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Merkel cell polyomavirus (MCPyV) DNA was detected
in 88% of Merkel cell carcinomas in contrast to 16% of other
skin tumors. MCPyV was also found in anogenital and oral
samples (31%) and eyebrow hairs (50%) of HIV-positive
men and in forehead swabs (62%) of healthy controls.
MCPyV thus appears to be widespread.

Merkel cell polyomavirus (MCPyV) was recently dis-
covered in Merkel cell carcinomas (MCC), rare but
aggressive skin cancers (/). MCPyV DNA has been de-
tected in the majority of MCC and less commonly in other
skin tumors and healthy skin (/—6). To help determine if
MCPyV might be widespread in the general population, we
conducted a retrospective study and tested MCC as well as
healthy and lesional skin and mucosa samples of immuno-
competent and immunosuppressed persons without MCC
for MCPyV-DNA.

The Study

All samples (n = 355) were analyzed by hot-start sin-
gle-round LT3-PCR (sPCR) and nested LT1/M1M2-PCR
(nPCR) by using primers described previously (/) (experi-
mental details on DNA isolation, controls, and PCR con-
ditions are available from U.W.). Because analytical sen-
sitivities of SPCR and nPCR were 1,000 copies of cloned
LT3-DNA and 10 copies of cloned LT1-DNA per assay,
samples positive by both PCRs probably had higher viral
loads than those positive only by nPCR. The sPCR- or
nPCR-products of 19 MCC and 48 non-MCC samples were
sequenced and were MCPyV specific.

MCPyV DNA was detectable in 30/34 (88%) MCC bi-
opsies and in 5/5 (100%) MCC metastases by nPCR, and in
68% and 80%, respectively, by sSPCR. MCPyV DNA was

found by nPCR only in 1/13 (7.7%) whole blood samples
of MCC-patients. The patient with MCPyV-positive blood
had positive sSPCR/nPCR results for MCC and positive
nPCR results for a second sample taken from the previ-
ous MCC site. Of 5 further non-MCC biopsy samples from
MCQC patients, 1 skin sample from a patient with unspecific
dermatitis was positive by nPCR.

MCPyV DNA was traceable only by nPCR in 10/61
(16%) biopsy samples of different non-MCC skin tumors
and in 8/34 (24%) of perilesional, clinically, and histolo-
gically healthy skin samples from 56 immunocompetent
patients (7) without MCC (Table 1). MCPyV DNA status
was identical in 30/32 pairs of tumor and corresponding
perilesional skin samples (negative/negative in 24, positive/
positivein 6, divergentin 2 pairs). MCPyV was found signifi-
cantly more often in MCC (n=34) than in non-MCC skin tu-
mors (n=61) or perilesional skin biopsies (n=34) (p<0.001;
x° test).

Mucosal samples were available from 79 HIV-infected
men who have sex with men (HIV-MSM) (without MCC)
participating in an anogenital dysplasia’human papilloma-
virus (HPV) screening program (8). MCPyV DNA was de-
tectable in 37/120 (31%) of all mucosal (anal, penile, oral)
samples by nPCR and in 10/120 (8%) by sPCR (Table 2).
In anal samples, MCPyV DNA positivity was lowest in
anal cancer tissues (14% by nPCR), followed by dysplasias
(26%), swabs with normal cytology (30%), and benign le-
sions (33%). Similar values were found for penile samples;
29% of dysplasias, 33% of benign lesions, and 50% of nor-
mal swabs were MCPyV DNA positive. In oral samples,
MCPyV DNA was detected in 39% of normal swabs, in
0% of benign lesions, and in 50% of carcinomas in situ.
MCPyV DNA positivity was not associated with the pres-
ence of mucosal premalignant and malignant lesions (p =
0.597; n=120; 1-sided analysis of variance test), in contrast

Table 1. MCPyV DNA in biopsies of immunocompetent patients
without MCC*

No. No. (%) MCPyV-

Histologic diagnosis samples positive by nested PCR
Papilloma/wart 4 0(0)
Actinic keratosis 7 0(0)
Keratoacanthoma 7 3 (43)
Squamous cell carcinoma 6 1(17)
Bowen disease/carcinoma 4 1(25)
Basal cell carcinoma 21 3 (14)
Malignant melanoma 12 2(17)

All skin tumors 61 10 (16)
Perilesional healthy skin 34 8 (24)
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*MCPyV, Merkel cell polyomavirus; MCC, Merkel cell carcinoma. All
samples shown were negative for Merkel cell polyomavirus in single-round
PCR. Six MCPyV-positive perilesional samples had an MCPyV-positive
lesional counterpart (3 basal cell carcinomas, 2 keratoacanthomas, 1
squamous cell carcinoma); 1 MCPyV-positive perilesional biopsy had a
MCPyV-negative counterpart (basal cell carcinoma); and of 1 MCPyV-
positive perilesional biopsy the lesional counterpart was not available. For
origin of samples see (7).
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Table 2. MCPyV DNA and human papillomavirus DNA in samples of HIV-positive men without Merkel cell carcinoma*

No. (%) MCPyV- No. (%) MCPyV- No. (%) HPV- No. (%) HR-
Diagnosis No. samples  positive by nPCR positive by sPCR positive HPV-positivet
Normalt anogenital/oral swabs 49 18 (37) 7 (14) 32 (65) 31 (63)
CD4 <200/uL 18 6 (33) 3(17) 13 (72) 13 (72)
CD4 >200/uL 31 12 (39) 4(13) 19 (61) 18 (58)
Anal 20 6 (30) 3(15) 20 (100) 20 (100)
Penile 6 3 (50) 3 (50) 4 (67) 3 (50)
Oral 23 9 (39) 1(4) 8 (35) 8 (35)
Benign papilloma/acanthoma 21 6 (29) 2 (10) 20 (95) 10 (48)
Anal 12 4 (33) 2(17) 12 (100) 5(42)
Penile 6 2 (33) 0(0) 6 (100) 2(33)
Oral 3 0(0) 0(0) 2 (67) 3(100)
Dysplasia/carcinoma in situ 43 12 (28) 1(2) 41 (95) 38 (88)
Anal intraepithelial neoplasia 27 7 (26) 1(4) 26 (96) 26 (96)
Penile intraepithelial neoplasia 14 4 (29) 0(0) 13 (93) 12 (86)
Oral carcinoma in situ 2 1 (50) 0 (0) 2 (100) 0(0)
Anal cancer 7 1(14) 0 (0) 7 (100) 7 (100)
All anal, penile, or oral samples 120 37 (31) 10 (8) 100 (83) 86 (72)
CD4 <200/uL 45 13 (29) 5(11) 38 (84) 36 (80)
CD4 >200/uL 75 24 (32) 5(7) 62 (83) 50 (67)
Plucked eyebrow hairs 14 7 (50) 5 (36) 14 (100) 0(0)
Cerebrospinal fluid 7 0 (0) 0 (0) ND ND

*MCPyV, Merkel cell polyomavirus; nPCR, nested PCR; sPCR, single-round PCR; HPV, human papillomavirus; HR, high-risk alpha-HPV. All samples
were tested for beta-HPV. Eyebrow hairs were additionally tested for alpha-HPV, and all were positive; 2 were additionally low-risk alpha-HPV—positive.
Alpha- and beta-HPV DNA were determined by PCRs as previously described (8).

THR types comprise HPV16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73, 82. For details of the patient-collective see (8).

tNormal swabs were those negative for intraepithelial lesion or malignancy.

to positivity for high-risk (HR)-alpha-HPV, the established
etiologic agents of these lesions (p =0.001; n=120) (Table
2). MCPyV DNA positivity was not significantly different
in mucosal samples from HIV-MSM with CD4 counts be-
low or above 200/puL (29% vs. 32%; p = 0.839; n = 120; *
test). For HR-HPV, a trend for a higher detection rate in
patients with CD4 counts <200/pL could be observed (80%
vs. 67%; p = 0.145; n = 120) (Table 2). In 7 cerebrospinal
fluid samples from HIV-MSM with central nervous system
problems, MCPyV DNA was not detected.

In an immunodeficient patient with WILD syndrome
(warts, immunodeficiency, lymphedema, anogenital dys-
plasia) (9), MCPyV DNA was found by nPCR and sPCR
on the abdominal, thigh, perianal, and vulvar skin, and
by nPCR in the vagina, cervix, and intraanal canal (20/27
swabs were nPCR- and 4/27 sPCR-positive). A whole blood
sample and 5 papilloma biopsies were MCPyV DNA nega-
tive. MCPyV DNA was detected by nPCR in the cellular
pellet but not in the supernatant of a urine sample of the pa-
tient with WILD syndrome. The presence of MCPyV DNA
in the cellular pellet was probably caused by MCPy V- posi-
tive urogenital cells flushed into the urine.

MCPyV DNA was not found in 13 BKPyV DNA posi-
tive urine samples from 11 renal-transplant recipients with-
out MCC. MCPyV DNA was detected by nPCR in 7/14
(50%) of plucked eyebrow hairs of 14 HIV-MSM and by
sPCR in 5/14 (36%) (Table 2) as well as in eyebrow hairs
of the patient with WILD syndrome (nPCR-positive). Skin
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swabs covering 20 cm? of the forehead were taken from 13
healthy immunocompetent male adults (/0), and MCPyV
DNA was detected by nPCR in 8/13 (62%) and by sPCR
in 5/13 (38%).

Conclusions

Using nested PCR, we found MCPyV DNA in 88%
of in samples from persons with MCC. In 68%, viral DNA
load was high enough to be detectable by sPCR. This find-
ing is similar to detection rates reported before (54%—89%)
(1-6) and confirms the association of MCPyV with MCC.

The MCPyV positivity of 16% in non-MCC skin tu-
mors was significantly lower than in MCC; MCPyV DNA
was only detectable by nPCR, pointing to lower viral loads
than in MCC. Similar to our results, MCPyV DNA has
been found in 12.5% of basal cell carcinomas and viral load
was 4-log lower than in MCC (2). In other studies, MCPyV
DNA was detected in 13% of squamous cell carcinomas
and only in 1 keratoacanthoma of 156 non-melanoma skin
cancers (4,6). The relatively low detection rate of MCPyV
in non-MCC skin tumors, similar to that in healthy, perile-
sional skin, suggests that MCPyV probably does not play a
role in the development of non-MCC skin tumors.

HR-alpha-HPV induces anogenital dysplasia/cancer
and HIV-MSM have a strongly increased risk for develop-
ing these lesions (/7). In anogenital samples of HIV-MSM,
MCPyV DNA was less common in premalignant and ma-
lignant lesion samples than in benign samples or samples
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with normal cytology. Thus, it is unlikely that MCPyV
plays arole in the development of anogenital dysplasia/can-
cer in HIV-MSM. In contrast to HR-alpha-HPV, MCPyV
recovery was not increased in HIV-MSM with advanced
immunodeficiency.

MCPyV DNA was detected only once in hematolym-
phoid tissue and never in donated blood (5,/2). Similarly,
we could not detect MCPyV DNA in 12/13 blood samples
obtained from patients with MCC and in the blood sample
of the patient with WILD syndrome, who was MCPyV
positive in numerous other samples. MCPyV DNA was not
found in BKPyV-positive urine samples from renal trans-
plant recipients or in the cell-free urine supernatant of the
patient with WILD syndrome.

In normal skin, MCPyV DNA has been identified be-
fore by PCR and Southern blot in 1/6 biopsies (/) but not
in 15 samples when real-time PCR was used (4). Surpris-
ingly, we found MCPyV DNA by sPCR in 38% and by
nPCR in 62% of area-wide skin swabs from the forehead
of healthy controls. Furthermore, MCPyV DNA was found
in 14% and 37% of normal mucosa swabs of HIV-MSM
by sPCR and nPCR, respectively. Since Merkel cells are
found within the basal layer of the epidermis (/3), it is
unlikely that they are collected in surface-swabs. This ob-
servation suggests that the detected MCPyV DNA either
represents cell-free virus that may have been produced in
Merkel cells or virus in superficial keratinocytes. Thirty-
six percent (sPCR) and 50% (nPCR) of eyebrow hairs of
HIV-MSM carried MCPyV DNA. High concentrations of
Merkel cells were described in the bulge region of hair fol-
licles (/4). Hair bulbs have been suggested as a reservoir
for beta-HPVs (/5), and this may also be true for MCPyV.
Our data demonstrate a widespread distribution of MCPyV
in normal skin, mucosa and hair bulbs, although MCPyV
does not reach the magnitude found for ubiquitous beta-
HPV (10,15). Our nonpopulation based data need to be
confirmed in cross-sectional studies, but it is likely that
MCPyV is prevalent in the general population.

Acknowledgments

We thank Monika Junk and Nabila Ristow for excellent
technical assistance, Soenke Weissenborn for support in statis-
tical analyses, and Martin Hufbauer for assistance in cloning of
PCR products.

This work was supported by the German Federal Ministry of
Education and Research grant no. 01 KI 0771 (TP7) and by the
Center for Molecular Medicine of the University of Cologne.

Dr Wieland is a professor of virology at the Institute of Vi-
rology of the University of Cologne. She specializes in medical
microbiology and virology. Her research interests include diagno-
sis and therapy of papillomavirus-induced diseases.

1498

References

1. FengH, Shuda M, Chang Y, Moore PS. Clonal integration of a polyo-
mavirus in human Merkel cell carcinoma. Science. 2008;319:1096—
100. DOI: 10.1126/science.1152586
2. Becker JC, Houben R, Ugurel S, Trefzer U, Pfohler C, Schrama D.
MC polyomavirus Is frequently present in Merkel cell carcinoma
of European patients. J Invest Dermatol. 2009;129:248-50. DOI:
10.1038/jid.2008.198
3. Foulongne V, Kluger N, Dereure O, Brieu N, Guillot B, Segondy
M. Merkel cell polyomavirus and Merkel cell carcinoma, France.
Emerg Infect Dis. 2008;14:1491-3. DOI: 10.3201/eid1409.080651
4. Garneski KM, Warcola AH, Feng Q, Kiviat NB, Leonard JH, Nghi-
em P. Merkel cell polyomavirus is more frequently present in North
American than Australian Merkel cell carcinoma tumors. J Invest
Dermatol. 2009;129:246-8. DOI: 10.1038/jid.2008.229
5. Kassem A, Schopflin A, Diaz C, Weyers W, Stickeler E, Werner
M, et al. Frequent detection of Merkel cell polyomavirus in human
Merkel cell carcinomas and identification of a unique deletion in the
VP1 gene. Cancer Res. 2008;68:5009-13. DOI: 10.1158/0008-5472.
CAN-08-0949
6. Ridd K, Yu S, Bastian BC. The presence of polyomavirus in non-
melanoma skin cancer in organ transplant recipients is rare. J Invest
Dermatol. 2009;129:250-2. DOI: 10.1038/jid.2008.215
7. Weissenborn SJ, Nindl I, Purdie K, Harwood C, Proby C, Breuer
J, et al. Human papillomavirus-DNA loads in actinic keratoses
exceed those in non-melanoma skin cancers. J Invest Dermatol.
2005;125:93—7. DOI: 10.1111/j.0022-202X.2005.23733.x
8. Kreuter A, Brockmeyer NH, Weissenborn SJ, Gambichler T,
Stucker M, Altmeyer P, et al. Penile intraepithelial neoplasia is fre-
quent in HIV-positive men with anal dysplasia. J Invest Dermatol.
2008;128:2316-24. DOI: 10.1038/jid.2008.72
9. Kreuter A, Hochdorfer B, Brockmeyer NH, Altmeyer P, Pfister H,
Wieland U. A human papillomavirus-associated disease with dis-
seminated warts, depressed cell-mediated immunity, primary lym-
phedema, and anogenital dysplasia: WILD syndrome. Arch Derma-
tol. 2008;144:366—72. DOIL: 10.1001/archderm.144.3.366
10.  Weissenborn SJ, De Koning MN, Wieland U, Quint WG, Pfister
HJ. Intrafamilial transmission and family-specific spectra of cutane-
ous beta-papillomaviruses. J Virol. 2009;83:811-6. DOI: 10.1128/
JVI.01338-08
11. Palefsky J. Human papillomavirus-related tumors in HIV. Curr Opin
Oncol. 2006;18:463—8. DOI: 10.1097/01.cc0.0000239885.13537.36
12.  Sharp CP, Norja P, Anthony I, Bell JE, Simmonds P. Reactivation
and mutation of newly discovered WU, KI, and Merkel cell carcino-
ma polyomaviruses in immunosuppressed individuals. J Infect Dis.
2009;199:398-404. DOI: 10.1086/596062
13. Moll I, Moll R. Early development of human Merkel cells. Exp Der-
matol. 1992;1:180—4. DOI: 10.1111/j.1600-0625.1992.tb00186.x
14. Narisawa Y, Hashimoto K, Nakamura Y, Kohda H. A high concen-
tration of Merkel cells in the bulge prior to the attachment of the
arrector pili muscle and the formation of the perifollicular nerve
plexus in human fetal skin. Arch Dermatol Res. 1993;285:261-8.
DOI: 10.1007/BF00371594
15. Boxman IL, Berkhout RJ, Mulder LH, Wolkers MC, Bouwes Bav-
inck JN, Vermeer BJ, et al. Detection of human papillomavirus DNA
in plucked hairs from renal transplant recipients and healthy volun-
teers. J Invest Dermatol. 1997;108:712—5. DOI: 10.1111/1523-1747.
ep12292090

Address for correspondence: Ulrike Wieland, Institute of Virology,
University of Cologne, Fuerst-Pueckler-Strasse 56, 50935 Koeln,

Germany; e-mail: ulrike.wieland@uni-koeln.de

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 15, No. 9, September 2009





