1 none gPCR 5
other neurological CSF
disorder
HIV patients with no 45 peripheral blood 49y 3/45(6.7%) VP1 BKV 2/45 gPCR 5
neurological disorder (4%)
Healthy controls 105 peripheral blood 1-70y 5/105(4.7%) VP1 none gPCR 5
Healthy controls 1501 serum 21-70y 818/1501 VP1 1033/1501 VP1 379/1501(25. VP1 221/1501 VP1 none ELISA 6
(54.5%) (68.8%) 2% - (14.7%)
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MCV350);

692/1501
(46.1% -
MCV339)
Healthy controls 721 serum 1-21y 406/721 VP1 391/721 VP1 166/721(23.0 VP1 101/721 VP1 none ELISA 6
(56.3%) (54.2%) % - (14.0%)
MCV350);
247721
(34.2% -
MCV339)
Non bacterial acute 377 stool 1m-13y 2/377 LT RVA PCR 7
gastroenteritis (0.5%) (6
pediatric patients m-2y)
ARI patients (89% 200 NPA 3.6-85.3y | 17/265 VP1 37.5% other 2/200 LT RT- 8
immunosuppressed) (6.5%) respiratory (1%) PCR,nPC
virus R
Chronic/stable 189 sputum 57-77y 0/189 LT RT-PCR 9
obstructive (0%)
pulmonary patients
Chronic/stable 189 NPA 57-77y 0/189 LT RT-PCR 9
obstructive (0%)
pulmonary patients
ARI patients 79 NPA <y 2179 LT/VP2 RSV PCR 10
(2.5%)
Healthy controls 78 NPA 13-24m 5/78 LT/VP2 none PCR 10
(6.4%)
ARI patients 200 NPA 13/200 VP1 21/200 VP2 RT-PCR 11
(6.5%) (10%)
ARI patients 2866 NPA 3d-95y 75/2866 VP1 74.7%; HRV 128/2866 VP2 79.7%; HRV PCR 12
(2.6%) and HBoV (4.5%) and HBoV
most common; most
18.6% with Kl common,
and WU 10.9% with KI
and WU
Variable sources 215 urine 0/215 (0%) VP1 0/215 VP2 PCR 12
(0%)
Pediatric 102 blood 0/102 (0%) VP1 0/102 VP2 PCR 12
immunocompromized (0%)
patients
Pediatric unselected 1134 NPA 64/1232 LT RT-PCR 13
samples (5.2%)
Pediatric unselected 14 serum WU 3/14 LT RT-PCR 13
samples positive NPA (21.4%)
Pediatric unselected 14 stool Wu positive 2/14 LT RT-PCR 13
samples NPA (14.3%)
ARI patients 278 NPA <5y 1/278 VP2/LT 2.5% with PCR 14
(0.4%) HBoV
ARI patients 2637 NPA 1d-88y 70/2637 LT 71% with >1 RT-PCR 15
(2.7%) other
respiratory
virus
Cancer patients 36 melanoma tissue 0/36 (0%) VP1 no BKV, JCV, 0/36 (0%) VP1 no BKV, JCV, PCR 16
and SV40 SV40
Cancer patients 37 melanoma tissue 0/37 (0%) LT no PCR 16
BKYV,
Jcv,
SV40
ARI patients 415 NPA im-14y 2/415 (0.5%) VP1 100% with 10/415 VP2 100% with KI PCR 17
(2.4%)
ARI patients 297 NPA 15-97y 0/297 (0%) VP1 0/297 VP2 PCR 17
(0%)
patients with 60 CSF 4-88y 0/60 (0%) LT HIV 1/60 LT HIV 0/60 (0%) LT HIV RT-PCR 18
suspected chronic (1.7%)

viral encephalitis,
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including 6 HIV
patients

Cancer patients 30 neuro-blastomas 0-115y 0/30 (0%) VP1 0/30 (0%) VP1 0/30 (0%) LT PCR 19
Cancer patients 25 CNS tumours 0-18y 0/25 (0%) VP1 0/25 (0%) VP1 0/25 (0%) 19
MCC patients 41 serum and 42-86 y 33/41 (80%) VP1 39/41 VP1 36/41 (88%) VP1 ELISA 20
plasma (95%)
Healthy controls 76 serum and 42-86y 58/76 (75%) VP1 71/76 VP1 40/76 (53%) VP1 BKV(76 ELISA 20
plasma (93%) %), JICV
(45%)
Healthy controls 451 serum and 24-717y 406/451 VP1 440/451 VP1 268/451 VP1 BKV(91 ELISA 20
plasma (90%) (97.5%) (59.4%) .6%),
Jcv
(45%)
MCC patients 31 MCC 42-86y 24/31(77%) LT NnPCR, 20
gPCR
HIV patients without 62 plasma 37-54y 2/62 (3.2%) VP2,LT/st 1/62 VP2,LT/ PCR 21
respiratory symptoms (1.6%) st
Unspecified patients 30 serum <05y 13/30 VP1 100 % with Kl 25/30 VP1 52 % with KI ELISA 22
(43.3%) and WU (83.3%) and WU
Unspecified patients 29 serum 0.5-1y 7129 (24.1%) VP1 100 % with KI 13/29 VP1 53.8% with Kl ELISA 22
and WU (44.8%) and WU
Unspecified patients 30 serum ly 12/30 (40%) VP1 83.3 % with 18/30 VP1 55.5 % with ELISA 22
Kl and WU (60%) Kl and WU
Unspecified patients 30 serum 2y 13/30 VP1 76.9 % with 18/30 VP1 55.5 % with ELISA 22
(43.3%) Kl and WU (60%) Kl and WU
Unspecified patients 30 serum 3y 15/30 (50%) VP1 66.6% with Kl 17/30 VP1 58.5% with Kl ELISA 22
and WU (56.7%) and WU
Unspecified patients 30 serum 4y 22/30 VP1 72.7% with Kl 20/30 VP1 80% with Kl ELISA 22
(73.3%) and WU (66.7%) and WU
Unspecified patients 30 serum 5y 28/30 VP1 85.7% with KI 26/30 VP1 92.3% with KI ELISA 22
(93.3%) and WU (86.7%) and WU
Unspecified patients 30 serum 6-8y 26/30 VP1 92.3% with Kl 27/30 VP1 88.8% with Kl ELISA 22
(86.7%) and WU (90%) and WU
Unspecified patients 30 serum 9-12y 30/30 (100%) VP1 90% with KI 27/30 VP1 100% with Kl ELISA 22
and WU (90%) and WU
Unspecified patients 30 serum 13-19y 28/30 VP1 96.4% with Kl 28/30 VP1 96.4% with Kl ELISA 22
(93.3%) and WU (93.3%) and WU
Unspecified patients 30 serum 20-34y 21/30 (70%) VP1 100% with Kl 30/30 VP1 70% with Kl ELISA 22
and WU (100%) and WU
Unspecified patients 30 serum 35-49y 22/30 VP1 100% with Kl 29/30 VP1 75.8% with Kl ELISA 22
(73.3%) and WU (96.7%) and WU
Unspecified patients 30 serum 50-64 y 19/30 VP1 100% with KI 24/30 VP1 79.1% with Kl ELISA 22
(63.3%) and WU (80%) and WU
Unspecified patients 30 serum 65-79y 22/30 VP1 100% with Kl 28/30 VP1 78.6% with Kl ELISA 22
(73.3%) and WU (93.3%) and WU
Unspecified patients 84 stool 6/84 NCCR RT-PCR 23
(7.1%)
Unspecified patients 84 stool 17/84 NCCR 7/84 NCCR RT-PCR 23
(20.2%) (8.3%)
Unspecified patients 84 stool 18/84 st 6/84 LT RT-PCR 23
(21.4%) (7.1%)
Unspecified patients 84 stool 26/84 (31%) VP1 21/84 VP2 RT-PCR 23
(25%)
Unspecified patients 91 tonsils 0/91 (0%) NCCR 0/91 (0%) NCCR RT-PCR 23
Unspecified patients 91 tonsils 12/91 st 0/91 (0%) NCCR RT-PCR 23
(13.2%)
Unspecified patients 91 tonsils 12/91 VP1 0/91 (0%) LT RT-PCR 23
(13.2%)
Unspecified patients 91 tonsils 4/91 VP2 RT-PCR 23
(4.4%)
HSCT patients 25 stool 1-75y 12/25 (48%) st BKV, AdV, 11/25 st BKV, AdV, PCR 24
CMV (44%) CMV
Hematological 6 stool 1-75y 0/6 (0%) st BKV, AdV, 0/6 (0%) st BKV, AdV, PCR 24
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patients, non- CMV CMV
transplanted
HIV patients 121 plasma 0/120 (0%) VP2 HCV (10%) 10/121 VP2 HCV (10%) nPCR 25
(8.3%)
HCV patients 79 plasma 0/80 (0%) VP2 HCV 2/79 VP2 HCV nPCR 25
(2.5%)
Healthy controls 120 plasma VP2 0/120 VP2 nPCR 25
(0%)
Healthy controls 99 NPA 15.9-85.1 0/99 (0%) NCCR, VP1 PIV 3, HBoV, 1/99 (1%) NCCR, PIV 3, HBoV, PCR 26
y rotavirus, or VP1 rotavirus, or
Adv Adv
Immunocompromised | 22 NPA 16.7-79.8 0/22 (0%) NCCR, VP1 PIV 3, HBoV, 0/22 (0%) NCCR, PIV3, HBoV, PCR 26
patients y rotavirus, or VP1 rotavirus, or
AdV AdV
Healthy controls 100 NPA 11d-94y 1/100 (1%) NCCR, VP1 PIV 3, HBoV, 7/100 NCCR, PIV 3, HBoV, PCR 26
rotavirus, or (7%) VP1 rotavirus, or
AdV AdV
Immunocompromised 38 NPA 2m-13.7 2/38 (5.2%) NCCR, VP1 PIV 3, HBoV, 0/38 (0%) NCCR, PIV 3, HBoV, PCR 26
pediatric patients y rotavirus, or VP1 rotavirus, or
AdV AdV
ARI patients 98 bronchoalveolar 2m-82.6 3/98 (3.1%) NCCR, VP1 PIV 3, HBoV, 2/98 (2%) NCCR, PIV 3, HBoV, PCR 26
lavage y rotavirus, or VP1 rotavirus, or
AdV AdV
Immunocompromised | 100 blood 1m-70.7 0/100 (0%) NCCR, VP1 PIV 3, HBoV, 1/100 NCCR, PIV 3, HBoV, PCR 26
patients y rotavirus, or (1%) VP1 rotavirus, or
AdV AdV
Immunocompromised 100 blood 1d-77.3y 0/100 (0%) NCCR, VP1 PIV 3, HBoV, 0/100 NCCR, PIV 3, HBoV, PCR 26
patients rotavirus, or (0%) VP1 rotavirus, or
Adv Adv
patients suspected for 100 CSF 1d-82y 0/100 (0%) NCCR, VP1 PIV 3, HBoV, 0/100 NCCR, PIV 3, HBoV, PCR 26
neurological rotavirus, or (0%) VP1 rotavirus, or
disorders AdV AdV
patients tested for 100 urine 16-60 y 0/100 (0%) NCCR, VP1 PIV 3, HBoV, 0/100 NCCR, PIV 3, HBoV, PCR 26
sexually transmitted rotavirus, or VP1 rotavirus, or
diseases and urinary AdV AdV
tract infection
Acute gastroenteritis 193 stool 1d-118y 1/193 (0.5%) NCCR, VP1 PIV 3, HBoV, 7/193 NCCR, PIV 3, HBoV, PCR 26
Pediatric patients rotavirus, or (3.6%) VP1 rotavirus, or
AdV AdV
patients with 221 stool 1m-97.6 0/221 (0%) NCCR, VP1 PIV 3, HBoV, 2/221 NCCR, PIV 3, HBoV, PCR 26
undiagnosed acute y rotavirus, or (0.9%) VP1 rotavirus, or
gastroenteritis AdV AdV
Tonsillectomy 91 tonsils 10-88y 11/91 (12%) VP1 4/91 VP2 PCR 27
patients: (4.4%)
Tonsillectomy 48 tonsils 10-88y 6/48 (12.5%) VP1 1/48 VP2 PCR 27
patients with chronic (2.1%)
tonsillitis
Tonsillectomy 26 tonsils 10-88 y 3/26 (11.5%) VP1 2/26 VP2 PCR 27
patients with tonsil (7.7%)
hyperplasia
Tonsillectomy patient 1 tonsils 10-88y 1/1 (100%) VP1 0/1 (0%) VP2 PCR 27
with hypotrophic
tonsil
Tonsillectomy 8 tonsils 10-88y 0/8 (0%) VP1 0/8 (0%) VP2 PCR 27
patients with tonsil
carcinoma
Tonsillectomy 5 tonsils 10-88y 1/5 (20%) VP1 0/5 (0%) VP2 PCR 27
patients with
lymphoma
Tonsillectomy 3 tonsils 10-88y 0/3 (0%) VP1 1/3(3.3%) | VP2 PCR 27
patients with
papilloma
ALL children 51 nasal swabs 2.3-16.3y 4/106 (3.8%) VP1/VP2 RV, RSV, 1/106 VP1/VP2 RV, RSV, 2/106 (1.9%) LT PCR 28
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HBoV, IV A (0.9%) HBoV, IV A
ALL children 51 serum 2.3-16.3y | 0/115 (0%) VP1 RV, RSV, 0/115 VP2 RV, RSV, 1/115 (0.9%) LT PCR 28
HBoV, IV A (0%) HBoV, IV A
ALL children 51 stool 2.3-16.3y 2/75 (2.7%) VP1 RV, RSV, 0/75 (0%) VP2 RV, RSV, 0/75 (0%) LT PCR 28
HBoV, IV A HBoV, IV A
Tonsillectomy 229 tonsil biopsy 1572y 0/229 (0%) VP1 RV, RSV, 5/229 VP2 RV, RSV, 8/229 (3.5%) LT PCR 28
patients HBoV, IV A (2.2%) HBoV, IV A
Tonsillectomy 229 serum 1572y 0/229 (0%) VP1 RV, RSV, 0/229 VP2 RV, RSV, 0/229 (0%) LT PCR 28
patients HBoV, IV A (0%) HBoV, IV A
Wheezing children 248 serum 0.2-15.2y | 0/496 VP1 RV, RSV, 0/496 VP2 RV, RSV, 0/496 (0%) LT PCR 28
HBoV, IV A HBoV, IV A
Wheezing children 248 NPA 0.2-15.2y 3/140 (2.1% LT PCR 28
ARI patients 78 NPA <5y 0/78 (0%) VP1 RSV (50%), 2/78 VP2 RSV (50%), PCR 29
1V (50%) (2.6%) 1V (50%)
Healthy controls 83 NPA and throat <18y 4/83 (4.8%) VP1 HBoV (50%) 2/83 VP2 HBoV (50%) PCR 29
swabs (2.4%)
ARI patients 300 NPA 3/300 (1%) VP1 RV, HBoV, 21/300 VP2 RV, HBoV, PCR 30
AdV, RSV, (7%) AdV, RSV,
PIV, IV A, PIV, IV A,
hCoV, hMPV hCoV, hMPV
Healthy controls 50 NPA 0/50 (0%) VP1 0/50 (0%) VP2 PCR 30
Cancer patients 20 lung cancer tissue | 40-85y 9/20 (45%) VP1, LT/st SV40,BKV,JC PCR 31
V,HPV or
HPV
Cancer patients 20 normal 40-85y 1/20 (45%) VP, LT/st SV40,BKV,JC PCR 31
surrounding (one of the 9 V,HPV or
tissue maligna) HPV
Transplanted 1 paranasal tissue 13y 1/1 (100%) VP1, LT/st 0% PCR 31
thalassemic pediatric
patient
Transplanted 1 lung tissue 3y 1/1 (100%) VP1 0% PCR 31
thalassemic pediatric
patient
ARI pediatric patients 222 respiratory 1/222 (0.5%) VP1 RSV, PIV 1-3, PCR 32
specimens (throat AdV, IV A+B,
swabs) hCoV
ARI patients 371 NPA 7d-719y 4/371 (1.1%) VP1, LT 75% with 10/371 VP2; LT 75% with PCR 33
hMPV, RSV, (2.7%) hMPV, RSV,
HBoV, PIV1 HBoV, PIV1
ARI patients 224 NPA <ly 6/224 (2.7%) VPL, LT 75% with 21224 VP2; LT 75% with PCR 33
hMPV, RSV, (0.9%) hMPV, RSV,
HBoV, PIV 1 HBoV, PIV 1
ARI patients 58 NPA 15y 1/58 (1.7%) VPL, LT 75% with 1/58 VP2; LT 75% with PCR 33
hMPV, RSV, (1.7%) hMPV, RSV,
HBoV, PIV1 HBoV, PIV1
ARI patients 16 NPA 6-14y 0/16 (0%) VPL, LT 75% with 1/16 VP2; LT 75% with PCR 33
hMPV, RSV, (6.3%) hMPV, RSV,
HBoV, PIV 1 HBoV, PIV 1
ARI patients 11 NPA 15-29y 0/11 (0%) VPL, LT 75% with 0/11 (0%) VP2; LT 75% with PCR 33
hMPV, RSV, hMPV, RSV,
HBoV, PIV 1 HBoV, PIV 1
ARI patients 15 NPA 30-44y 0/15 (0%) VPL, LT 75% with 0/15 (0%) VP2; LT 75% with PCR 33
hMPV, RSV, hMPV, RSV,
HBoV, PIV 1 HBoV, PIV 1
ARI patients 26 NPA 45-60 y 1/26 (3.8%) VP1, LT 75% with 0/26 (0%) VP2; LT 75% with PCR 33
hMPV, RSV, hMPV, RSV,
HBoV, PIV 1 HBoV, PIV 1
ARI patients 21 NPA >60y 2/21 (9.5%) VPL, LT 75% with 0/21 (0%) VP2; LT 75% with PCR 33
hMPV, RSV, hMPV, RSV,
HBoV, PIV 1 HBoV, PIV 1
ARI patients 637 NPA 0-90y 8/637 (1.3%) VP1 59% with IV 9/637 VP1 59% with IV RT-PCR 34
A, RSV, RSV, (1.4%) A, RSV, RSV,
MPV, PIV3, MPV, PIV3,
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and RV and RV
ARI patients 18 swaps 1-7y 6/230 (3%) VP1 RV (32%), 21/230 not RV (32%), RT-PCR 35
enterovirus (9%) specified enterovirus
(3%), RSV (3%), RSV
(2%), hCoV (2%), hCoV
(17%), IV A + (17%), IV A +
B (1%), MPV B (1%), MPV
(1%), AdV (1%), AdV
(<1%), (<1%),
Mycoplasma Mycoplasma
pneumonia pneumonia
(3%), and (3%), and
Chlamydophil Chlamydophil
a pneumonia a pneumonia
(5%) (5%)
ARI patients 367 respiratory <2y 8/367 (2.2%) VP1 25% with 26/367 VP2 50% with nPCR 36
specimens hBoV or/and (7.1%) MPV, RV,
MPV hCoV, or
hBoV
ARI patients 96 respiratory <2y 0/96 (0%) VP1 0 6/96 VP2 0 nPCR 36
specimens (6.3%)
ARI pediatric patients 406 NPA 11/406 VP1 72.7% with 17/406 VP2 70.5% with nPCR 37
(2.7%) PIV, IV A, (4.2%) IV A, MPV,
bocavirus, RSV, RV,
hMPV, RSV AdV or hCoV
Pediatric hospitalized 302 NPA 5d-14y 6/302 (2.0%) VP1 33.3% with 19/302 VP2 42.1% with RT-PCR, 38
patients MPV or (6.3%) AdV, IV A, nPCR 3
HBoV RSV, or 9
HBoV
Edinburgh respiratory 612 respiratory 0.3-34y 14/983 VP1 40% with 10/983 VP2 40% with nPCR 40
specimen archive specimens (1.4%) RSV, AdV, (1%) RSV, AdV,
HBoV HBoV
HIV patients 100 peripheral blood 1/100 (1%) VP1 1/100 VP2 nPCR 41
(1%)
HSCT and solid 100 peripheral blood NS 0/100 (0%) VP1 0/100 VP2 nPCR 41
organ transplanted (0%)
recipients
Healthy controls 100 peripheral blood NS 0/100 (0%) VP1 0/100 VP2 nPCR 41
(0%)
ARI patients 162 NPA and swabs 1 day-88 7212599 VP1 71% with RV, RT-PCR, 42
y (2.8%) RSV, PIV, nPCR
AdV, HBoV
ARI patients 951 NPA and 1m-95y 24/951 VP1 25% with nPCR 43
bronchoalveolar (2.5%) RSV, IV Aor
lavages hMPV
ARI patients 637 NPA 0-90y 6/637 (0.9%) VP1 nPCR 44
Gasroenteritis 192 stool 0-17y 1/192 (0.5%) VP1 nPCR 44
patients
HSCT recipients 150 urine 0/150 (0%) VP1 nPCR 44
HSCT recipients 17 serum 0/33 (0%) VP1 nPCR 44
Healthy controls 192 whole blood 0/192 (0%) VP1 nPCR 44
majority 96 leukocytes 0/96 (0%) VP1 0 nPCR 44
immunosuppressed
for HCMV screening;
ARI pediatric patients | 98 NPA <36m 0/98 (0%) LT 48% with RS 1/98 (1%) LT 48% with RS nPCR 45
HIV patients 42 lymphoid tissue 3/42 (7.1%) VP2/st 3/42 VP2/st 0/42 (0%) VP2/st nPCR 46
(7.1%)
Control population (6 55 lymphoid tissue 1/55 (1.8%) VP2/st 0/55 (0%) VP2/st 1/55 (1.8%) VP2/st 0,00 % nPCR 46
HIV positive)
Healthy controls 499 NPA 0/727 (0%) st 0/727 st 1727 st nPCR 46
(0%) (0.14%)
ARI pediatric patients | 674 respiratory 38/674 VP2 60% with PCR 47
specimens (5.6%) other
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respiratory

viruses
Healthy controls 202 respiratory 3/202 VP2 PCR 47
specimens (1.5%)
ARI pediatric patients 229 respiratory 2/229 (0.9%) VP1 no other 1/229 VP2 no other PCR 48
specimens respiratory (0.4) respiratory
viruses viruses
ARI pediatric patients | 486 NPA 1-69 m 5/486 (1%) VP1 60% with 34/486 VP2 67.6% with PCR 49
hRSV, RV, (7.0%) hRSV, RV,
hBoV, PIV hBoV, PIV
ARI pediatric patients | 72 NPA 1-77m 0/72 (0%) VP1 0 3/72 PCR 0 PCR 49
(4.2%)
Acute gasteroenteritis 72 stool 0/72 (0%) PCR 0 PCR 49
pediatric patients
PML patients 4 brain biopsy 0/4 (0%) VP1 JCV 0/4 (0%) VP2 JCV 0/4 (0%) VP1 JCV PCR 50
PML patients 3 CSF 0/3 (0%) VP1 JCcV 0/3 (0%) VP2 JCcV 0/3 (0%) VP1 JCV PCR 50
PML patients 2 peripheral blood 0/2 (0%) VP1 JCV 0/2 (0%) VP2 JCV 0/2 (0%) VP1 JCV PCR 50
Cancer patients 5 Hodgkins 0/5 (0%) VP1 PCR 51
lymphoma
biopsies
MCC patients 10 MccC 8/10 (80%) LT, VP1 PCR, 52
Southern
Patients without 5 colon 0/5 (0%) LT, VP1 PCR, 52
MCC Southern
Patients without 3 small bowell 1/3 (33.3%) LT, VP1 PCR, 52
MccC Southern
Patients without 1 hemorroid 1/1 (100%) LT, VP1 PCR, 52
MCC Southern
Patients without 7 gall bladder 1/7 (14.3%) LT, VP1 PCR, 52
MCC Southern
Patients without 9 appendix 2/9 (22.2%) LT, VP1 PCR, 52
MCC Southern
Patients without 1 mouth 0/1 (0%) LT, VP1 PCR, 52
MCC Southern
Patients without 2 vein 0/2 (0%) LT, VP1 PCR, 52
MccC Southern
Patients without 1 heart 0/1 (0%) LT, VP1 PCR, 52
MCC Southern
Patients without 1 kidney 0/1 (0%) LT, VP1 PCR, 52
MCC Southern
Patients without 9 skin 0/9 (0%) LT, VP1 PCR, 52
MCC Southern
Patients without 2 hernia 0/2 (0%) LT, VP1 PCR, 52
MCC Southern
Patients without 1 lymph node 0/1 (0%) LT, VP1 PCR, 52
MccC Southern
Patients without 5 tonsil 0/5 (0%) LT, VP1 PCR, 52
MCC Southern
Patients without 1 B cell CLL 0/1 (0%) LT, VP1 PCR, 52
MccC Southern
Patients without 1 myeloid 0/1 (0%) LT, VP1 PCR, 52
MCC hyperplasia Southern
Patients without 1 posttransplant 0/1 (0%) LT, VP1 PCR, 52
MCC lymphoma Southern
Patients without 1 HIV+ large cell 0/1 (0%) LT, VP1 PCR, 52
MCC lymphoma Southern
Patients without 1 lipoma 0/1 (0%) LT, VP1 PCR, 52
MCC Southern
Patients without 2 fibrous tissue 0/2 (0%) LT, VP1 PCR, 52
MccC Southern
Patients without 1 fistula track 0/1 (0%) LT, VP1 PCR, 52
MCC Southern
Patients without 1 meningioma 0/1 (0%) LT, VP1 PCR, 52
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MCC Southern

Patients without 1 breast cancer 0/1 (0%) LT, VP1 PCR, 52

MccC Southern

Patients without 1 lung cancer 0/1 (0%) LT, VP1 PCR, 52

MCC Southern

Patients without 1 prostate 0/1 (0%) LT, VP1 PCR, 52

MCC Southern

Immunosuppressed 25 skin 4/25 (16%) LT, VP1 PCR, 52

and Southern

immunocompetent

patients without

MCC (25)

MCC patients 13 MCC 7/13 (54%) LT, VP1 PCR 53

Organ transplantation 85 ScC 0/85 (0%) LT, VP1 PCR 53

patients

Organ transplantation 37 KA 1/37 (0.3%) LT, VP1 PCR 53

patients

Organ transplantation 28 Bowen's disease 0/28 (0%) LT, VP1 PCR 53

patients

Organ transplantation 6 Actinic keratoses 0/6 (0%) LT, VP1 PCR 53

patients

Healthy controls 62 serum 1-3y 5/62 (8%) VP1 ELISA 6
MCV350

Healthy controls 50 serum 35y 8/50 (16%) VP1 ELISA 6
MCV350

Healthy controls 87 serum 5-8y 20/87 (23%) VP1 ELISA 6
MCV350

Healthy controls 122 serum 8-12y 30/122 (25%) VP1 ELISA 6
MCV350

Healthy controls 129 serum 12-15y 37/129 (29%) VP1 ELISA 6
MCV350

Healthy controls 179 serum 15-18y 38/179 (21%) VP1 ELISA 6
MCV350

Healthy controls 92 serum 18-21y 28/92 (30%) VP1 ELISA 6
MCV350

Healthy controls 718 serum 21-50y 170/718 VP1 ELISA 6
(24%)
MCV350

Healthy controls 423 serum 50-60 y 103/423 VP1 ELISA 6
(24%)
MCV350

Healthy controls 264 serum 60-70y 68/264 (26%) VP1 ELISA 6
MCV350

Healthy controls 96 serum >70y 38/96 (40%) VP1 ELISA 6
MCV350

Healthy controls 62 serum 1-3y 11/62 (18%) VP1 ELISA 6
MCV339

Healthy controls 50 serum 35y 12/50 (24%) VP1 ELISA 6
MCV339

Healthy controls 87 serum 5-8y 25/87 (29%) VP1 ELISA 6
MCV339

Healthy controls 122 serum 8-12y 40/122 (33%) VP1 ELISA 6
MCV339

Healthy controls 129 serum 12-15y 56/129 (43%) VP1 ELISA 6
MCV339

Healthy controls 179 serum 15-18y 61/179 (34%) VP1 ELISA 6
MCV339

Healthy controls 92 serum 18-21y 42/92 (46%) VP1 ELISA 6
MCV339

Healthy controls 718 serum 21-50y 310/718 VP1 ELISA 6
(43%)
MCV339

Healthy controls 423 serum 50-60 y 202/423 VP1 ELISA 6
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(@8%)

MCV339
Healthy controls 264 serum 60-70y 121/264 VP1 ELISA 6
(46%)
MCV339
Healthy controls 96 serum >70y 59/96 (62%) VP1 ELISA 6
MCV339
Immunocompetent 55 autopsy lymphoid 1/55 (0.2%) st HIV neg nPCR 54
patients tissue
Immunosuppressed 42 autopsy lymphoid 0/42 (0%) st nPCR 54
patients tissue
Immunocompetent 499 NPA 1/727 st nPCR 54
patients (0.14%)
ARI pediatric patients 418 NPA 0-14y 5/418 (1.2%) VP2/VP AdV, RT-PCR 55
3ILT WU in
1/5
ARI patients 71 NPA 14.3-80.1 2/71 (0.3%) VP2/VP RT-PCR 55
y 3/ILT
ARI patients 295 NPA >15y 25/295 (9%) LT,VP1 | 7MCV+ PCR/NPC | 56
with IV R
AorB.
ARI pediatric patients | 340 NPA <15y 2/340 (0.9%) LT, VP1 7MCV+ PCR/nPC 56
with IV R
AorB.
MCC patients 68 MccC 45/53 LT RT-PCR 57
(84.9%)
Immunosuppressed 11 Bowen's disease mean 62 9/13 (69%) LT/VP1 RT-PCR 58
patients y
Immunosuppressed 11 SCC mean 62 13/25 (52%) LT/VP1 RT-PCR 58
patients y
Immunosuppressed 11 BCC mean 62 13/18 LT/VP1 RT-PCR 58
patients y (72.2%)
Immunocompetent 125 Bowen's disease mean 76.3 4/23 (17.4%) LT/VP1 RT-PCR 58
patients y
Immunocompetent 125 ScC mean 76.3 7128 (25%) LT/VP1 RT-PCR 58
patients y
Immunocompetent 125 BCC mean 76.3 36/96 LT/VP1 RT-PCR 58
patients y (37.5%)
Unspecified clinical 89 colorectal cancers 3/89 (3.4%) LT/VP1 RT-PCR 58
patients
Unspecified clinical NS skin NS (0%) LT/VP1 RT-PCR 58
patients
Cancer patients 28 cancerous 0/28 (0%) LT gPCR 59
prostate epithelia
Cancer patients 28 patient-matched 0/28 (0%) LT gPCR 59
non cancerous
epithelia
Cancer patients 6 stromal samples 0/6 (0%) LT gqPCR 59
from prostate
tumors
MCC patients 10 McCC 63-85y 10/10 (100%) LT, st, PCR/RT- 60
VP1 PCR
Non-MCC biobank 1241 non-MCC tumor 0/1241 (0%) LT PCR 60
samples
Non-MCC biobank 13 melanoma 0/13 (0%) LT PCR 60
samples
Non-MCC biobank 2 other skin tumors 0/2 (0%) LT PCR 60
samples
Non-MCC biobank 26 HPV positive 0/26 (0%) LT PCR 60
samples cervix tumor
Non-MCC biobank 18 HPV negative 0/18 (0%) LT PCR 60
samples cervix tumor
Non-MCC biobank 39 large bowel 0/39 (0%) LT PCR 60
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samples

Non-MCC biobank 114 liver 0/114 (0%) LT PCR 60
samples
Non-MCC biobank 45 uveal tract 0/45 (0%) LT PCR 60
samples
Non-MCC biobank 172 ovary 0/172 (0%) LT PCR 60
samples
Non-MCC biobank 687 breast 0/687(0%) LT PCR 60
samples
Non-MCC biobank 45 bone and soft 0/45 (0%) LT PCR 60
samples tissue
Non-MCC biobank 108 ovary 0/108 (0%) LT PCR 60
samples
MCC patients 5 MCC 47-72y 2/5 (40%) LT PCR 61
SCLC patients 10 SCLC mean 59 y 0/10 (0%) LT PCR 61
Control patients 8 NS mean 56 y 0/8 (0%) LT PCR 61
Mesotheliomas from 45 mesothelioma 1/42 (0%) LT RT-PCR 62
NMVB
Healthy controls PBL 0/20 (0%) LT RT-PCR 62
MCC patients 17 MCC 52-88y 15/17 (88%) LT gPCR 63
MCC patients 17 MCC 52-88y 10/15 (67%) LT IHC 63
Biobank samples 36 MCC 27136 (75%) LT IHC 63
Biobank samples 7 combined skin 0/7 (0%) LT IHC 63
tumors
Biobank samples 26 small and large 0/26 (0%) LT IHC 63
cell
neuroendocrine
carcinomas
MCC patients 23 MCC 57-99y 17/23 (74%) st qPCR 64
Patients with non- 52 non-MCC 1/52 (1.9 %) st gPCR 64
MCC (12 colon
carcinoma, 20 breast
cancers and 20
normal PBL)
MCC patients 18 MCC 43-84y 14/18 (78%) LT PCR 65
MCC patients 18 MCC 43-84y 9/11 (82%) LT PCR 65
MCC patients 18 skin distal from 43-84y 10/14 (71%) LT PCR 65
McCC
Patients with other 18 non-MCC 25-96y 5/18 (28%) LT PCR 65
benign/maligna skin
disease
Healthy controls 6 skin 1/6 (17%) LT PCR 65
MCC patients 14 MCC 62-96 y 1114 LT PCR 66
(78.6%)
Biobank samples 7 MCC 6/7 (86 %) VPLLT gPCR 67
Biobank samples 21 SCC 10/21 (48%) VPLLT gPCR 67
Biobank samples 9 normal skin 719 (78%) VPL/LT gqPCR 67
Biobank samples 47 SCC oral cavity 19/47 (40%) VPL/LT gPCR 67
Biobank samples 10 normal mucosa 2/10 (20%) VPULT qPCR 67
oral cavity
Biobank samples 10 Saliva 10/10 (100%) VPL/LT gPCR 67
Biobank samples 6 normal 1/6 (17%) VPULT gqPCR 67
esophagus
Biobank samples 5 esophageal 3/5 (60%) VP1/LT gPCR 67
cancer
Biobank samples 15 normal liver 5/15 (33%) VPLLT gPCR 67
Biobank samples 2 biliary cirrhosis 2/2 (100%) VPL/LT gPCR 67
Biobank samples 10 liver cancer 10/16 (63%) VPL/LT gqPCR 67
Biobank samples 4 metastatic colon 3/4 (75%) VP1/LT gPCR 67
adenocarcinoma
Biobank samples 25 colon cancer 4/25 (16%) VPLLT gPCR 67
Biobank samples 25 normal colon 5/25 (20%) VPL/LT gPCR 67
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Biobank samples 28 lung cancer 10/28 (36%) VPLLT gPCR 67
Biobank samples 15 normal lung 1/15 (7%) VPLLT gPCR 67
Biobank samples 16 renal clear cell 3/16 (19%) VPLLT gqPCR 67
carcinoma
Biobank samples 8 bladder cancer 6/8 (75%) VP1/LT gPCR 67
Biobank samples 2 normal bladder 0/2 (0%) VPLLT gPCR 67
Biobank samples 22 prostate 4/22 (18%) VPLLT gPCR 67
adenocarcinoma
Biobank samples 9 seminoma 1/9 (11 %) VPL/LT gqPCR 67
Cancer patients 20 MCC (paraffin 9/20 (45%) LT/IVP1 nPCR 68
embedded tissue)
Cancer patients 12 MCC (frozen 12/12 (100%) LT/IVPL nPCR 68
tissue)
Cancer patients 1 non-MCC 0/1 (0%) LT//VP1 nPCR 68
Cancer patients 8 non-MCC 0/8 (0 %) LT//VP1 nPCR 68
Immunocompetent 58 ScC 40-88 y 21/58 (36%) LT/VP1 PCR 69
patients w/ SCC
Immunocompetent 177 ScC 40-88y 26/177 (15%) LT/VP1 PCR 69
patients w/ SCC
Immunocompetent 63 adjacent skin 40-88y 11/63 (17%) LT/VP1 PCR 69
patients w/ SCC
Immunocompetent 57 matched blood 40-88 y 0/57 (0%) LT/VP1 PCR 69
patients w/ SCC
Immunocompetent 12 mouth wash 40-88 lof12 LT/VP1 PCR 69
patients w/ SCC (8.3%)
MCV positive SCC 16 SCC 16/16 (100%) LT/VP1 14/16 PCR 69
patients (87%)
HPV
MCYV positive SCC 30 scc 30/30 (100%) LT/VP1 20/30 PCR 69
patients (67%)
HPV
MCV negative SCC 7 scC 0/7 (0%) LT/VP1 417 PCR 69
patients (47%)
HPV
MCYV negative SCC 21 ScC 9/21 (42%) LT/VP1 9/21 PCR 69
patients (42%)
HPV
Non-MCC tumor 12 NA 1/12 (8.3%) LT/VP1 PCR 69
patients
Biobank samples 18 SCLC 7/18 (39%) LT PCR 70
Blood donors with 18 blood 0/18 (0%) LT PCR 70
inflammator skin
disorders
Biobank samples 41 MccC 60-93y 30/39 (77%) LT/VP1 PCR/nPC 71
R
Healthy controls 45 blood 0/45 (0%) LT/VP1 PCR/nPC 71
R
MCC patients 34 MCC 30/34 (88%) LT nPCR 72
MCC patients 34 MCC 23/34 (68%) LT PCR 72
MCC patients 5 MCC n 5/5 (100%) LT nPCR 72
MCC patients 5 MCCn 4 ot 5 (80%) LT PCR 72
Immunocompetent 56 non-MCC skin 10/61 (16%) LT nPCR 72
patients with non- tumors
MCC skin tumor
Healthy skin from 34 healthy skin 8/34 (24%) LT nPCR 72
immunocompetent
patients
HIV patient without 79 normal 18/49 (37%) LT 32/49 nPCR 72
MCC anogenital/oranal (65%)
swabs HPV
HIV patient without 79 benign 6/21 (29%) LT 20/21 nPCR 72
papilloma/acatho (95%)
ma HPV
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HIV patient without 79 dyspasia/carcino 12/43 (28%) LT 41/43 nPCR 72
MccC ma (95%)
HPV
HIV patient without 79 anal cancer 1/7 (14%) LT 7 nPCR 72
MCC (100%)
HPV
HIV patient without 79 anal, penile or 37/120 (31%) LT 100/120 nPCR 72
MCC oral samples (83%)
HPV
HIV patient without 79 eyebrow hairs 7/14 (50%) LT 14 /14 nPCR 72
mcc (100%)
HPV
HIV patient without 79 CSF 0/7 (0 %) LT nPCR 72
McCC
Renal transplanted 13 urine 0/13 (0%) LT BKV nPCR 72
recipients without
MCC
Immunocompetent 13 skin swabs 8/13 (62%) LT nPCR 72
male forehead
MCC patient 1 McCC 75y 1/1 (100%) LT,VP1 PCR 73
MCC patient 1 normal skin 75y 1/1 (100%) LT,VP1 PCR 73
MCC patient, seven 1 seborrheic 82y 1/1 (100%) LT,VP1 PCR 73
years later keratosis
MCC diagnosed 1 urine 1 of 1 (100%) LT,VP1 PCR 73
patient
Immunosuppressed 1 actinic keratosis 53y 0/1 (0%) LT,VP1 PCR 73
MCC negative kidney
transplanted patient
Immunosuppressed 6 Bowen's disease 53y 3/6 (50%) LT,VP1 PCR 73
MCC negative kidney
transplanted patient
Immunosuppressed 3 seborrheic 53y 2/3 (67%) LT,VP1 PCR 73
MCC negative kidney keratosis
transplanted patient
Immunosuppressed 8 SCC 53y 0/8 (0%) LT,VP1 PCR 73
MCC negative kidney
transplanted patient
MCC patients 227 MCC 91/144 (80%) LT gPCR 74
MCC patients 21 serum positive to 14-95y 21/21 (100%) VP1, 0/21 neutraliza 75
MCPyV VP2 (0%) tion assay
HIV,
HCV,
HBV
syphilis
MCC patients 6 serum negative to 0/6 (0%) VP1, 0/6 (0%) neutraliza 75
PCR of MCVyP VP2 HIV, tion assay
HCV,
HBV
syphilis
Samples from 48 serum 47-75y 42/48 VP1, 0/48 neutraliza s
controls non MCC (87.5%) VP2 (0%) tion assay
HIV,
HCV,
HBV
syphilis
MCC patients 30 CK20-positive 21/30 (70%) LT immunobl | 76
MCC otting
MCC patients 6 CK20-negative 0/6 (0%) LT immunobl | 76
MCC otting
Cancer patients 4 CK20-negative 0/4 (0%) LT immunobl 76
neuroendocrine otting
tumor
MCC patients 10 CK20-positive 7/10 (70%) Southern 76

86




McCC

MCC patients 10 CK20-positive 7110 (70%) LT, VP2 gPCR 76
MccC
MCC patients 9 CK20-positive 5/9 (55%) LT immunobl | 76
MCC otting
Factor V Leiden 83 blood 1-78y 0/83 (0%) LT, VP2 gPCR 76
deficie patients
AIDS and KS non- 21 blood 3/21 (14.3%) LT, VP2 qPCR 76
MCC patients
Cancer patients 161 B-cell associated 5/161(3.1%) LT, VP2 gPCR 76
lymphoma
Cancer patients 104 T-cell associated 1/104 (0.9%) LT, VP2 gPCR 76
lymphoma
Cancer patients 19 myeloid tumor 0/19 (0%) LT, VP2 qPCR 76
Cancer patients 41 tumor 1/41 (24.4%) LT, VP2 gPCR 76
Cancer patients 122 B-cell associated 0/122(0%) LT immunobl 76
lymphoma otting
Cancer patients 104 T-cell associated 0/17 (0%) LT immunobl | 76
lymphoma otting
Myeloid disorders 1 myeloid disorders 0/1 (0%) LT immunobl 76
patient otting
Cancer patients 2 non-Hodgkin 0/2 (0%) LT immunobl | 76
lymphoma otting
CLL patients 10 blood 1/10 (10%) LT qPCR 76
CLL patients 12 tumor 0/12 (0%) LT immunobl 76
otting
Cancer patients 32 lung tumor 0/32 (0%) LT PCR 77
Cancer patients 15 gastrointestinal 0/15 (0%) LT PCR 77
tract tumor
MCC patient 1 MCC in 1/1 (100%) LT PCR 77
gastrointestinal
tract
Cancer patients 20 female 0/20 (0%) LT PCR 7
reproductive tract
tumor
Cancer patients 3 skin or soft tissue 0/3 (0%) LT PCR 7
tumor
Cancer patients 2 head and neck 0/2 (0%) LT PCR 7
tumor
Cancer patient 1 bladder tumor 0/1 (0%) LT PCR 77
MCC and CLL 2 MCC in arm 92-63y 2/2 (100%) LT gqPCR 78
patients
MCC and CLL 2 MCC in thigh 70-79y 2/2 (100%) LT qPCR 78
patients
MCC and CLL 1 MCC in hand 1y 1/1 (100%) LT gqPCR 78
patient
MCC and CLL 1 MCC in chin 8ly NA LT qPCR 78
patient
Cancer patients 12 anal canal 0/12 (0%) LT 0/12 PCR 16
melanoma (0%)
BKV,
JCv,
SV40
Cancer patients 4 anus-rectum 0/4 (0%) LT 0/4 (0%) PCR 16
melanoma BKV,
Jev,
SV40
Cancer patients 5 nasal cavity 0/5 (0%) LT 0/5 (0%) PCR 16
melanoma BKV,
Jcv,
SV40
Cancer patients 6 vulva melanoma 0/6 (0%) LT 0/6 (0%) PCR 16
BKV,
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JCV,

SV40
Cancer patients 4 vagina-cervix 0/4 (0%) LT 0/4 (0%) PCR 16
melanoma BKV,
JCV,
SV40
Cancer patient 1 tongue melanoma 0/1 (0%) LT 0/1 (0%) PCR 16
BKV,
Jcv,
SV40
Cancer patient 1 penis melanoma 0/1 (0%) LT 0/1 (0%) PCR 16
BKV,
JCv,
SV40
Cancer patients 2 sublingual site 0/2 (0%) LT 0/2 (0%) PCR 16
melanoma BKV,
Jev,
SV40
Cancer patient 1 skin melanoma 0/1 (0%) LT 0/1 (0%) PCR 16
BKV,
Jcv,
SV40
Cancer patient 1 oral cavity 0/1 (0%) LT 0/1 (0%) PCR 16
melanoma BKV,
Jev,
SV40
MCC patients 37 MCC 16/37 (43%) LT gPCR 79
SCC non MCC 15 scC 2/15 (13.3%) LT gqPCR 79
patients
Healthy controls 15 normal sun- 0/15 (0%) LT gPCR 79
exposed skin
Patients with MCC 33 MCC 44-91y 21/33 (64%) LT, st PCR, 80
Southern 8
1
Patients with LMM 10 LMM 59-85 y 1/10 (10%) LT, st PCR, 80
Southern 8
1
Patients with BCC 11 BCC 64-97y 3/11 (27.3%) LT, st PCR, 80
Southern 8
1
Patients with SK 12 SK 57-90y 2/12 (16.7%) LT, st PCR, 80
Southern 8
1
MCC patients 18 MCC in head and 1118 LT-st PCR, 80
neck (61.1%) Southern 8
1
MCC patients 3 MCC in trunk 1/3 (33.3%) LT-st PCR, 80
Southern 8
1
MCC patients 10 MCC in limb 9/10 (90%) LT-st PCR, 80
Southern 8
1
Cancer patients 30 neuroblastoma 0-115y 0/31 (0%) LT PCR 19
Cancer patients 30 neuroblastoma 0-115y 0/31 (0%) LT RT-PCR 19
Cancer patients 30 ultrasound 0-115y 0/14 (0%) LT PCR 19
neuroblastoma
aspirates
Cancer patients 30 ultrasound 0-115y 0/14 (0%) LT RT-PCR 19
neuroblastoma
aspirates
Cancer patients 25 CNS_tumor 0-18y 0/25 (0%) LT PCR 19
Cancer patients 25 CNS tumor 0-18y 1/25 (4%) LT RT-PCR 19
CNS cancer_patients 25 serum 0-18y 8/18 (44%) VP1, neutraliza 19
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VP2 tion assay
MCC patients 3 MCC in cheek 2/3 (66.6%) LT,st, 0/3 (0%) nPCR 82
VP1-3 HHV-8
MCC patients 3 MCC in cheek 2/3 (66.6%) LT 0/3 (0%) qPCR 82
HHV-8
MCC patients 2 MCC in forearm 2/2 (100%) LT,st, 0/2 (0%) nPCR 82
VP1-3 HHV-8
MCC patients 2 MCC in forearm 2/2 (100%) LT 0/2 (0%) gPCR 82
HHV-8
MCC patients 4 MCC in face 2/5 (25%) LT,st, 0/4 (0%) nPCR 82
VP1-3 HHV-8
MCC patients 4 MCC in face 2/5 (25%) LT 0/4 (0%) gPCR 82
HHV-8
MCC patient 1 MCC in head 0/1 (0%) LT,st, 0/1 (0%) nPCR 82
VP1-3 HHV-8
MCC patient 1 MCC in head 0/1 (0%) LT 0/1 (0%) gqPCR 82
HHV-8
MCC patient 1 MCC in inguinal 0/1 (0%) LT,st, 0/1 (0%) nPCR 82
and abdomen VP1-3 HHV-8
MCC patient 1 MCC in inguinal 0/1 (0%) LT 0/1 (0%) gPCR 82
and abdomen HHV-8
Cancer patients 49 Kaposi's sarcoma 3/49 (6.1%) LT 3/3 (0%) gPCR 82
HHV-8
Cancer patients 49 Kaposi's sarcoma 3/49 (6.1%) LT,st, 3/3 (0%) nPCR 82
VP1-3 HHV-8
Cancer patients 4 primary effusion 0/4 (0%) LT gqPCR 82
lymphoma
Cancer patient 1 follicular 0/1 (0%) LT qPCR 82
dendritic cell
sarcoma
Cancer patients 11 AIDS-related 0/11 (0%) LT gqPCR 82
lymphoma
Samples from 9 0/9 (0%) LT qPCR 82
fulminant hepatitis
patients
Samples from 8 0/8 (0%) LT gqPCR 82
encephalitis patients
PML patients 4 0/4 (0%) LT JCV gPCR 82
Nephritis patient 1 0/1 (0%) LT BKV gPCR 82
(BKV pos)
Samples from 10 0/10 (0%) LT gPCR 82
primary pulmonary
hypertension patients
Samples from 2 0/2 (0%) LT gqPCR 82
necrotizing
lymphadenitis
patients
AIDS patients 20 brain 0/15 (0%) LT gPCR 82
AIDS patients 20 tongue 0/5 (0%) LT gPCR 82
AIDS patients 20 submandibular 0/5 (0%) LT gPCR 82
gland
AIDS patients 20 lung 0/15 (0%) LT qPCR 82
AIDS patients 20 lymph node 0/12 (0%) LT gPCR 82
AIDS patients 20 heart 0/9 (0%) LT gPCR 82
AIDS patients 20 gastroiestinal 0/13 (0%) LT gPCR 82
tract
AIDS patients 20 liver 0/16 (0%) LT gqPCR 82
AIDS patients 20 spleen 0/19 (0%) LT gPCR 82
AIDS patients 20 pancreas 0/12 (0%) LT gPCR 82
AIDS patients 20 kidney 0/14 (0%) LT gPCR 82
AIDS patients 20 adrenal gland 0/7 (0%) LT gPCR 82
MCC patients 25 CK20-positive 14-95y 19/27 LT,VvP1 PCR/ 83
MCC (70.4%) immunost
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aining
MCC patients 2 blood 14-95y 2/2 (100%) LT,VP1 PCR 83
MCC patients 27 serum 14-95y 24127 VP1, ELISA 83
(88.8%) VP2
Systematic lupus 50 serum 37/50 (74%) VP1, ELISA 83
erythematosus VP2
patients
Samples from 150 serum 1m-72y 50/150 VP1, ELISA 83
langerhans cell (33.3%) VP2
histiocytosis patients
Healthy controls 166 blood >18y 107/166 VP1, ELISA 83
(64.4%) VP2
Healthy controls 100 serum >4Ty 63/100 (63%) VP1, ELISA 83
VP2
cancer patients 30 SCLC tumor mean 67.9 3/35 (8.6%) LT-st PCR 84
y
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