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Abstract

Background: Several new types of polyomavirus have been discovered in recent years mainly because of the recent state-of-the-art
detection technologies. Among the polyomaviruses, Merkel cell polyomavirus (MCPyV) has attracted the most attention because of
its possible role in the etiology of Merkel cell carcinoma, a rare but lethal form of skin cancer.
Objectives: This study aimed to determine age-specific seroprevalence of MCPyV in Tehran.
Patients andMethods: In this cross-sectional study, we collected 440 serum samples from healthy individuals 2 to 78 years of age
who visited the Pasteur Institute’s clinic in Tehran, Iran, using a convenience sampling strategy. We developed a virus-like particle-
based enzyme-linked immunosorbent assay that uses VP1, the major capsid protein of MCPyV, to detect and quantitate serum anti-
bodies to MCPyV. We compared the prevalence of MCPyV between males and females and across eight age groups.
Results: A total of 255 (57.9%) of the serum samples were MCPyV positive. The seroprevalence in children under 10 years of age
was 25%. The seroprevalence increased to 56% over the next decade of life (10 - 19 years of age). The seroprevalence rate in males
and females was 56.1% and 59.7% respectively, and a binary logistic regression showed no significant difference between males and
females (P = 0.77). However, the prevalence of MCPyV increased with age (P = 0.012).
Conclusions: Our results suggest that human exposure to MCPyV occurs throughout life. The MCPyV antibody levels remained
high among older adults in our population, consistent with reports from other populations.
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1. Background

Polyomaviruses are small, naked, double-stranded
DNA viruses packaged in a capsid that is about 45 nm in
diameter (1). Capsids of polyomaviruses consist of three
proteins, namely, VP1, VP2, and VP3. Nine polyomaviruses
are known to infect humans, including BK polyomavirus
(BKV) (2) and JC polyomavirus (JCV) (3), which persist la-
tently in various organs such as the urogenital system and
brain, WU polyomavirus (4), KI polyomavirus (5), Merkel
cell polyomavirus (MCPyV) (6), and three other newly dis-
covered polyomaviruses called the human polyomavirus 6
- 9 (7-9). In general, primary infection with polyomaviruses
is asymptomatic in humans, and only under severe im-
munosuppression can clinical symptoms be observed (1).
Since 1953, the transforming potential of polyomaviruses
has attracted much attention, and ultimately in 1962, Rab-
son et al.reported the oncogenic potential of a newly dis-
covered polyomavirus called the simian vacuolating virus

40 (SV40) in vitro (10, 11).

MCPyV was discovered in a patient with Merkel cell car-
cinoma (MCC), a relatively rare skin cancer found among
elderly and immunosuppressed persons (6). Despite the
rarity of MCC, its mortality rate (30%) is very high com-
pared with that of other skin cancers (12). Although tan-
gible evidence suggests that the combination of immun-
odeficiency and exposure to ultra-violet radiation plays a
significant role in MCC pathogenesis, a research group led
by Patrick Moore at the University of Pittsburgh started
investigating MCC for a possible infectious origin. Sub-
sequent studies indicated that MCPyV DNA is clonally in-
tegrated into the cellular DNA of 80% - 90% of MCC tu-
mors in patients from different geographic locations (13-
15). Substantial evidence now supports the hypothesis that
the nonproductive integration of MCPyV DNA into the hu-
man genome has an etiopathological role in the develop-
ment of MCC (16).
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MCPyV, similar to the majority of oncogenic viruses,
is rendered incapable of replication in MCC tumors by a
combination of events, but it retains the potential to in-
duce cellular proliferation (17). A substantial number of
reports have shown that mutations in MCPyV VP1 genes
isolated from MCC cell lines prevent efficient viral replica-
tion and assembly (6, 14). In addition, transcripts of MCPyV
T antigens are frequently detected in MCC tumors, and T
antigen expression is essential for growth in MCC tumor
cell lines (8, 18). According to previous studies, patients
with MCC who are also infected with MCPyV have uni-
formly high titers of MCPyV antibody compared with pa-
tients with MCC who are uninfected (19). Whether MCPyV
infection plays a role in other forms of cancer in addition to
MCC remains unclear. MCPyV DNA has been isolated from
non-melanoma, non-MCC malignancies, but the etiologi-
cal link between this virus and these forms of skin cancer
has not yet been documented.

As little information is known about the natural his-
tory of MCPyV infection in the general population, sero-
logical studies can clarify the extent of past exposure to
the virus and give new insights into the epidemiology
of MCPyV. The majority of past serological studies used
MCPyV virus-like particles (VLPs) that contain conforma-
tional epitopes recognized by MCPyV-infected sera. Ac-
cording to recent studies, specific anti-MCPyV IgGs are de-
tected in 40% - 90% of adults (19-22) and in 20% - 45% of
children 1 - 5 years of age (19, 20). In addition, two recent
studies revealed that the levels of anti-MCPyV antibodies in
patients with MCC were significantly higher than those in
healthy control individuals (19, 23).

2. Objectives

We employed a VLP-based enzyme-linked immunosor-
bent assay (ELISA) to detect anti-MCPyV antibodies to inves-
tigate the age-specific seroprevalence of MCPyV in Tehran.
We produced empty viral capsids using VP1, the major cap-
sid protein of MCPyV, expressed in a baculovirus expres-
sion system.

3. Patients andMethods

3.1. Human Subjects

The study was performed according to the declara-
tion of Helsinki and relevant local regulations. The sam-
pling protocols were approved by the ethical committee
of the Tehran University of Medical Sciences (Code and
date of ethical approval: 91-10-29-21091, 19 Jan 2013). In
this cross-sectional study, we collected 440 serum samples

from September 2013 to May 2014 using convenience sam-
pling strategy, which is a non-probability sampling tech-
nique, and all the admitted samples were evaluated. We
considered the eligibility of the participants of this study
based on the following eligibility criteria: a) desire to par-
ticipate in this study, b) age ≥2 years of age, and c) Iranian
nationality. As mentioned previously, the samples were
collected from individuals who agreed to participate in the
study and provided written consent (for participants un-
der 18, informed consent was provided by their parents or
legal guardians). All of the participants had been referred
to the Pasteur Institute’s clinic in Tehran (referral and gov-
ernmental center) for health certificate tests. The partici-
pants ranged from 2 to 78 years of age and comprised 219
males and 221 females. All serum samples were stored at
-20°C.

3.2. Generation of recombinant baculovirus

The VP1 coding sequence from MCPyV strain 339 was
commercially synthesized (GenScript, USA) and codon op-
timized for expression in a Spodoptera frugiperda insect
cell line (sf9 cells); the synthesized VP1 gene was kindly
provided by Prof. Klaus Hedman. Using the Bac-to-BacR
Baculovirus expression system (Invitrogen, Carlsbad, USA),
we subcloned the VP1 coding sequence into a pFastBacTM
HT A plasmid. Purified plasmids containing VP1 were sub-
sequently transformed into DH10BacTM Escherichia coli
cells for transposition into the bacmid vector according to
the manufacturer’s instructions. The recombinant bacmid
was purified from DH10BacTM E. Coli using the PureLinkTM

HiPure Plasmid DNA Miniprep Kit (Life Technologies, USA).
Sf9 cells were transfected with the recombinant bacmid
vector using CellfectinR II Reagent (Invitrogen) according
to the manufacturer’s instructions. Six days after transfec-
tion, the recombinant baculovirus was harvested by col-
lecting the supernatant and centrifugation for 5 min at
3000 rpm to remove cell debris. The viral stock was stored
at 4°C.

3.3. Generation of MCPyV-Like Particles

Sf9 cells were grown in supplemented Grace’s Insect
Medium (Life Technologies) containing 10% fetal bovine
serum (Life Technologies) and were subsequently infected
with the recombinant baculovirus. VLPs were purified us-
ing the protocol described by Chen et al. (24). Briefly, sf9
cells were harvested approximately 4 - 5 days after infec-
tion by centrifugation at 1500 rpm for 10 minutes. The pel-
lets were resuspended in an extraction buffer (50 mM Tris-
HCL, pH 7.0, 150 mM NaCl, 0.01% Triton), and the VLPs were
released by four freeze–thaw cycles. The cell lysates were
clarified by centrifugation at 10,000 rpm for 10 minutes.
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One milliliter clarified cell lysate was then centrifuged in
28% CsCl in a swing SW41Ti rotor (Beckman) at 24,000 rpm
at 4°C for 24 hours. The visible band was collected by punc-
turing the tubes with an 18-gauge needle and was subse-
quently dialyzed against phosphate-buffered saline (PBS)
two times to remove the CsCl.

3.4. Transmission Electron Microscopy

The expression and the self-assembly of the VP1
protein was confirmed by transmission electron mi-
croscopy (TEM). Negative staining of the purified VLPs
was performed as described previously (25). Briefly, a
formware/carbon-coated 400-mesh grid was floated on
50 µL drops of purified VLP suspension. Following in-
cubation for 30 min at room temperature, the grid was
washed briefly with double-distilled water, and then 2%
aqueous phosphotungstic acid was added for 2 minutes
and allowed to dry for 45 minutes. After the grid was
air dried, the negatively stained samples were viewed by
TEM (Zeiss 10A). Micrographs of the sections were taken
randomly at × 50,000 nominal magnification.

3.5. VLP-Based Enzyme-Linked Immunosorbent Assay

The VLP concentration was determined using a Nan-
oDrop spectrophotometer (Thermo Scientific). Ninety-six-
well polystyrene microplates (Nunc) were coated with 200
ng VLP diluted in PBS (pH 7.4) at 4°C overnight. The VLP-
coated wells were blocked with 300 µL PBS containing 2%
nonfat dried milk (Sigma-Aldrich) for 2 hours at room tem-
perature. The sera were diluted 1:200 in the blocking so-
lution, applied in duplicate, and incubated at 37°C for 1
hour on a shaker. After incubation, the plates were washed
three times with PBS–Tween washing solution. Peroxidase-
conjugated goat anti-human immunoglobulin G (H and L,
Abcam) was diluted 1:5000 and added to each well. The
plates were incubated at 37°C for 1 hour and then washed as
described previously. One hundred microliters TMB ELISA
substrate (Abcam) was added to each well and incubated
at room temperature for 15 minutes in the dark. The reac-
tion was stopped by adding 100µL 1 M sulfuric acid to each
well. Readings were taken at 450 nm in an automated mi-
croplate reader (Bio Hit) with a 690 nm filter used as refer-
ence.

3.6. Statistics

Previous studies have suggested that human exposure
to polyomaviruses occurs early in life, and thus infants and
young children are expected to have a low likelihood of ex-
posure. To calculate the cut-off values, we used samples
from children less than five years of age; the lower cut-off

(mean + three standard deviations) was 0.36 optical den-
sity (OD) units, and the higher cut-off (mean + four stan-
dard deviations) was 0.38 OD units. By using these cut-offs,
we dichotomized the serology results so that those above
the higher cut-off were considered MCPyV IgG positive and
those below the lower cut-off were considered MCPyV IgG
negative. Serum samples with absorbance units between
the two cut-offs were considered undetermined.

The differences in the age-specific seroprevalence be-
tween males and females were examined by logistic re-
gression. Binary logistic regression was used to analyze
the relationships between the presence of MCPyV IgG (the
dependent variable) and sex and age (independent vari-
ables), as well as the possible interaction between sex and
age, which was included as a third independent variable in
the model. A set of binary logistic regression models was
applied to calculate the adjusted odds ratios (OR) along
with a 95% confidence interval, and the significance level
was set to 0.05.

4. Results

4.1. Generation and Purification of MCPyV-Like Particles

The VP1 gene of MCPyV strain 339 was cloned into the
recombinant baculovirus using the Bac-to-Bac system and
expressed in sf9 insect cell lines. Four days after infection
with a high titer of the recombinant baculovirus, cell lysate
containing VLPs was harvested and subsequently purified
by the CsCl gradient. The assembled VLPs were observed by
TEM, and they had an approximate size of 40 nm (Figure 1).

Figure 1. Electron Micrograph of MCPyV VP1 Virus-Like Particles at× 50,000 Magni-
fication

Scale bar = 100 nm.
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4.2. Age-Specific Seroprevalence of MCPyV

The age-specific seroprevalence of MCPyV is shown in
Table 1. The overall MCPyV IgG seropositivity in our study
sample was 57.9%. MCPyV seroprevalence increased with
age. The steepest increase (from 25% to 56%) was between
children less than 10 years of age and individuals 10 -
19 years of age. The MCPyV seroprevalence fluctuated at
around 60% among individuals aged 20 years or above,
peaking at 68% in individuals 60 - 69 years of age. Binary
logistic regression indicated that neither sex nor the in-
teraction between sex and age had a significant effect on
seropositivity, whereas age had a highly significant effect
on seropositivity (P = 0.012; Table 2).

4.3. Age-Specific Antibody Titers

The MCPyV IgG antibody levels tended to increase with
age (P = 0.012; Figure 2) and were not significantly different
between males and females (Table 2).
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Figure 2. Comparison of the Amount of MCPyV IgG in Sera Between Males and Fe-
males in Different Age Groups

5. Discussion

Serological methods to determine exposure to viral
pathogens are a useful and conventional way to document
viral infection. We used the VLP-based ELISA to investi-
gate the prevalence of MCPyV IgG among 440 persons di-
vided among 10-year age classes. The VLP-based ELISA is
a newly developed method first introduced by Tolstov et
al. (19), who produced MCPyV-based VLPs by co-expressing
two capsid proteins, VP1 and VP2. Subsequently, Touze et

al. generated MCPyV-based VLPs using VP1 alone in a bac-
ulovirus expression system (22). We generated our MCPyV-
based VLPs by expressing the VP1 coding sequence from
MCPyV strain 339 in insect cells using the recombinant bac-
ulovirus. We produced self-assembling VLPs 20 nm-50 nm
in diameter, consistent with other reports about the size
variation of VLPs generated in vitro (19, 26).

The total MCPyV seropositivity in our sample taken
from the general population of Tehran was 57.9%, and this
finding represents the first report on the seroprevalence
of MCPyV in the Middle East. Our result is consistent with
those for other populations, mostly in Europe, where sero-
prevalence is estimated to be between 45% and 90% (19, 20,
22, 26). In our study, MCPyV IgG prevalence was around 25%
in children less than 10 years of age and increased drasti-
cally over the next decade of life. This pattern fits the expo-
sure patterns observed for other human polyomaviruses
(BKV and JCV) (20, 27, 28). The highest seroprevalence (68%)
was observed among adults 60 - 70 years of age.

Consistent with the results of Viscidi et al. our results
indicate a positive correlation between MCPyV IgG preva-
lence and age (26). Likewise, our finding that no asso-
ciation exists between MCPyV prevalence and sex in the
population confirms previous results published by Tolstov
et al. (19) and Kean et al. (20). The increase in MCPyV
seropositivity with age supports the hypothesis that the
transmission of MCPyV occurs throughout life. The route
of MCPyV transmission is unknown, but the presence of
the virus in a wide variety of organs and anatomical lo-
cations supports several probable modes of transmission.
For instance, MCPyV has been detected in the saliva, the
gastrointestinal tract, and in urban sewage, thus suggest-
ing fecal–oral transmission (29, 30). MCPyV DNA has also
been detected in the upper respiratory tract, thus suggest-
ing airborne transmission (31, 32).

Our findings suggest an association between MCPyV
IgG levels and age, which was previously hypothesized by
Touze et al. (22). However, we found no statistical differ-
ence in the MCPyV antibody levels based on sex. As men-
tioned previously, BKV and JCV establish latent infections
that can persist for years (1), and for these human poly-
omaviruses, the reactivation and shedding of virions is di-
rectly correlated with humoral responses to the viral sur-
face proteins (33). Therefore, considering that MCPyV can
also establish a persistent infection that is resistant to be
neutralized by antibodies is possible. Such latent infec-
tions may serve as a permanent source of immunogenic
agents that result in the induction of high levels of MCPyV
antibody during a lifetime.

This age-dependent seroprevalence of MCPyV, in accor-
dance with previous studies (21, 22), showed a similar pat-
tern with those of BKV and JCV in widespread exposure in
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Table 1. Age-Specific Seroprevalence of MCPyV

Age, y Total Number of Samples Seroprevalence inMales Seroprevalence in Females Total Seroprevalence

≤ 10 53

Positive 6 7 13

Negative 25 28 53

Positive percentage 24 25 25

10 – 19 45

Positive 14 11 25

Negative 23 22 45

Positive percentage 61% 50 56

20 – 29 43

Positive 10 16 26

Negative 20 23 43

Positive percentage 50 70 60

30 – 39 68

Positive 22 20 42

Negative 31 37 68

Positive percentage 71 54 62

40 – 49 86

Positive 25 30 55

Negative 40 46 86

Positive percentage 63 65 64

50 – 59 70

Positive 22 23 45

Negative 36 34 70

Positive percentage 61 68 64

60 – 69 40

Positive 13 14 27

Negative 19 21 40

Positive percentage 68 67 68

≥ 70 35

Positive 11 11 22

Negative 17 18 35

Positive percentage 65 67 63

the early years of life. However, this study in agreement
with the previous reports indicating that MCPyV has more
unique features than BKV and JCV. For instance, MCPyV
seroprevalence remains high among adults, whereas BKV
seroprevalence declines and JCV seroprevalence continues
to increase in older adults.

To the best our knowledge, this study is the first to re-
port on the seroprevalence of MCPyV in Iran and even in

the Middle East, and it has great significance in revealing
the epidemiological aspects of this newly discovered virus
in general. However, in this study, we encountered some
limitations, including its cross-sectional design and the
fact that the samples could not represent the general pop-
ulation of the country.

In seroprevalence studies, the possibility of serolog-
ical cross-reactivity among viruses within the same fam-
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Table 2. Seroprevalence of MCPyV and its Association With Selected Variables

Variables Seropositivitya ORb 95% CI P Value

Lower Upper

Gender 0.47 2.75 .77

Male 123 (56.1) 1

Female 132 (59.7) 1.138

Age group 1.03 1.33 .012

≤ 10 25 (13.53) 1

10 - 19 56 (25.45) 1.177

20 - 29 60 (26.43) 1.177

30 - 39 62 (42.68) 1.177

40 - 49 64 (55.86) 1.177

50 - 59 64 (45.70) 1.177

60 - 69 68 (27.40) 1.177

≥ 70 63 (22.35) 1.177

Abbreviations: CI, confidence interval; OR, odds ratio.
aData are presented as No. (%).
bOdds ratio adjusted for age and gender.

ily exists. A number of previous studies have confirmed
the specificity of MCPyV VLP-based ELISA using competi-
tive inhibition assays and have found no evidence of cross-
reactivity with other polyomaviruses, including BKV and
JCV (22, 26). Despite the fact that MCPyV infection is com-
mon in most populations, investigating the prevalence of
MCPyV in developing countries such as Iran may still open
up new horizons in the search for the etiological roles of
MCPyV and similar viruses in specific diseases.
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