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Merkel cell polyomavirus (MCPyV) is linked to a cutaneous cancer mainly occurring in Caucasians. DNA from skin swabs of 255
adults, originating from the 5 continents, were subjected to MCPyV PCRs. Phylogenetic analyses demonstrate the existence of 5
major geographically related MCPyV genotypes (Europe/North America, Africa [sub-Saharan], Oceania, South America, and

Asia/Japan).

Merkel cell polyomavirus (MCPyV) is a recently discovered
circular double-stranded DNA virus, etiologically linked to
an uncommon and aggressive primary cutaneous cancer, Merkel
cell carcinoma (MCC) (1). This neoplasm, which affects nerve-
associated Merkel cells, occurs mainly on sun-exposed skin of
elderly Caucasians or in immunodepressed patients (2, 3).
MCPyV is one of the 12 known human polyomaviruses (4). Be-
sides MCPyV, three other polyomaviruses (BK polyomavirus
[BKPyV], JC polyomavirus [JCPyV], and trichodysplasia spinu-
losa-associated polyomavirus [TSPyV]) are associated with hu-
man diseases (4-6). For the JC and BK polyomaviruses, many
studies have demonstrated the existence of various genotypes
linked to the geographical origin of the infected individuals (7-9).
Furthermore, it has been shown that JCPyV coevolved with hu-
man populations and can be used as a molecular tracer for deci-
phering human migrations (10). Concerning MCPyV, recent
studies have suggested the existence of geographically related vari-
ants with one group composed of MCPyV strains present in Cau-
casians and another group comprising strains found in Asians
(11-13). This hypothesis, currently based on few preliminary
data, needs to be strengthened on a larger scale.

For the past 20 years, our laboratory has studied the genetic
variability of human oncogenic viruses, e.g., the retrovirus human
T-cell leukemia virus 1 (HTLV-1) and human herpesvirus 8
(HHV-8), in different populations. Thus, we have frequent access
to healthy individuals living in villages of the western part of cen-
tral Africa (14, 15) and South America (16, 17) and in patients
from hospitals in Oceania (18) and Europe. In order to search for
specific geographically related MCPyV genotypes, we tested many
individuals originating from the five continents for MCPyV. The
study was approved in France by the Comité de Protection des
Personnes (approval no. CEBH 2012/02), the Comité Consultatif
sur le Traitement de I'Information en Matiére de Recherche dans
le Domaine de la Santé (CCTIRS) (approval no. 12.541), and the
Commission Nationale de I'Informatique et des Libertés (CNIL)
(approval DR-2012-535) and in Cameroon by the National Ethics
Committee. Detailed explanations of the study were provided to
each participant. Individual written informed consent was ob-
tained, and a short standardized questionnaire was used to collect
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personal epidemiological data (age, sex, location, and ethnicity). A
total of 255 adult volunteers were included. The volunteers origi-
nated from South America (30 Amerindians living in Saint-Lau-
rent du Maroni in French Guiana), Oceania (5 Polynesians and 4
Melanesians living in New Caledonia), central Africa (13 Bantus
and 42 Pygmies from south Cameroon villages and settlements),
and Europe (29 Caucasians living in metropolitan France or
French Guiana). We also studied 81 Noir-Marrons of west African
ancestry (19) and 51 Hmongs of southeast Asian origin (20) who
were living in the Saint-Laurent du Maroni area of French Guiana.
All of the participants were considered healthy individuals except
the 9 people from New Caledonia, who were outpatients seen in a
hospital dermatology unit. None of them had clinical evidence of
a Merkel tumor.

As MCPyV is present on the skin, we used cutaneous swabs of
the face, mainly the forehead, to study MCPyV strains as previ-
ously described (13, 21, 22) (see Supplemental Methods in the
supplemental material for the methods of DNA extraction from
the swabs). For each of the 255 DNA samples, we performed 3
different PCRs using specific primer pairs, generating 3 distinct
MCPyV genomic fragments called A (large T antigen [LT-Ag]), B
(VP1), and C (VP2 and the noncoding control region [NCCR])
(see Supplemental Methods and Table S in the supplemental ma-
terial).

Out of the 255 DNA samples tested, we obtained 48 (18.8%)
PCR positive for fragment A, and only 14 of these samples were
also amplifiable for fragments B and C (Table 1). We have thus
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TABLE 1 Geographical origin and molecular results concerning the PCR and high-throughput sequencing technologies of the 22 MCPyV strains

studied

PCR results for

fragment: Phylogeny
Participant no. Sample Geographic origin Age (yr) Sex” B C (1,284-bp fragment?)
1 AmePI* South America (Amerindians) 35 F + + + +
2 AmePA South America (Amerindians) 22 F + + + +
3 AmeKS South America (Amerindians) 42 M + + + +
4 AmeKR South America (Amerindians) 64 F + + + +
5 AmeJH South America (Amerindians) 43 M + + + +
6 AmeKK South America (Amerindians) 41 F + + + +
7 OceMeINC1 Oceania (Melanesians) 64 M + - - +4
8 OceMeINC2 Oceania (Melanesians) 45 M + - - +4
9 OceMeINC3 Oceania (Melanesians) 43 M + - — -
10 OcePolW1¢ Oceania (Polynesians) 47 F + - - +4
11 EurCauCl° Europe (Caucasians) 26 F + + + +
12 EurCauC2 Europe (Caucasians) 55 M + + + +
13 AfrBak541 Africa (Pygmies) 42 M + + + +
14 AfrBad468 Africa (Bantus) 35 M + + + +
15 AfrNm51 Africa (Noir-Marrons) 20 F + + + +
16 AfrNm45 Africa (Noir-Marrons) 20 F + + + +
17 AfrNm70 Africa (Noir-Marrons) 26 F + + + +
18 AfrNm020 Africa (Noir-Marrons) 14 F + + + +
19 Asi-HmLT Asia (Hmongs) 25 F + - - -
20 Asi-Hm130 Asia (Hmongs) 28 F + - - -
21 Asi-Hm225 Asia (Hmongs) 21 F + - — -
22 Asi-HmYY Asia (Hmongs) 81 F + - - -

“F, female; M, male.

Y The 1,284-bp fragment corresponds to the 1,468-bp fragment without the noncoding region of fragment C.
¢ Complete genome obtained by high-throughput sequencing (see the methodologies and Fig. S1 in the supplemental material).
4 Importantly, in these 3 cases (samples OceMeINC1, OceMeINC2, and OcePolW1), the HTS technique generated the sequences corresponding to fragments B and C. Thus, the

complete 1,468-bp fragment for these 3 cases was also obtained.

sequenced the 3 fragments corresponding to these 14 samples (6
from Africa, 6 from South America, and 2 from French Cauca-
sians). We obtained a concatenated 1,468-bp-long fragment of the
MCPyV genome for these 14 samples (Table 1). We also se-
quenced the 4 Hmong samples and the 4 samples from Oceania,
despite the fact that they were only positive by PCR for fragment
A, because they were the only ones representing this geographical
clade in our study. Thus, we obtained 22 sequences for fragment A
and 14 sequences for fragments B and C.

The low rate of PCR positivity is likely due to the very low
MCPyV loads present on the skin of healthy individuals compared
to those found on patients with MCC (12, 21).

In order to get more sequence information, we also used high-
throughput DNA sequencing (HTS) (Illumina Sequencing Tech-
nology; see the HTS methodology in the supplemental material).
This was performed on 2 samples (EurCauCl and AmePI) for
which the 3 PCRs were positive, suggesting a high MCPyV load in
the skin DNA (Table 1), and on 8 other interesting samples (4
from Hmongs and 4 from Oceanians), even though only the PCR
for fragment A was found positive (Table 1). In these 10 samples,
reads (short sequences of approximately 100 nucleotides) corre-
sponding to MCPyV were obtained. Contigs were generated, and
we obtained segments of the MCPyV genome with sizes ranging
from 2,288 bp to 5,388 bp (data not shown). Importantly, in 3
cases (samples OceMeINC1, OceMeINC2, and OcePolW1), the
HTS technique generated the sequences corresponding to frag-
ments B and C. Thus, the complete 1,468-bp fragment for these 3
samples was also obtained (Table 1). Unfortunately, we were not
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able to generate fragment B or C from the 4 Hmong samples or
from the last Oceanian one. Furthermore, 3 complete MCPyV
sequences were generated by HTS, one from an Amerindian (sam-
ple AmePI), one from a Polynesian (OcePolW1), and one from a
European/Caucasian (sample EurCauCl) (GenBank accession
numbers KF266963 through KF266965) (Table 1; see also Fig. S1
in the supplemental material). The first two sequences can be con-
sidered prototypic MCPyV strains for natives from South America
(sample AmePI) and Oceania (sample OcePolW1).

Thus, a 1,468-bp-long informative genomic sequence was ob-
tained for 17 strains by concatenation of the 3 amplicons (Table
1). In order to search for specific geographically related clades of
MCPyV, we performed phylogenetic analyses using the neighbor-
joining and maximum likelihood methods (Fig. 1 and data not
shown, respectively). We included in these analyses the 17 novel
MCPyV strains we generated and most of the available prototypic
sequences. The prototypic sequences originated mainly from
North America and Europe (the great majority of them purport-
edly from Caucasians), and a few were from Asia, including one
from Japan (12, 13, 23).

Both analyses gave very similar results, with clear evidence of
specific geographically related MCPyV genotypes. Indeed, we
could identify 4 main clades, which are phylogenetically sup-
ported and correspond to the different continents (Fig. 1). The
larger clade (bootstrap [BS] value, 93%) included the sequences
previously generated from North America/Europe as well, as ex-
pected, the 2 new sequences (sample EurCauC1/C2) from the
French Caucasian, and the 6 new sequences from individuals of
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FIG 1 Phylogenetic tree generated with the neighbor-joining method. The phylogeny was derived from the neighbor-joining method on 51 sequences of
colinearized genomic fragments (1,284 bp) of MCPyV corresponding to the 1,468-bp fragment without the noncoding region of fragment C (144 bp). The
phylogeny was derived by the neighbor-joining method by using the general time-reversible (GTR) model in the PAUP program version 4.0b10 (Sinauer
Associates, Sunderland, MA, USA). Reliability of the inferred tree was evaluated by bootstrap analysis on 1,000 replicates. Branch lengths are drawn to scale, with
the bar indicating 0.001-nucleotide replacement per site. We tentatively propose the following nomenclature for the 5 different genotypes: North America/
Europe (Caucasian), Africa, Asia, Oceania, and South America (Amerindians). The 17 new colinearized sequences used in this study are in bold type (GenBank

accession numbers KF266906 through KF266962).

African origin. The African group (BS value, 65%) included not
only the sequences isolated from one Bantu (sample AfrBad468)
and one Pygmy (sample AfrBak541) from central Africa (Came-
roon) but also the 4 strains (samples AfrNm51, AfrNm45,
AfrNm70, and AfrNm020) from Noir-Marron individuals, who
were living in French Guiana but whose ancestors originated from
west Africa around 2 centuries ago (19). The second clade (BS
value, 91%) was composed of the 3 sequences of Oceania origin,
including the sequence from a Polynesian and the two sequences
from Melanesians living in New Caledonia. The third clade (BS
value, 98%) included the 6 new sequences originating from Am-
erindians living in French Guiana, and the last clade (BS value,
99%) comprised two sequences from Asian individuals, one from
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a Japanese patient (strain TKS) and the other (strain 16b) from an
individual born in Asia.

In order to include the 4 Hmong sequences, for which only the
small A fragment was available, we created an additional phyloge-
netic tree using the 436-bp fragment. Interestingly, the Hmong
strains were quite related to strain 10b (from an individual born in
Asia) and the Oceania strains (see Fig. S2 in the supplemental
material). Furthermore, a phylogenetic tree created using frag-
ment B alone (574 bp) gave very similar results to the analysis of
fragment A alone (see Fig. S3 in the supplemental material).

In conclusion, based on the analysis of the 1,284-bp-long frag-
ment of MCPyV, we demonstrated the existence of 5 major geo-
graphically related MCPyV genotypes (Europe/North America/
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Caucasian, Africa [sub-Saharan], Oceania, South America/
Amerindian, and Asia/Japan). Thus, our data extend to MCPyV
the notion of different genotypes linked to ethnic/geographical
backgrounds and demonstrated for the JC and BK polyomavi-
ruses (9, 10, 24, 25). Further analyses based on larger fragments of
MCPyV will probably strengthen our original genotype classifica-
tion. Moreover, MCC is mainly reported in patients of Caucasian
origin but rarely in Asia and exceptionally in Africa (2, 5, 6). The
fact that the new African sequences reported here are very close to
the European sequences argues against the existence of an espe-
cially carcinogenic European MCPyV strain.

Nucleotide sequence accession numbers. The nucleotide se-
quences discussed above have been deposited in GenBank with
accession numbers KF266906 through KF266965.
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