Int. J. Cancer: 125, 1250-1256 (2009)
© 2009 UICC

FAST TRACK

Human Merkel cell polyomavirus infection II. MCV is a common human infection
that can be detected by conformational capsid epitope immunoassays
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Merkel cell polyomavirus (MCV) is a newly-discovered human
tumor virus found in ~80% of Merkel cell carcinoma (MCC). The
rate of MCYV infection among persons without MCC is unknown.
We developed a MCYV virus-like particle (VLP) enzyme-linked im-
munoassay (EIA) that does not cross-react with human BK or mu-
rine polyomaviruses. Peptide mapping of the MCV VP1 gene and
immunoblotting with denatured MCV VLP are less sensitive than
the MCV EIA in detecting MCV antibodies suggesting antibody
reactivity in this assay primarily targets conformational but not
linear epitopes. Among MCC patients, all 21 (100%) patients
tested with MCV-positive tumors had high serum MCV IgG but
not high MCV IgM levels. Only 3 of 6 (50%) MCC patients with
MCV-negative tumors were positive for MCV antibodies. Sera
from most adults, including 107 of 166 (64%) blood donors, 63 of
100 (63%) commercial donors and 37 of 50 (74%) systemic lupus
erythematosus patients, show evidence for prior MCV exposure.
Age-specific MCV prevalence was determined by examining a
cross-sectional distribution of 150 Langerhans cell histiocytosis
(an unrelated neoplasm) patient sera. MCV prevalence increases
from 50% among children age 15 years or younger to 80% among
persons older than 50 years. We did not find evidence for vertical
transmission among infants. Although past exposure to MCV is
common among all adult groups, MCC patients have a markedly
elevated MCYV IgG response compared with control patients. Our
study demonstrates that MCV is a widespread but previously
unrecognized human infection.
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Merkel cell carcinoma (MCC) is an uncommon skin cancer
frequently having a poor prognosis.' It most often arises in chroni-
cally sun-exposed skin and occurs more commonly than expected
among immunosuppressed persons, 1nc1ud1r1g AIDS patients,
transplant recipients and elderly persons. Feng et al® used dlgltal
transcriptome subtraction, a high-throughput cDNA sequencing
technique to search for viral sequences in MCC. Transcripts
encoding a unique polyomavirus lar rge tumor (T) antigen were
recovered from one MCC tumor.” This led to full-length
sequencing of a 5.4 kbp Merkel cell polyomavirus (MCV) genome
encoding viral protein (VP)1 and VP2 capsid genes and a multi-
ply-spliced T antigen oncogene locus. Subsequent studies showed
that MCV DNA is present in 70— 80% of MCC tumors in persons
from different geographic locations.>”

Substantial biological evidence supports MCV havmg an etio-
pathologic role for the majority of human MCC tumors.” Within
MCC tumors, MCV is monoclonally-integrated into the host
genome* and acquires T antigen mutations that prevent autono-
mous viral DNA replication but still allow the virus to target the
retinoblastoma tumor suppressor protein.'® These tumor-specific
mutations eliminate the possibility that MCV is a secondary infec-
tion of MCC tumors. Tumor cells in MCV-positive tumors express
abundant MCV T antigen protein and tissue surveys of hemato-
logic mahgnanmes show that MCV DNA and T antigen protein
expression are specific to MCC tumors.'' Nevertheless, ~20-30%
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of MCC tumors are not MCV infected indicating that this cancer
has at least 2 distinct etiologies.

The rate of human exposure to MCV infection is currently not
known. Other polyomaviruses, including BK (BKV) and JC (JCV)
viruses, are near-ubiquitous infections among adults. These viruses
are closely related to each other and to the primate virus simian vi-
rus 40 (SV40), leading to frequent serologic cross-reactivity.'*'?
MCYV is distantly related to these polyomaviruses; however, and
the divergence of its protein sequences from those of known
human polyomaviruses suggests that antibodies generated during
natural MCV infection antigens might be specifically distinguished
on blood tests. For example, a panel of 23 antibodies raised against
different SV40 T antigen epitopes was tested and found to be com-
pletely nonreactive to the MCV T antigen.'! Several of these anti-
bodies are highly cross-reactive to BKV and JCV T antigen pro-
teins and are used in human clinical diagnosis. Conversely, a
monoclonal antibody (CM2B4) raised against MCV T antigen does
not react with T antigens from the SV40, BKV or JCV.!!

We show here that artificially-expressed MCV VP1 and VP2
proteins self-assemble into virus-like particles (VLP) that have
unique conformational epitopes recognized by sera from MCV-
infected MCC patients. Antibodies to MCV VLP are not cross-
reactive to either murine or BK polyomavirus VLP. MCC patients
with MCV-infected tumors have uniformly high anti-MCV IgG
antibody levels, whereas MCC patients with uninfected tumors
have antibody patterns similar to those of control populations.
Using this assay, we find that exposure to this virus increases with
age and is common among children and adults from various US
populations.

Additional Supporting Information may be found in the online version
of this article.
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Material and methods
Patient populations and recruitment

MCC patients were recruited at the University Clinic of
Wiirzburg, department of dermatology, venerology and allergy
(Germany) and the University of Pittsburgh Cancer Institute, US.
All patient tumors were histologically confirmed to be MCC by
pathologic diagnosis with cytokeratin 20 immunostaining. Tumor
infection with MCV was determined by PCR assay* or MCV T
antigen immunostaining'"' for all but 2 patients whose tumors were
not available, but whose peripheral blood mononuclear cells were
positive by MCV PCR. Deidentified blood donor samples were
obtained from individuals over 18 years old in Arizona, Pennsyl-
vania and New York in 1994-1996. Samples from paid donors
(commercial donors) over age 47 years old, chosen to more
closely match the older age-range of MCC patients, were obtained
from 2 commercial sources (Equitech-Bio, Kerrville, TX) and
Innovative Research, Novi, MI). Systemic lupus erythematosus
(SLE) patient sera were obtained from an ambulatory clinic popu-
lation as previously described.'* Langerhans cell histiocytosis
(LCH) patient sera were obtained from participants recruited by
their physicians as a part of a study on the epidemiology of LCH
through mailings to members of the Histiocytosis Association of
America (Pitman, NJ). These patients had a prior history of pa-
thology-confirmed LCH diagnosis at the time of sample collec-
tion. All serum samples were stored at —80°C until tested. All
samples and data were collected after written consent under study
protocols approved by the institutional review boards of the Uni-
versity of Pittsburgh and the University Clinic of Wiirzberg.

Plasmids

VP1 and VP2 genes were designed according to a silent codon
modification scheme (GenBank accession FJ548568-FJ54871)'°
and synthesized by Blue Heron Biotechnology (Bothell, WA) based
on MCV339 (accession EU375804),* and murine polyomavirus
(MPyV) strain LID (accession PSU27813).'° BKV VLP produced
in a baculovirus system'’ were a kind gift of Dr. John T. Schiller.

Virus-like particle production

VLPs were produced in human embryonic kidney 293TT cells'®
as previously described'® (detailed protocol available at http://
home.ccr.cancer.gov/LCO/ and in Supporting Materials). Briefly,
cells were cotransfected with expression constructs encoding VP1
and VP2 at a 3:1 mass ratio, harvested after 48 hr following trans-
fection, and incubated at 37°C overnight for virion maturation.'”
VLP were isolated on a 27-33-39% Optiprep (Sigma, St. Louis,
MO) step gradient after ultracentrifugation for 3.5 hr at 234,000g.
Gradient fractions were tested for encapsidated DNA concentra-
tion using Quant-iT Picogreen dsDNA Reagent (Invitrogen). Frac-
tions were also screened for protein content using NuPage poly-
acrylamide gels (Invitrogen, Carlsbad, CA) with SYPRO Ruby
protein staining (Invitrogen). VLP yields were ~1 mg purified
protein particles per transfected 225 cm? flask of cells. Electron
microscopy was performed by Kunio Nagashima of the National
Cancer Institute’s Image Analysis Laboratory (SAIC-Frederick,
MD).

Enzyme-linked immunosorbent assays

Each serum was initially tested in a blinded and randomized
fashion for MCV VLP reactivity and confirmed with a second
unblinded test. Each determination was performed in duplicate
and optical density (OD) values were adjusted by background sub-
traction using wells without antigen as previously described.'*
Enzyme-linked immunoassay (EIAs) (Supporting Materials for
detailed protocol) were performed on Immulon (Thermo Scien-
tific, Waltham, MA) HB2 plates coated overnight with fraction
purified MCV, BKV or murine polyomavirus VLPs at 100 ng pro-
tein per well in phosphate-buffered saline blocked with 0.5% non-
fat dry milk. Unless stated otherwise, all IgG results are based on
duplicate 1:500 dilutions of patient sera.
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VLP competition assays

Serum samples were tested using the MCV EIA at 1:500,
1:1,000, 1:2,000, 1:4,000, 1:8,000, 1:16,000, and 1:32,000 dilution
to estimate the 50% effective concentration (EC50) for MCV anti-
body reactivity. Sera diluted to their respective EC50 were incu-
bated with increasing amounts of MCV or BKV VLP (0.01-1 pg
per 100 pl diluted sera) for one hour at room temperature. After
VLP incubation, sera were directly added to wells and used for the
MCYV EIA as described above (Supporting Materials).

Statistical methods

MCC patients having known MCV infection (MCV-positive
MCC patients) determined by tumor PCR or T antigen immuno-
staining were defined as gold standards for a positive test result.
There are no obvious negative gold standards to measure lack of
exposure to this virus since asymptomatic individuals may have
had previous MCV exposure; therefore, a negative MCV EIA
result was determined by comparison to murine polyomavirus (a
nonhuman infection) VLP EIA reactivity and by MCV VLP com-
petition. The average reactivity for MCV-positive MCC sera
tested at 1:500 dilution against murine polyomavirus VLP was
determined to be 0.048 O.D. units (95% confidence interval
0.029-0.067 OD units), an EIA optical density level associated
with seronegativity in our laboratory for other viral EIA assays.'*
This value was used as a negative cut-off value on the MCV EIA
test. All sera reactive on the MCV EIA between 0.05 and 0.2 OD
units were retested for specific MCV competition. Any of these
sera having greater than 50% reduction in MCV EIA absorbance
after competition with 200 ng MCV VLP per 100 pl, were then
considered to be MCV antibody positive. All sera having >0.2
OD unit optical density on the MCV EIA were considered positive
for MCV antibodies. Analyses were conducted using GraphPad
Prism (La Jolla, CA) software and a VasserStats online statistical
calculator (http://faculty.vassar.edu/lowry/odds2x2.html). Contin-
uous data were analyzed by a nonparametric Mann-Whitney test
and categorical data were analyzed using a two-sided, Fisher’s
exact test and by chi-squared tests for trend.

Results
VLP production

MCYV virus-like particles (VLP) were produced by expression
from synthetic MCV339 VPI and VP2 protein genes in 293TT
cells. Control VLP based on MPyV, a near relative of MCV that is
not known to infect humans, were also identically produced. Abun-
dant MCV VLP resembling typical icosahedral polyomavirus cap-
sids were isolated having a uniform 55-58 nm diameter with phos-
photungstic acid staining and possessing capsomer features charac-
teristic for polyomavirus virions (Fig. 1 and Supporting Fig. 1).

MCC seroreactivity to MCV VLP

Thirty-four MCC patients from the United States and Germany
were initially enrolled, of whom 27 had tumor and blood specimens
available and were included in the analysis. These patients (Table
I) included 21 (78%) persons with confirmed MCYV tumor infection
(median age: 74 years, range 14-95 years) and 6 MCC patients
(22%) with tumors negative for MCV (median age: 75, range 44—
88 years), a proportion similar to those found in other settings.®

IgG antibody levels against MCV VLP were markedly elevated
overall for the MCC patients, with most sera having absorbance
values >2.0 optical density (OD) units (Table I). All 21 MCV-
positive MCC patient sera exceeded 0.9 OD units (median 2.477,
range 0.914-2.670 OD units). In comparison, the median MCV
EIA result for sera from 6 MCV-negative MCC patients was 1.247
OD units (range 0.008-2.746 OD units). Three of these patients
had MCYV EIA values below 0.15 OD units and showed no compe-
tition with MCV VLP (see Methods). None of the MCC patient
sera were reactive to highly homologous murine polyomavirus
VLP at greater than 0.2 OD units, with most sera having reactiv-
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FiGUuRE 1 — (a) MCV VP1 and VP2 proteins expressed in 293TT
cells self-assemble into virus-like particles (VLP). This panel shows
protein staining of gradient fractions from cell lysates expressing
MCYV strain 339 VP1 and VP2 proteins compared with murine polyo-
mavirus VP1 and VP2, which are known to coassemble into VLP
(Supporting Fig. 1). Each lane was loaded with 2.5 ul of fraction ma-
terial, electrophoresed on a polyacrylamide gel and stained with
SYPRO Ruby protein stain. Murine polyomavirus and MCV VP1 and
VP2 proteins coassemble into high molecular weight complexes (frac-
tions 7-9) with histone-associated DNA, which is characteristic for
VLP production. (b) DNA concentrations, representing VLP encapsi-
dation of cellular and plasmid DNA fragments, peak in high molecular
weight gradient fractions 7-9 for both MCV and murine polyomavirus
VLP. (¢) Transmission electron microscopy of MCV VLP at X50,000
magnification shows characteristic polyomaviral icosahedral capsid
structures. Bar represents 100 nm.

ities less than 0.05 OD units, demonstrating that these antibodies
are not likely to result from cross-reactivity to other nonMCYV pol-
yomavirus infections.

MCYV IgG antibody levels were significantly lower among per-
sons without MCC compared with MCV-positive MCC patients
(Mann-Whitney two-tailed tests, p < 0.001 for all comparisons).
Median MCV EIA values (Fig. 2a) for 166 blood donors, 100
commercial donors and 50 SLE patients were 0.292 (range 0.0—
2.760), 0.162 (range 0.0-2.737) and 0.231 (range 0.0-2.513) OD
units, respectively, and did not significantly differ between each

TOLSTOV ET AL.

TABLE I - CHARACTERISTICS OF MCC PATIENTS

Patient Age at MCV-tumor ~ Tumor  Alive/dead’ MCYV IgG?
no. diagnosis (yr) status stage (OD units)
1 81 Pos 1 Alive 2.670
2 95 Pos 3 Dead 2.473
3 84 Pos 2 Alive 2.646
4 64 Pos 3 Alive 2.526
5 74 Pos 3 Alive 2.614
6 68 Pos 1 Alive 2.508
7 55 Pos 3 Alive 2.512
8 55 Pos 1 Alive 2.195
9 87 Pos 1/2 Alive 2.348
10 90 Pos 2 Dead 0914
11 78 Pos 1 Alive 1.802
12 72 Pos 1 Alive 1.911
13 73 Pos 1 Alive 2.216
14 77 Pos 2 Alive 2.477
15 73 Pos 1 Alive 2.219
16 83 Pos 1 Alive 2.513
17 59 Pos 3 Alive 2.567
18 83 Pos 1/2 Alive 2.476
19 14 Pos 3 Alive 2.114
20 57 Pos 3 Alive 2.478
21 81 Pos 2 Alive 2.530
22 47 Neg 3 Alive 2413
23 44 Neg 3 Alive 2.746
24 83 Neg 2 Alive 2.347
25 88 Neg 2 Alive 0.008
26 67 Neg 3 Alive 0.147
27 81 Neg 3 Alive 0.108

!At entry into study.—*MCV VLP EIA.

other (Mann-Whitney two-tailed tests, p = 0.25-0.91). Although
the SLE patient sera had previously been found to have high rates
of nonspecific reactivity to other infectious agents on EIA test-
ing,'* we found no evidence for nonspecific reactivity using the
MCYV VLP-based EIA.

In contrast to MCV IgG, MCV VLP IgM titers at 1:100 dilution
were not significantly elevated for the 21 MCV-positive MCC
patients compared with 166 blood donors (median 0.348 vs. 0.284
O.D. units, respectively, Mann-Whitney 2-tailed test p = 0.30).
For sera from MCV-positive MCC patients, MCV and BKV VLP
IgM levels also were not significantly different from each other
(p = 0.32). These results indicate that MCV IgM levels, unlike
MCYV IgG levels, are not significantly correlated to MCC.

To determine if the MCV EIA measures specific MCV antibod-
ies, competition studies using BKV and MCV VLP were per-
formed on 4 MCV-positive MCC sera and 8 reactive blood donor
sera (Fig. 2b). Preincubation with as little as 50 ng soluble MCV
VLP was sufficient to block MCV EIA reactivity. Preincubation
with up to 1.0 pg BKV VLP, however, failed to compete the MCV
EIA reactivity. Further, antibody reactivity using a BKV VLP EIA
showed no correlation to patterns of MCV EIA reactivity (Fig.
2¢). Finally, 48 commercial donor sera were tested in parallel EIA
against MCV VLP and murine polyomavirus VLP-a virus that has
higher protein sequence similarity to MCV than any of the known
human polyomaviruses or SV40. Reactivity against murine polyo-
mavirus VLP was low for all human sera and showed no correla-
tion with MCV reactivity (Supporting Fig. 2). These results dem-
onstrate that the MCV VLP EIA is not cross-reactive for antibod-
ies against polyomaviruses belonging to the SV40 subgroup or to
murine polyomavirus.

Peptide library screening and denaturing gel immunoblotting
(not shown) against MCV antigens failed to identify a similar pat-
tern of reactivity, indicating that immunodominant antibodies
detected with the MCV VLP EIA are mainly reactive to conforma-
tional epitopes (Supporting Fig. 3).

Prevalence and age-dependence of MCV infection

Sera having an OD value less than 0.05 OD units, or between
0.05 and 0.2 that did not diminish after competition with soluble
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FIGURE 2 — (a) Anti-MCV VLP antibodies levels are significantly elevated in sera from MCV-positive MCC patients compared with other
patient populations. IgG antibody levels against MCV were measured with an MCV VLP EIA for MCC patients, blood donors, commercial
donors and SLE patients. Median MCV optical density values are indicated by solid horizontal lines, with bars representing interquartile values.
Each sample was tested in duplicate, in a randomized and blinded fashion. Background subtraction in the absence of antigen was performed to
obtain the adjusted optical density value for each serum. () Immune competition experiments for 4 MCC patient sera and 8 blood donor sera
reactive on the MCV EIA. For the competitions, each serum was diluted to its EC50 concentration, preincubated with increasing amounts of
either MCV (red) or BKV VLP, and then tested on the MCV EIA. MCV VLP but not BKV VLP compete for MCV reactivity among all of the
sera. (¢) No correlation is present between BKV and MCV IgG antibody responses in human sera measured by EIA (100 ng VLP protein per
well). One hundred commercial donor samples were tested by BKV and MCV EIA at 1:500 dilution. The regression line between BKV and
MCYV antibody levels shows no correlation, with a slope that includes zero (95% CI, —0.15 to 0.03). Dotted lines represent 95% confidence

bounds for the regression line.

MCV VLP, were classified as negative for MCV antibodies (see
Methods). Using this standard, all MCV-positive MCC patients
were positive for MCV antibodies (100% sensitivity, 95% CI 82—
100%) compared with only 3 of 6 (50%, p = 0.007) MCV-nega-
tive MCC patients. Exposure to MCV infection was prevalent but
significantly less common among asymptomatic blood donors
(107 of 166, 64%, p < 0.001), commercial donors (63 of 100,
63%, p = 0.001) and SLE patients (37 of 50, 74%, p = 0.015).
Patients with symptomatic MCC have highly elevated MCV
antibody levels compared with MCYV seropositive control patients
without MCC. Among persons seropositive for MCV antibodies, 9
of 21 (43%) MCV-positive MCC patients had high MCV EIA
absorbances (>2.5 OD units) compared with only 16 of 107 (15%,
p = 0.006) blood donor, 2 of 63 (3%, p < 0.001) commercial
donor and 1 of 37 (3%, p < 0.001) SLE patient sera. These results

indicate that while low levels of MCV antibodies, indicative of
past MCV infection, are common among adults, very high levels
of MCV antibodies are most likely to be found among sera from
MCV-positive MCC patients, possibly representing ongoing
immune stimulation from infected tumors.

To assess changes in MCV antibodies with age, we examined a
convenience cross-sectional cohort sample of 150 sera from LCH
patients ranging in age from 1 month to 72 years old (Figure 3).
None of 6 sera from children 1 year or younger were positive for
MCV antibodies. Prevalence of MCV antibody positivity
increased to 43% among children aged 2-5 years old (12 of 28
patients; 95% CI, 26-61%) and 49% of children and young adults
aged 6-15 years old (26 of 53 patients; 95% CI, 34-59%). This
correlation between MCV antibody prevalence and age continued
among older LCH patients reaching 80% (12 of 15 patients; 95%
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CI 47-90%) among LCH patients older than 50 years (chi-squared
test for trend with age, p < 0.001).

Discussion

Our study is consistent with previous PCR-based tissue surveys.
Using a serologic test, we are able to examine comparable tissues
(i.e., sera) from cases and controls as well as to assay for past and
current MCV exposure. Our results are all consistent with MCV
having a causal role in most but not all MCC tumors. Antibodies
specific to MCV are found at high levels in sera from most MCC
patients and do not cross-react with BK virus or other polyomavi-
ruses. The robust antibody response against MCV VLP among
these patients frequently distinguishes them from MCC patients

whose tumors are not infected with MCV. The reasons why MCV-
positive MCC patients have elevated MCC IgG antibody levels
compared with persons who have been asymptomatically-exposed
to MCV are not known but may represent either a continued viral
antigen production during tumor development or a possible higher
virus burden being a risk factor for MCC tumorigenesis. It is
unlikely that MCC patients newly acquire MCV infection since
MCYV IgM is not significantly elevated among these patients. Pres-
ence of anti-VLP antibodies among MCC patients suggests that
humoral immunity is not protective once a tumor is formed, but it
remains possible that neutralizing immunity induced by MCV
VLP vaccination might prevent primary infection.

Average MCYV antibody levels are highest among MCV-posi-
tive MCC patients, but a substantial proportion of asymptomatic
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F1GuRre 3 — Age-dependent prevalence of MCV antibodies among
Langerhans cell histiocytosis (LCH) patients. Sera from a cross-sec-
tional cohort of persons with a history of LCH were tested for IgG
antibodies using the MCV EIA. Antibodies were absent from children
1 year and younger but increased in an age-dependent manner, reach-
ing 80% prevalence among adults over age 50. Some children as
young as 2 years old were strongly reactive on this assay.

adults in each control group that we examined also have elevated
MCYV antibodies. Several studies have identified MCV genome in
tissues from persons without MCC tumor consistent with MCV
carriage without symptoms.*®7%2! Detection of MCV in respira-
tory aspirates suggests that the virus might be readily transmitted
to and among children by a respiratory route.”*** This is similar
to studies for other human polyomaviruses. Stolt et al.** report
near universal prevalence for BKV antibodies among Swedish
children under age 10 years and 72% prevalence for JCV antibod-
ies among women age greater than 25 years old. If MCV behaves
like other human polyomaviruses, persistent infection after initial
exposure may be prolonged or even life-long. Given the rarity of
MCC compared with the prevalence of MCV exposure, the large
majority of persons who become infected with MCV do not de-
velop MCC and other factors (e.g., sun exposure, immune defi-
ciency) probably determine the risk for cancer development.

By testing sera at 1:500 dilution, we used a stringent protocol
that reduces the possibility of cross-reactivity to other circulating
human polyomaviruses. Even under these conditions, our test
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achieved 100% sensitivity in correctly identifying MCV-positive
MCC patients. Antibodies reactive to the MCV VLP are not cross-
reactive to BKV, a member of the SV40 family, or to the more
closely-related murine polyomavirus, indicating that this test is
highly specific for MCV. None of the children in our study under
age 1 were positive for MCV antibodies and so vertical MCV
transmission, if it occurs, is not likely to be common. MCYV infec-
tion rates, however, are high even among very young children
consistent with a casual transmission mechanism. Two other
recently-discovered human polyomaviruses belonging to the SV40
subgroup, KI and WU viruses, have been found in respiratory
secretions from symptomatic children and adults®>*® suggesting
respiratory transmission as one possible route for polyomavirus
infection. We do not know the transmission mechanisms for MCV
but use of the MCV VLP EIA in longitudinal studies will help to
reveal the transmission dynamics for this virus. Additional studies
are also needed to determine if this first generation assay is suffi-
ciently sensitive to detect all exposures to MCV among asymp-
tomatically infected adults.

Our data support MCV being the seventh known human cancer
virus and that it is directly involved in the pathogenesis of most
MCC, a tumor for which prevention options are limited. Given the
efﬁcac7y of human papillomavirus vaccines based on VLP anti-
gens,”” our assay may be useful for measuring immune responses
to MCV VLP-based vaccine candidates. This assay will also be
useful for surveys of other neoplastic or nonneoplastic disorders to
determine if MCV contributes to diseases beyond MCC. Added in
proof: Kean et al. have recently reported a 25-42% MCV preva-
lence rate among adults using a VP1-GST recombinant antigen
assay (Kean JM, Rao S, Wang M, Garcea RL. Seroepidemiology
of human polyomaviruses. PLoS Pathog 2009;5(3):epub).
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