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Merkel cell polyomavirus (MCPyV) is the main causative agent of Merkel cell carcinoma
(MCC), a rare but aggressive skin tumor with a typical presentation age >60 years. MCPyV
is ubiquitous in humans. After an early-age primary infection, MCPyV establishes a
clinically asymptomatic lifelong infection. In immunocompromised patients/individuals,
including elders, MCC can arise following an increase in MCPyV replication events. Elders
are prone to develop immunesenescence and therefore represent an important group to
investigate. In addition, detailed information on MCPyV serology in elders has been
debated. These findings cumulatively indicate the need for new research verifying the
impact of MCPyV infection in elderly subjects (ES). Herein, sera from 226 ES, aged 66–
100 years, were analyzed for anti-MCPyV IgGs with an indirect ELISA using peptides
mimicking epitopes from the MCPyV capsid proteins VP1-2. Immunological data from
sera belonging to a cohort of healthy subjects (HS) (n = 548) aged 18–65 years, reported
in our previous study, were also included for comparisons. Age-/gender-specific
seroprevalence and serological profiles were investigated. MCPyV seroprevalence in ES
was 63.7% (144/226). Age-specific MCPyV seroprevalence resulted as 62.5% (25/40),
71.7% (33/46), 64.9% (37/57), 63.8% (30/47), and 52.8% (19/36) in ES aged 66–70, 71–
75, 76–80, 81–85, and 86–100 years, respectively (p > 0.05). MCPyV seroprevalence was
67% (71/106) and 61% (73/120) in ES males and females, respectively (p > 0.05). Lack of
age-/gender-related variations in terms of MCPyV serological profiles was found in ES (p >
0.05). Notably, serological profile analyses indicated lower optical densities (ODs) in ES
compared with HS (p < 0.05), while lower ODs were also determined in ES males
compared with HS males (p < 0.05). Our data cumulatively suggest that oncogenic
MCPyV circulates in elders asymptomatically at a relatively high prevalence, while
immunesenescence might be responsible for a decreased IgG antibody response to
MCPyV, thereby potentially leading to an increase in MCPyV replication levels. In the
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worse scenario, alongside other factors, MCPyV might drive MCC carcinogenesis, as
described in elders with over 60 years of age.
Keywords: elderly individuals, Merkel cell polyomavirus, MCPyV, Merkel cell carcinoma, immunological assay,
enzyme-linked immunosorbent assay, immune system, immunosenescence
INTRODUCTION

Merkel cell polyomavirus (MCPyV) is a small DNA virus with
oncogenic potential (1). MCPyV is the main causative factor of
Merkel cell carcinoma (MCC), a rare but aggressive skin tumor
with a presentation age above 60 years (2). DNA sequences
belonging to this polyomavirus (PyV) have been reported in
~80% of MCC tissues (1).

MCPyV genome is made up of a circular double-stranded
DNA of ~5,400 base pairs containing three functional domains
(3). These domains encompass a non-coding control region and
early and late coding regions (4, 5), which regulate the early and
late gene expression, respectively (6). The early region is involved
in MCPyV replication initiation, whereas it comprises genes
encoding for transcripts generated by alternative splicing,
including the two proteins with oncogenic potential named
large T (LT) and small (sT) antigens. The continuous
expression of both LT and sT, alongside viral DNA integration
into host genome, is required for the MCC onset and
development (7–9). Additionally, LT/sT expression also
appears to be linked to improper DNA methylation (10), an
epigenetic process regulating gene expression (11). The late
region encodes for MCPyV capsid proteins, known as major
capsid protein 1 (VP1) and minor capsid protein 2 (VP2) (7).
Differently from other PyVs, MCPyV does not express the VP3
protein (4).

Previous serological studies aimed to detect antibodies against
MCPyV VPs have reported conflicting data on MCPyV
prevalence in adulthood and middle/advanced age, with a
seroprevalence ranging between 46% and 87% being described
in healthy adults (3, 12–26) and between 58% and 95% in the
elderly (12–15, 21–23, 25–29). Despite these conflicting rates,
previous studies concordantly imply that MCPyV appears to be
almost ubiquitous in the general population, which is
asymptomatically infected (18, 27, 30, 31). After primary
infection, which occurs during childhood (28, 32, 33), MCPyV
establishes a lifelong but inoffensive infection in healthy
individuals (32, 34). However, in certain circumstances, such
as immune system impairment in the host, increased viral
activity can occur. MCPyV may induce the dysregulated
expression of host cell genes, which ultimately increase the
MCC occurrence. Immunosuppression plays an important role
in MCC onset (9, 35–37). Indeed, a higher occurrence of MCC
has been observed in patients with immunocompromising
conditions, including human immunodeficiency virus (HIV)
infection (38–41), leukemia, and other hematologic malignancies
(42, 43), as well as patients being pharmacologically treated for
autoimmune diseases, solid organ transplantation, and cancers of
other types (7, 9, 44–46). Notably, as only 10% of MCC patients
have overt immunodeficiency, it is likely that in most patients
org 2
cancer development is promoted by a loss of antiviral/cancer
immune surveillance during advanced age (38, 47). Physiological
immune impairment as a result of aging, or immunosenescence,
could therefore favor high levels of MCPyV replication,
ultimately leading to MCC onset. It has been reported that
MCPyV viral load increases among elders, suggesting an age-
related association of viral replication in the host (34, 48).
Considering these aspects, assessing the impact of MCPyV
infection in various immunocompromised groups, including
elders, can improve early identification of individuals at risk of
developing MCC.

In a previous study, we developed and validated a specific and
sensitive indirect ELISA method with two linear synthetic
peptides/mimotopes that mimic the MCPyV VP1 and VP2
antigens to detect circulating IgGs against MCPyV
immunogenic antigens (18). Herein, we aimed to evaluate the
impact of MCPyV infection in elders by taking advantage from
our recently developed immunoassay. Specifically, the prevalence
of serum IgGs against MCPyV in healthy elderly subjects (ES)
aged from 66 to 100 years was investigated. MCPyV
seroprevalence and serological profiles were therefore
determined in age- and gender-stratified ES. It is worth noting
that MCPyV infection in ES is of paramount importance for
identifying elderly individuals potentially at risk of developing
MCC in healthy populations.
MATERIALS AND METHODS

Human Sera
Serum samples were obtained from n = 226 (mean age ±
standard deviation of mean [SD], 78 ± [7] years) healthy ES.
Samples were stored at −80°C until testing. Analyses were
conducted in age-stratified ES, i.e., 66–70 (n = 40), 71–75 (n =
46), 76–80 (n = 57), 81–85 (n = 47), and 86–100 (n = 36) year-old
groups. In addition, data from a set of sera belonging to a cohort
of healthy subjects (HS) (n = 548, mean age ± SD, 42 ± [13]
years) aged 18–65 years, reported in our previous study (18),
were included for comparisons. Specifically, HS were stratified
herein according to age in 18–25 (n = 78), 26–30 (n = 52), 31–35
(n = 59), 36–40 (n = 61), 41–45 (n = 76), 46–50 (n = 65), 51–55
(n = 50), 56–60 (n = 55), and 61–65 (n = 52) year-old groups.
Serum samples were collected at the Clinical Laboratory
Analysis, University Hospital of Ferrara, Ferrara, Italy, from
discarded laboratory analysis samples, after routine analyses,
before their destruction by incineration. The hospital records
indicated these samples as belonging to healthy subjects. Indeed,
blood analysis parameters were all in the normal index range. In
addition, sera were collected anonymously and coded with
indications of age and gender. Written informed consent was
October 2021 | Volume 12 | Article 738486
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obtained from all subjects. The County Ethical Committee,
Ferrara, Italy, approved the study (ID: 151078).

Merkel Cell Polyomavirus VP1 and VP2
Linear Synthetic Peptides
A recently developed and validated indirect ELISA was employed
to detect specific IgGs against MCPyV in sera from ES, as
described (18). The indirect ELISA provides the use of two
linear synthetic peptides/mimotopes, known as MCPyV VP1 S
and VP2 F (S and F peptides), which have previously been
designed and employed as mimotopes for detecting circulating
IgGs against MCPyV in a group of HS (18). The synthetic
peptides were synthesized using standard procedures and
purchased from UFPeptides s.r.l., Ferrara, Italy.

Amino acid (a.a.) sequences of VP1 S (24 a.a. residues) and
VP2 F (25 a.a. residues) peptides, are as follows:
VP1 S: NH2-NSPDLPTTSNWYTYTYDLQPKGSS-COOH,
VP2 F: NH2-SLSPTSRLQIQSNLVNLILNSRWVF-COOH.

Indirect ELISA
Indirect ELISA was performed as reported (18). Immunological
plates (Nunc-immuno plate PolySorp, Thermo Fisher Scientific,
Milan, Italy) were coated with 5 mg of S and/or F peptide for each
well and diluted in 100 ml of Coating Buffer 1×, pH 9.6 (Candor
Bioscience,Wangen,Germany).Theplates coatedwithpeptideswere
incubated at 4°C for 16 h. Subsequently, immunological plates were
washed three times with Washing Buffer (Candor Bioscience,
Wangen, Germany), to remove the unbound peptides. During the
blockingphase, 200ml/well of blocking solution containing the casein
and Tween detergent (Candor Bioscience, Wangen, Germany) was
added to each well and incubated at 37°C for 90 min. Plates were
rinsed three times with Washing Buffer, before adding serum
samples. Each well was covered with 100 ml containing the serum
samples diluted 1:20 in low cross-buffer (Candor Bioscience,
Wangen, Germany). Sera in each plate comprise the following: i)
positive controls, represented by immune human sera derived from
patients with MCPyV-positive MCC (18); ii) negative controls,
represented by three human MCPyV-negative sera (18); and iii)
sera from ES under analysis. Immunological plates with sera were
incubated at 37°C for 90 min. Each sample was analyzed in three
replicates. Wells were washed three times, and the secondary
antibody was added to each sample. This solution consists of a goat
anti-human IgG heavy (H) and light (L) chain specific peroxidase
conjugate (Calbiochem-Merck, Darmstadt, Germany) diluted
1:10,000 in low cross-buffer. The solution was added to each well,
and plates were incubated at room temperature (RT) for 90 min.
After 90min of incubation, plates were washed three times, and then
100 ml of 2,2′-azino-bis-3-ethylbenzthiazoline-6-sulfonic acid
(ABTS) solution (Sigma-Aldrich, Milan, Italy) was added to each
well. Plates were incubated at RT for 45 min. ABTS reacted with the
peroxidase enzyme to yield the color reaction. Finally, the plate was
read spectrophotometrically (Thermo Electron Corp., model
Multiskan EX, Vantaa, Finland) at a wavelength (l) of 405 nm.
Color intensity in wells was determined by optical density (OD)
reading. The OD readings correspond to the amount of immune
complexes formed by the specific antibodies bound to S and F
synthetic peptides/mimotopes.
Frontiers in Immunology | www.frontiersin.org 3
The cutoff for each S and F synthetic peptide was determined
in each indirect ELISA run, as the mean of the OD readings of
n = 3 negative control sera plus three standard deviations of
mean (mean +3 SDs) (18, 49, 50), as described previously for
other ELISA methods (51, 52). Immune serum samples were
considered MCPyV-positive when reacting to both S and F
synthetic peptides, in three replica ELISA experiments carried
out by three independent operators, without data variability.

Indirect ELISA dilutional linearity (accuracy) was assessed by
testing n = 15 of 10-fold diluted samples, from 1:20 to 1:2,560
(53). Sera with high (n = 5), medium (n = 5), and low (n = 5) OD
values were selected and tested in triplicate (18).

Statistical Analysis
MCPyV seroprevalence rates were statistically analyzed applying
the two-sided chi-square test for comparing ES and HS groups as
well as age-/gender-stratifiedES andHS cohorts (54, 55).ODvalues
from the same ES and HS groups/cohorts were analyzed with the
D’Agostino–Pearson normality test, and then parametric and non-
parametric tests were applied according to normal and non-normal
variables, respectively, as reported (53, 56). In detail, ODs fromage-
stratified ES and HS cohorts were analyzed with one-way ANOVA
andKruskal–Wallismultiplecomparison tests, according tonormal
and non-normal variables, respectively (OD medians, 95% CI).
ODs from the entire ES and HS groups as well as gender-stratified
ES and HS cohorts were analyzed with Mann–Whitney U test.
Spearman’s correlation coefficient r was used to evaluate the OD
concordance between S and F peptides. Linear regression R2

coefficient was used to evaluate the agreement between sample
dilutions and ODs, for both S and F peptides. Statistical analyses
were carried out using Graph Pad Prism version 8.0 for Windows
(Graph Pad, La Jolla, USA) (57). p-Values <0.05 were considered
statistically significant (58).
RESULTS

Indirect ELISA Reliability Assessment
In the first phase of our investigation, the accuracy of the indirect
ELISA was determined by performing serial dilutions, from 1:20
to 1:2,560, on three sets of MCPyV-seropositive samples (n = 15)
from our previous study (18), with known high (n = 5), medium
(n = 5), and low (n = 5) OD values. For each peptide, dilutions
were assayed in triplicate. Subsequently, ODs and dilution values
were compared. The assay had a high correlation between ODs
and sample dilutions when the S peptide was employed, with an
R2 of 0.9786 (p < 0.0001), 0.9959 (p < 0.0001), and 0.9768 (p <
0.0001) for samples with high, medium, and low ODs,
respectively (Figure 1A). The assay also showed a high
correlation between ODs and sample dilutions when F peptide
was used, with an R2 of 0.9773 (p < 0.0001), 0.9784 (p < 0.0001),
and 0.9846 (p < 0.0001) for samples with known high, medium,
and low ODs (Figure 1A).

Thereafter, ODconcordance betweenMCPyVVP1 S andVP2F
peptides for the whole set of ES sera (n = 226) was evaluated by
Spearman’s correlation analysis. Results indicate a good degree of
October 2021 | Volume 12 | Article 738486
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correlation between ODs for S and F peptides, with a Spearman’s
coefficient r of 0.7991 (p < 0.0001) (Figure 1B).
Detection of Serum IgG Antibodies
Against Merkel Cell Polyomavirus by
Indirect ELISA in Elderly Subjects
In order to assess the distribution of MCPyV infection in elders,
sera from ES (n = 226) were tested by indirect ELISA for IgG Abs
reactivity to MCPyV VP1 S and VP2 F peptides/mimotopes. A
similar overall prevalence of 67.7% (153/226) and 71.2% (161/
226) was obtained in sera from ES reacting to S and F peptides,
respectively (p > 0.05) (Table 1).

Moreover, with a few exceptions, sera testing negative for S
peptide did not react to F peptide. In detail, 7.5% (17/226) of sera
resulting negative for S peptide were positive for F peptide, while
3.9% (9/226) of sera were negative for F, while being positive for
S peptide. The combined overall prevalence, for both S and F
peptides, in ES sera resulted as 63.7% (144/226) (Table 1). Serum
reactivity to MCPyV was then determined in age-stratified ES,
and rates were compared. A total of 62.5% (25/40), 71.7% (33/
46), 64.9% (37/57), 63.8% (30/47), and 52.8% (19/36) of serum
samples were found to be positive for IgG Abs reacting to
MCPyV in ES cohorts aged 66–70, 71–75, 76–80, 81–85, and
86–100 years, respectively (Table 1). No statistically significant
differences in MCPyV seroreactivity were determined among
groups (p > 0.05).

In order to evaluate an association between MCPyV infection
and gender, MCPyV seroprevalence was investigated in gender-
stratified ES. To this purpose, the presence of IgG Abs against
Frontiers in Immunology | www.frontiersin.org 4
MCPyV was determined in sera from male (n = 106) and female
(n = 120) ES, and rates were compared. The prevalence of serum
Abs reacting to MCPyV resulted as 67% (71/106) and 61% (73/
120) in male and female groups, respectively, with no differences
between the two gender groupings (p > 0.05).

Serological Profiles of IgG Reacting to
Merkel Cell Polyomavirus in Elderly
Subjects
Serological profiles of IgG Abs reactivity to S and F peptides,
both for single peptides and in combination, were analyzed.
Immunological data were taken from the entire ES cohort (n =
226), and results are reported as OD readings at l 405 nm. The
median [interquartile range (IQR)] OD values for S peptide and
TABLE 1 | Seroprevalence of IgG antibodies reacting with Merkel cell
polyomavirus VP1 S and VP2 F peptides in healthy elderly subjects.

Age
years

Number of
samples

Male
(%)

Number of positive samples (%)

VP1 S VP2 F VP1 S+VP2 F

66–70 40 52.5 28 (70) 26 (65) 25 (62.5)
71–75 46 50 33 (71.7) 39 (84.8) 33 (71.7)
76–80 57 56.1 39 (68.4) 38 (66.7) 37 (64.9)
81–85 47 36.2 32 (68.1) 32 (68.1) 30 (63.8)
85–100 36 36.1 21 (58.3) 26 (72.2) 19 (52.8)
Total 226 46.9 153 (67.7) 161 (71.2) 144 (63.7)
Octob
er 2021 | V
olume 12 |
Serum samples (n = 226) were from healthy elderly subjects. Statistical analyses were
performed using the two-sided chi-square test. No statistical differences were detected
among age-stratified groups (p > 0.05).
A B

FIGURE 1 | Dilution linearity and correlation of optical density (OD) values obtained using Merkel cell polyomavirus (MCPyV) VP1 S and VP2 F peptides. (A) OD
response to serial dilutions (1:20, 1:80, 1:160, 1:320, 1:640, 1:1,280, and 1:2,560) was evaluated on n = 15 MCPyV-seropositive sera with known high (n = 5),
medium (n = 5), and low (n = 5) ODs. Each dilution was assayed in triplicate for each MCPyV VP1 S and VP2 F peptide; and OD values and sera dilutions were
compared by linear regression analysis. High correlation between ODs and dilutions was found for VP1 S peptide with an R2 of 0.9786 (p < 0.0001), 0.9959
(p < 0.0001), and 0.9768 (p < 0.0001) for samples with high, medium, and low ODs, respectively. Good correlation between ODs and dilutions was found when VP2 F
peptide was employed, with an R2 of 0.9773 (p < 0.0001) for sample with known high ODs, 0.9784 (p < 0.0001) for samples with medium ODs, and 0.9846
(p < 0.0001) for samples with low ODs. (B) The concordance in ODs between the VP1 S and VP2 F peptides was evaluated on the entire set of sera from elderly
subjects (ES) (n = 226) using Spearman’s correlation analysis. A good correlation between S peptide and F peptide was found, with an r of 0.7991 and a p < 0.0001.
Article 738486
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F peptide in ES sera were 0.14 (0.10–0.18) and 0.25 (0.18–0.49),
respectively, while for combined S and F peptides, these
resulted as 0.18 (0.13–0.30). The median (IQR) ODs for S
peptide and F peptide, both for single mimotopes and in
combination, were then determined in age-stratified ES, and
values were compared. The median (IQR) OD values for S
peptide resulted as 0.14 (0.10–0.17), 0.15 (0.11–0.21), 0.13
(0.11–0.17), 0.13 (0.11–0.20), and 0.13 OD (0.10–0.19) in
age-stratified ES groups aged 66–70, 71–75, 76–80, 81–85,
86–100 years, respectively (Figure 2A). The median (IQR)
OD values for F peptide resulted as 0.25 (0.17–0.53), 0.25
(0.18–0.53), 0.24 (0.16–0.42), 0.29 (0.18–0.50), and 0.28
(0.20–0.46) in age-stratified ES groups aged 66–70, 71–75,
76–80, 81–85, and 86–100 years, respectively (Figure 2B).
The median (IQR) ODs for combined S and F peptides
resulted as 0.17 (0.12–0.26), 0.19 (0.13–0.37), 0.16 (0.12–
0.26), 0.19 (0.12–0.31), and 0.19 (0.12–0.32) in age-stratified
ES groups aged 66–70, 71–75, 76–80, 81–85, and 86–100 years,
respectively (Figure 2C). No statistically significant differences
in OD values for peptides S and F, both for single peptides and
in combination, were determined among age-stratified ES
Frontiers in Immunology | www.frontiersin.org 5
groups (p > 0.05). Similarly, Spearman’s correlation analysis
showed a lack of correlation between age and OD levels, for
peptides S and F, in the entire cohort of ES (p > 0.05).

The median (IQR) ODs for S peptide and F peptide, both for
single peptides and in combination, were then determined in ES
males (n = 106) and females (n = 120), whereas values were
compared. The ODs for S and F peptides in the male group were
0.14 (0.11–0.2) and 0.24 (0.17–0.50), respectively, while these
resulted as 0.13 (0.11–0.17) and 0.28 (0.18–0.49), respectively, in
the female group (Figures 2D, E). Moreover, the median (IQR)
ODs for combined S and F peptides were 0.19 (0.12–0.28) in
males and 0.17 (0.13–0.30) in females (Figure 2F). No
statistically significant differences in ODs for peptides S and F,
both for single peptides and in combination, were determined
between males and females (p > 0.05).

Serum IgG Reactivity to Merkel Cell
Polyomavirus in Senior Elderly Subjects
Versus Younger Healthy Subjects
In the second phase, MCPyV seroprevalence and serologic
profiles in ES were compared with those obtained in sera
CA B

FED

E

FIGURE 2 | Serological profiles of serum antibody reactivity to Merkel cell polyomavirus (MCPyV) VP1 S (A, D), VP2 F (B, E) peptides and for combined S and F
peptides (C, F) in age- and gender-stratified elderly subjects (ES). Immunologic data are from age- and gender-stratified ES, and results are reported as optical
density (OD) value readings at l 405 nm for serum samples assayed in indirect ELISA. In the scatter dot plot, each dot represents the dispersion of ODs for each
sample. The median is indicated by the line inside the scatter plot with the interquartile range (IQR) in age-stratified ES, i.e., 66–70 (n = 40), 71–75 (n = 46), 76–80
(n = 57), 81–85 (n = 47), and 86–100 (n = 36) years and in gender-stratified ES, i.e., males (n = 106) and females (n = 120). No statistically significant differences in
MCPyV seroreactivity were determined among age-/gender-stratified groups (p > 0.05).
October 2021 | Volume 12 | Article 738486
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from HS, which had previously been investigated in our
laboratory (18). The prevalence of serum anti-MCPyV IgGs,
combining S and F peptide reactivity, in HS was 62.9% (345/
548) (18). No statistical differences in MCPyV seroprevalence
were found either between the two entire cohorts of ES and HS
(p > 0.05) or in MCPyV seroprevalence and serologic profiles
among age-stratified ES and HS (p > 0.05). Notably, serologic
profile analysis indicated that S peptide ODs resulted as lower
in the ES group (n = 226, median [IQR], 0.13, 0.10–0.19) than
in HS (n = 548, 0.15, 0.11–0.21, p < 0.05) (Figure 3A).
Contrariwise, F peptide ODs were similar in ES (0.25, 0.18–
0.49) and HS groups (0.27, 0.2–0.42) (p > 0.05) (Figure 3B).
Lower ODs for combined S and F peptides were detected in ES
group (0.18, 0.13–0.29) compared with HS (0.2, 0.14–0.3) (p <
0.05) (Figure 3C).

Afterwards, MCPyV seroprevalence was compared in ES
(n = 106) and HS (n = 210) males, as well as in ES (n = 120)
and HS (n = 338) females (18). A total of 65.2% (137/210) HS
males and 61.5% (208/338) HS females presented IgGs against
MCPyV (18). No statistically significant differences were
determined among groups (p > 0.05). As regards the serologic
profiles, ODs for S peptide resulted as lower in ES males (0.14,
0.11–0.2) than in HS males (0.16, 0.13–0.21, p < 0.01)
(Figure 4A), while no statistical differences in F peptide ODs
were determined in ES (0.24, 0.16–0.5) and HS males (0.29, 0.21–
0.43) (p > 0.05) (Figure 4B). Furthermore, lower ODs for
combined S and F peptides were detected in ES males (0.19,
0.12–0.28) when compared with HS males (0.21, 0.15–0.31, p <
0.01) (Figure 4C). The ODs for S peptide in ES females (0.13,
0.11–0.17) were similar when compared with those in HS females
(0.14, 0.1–0.21, p > 0.05) (Figure 4D). Similar ODs for F peptide
were also found in ES (0.28, 0.18–0.48) and HS females (0.25,
0.18–0.41, p > 0.05) (Figure 4E). No differences in ODs for
combined S and F peptides were detected in ES (0.17, 0.13–0.31)
and HS females (0.2, 0.13–0.3, p > 0.05) (Figure 4F).
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DISCUSSION

Detailed information on MCPyV serology in the healthy elderly
population is still being debated. Herein, the impact of MCPyV
infection in ES was determined using an innovative indirect
ELISA with two linear synthetic peptides that mimic MCPyV VP
antigens (18). MCPyV seroprevalence and serologic profile in ES
according to age and gender were therefore determined.

In a first phase, the performance of the indirect ELISA was
evaluated by i) testing assay dilutional linearity (53, 59–61), or
accuracy, for MCPyV VP1 S and VP2 F peptides and by ii)
comparing S and F peptide ODs. Linear regression analyses
showed a remarkable goodness of fit between sample dilutions
and ODs, with an R2 ranging from 0.09768 to 0.09959 (p <
0.0001) being found, for both peptides. Furthermore, Spearman’s
analysis, indicated good concordance between S and F peptide
ODs, with an r of 0.7991 (p < 0.0001). These data indicate that
not only is this assay robust in detecting anti-MCPyV IgGs with
high accuracy, a key prerequisite for reliable ELISAs (18, 62–66),
but also S and F peptides can be exploited simultaneously,
showing high concordance. These data indicate that this
method is accurate, while providing high reliability in detecting
anti-MCPyV IgGs (18, 67, 68).

Analysis was afterwards carried out on sera from ES aged
from 66 to 100 years with unknown MCPyV serology. Sera were
investigated for IgG reactivity to MCPyV antigens. Sera were
considered MCPyV-positive when IgGs reacted to both S and F
peptides (18).

The overall prevalence, obtained by combining MCPyV-
positive ES sera, for both peptides, resulted as 63.7%, a
proportion similar to 62.9%, which we previously obtained in
HS aged 18–65 years (18). These data suggest that MCPyV
circulates asymptomatically not only in the adult population
but also in elders at a relatively high prevalence. Over the years,
serological evidence of circulating MCPyV in adults has been
CA B

FIGURE 3 | Serologic profiles of serum antibody reactivity to Merkel cell polyomavirus (MCPyV) VP1 S (A) and VP2 F (B) peptides and for combined S and F
peptides (C) evaluated in elderly subjects (ES) compared with healthy subjects (HS). Immunologic data are from ES (n = 226) and HS (n = 548), and results are
reported as optical density (OD) value readings at l 405 nm for sera analyzed in indirect ELISA. In the scatter dot plot, each dot represents the dispersion of ODs for
each sample. The median is indicated by the line inside the scatter plot with the interquartile range (IQR) in ES and HS cohorts. (A) *p < 0.05; (C) *p < 0.05.
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described with highly variating rates ranging between 46% and
87%, according to the study considered (3, 12–16, 19–26).
Distinct prevalence figures across studies have been described
for individuals aged over 60 years, with rates grouping from
about 58%–70% (13, 14, 21–23, 29) to approximately 73%–95%
(12, 15, 25–28, 69). Differences in geographical region/study
populations could reflect these variations across studies (25, 69).
However, variating rates have been reported across studies
conducted in the same geographical region (15, 20, 22, 23, 25,
28, 29, 69, 70). Therefore, the current data available do not allow
to reach robust conclusions regarding the presence of an MCPyV
seroprevalence pattern according to the geographical region.
Multicenter studies based on large sample sizes should be
performed to clarify this issue. Moreover, methodological
differences in immunoassays, which may result in variating
rates, could also be considered an explanation for these
variations across studies (21, 25). It should be recalled that
previous MCPyV-based immunological methods mainly
employ VLPs as antigens for immunoreactions, which are in
vitro-generated recombinant MCPyV VPs (3, 12, 14, 20, 27, 71,
72). VLP-based assays might be susceptible to overestimation/
Frontiers in Immunology | www.frontiersin.org 7
cross-reaction, as VLPs share common antigens with other PyVs
(16, 27, 73), therefore potentially hampering the result (27, 73).
Our immunoassay differs from previous methods since it is based
on two synthetic linear peptides mimicking portions of MCPyV
VPs. Indeed, the S and F peptide a.a. chains used herein present a
very marginal identity with corresponding VPs from other PyVs,
as has been demonstrated (18). In addition, VLP-based systems
necessitate time-consuming/expensive protocols (27, 73), which
might be susceptible to methodological flaws. Considering these
aspects, our indirect ELISA exhibits high specificity in detecting
anti-MCPyV IgGs, while cost/time efficiency and a simple
procedure are also provided (18).

In terms of MCPyV seroprevalence, no variations with age
were determined in ES (p > 0.05). Comparable rates were also
obtained when comparing age-stratified ES cohorts with age-
stratified HS cohorts from our previous study (p > 0.05) (18).
This result suggests that MCPyV serology appears to not differ
from adulthood to middle/advanced age, persisting lifelong
without significant fluctuations. Despite previous studies being
characterized by variating MCPyV seroprevalence rates (74), our
results are in agreement with previous studies reporting a lack of/
C

F

A B

D E

FIGURE 4 | Serologic profiles of serum antibody reactivity to Merkel cell polyomavirus (MCPyV) VP1 S (A, D) and VP2 F (B, E) peptides and for combined S and F
peptides (C, F) evaluated in gender-stratified elderly subjects (ES) compared with gender-stratified healthy subjects (HS). Immunologic data are from gender-stratified
ES (n = 106 males and n = 120 females) and HS (n = 210 males and n = 338 females). Results are expressed as optical density (OD) value readings at l 405 nm for
serum samples assayed in indirect ELISA. In the scatter dot plot, each dot represents the dispersion of ODs for each sample. The median is indicated by the line
inside the scatter plot with the interquartile range (IQR) for each group of subjects analyzed. (A) **p < 0.01; (C) **p < 0.01.
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slight variations with age (12, 14, 21, 22, 24, 26, 27, 69). MCPyV
establishes a lifelong asymptomatic infection in adults. In
physiological conditions, this kind of infection may provide a
long-lasting/lifetime source of viral antigens, which are
permanently exposed to the host immune system, while
continuous, consequent antigen stimulation is provoked (14,
24). An alternative scenario provides for the gradual
production/exposure of MCPyV antigens to the immune
system during adulthood, which leads to a gradual immune
response increase in an age-dependent manner (75), as described
for other viruses (76). As for other PyVs (33), the gradual
production of antiviral IgGs might be prompted by an increase
in MCPyV replication levels or reinfections with different strains
throughout life (21, 25). Consistently, MCPyV seroreactivity has
also been reported to increase with age (13, 23, 28, 70).

It is important topoint out that lowerODlevelswere found inES
compared with HS from our previous study (p < 0.05) (18). In
addition, despite the entire ES group having statistically similar
MCPyV seroprevalence rates, the older cohort, aged 86–100 years,
exhibited the relatively lowest rate, i.e., 53%, between 10% and 20%
lower than the remaining cohorts aged below 85 years. These
results, in agreement with previous findings, suggest a possible
decrease in IgG levels against MCPyV during senility (15, 25, 26).
Indeed, the immune system is prone to decline in old-aged subjects
(77), potentially leading to a reduced response to MCPyV. At the
same time, as high MCPyV DNA amounts have been described in
elders, a link between age and an increase in viral replication levels
has also been theorized (34). Physiological immune senescence
could therefore favorhigher levelsofMCPyVreplication, as aminor
response toMCPyVmayoccur (29, 32, 34, 78), which in turnmight
lead to MCC carcinogenesis. This is understandable, as MCC
mainly arises during advanced senility following MCPyV
reactivation (35, 36). The impairment of antiviral/cancer immune
surveillance in advanced age can therefore favor MCPyV-driven
MCC carcinogenesis (38, 47). However, Spearman’s analysis and
comparisons among, and within, age-stratified ES and HS cohorts
showeda lackofODvariationwith age.The relatively small fraction
of serum samples available for immunoreactions characterizing the
age-stratified ES cohorts could justify this result. Further
investigations with larger study cohorts might clarify the presence
of variations in MCPyV seroreactivity according to age.

In summary, the data in the present study, along with
evidence reported previously (12, 14, 21, 22, 24, 26, 27, 69),
cumulatively suggest that, after seroconversion early in life (22,
69), MCPyV infection seems to remain stable throughout
adulthood by evoking a physiological immune response, which
might be followed by a decrease in MCPyV seroreactivity during
advanced senility. The decrease in antiviral/cancer immune
surveillance might lead to higher MCPyV replication levels
ultimately leading to MCC onset (38, 47).

No differences in terms of both MCPyV seroprevalence and
ODs were determined between ES males and females (p > 0.05).
These data, in agreement with those reported previously (18, 25–
28, 69), support the view that MCPyV infection is homogenously
distributed in humans without gender-based disparity. Notably,
a decrease in ODs with age was observed in males, but not in
Frontiers in Immunology | www.frontiersin.org 8
females, with low levels being found in ES males compared with
HS males from our previous study (p < 0.05) (18). This evidence
suggests that males might be more predisposed to develop
immune senescence than females, which in turn might possibly
favor higher MCPyV replication levels. A gender dimorphism in
immune response impairment with age has been described as
more pronounced in males than females (79). Indeed, although
some evidences indicate a lack of gender differences (80), MCC
seems to occur more frequently in males than females (81–84).

As MCPyV LT/sT plays a role in MCC onset/development
(7–9), investigating the presence of serum IgGs against these
viral oncoproteins in the healthy population, to identify MCC-
risk individuals, might present clinical relevance. Our ELISA
method can potentially be extended by using different linear
peptides/mimotopes mimicking portions of MCPyV LT/sT
antigens, as performed previously (85). This methodological
approach, which might allow a more comprehensive evaluation
of the MCPyV infection in the healthy population, in
immunosuppressed individuals and in MCC-risk patients, will
be employed in further studies.

Our studypresents some limitations. First, S andFpeptides, used
herein as mimotopes to detect circulating IgGs against MCPyV,
were not tested for the detection of IgGs against MCPyV variants
with mutations in the sequences corresponding to the used
peptides. However, in silico analyses conducted previously to
assess the theoretical reliability of the two peptides as mimotopes/
antigens indicated that both peptides were able to detect IgGs to a
variety of known MCPyV strains with high concordance (18).
Second, a relatively small number of sera from ES have been
tested. However, the sample size employed herein is statistically
appropriate and significant.

In conclusion, evaluating the impact of MCPyV infection in
ES is of paramount importance for identifying individuals
potentially at risk of MCC. Our indirect ELISA proved to be
reliable in investigating IgGs reacting to MCPyV VP mimotopes
in ES sera. Circulating anti-MCPyV IgGs were determined in
sera from ES, while a lack of age-/gender-related variations in
terms of MCPyV seroprevalence and serologic profile was found.
The results of the present study suggest that oncogenic MCPyV
circulates in the elderly asymptomatically without variations
according to age and gender, at a relatively high prevalence.
However, the entire ES group reported lower ODs compared
with HS, while lower ODs were also found in ES males compared
with HS males. This result may suggest that immunesenescence
might be responsible for a decreased IgG antibody response to
MCPyV, thereby potentially leading to an increase in MCPyV
replication levels. In a few cases, alongside other risk factors, this
phenomenon might prompt MCPyV-driven MCC onset, as
described in elders aged over 60 years.
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Merkel Cell Carcinoma. A Population-Based Study From 1985 to 2013, in
Northeastern of France. Int J Cancer (2019) 144:741–5. doi: 10.1002/IJC.31860

85. Rotondo JC, Mazzoni E, Bononi I, Tognon M, Martini F. Association Between
Simian Virus 40 and Human Tumors. Front Oncol (2019) 9:670. doi: 10.3389/
fonc.2019.00670

Conflict of Interest: Authors CM, CL, EM, FM, MT, and JR are holders of the
Italian patent application number 102020000021235 (I0188839) BRE-mma, filed
on September 8, 2020. Data of this work were enclosed, in part, in the
aforementioned Italian patent.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Mazziotta, Lanzillotti, Govoni, Pellielo, Mazzoni, Tognon, Martini
and Rotondo. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in other
forums is permitted, provided the original author(s) and the copyright owner(s) are
credited and that the original publication in this journal is cited, in accordance with
accepted academic practice. No use, distribution or reproduction is permitted which
does not comply with these terms.
October 2021 | Volume 12 | Article 738486

https://doi.org/10.1007/s00705-015-2339-9
https://doi.org/10.1007/s00705-015-2339-9
https://doi.org/10.1097/FTD.0000000000000229
https://doi.org/10.1097/FTD.0000000000000229
https://doi.org/10.1016/j.bbrep.2018.11.002
https://doi.org/10.1128/JCM.02875-13
https://doi.org/10.2147/IDR.S219281
https://doi.org/10.1128/CVI.00438-12
https://doi.org/10.1128/CVI.00438-12
https://doi.org/10.1002/ijc.24509
https://doi.org/10.1371/journal.pone.0115646
https://doi.org/10.1371/journal.pone.0115646
https://doi.org/10.1371/journal.pone.0121751
https://doi.org/10.1111/bjd.14313
https://doi.org/10.1098/rstb.2016.0266
https://doi.org/10.1038/jid.2009.392
https://doi.org/10.1098/rspb.2014.3085
https://doi.org/10.3389/fimmu.2020.573662
https://doi.org/10.3389/fimmu.2020.573662
https://doi.org/10.1016/j.coviro.2016.07.011
https://doi.org/10.1016/j.coviro.2016.07.011
https://doi.org/10.1155/2014/814598
https://doi.org/10.1016/j.ejca.2011.06.001
https://doi.org/10.1016/S0190-9622(03)02108-X
https://doi.org/10.1016/J.EJCA.2018.02.003
https://doi.org/10.1002/IJC.31860
https://doi.org/10.3389/fonc.2019.00670
https://doi.org/10.3389/fonc.2019.00670
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Decreased IgG Antibody Response to Viral Protein Mimotopes of Oncogenic Merkel Cell Polyomavirus in Sera From Healthy Elderly Subjects
	Introduction
	Materials and Methods
	Human Sera
	Merkel Cell Polyomavirus VP1 and VP2 Linear Synthetic Peptides
	Indirect ELISA
	Statistical Analysis

	Results
	Indirect ELISA Reliability Assessment
	Detection of Serum IgG Antibodies Against Merkel Cell Polyomavirus by Indirect ELISA in Elderly Subjects
	Serological Profiles of IgG Reacting to Merkel Cell Polyomavirus in Elderly Subjects
	Serum IgG Reactivity to Merkel Cell Polyomavirus in Senior Elderly Subjects Versus Younger Healthy Subjects

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


