
1600 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 25, No. 8, August 2019

RESEARCH LETTERS

Counotte et al. systematically reviewed all available 
evidence on the risk for sexual transmission of Zika virus 
(5). Data from case reports, case series, cohort studies, in 
vitro work, and animal studies indicate that the infectious 
period for sexual transmission of Zika virus is consider-
ably shorter than the period during which viral RNA can 
be detected in semen. As a result, the World Health Or-
ganization now recommends male travelers with poten-
tial Zika virus exposure delay conception for >3 months 
rather than >6 months (6). 

In our case, Zika virus RNA might have persisted 
in semen because of failed immune clearance second-
ary to the patient’s MRH or his immunosuppressive drug 
treatment. However, when advising returning male trav-
elers in couples planning pregnancy, clinicians should 
be aware that Zika virus RNA shedding in semen might 
be intermittent and persist for longer in patients with im-
munosuppression.
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Cutavirus was previously found in cutaneous melanoma. 
We detected cutavirus DNA in only 2/185 melanoma bi-
opsies and in 0/52 melanoma metastases from patients in 
Germany. Viral DNA was localized in the upper epidermal 
layers. Swab specimens from healthy skin were cutavirus 
positive for 3.8% (9/237) of immunocompetent and 17.1% 
(35/205) of HIV-positive men.

Cutavirus, a novel human protoparvovirus with lin-
ear single-stranded DNA, has been detected in fecal 

samples from children with diarrhea and in cutaneous T-
cell lymphomas (CTCL) (1,2). Recently, Mollerup et al. 
reported the identification of cutavirus in 1 of 10 cutane-
ous malignant melanomas using viral enrichment methods 
with high-throughput sequencing and real-time PCR (3). 
This discovery raised questions concerning tropism and 
pathogenicity of cutavirus in human skin. We performed 
a retrospective study to determine cutavirus DNA preva-
lence and viral load in a large collection of formalin-fixed 
paraffin-embedded tissue biopsy specimens of malignant 
melanomas and in forehead swabs of healthy skin of im-
munocompetent and HIV-positive persons in Germany.

We used 185 cutaneous malignant melanoma biopsy 
specimens from 179 patients and 52 melanoma metastases 
from 42 patients from Germany for analyses with cutavi-
rus real-time PCR (Appendix, http://wwwnc.cdc.gov/EID/
article/25/8/19-0096-App1.pdf). We detected cutavirus 
DNA only in 2 nodular malignant melanomas, located on 
the abdomen of a 64-year-old man (MM-A) and on the 
cheek of an 85-year-old woman (MM-B). Viral DNA loads 
in these biopsies were 0.3 (MM-A) and 2.8 (MM-B) cuta-
virus DNA copies per β-globin gene copy. None of the 52 
analyzed metastases carried cutavirus DNA (Table). The 
cutavirus PCR results of the 2 melanomas could be con-
firmed by sequencing and by in situ hybridization. In both 
melanomas, the cutavirus DNA–specific signals could be 



 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 25, No. 8, August 2019 1601

RESEARCH LETTERS

detected only in the superficial layers and on the surface of 
the skin but not in the tumor cells (Appendix Figure).

To analyze the prevalence of cutavirus on healthy non-
lesional skin, we used 442 forehead swab specimens from 
237 immunocompetent men and 205 HIV-positive men that 
were available from a previous study (4) (Appendix). We 
found cutavirus DNA significantly more frequently on the 
skin of HIV-positive men than on the skin of healthy con-
trols (17.1% vs. 3.8%; p<0.001 by 2-sided χ2 test; Table). 
Among HIV-positive men, we found a trend for a higher 
cutavirus prevalence in patients with AIDS compared with 
those without AIDS (14/59 [23.7%; 95% CI 14.7–36.0] vs. 
19/140 [13.6%; 95% CI 8.9–20.2]; p = 0.078 by 2-sided 
χ2 test). The range of viral DNA loads found in the 44 
cutavirus-positive skin swabs was 0.004–268.75 (median 
0.41; interquartile range [IQR] 0.0–3.57); there was no sig-
nificant difference between HIV-negative and HIV-positive 
men (p = 0.389 by Mann-Whitney-U test; Table).

Mollerup et al. found cutavirus DNA in 1 of 10 mela-
nomas from Denmark and suggested investigating the role of 
cutavirus in cutaneous cancer (3). We detected cutavirus DNA 
in only 2 of 185 melanoma biopsy specimens and in none of 
52 metastases. In situ hybridization localized the viral DNA 
on the surface of the 2 cutavirus-positive melanomas and not 
within the malignant cells. Our data therefore argue against an 
oncogenic role of cutavirus in malignant melanoma.

Väisänen et al. found cutavirus DNA in 2.9% of 136 skin 
biopsy specimens from 123 organ transplant recipients and in 
none of 159 skin biopsy specimens of 98 healthy adults (5). 
In accordance with Väisänen et al., we also found cutavirus 
more frequently in immunosuppressed patients than in healthy 
(immunocompetent) adults. Their finding related to healthy 
adults is in contrast to our results; however, we analyzed 
not skin biopsy specimens but widespread skin swab speci-
mens covering ≈10 cm2 of forehead skin (4). Our cutavirus 
DNA prevalence data on normal skin of immunocompetent 
adults (3.8%) are in line with cutavirus IgG seroprevalence  

rates reported for adults in Finland, Iran, and Kenya (4.2%–
5.6%). Lower cutavirus IgG seroprevalence rates have been 
found in the United States (0%) and Iraq (1%) (6).

A pathogenic role of cutavirus has been investigated 
in further malignancies. Concerning CTCL, conflicting re-
sults have been reported. Phan et al. have found cutavirus 
DNA in 23.5% (4/17) (1) and Väisänen et al. in 16% (4/25) 
of CTCL of the mycosis fungoides type (5). Our group re-
cently analyzed 189 biopsies of various cutaneous B- and 
T-cell lymphoma types and detected cutavirus DNA only 
in 5.8% of 104 mycosis fungoides biopsy specimens (7). 
In contrast, Bergallo et al. could not detect cutavirus in 55 
CTCL samples (8). The in situ hybridization results of a 
cutavirus-positive mycosis fungoides sample analyzed by 
Phan et al. pointed to a localization of the viral DNA in 
the superficial parts of the lesion (1), similar to the results 
we show. Therefore, it remains unclear whether cutavirus 
plays a role in the development of CTCL. Recently, Dick-
inson et al. could not detect cutavirus in oropharyngeal and 
oral cavity squamous cell carcinomas (9).

In summary, our data on cutavirus DNA prevalence 
and localization argue against an oncogenic role of cuta-
virus in malignant melanoma. However, oncolytic proper-
ties of this virus or viral hit-and-run oncogenesis cannot 
be excluded (10). Cutavirus seems to be more frequent on 
healthy skin of immunosuppressed patients than on the skin 
of immunocompetent persons and could be part of the hu-
man skin virome. It is possible that cutavirus is an apatho-
genic virus shed from human skin.
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Table. Cutavirus DNA detection and DNA load in cutaneous malignant melanomas, melanoma metastases, and forehead swabs of 
healthy nonlesional skin from persons in Germany* 

Sample type 
No. samples 

analyzed 
No. cutavirus DNA–positive samples† 

(%; 95% CI) 
Median cutavirus DNA load 

(IQR)‡ 
Malignant melanoma tumor biopsies§¶ 185 2 (1.1; 0.3–3.9) 0.30; 2.82# 
Malignant melanoma metastases§** 52 0 (0; 0–6.9) NA 
Skin swabs of HIV-positive men§ 205 35 (17.1; 12.5–22.8) 0.33 (0.66–3.81) 
Skin swabs of healthy male controls§ 237 9 (3.8; 2.0–7.1) 2.31 (0.19–11.72) 
*Bold type indicates statistical significance. IQR, interquartile range; NA, not applicable.  
†All samples were analyzed with CUTA-UPL5 real-time PCR as described in the Appendix (https://wwwnc.cdc.gov/EID/article/25/8/19-0096-App1.pdf). 
The formalin-fixed paraffin-embedded (FFPE) biopsies (melanomas and metastases) were also analyzed with 2 different real-time PCRs targeting the 
cutavirus nonstructural 1 gene (Appendix). These PCRs did not detect further cutavirus DNA–positive biopsies. 
‡Cutavirus DNA load was determined in all cutavirus DNA–positive samples and was defined as cutavirus DNA copies per -globin gene copy. 
§Details of the biopsies and skin swab specimens are provided in the Appendix. 
¶From 21 cutavirus DNA–negative malignant melanomas, fresh frozen tissue could be analyzed in addition to the FFPE tissue samples (CUTA-UPL5-
PCR). Cutavirus DNA was not detected in any of the 21 fresh frozen tissue samples. The cellular input of the fresh frozen tissue samples ranged from 
1,230 to 40,600 -globin gene copies per 2 L extracted DNA (median 8,330, mean 10,892), indicating a high cellular input. 
#Shown here are the viral DNA loads found in the 2 cutavirus DNA–positive nodular malignant melanomas, MM-A and MM-B. 
**For 6 of the melanoma metastases, the primary tumor was also analyzed and was cutavirus DNA negative. The 2 patients with cutavirus DNA–positive 
melanoma biopsies (MM-A and MM-B) did not have metastatic disease. 

 



1602 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 25, No. 8, August 2019

RESEARCH LETTERS

About the Author
Dr. Wieland is a professor of virology at the Institute of Virology 
of the University of Cologne, Germany. Her research interests 
include diagnosis and epidemiology of viral diseases.

References
  1. Phan TG, Dreno B, da Costa AC, Li L, Orlandi P, Deng X, et al. A 

new protoparvovirus in human fecal samples and cutaneous T cell 
lymphomas (mycosis fungoides). Virology. 2016;496:299–305. 
http://dx.doi.org/10.1016/j.virol.2016.06.013

  2. Väisänen E, Fu Y, Hedman K, Söderlund-Venermo M. Human 
protoparvoviruses. Viruses. 2017;9:E354. http://dx.doi.org/10.3390/
v9110354

  3. Mollerup S, Fridholm H, Vinner L, Kjartansdóttir KR, Friis-Nielsen J, 
Asplund M, et al. Cutavirus in cutaneous malignant melanoma. Emerg 
Infect Dis. 2017;23:363–5. http://dx.doi.org/10.3201/eid2302.161564

  4. Wieland U, Silling S, Scola N, Potthoff A, Gambichler T,  
Brockmeyer NH, et al. Merkel cell polyomavirus infection in  
HIV-positive men. Arch Dermatol. 2011;147:401–6.  
http://dx.doi.org/10.1001/archdermatol.2011.42

  5. Väisänen E, Fu Y, Koskenmies S, Fyhrquist N, Wang Y,  
Keinonen A, et al. Cutavirus DNA in malignant and non-malignant 
skin of cutaneous T-cell lymphoma and organ transplant patients 
but not of healthy adults. Clin Infect Dis. 2019;68:1904–10.   
http://dx.doi.org/10.1093/cid/ciy806

  6. Väisänen E, Mohanraj U, Kinnunen PM, Jokelainen P, Al-Hello H, 
Barakat AM, et al. Global distribution of human protoparvoviruses. 
Emerg Infect Dis. 2018;24:1292–9. http://dx.doi.org/10.3201/
eid2407.172128

  7. Kreuter A, Nasserani N, Tigges C, Oellig F, Silling S, Akgül B,  
et al. Cutavirus infection in primary cutaneous B- and T-cell 
lymphoma. JAMA Dermatol. 2018;154:965–7. http://dx.doi.org/ 
10.1001/jamadermatol.2018.1628

  8. Bergallo M, Daprà V, Fava P, Ponti R, Calvi C, Fierro MT, et al. 
Lack of detection of cutavirus DNA using PCR real time in cutane-
ous T-cell lymphomas (CTCL). G Ital Dermatol Venereol. 2018;•••.  
http://dx.doi.org/10.23736/S0392-0488.18.06161-8

  9. Dickinson A, Xu M, Silén S, Wang Y, Fu Y, Sadeghi M, et al. 
Newly detected DNA viruses in juvenile nasopharyngeal  
angiofibroma (JNA) and oral and oropharyngeal squamous 
cell carcinoma (OSCC/OPSCC). Eur Arch Otorhinolaryngol. 
2019;276:613–7. http://dx.doi.org/10.1007/s00405-018-5250-7

10. Hufbauer M, Akgül B. Molecular mechanisms of human  
papillomavirus induced skin carcinogenesis. Viruses. 2017;9:E187. 
http://dx.doi.org/10.3390/v9070187

Address for correspondence: Ulrike Wieland, University of Cologne 
Institute of Virology, Fuerst-Pueckler-Str. 56, 50935 Cologne, Germany; 
email: ulrike.wieland@uni-koeln.de

Intrafamily Transmission  
of Monkeypox Virus, Central 
African Republic, 2018

Camille Besombes, Ella Gonofio,  
Xavier Konamna, Benjamin Selekon,  
Rebecca Grant, Antoine Gessain, Nicolas Berthet,  
Jean-Claude Manuguerra, Arnaud Fontanet, 
Emmanuel Nakouné
Author affiliations: Institut Pasteur, Paris, France (C. Besombes, 
R. Grant, A. Gessain, N. Berthet, J.-C. Manuguerra, A. Fontanet); 
Institut Pasteur de Bangui, Bangui, Central African Republic  
(E. Gonofio, X. Konamna, B. Selekon, E. Nakouné); Centre  
National de la Recherche Scientifique, Paris (A. Gessain,  
N. Berthet); Unité Pasteur-CNAM Risques Infectieux et Emergents, 
Conservatoire National des Arts et Métiers, Paris (A. Fontanet)

DOI: https://doi.org/10.3201/eid2508.190112

Monkeypox is a rare viral zoonotic disease; primary infec-
tions are reported from remote forest areas of Central and 
West Africa. We report an investigation of a monkeypox 
outbreak in Lobaye, southwest Central African Republic, in 
October 2018.

Monkeypox, a zoonotic disease caused by an Ortho-
poxvirus, has clinical signs and symptoms in humans 

similar to smallpox and a case-fatality rate of 10% (1). The 
specific reservoir species for monkeypox virus remains, to 
a large extent, unidentified (2). Spillover events of mon-
keypox have been reported in remote forest areas of Central 
and West Africa. After zoonotic infection, the virus can be 
transmitted from person to person (1).

To date, human monkeypox outbreaks in the Central Af-
rican Republic (CAR) have been small: ≈10 cases, restricted 
to a family or village. Primary infection in these outbreaks oc-
curred from contact with wild fauna, with secondary transmis-
sion among close contacts in the community (3,4) and limited 
nosocomial transmission (5). Since 2000, the Virology Labo-
ratory of the Institut Pasteur de Bangui (IP Bangui), a regional 
reference center for monkeypox, has reported 20 monkeypox 
outbreaks across several regions of CAR, totaling ≈100 cases, 
particularly in the region of Lobaye (3,4). In 2018 alone, IP 
Bangui investigated 6 different outbreaks in CAR, indicating 
a possible increase in frequency of outbreaks (6,7).

On September 27, 2018, a healthcare worker from Zo-
mea Kaka healthcare center in Lobaye reported to IP Bangui 
about 3 cases of suspected monkeypox in an Aka Pygmy 
family. A 25-year-old female sought care at the health cen-
ter, 10 km from her village, for maculopapular rash and le-
sions. She was afebrile. Her signs and symptoms indicated  
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Appendix 

Materials and Ethics Statement 

Formalin-fixed paraffin-embedded (FFPE) biopsies of 185 cutaneous malignant 

melanomas and 52 melanoma metastases were available for analyses by cutavirus real-time PCR. 

The 185 melanoma biopsies (69 superficial spreading, 45 nodular, 16 lentigo-maligna, 5 acral, 

and 50 malignant melanomas without further subtyping) were collected from 179 patients from 

Germany (70 females, 109 males) during 2002–2017. The patients´ mean age was 64.8 years 

(range 21–93). Because using fixed tissue can reduce the sensitivity of the PCR, matched fresh 

frozen tissue biopsies from 21 melanomas were analyzed in addition to the FFPE tissue samples. 

The 52 biopsies of melanoma metastases (28 subcutaneous, 16 lymph nodes, and 8 organ/tissue 

metastases) were collected from 42 patients (15 females, 27 males) during 2007–2017. The 

patients’ mean age was 68.2 years (range 39–96). 

From a previous study, 442 forehead swabs from 237 healthy men and 205 HIV-positive 

men were available. Characteristics of the HIV-positive patients and of the control subjects have 

been described in detail (1). All men were Caucasians from Germany and were free of skin 

cancer, skin infections, and acute or chronic inflammatory dermatoses. 

The study was approved by the ethics review boards of the University of 

Witten/Herdecke (no. 166/2017) and of the University of Cologne (no. 14–132). 

Methods 

Real-Time PCR 

Cutavirus real-time PCRs were designed using the Roche Universal ProbeLibrary—

Assay Design Center tool (https://lifescience.roche.com/en_de/brands/universal-probe-

library.html-assay-design-center). 

https://doi.org/10.3201/eid2508.190096
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All samples (biopsies and skin swabs) were screened for cutavirus VP1 gene sequences 

using primers CUTA-UPL5 fw: 5-AACCAAACACACCGAACCAG-3 and CUTA-UPL5 rev: 

5-TGAAAAGGCTTACCTCTTTTGG-3, together with locked nucleic acid (LNA) probe 

UPL#5: 5-CAGCCACA-3 (cat. no. 04685024001, Roche Diagnostics, https://www.roche.com). 

In addition to CUTA-UPL5 PCR, all biopsies were analyzed with 2 further real-time 

PCRs targeting cutavirus NS1 gene sequences, CUTA-UPL48 PCR and a PCR using primers and 

probe as described by Mollerup et al. (2). CUTA-UPL48 PCR was performed with primers 

CUTA-UPL48 fw: 5-CAAATTGAACCAAATGAAGTTGA-3 and CUTA-UPL48 rev: 5-

CATGGATGTGTAGGCCTGTG-3 with LNA probe UPL#48: 5-ACTGGGAA-3 (Roche, cat. 

no. 04688082001). -globin gene PCR was performed from all samples to rule out DNA 

degradation caused by tissue fixation and to determine the cellular input. Primers -403f: 5-

TGGGTTTCTGATAGGCACTGACT-3 and -532r: 5-AACAGCATCAGGAGTGGAC 

AGAT-3 with probe -471pr: 5-6FAM-TCTACCCTTGGACCCAGAGGTTCTTTGAGT-

BBQ-3 were used, as previously described (3), with one modification to the probe: the TAMRA 

quencher was replaced by a BlackBerry quencher (BBQ). 

All PCR reactions (20 L) were set up in Light Cycler 480 Probes Master (Roche) with 2 

µl of extracted template DNA (QIAamp DNA Mini Kit, QIAGEN, https://www.qiagen.com). 

The UPL assays contained 0.2 M of the respective forward and reverse primers and 0.1 µM of 

the respective Universal LNA Probe (UPL; Roche). For -globin gene PCR, 0.3 M of -403f 

and -532r and 0.2 M -471pr were used. Cycling conditions on a Light Cycler 480 II (Roche) 

were 95°C, 60 sec followed by 45 cycles 95°C, 10 sec; 60°C, 30 sec; 72°C, 5 sec. The real-time 

PCR according to Mollerup et al. (2) was set up in LightCycler 480 Probes Master reagent 

(Roche), including 500 nM target specific primers and 200 nM fluorescently labeled probes, 1–

2.5 L template DNA and H2O ad 25 L (2). 

Negative control samples (human placental DNA) were included in each run and never 

yielded fluorescence signals above background. Ten-fold dilution series from 105 to 10 copies of 

cutavirus double-stranded (ds) DNA fragments (gBlock, IDT, https://www.idtdna.com) were 

used as standards and for calculation of the viral DNA copy number in cutavirus-positive 

samples. The slopes of the generated standard curves of the 3 cutavirus real-time PCR assays 
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demonstrated amplification efficiencies from 1.912 to 2.012. Cutavirus DNA load was defined as 

the number of cutavirus DNA copies per -globin gene copy. 

The analytical sensitivity of all real-time PCRs (CUTA-UPL5, CUTA-UPL48, Mollerup-

PCR) was 1 DNA copy per reaction. Concerning the specificity of the CUTA-UPL5 assay, the 

forward primer does bind to several known cutavirus strains, as well as to the closely related 

bufavirus strains 1 and 3. The reverse primer contains 2 mismatches regarding bufavirus 

sequences. The CUTA-UPL48 forward primer and the LNA UPL48 contain mismatches 

concerning bufavirus 1 and 3 sequences, and the primers used in the real-time PCR described by 

Mollerup et al. (2) do not align with bufavirus sequences. We cannot exclude cross-reactivity of 

the CUTA-UPL5 and CUTA-UPL48 PCRs with bufavirus, but the specificity of the positive 

cutavirus PCR results of the 2 melanomas in our study was confirmed by sequencing and by in 

situ hybridization (Appendix Figure). Cutavirus-specific DNA sequences were found in skin 

swabs, as discussed later. Furthermore, bufavirus has so far been found only in fecal samples and 

in a nasal swab (5,6). 

Confirmation of Positive Cutavirus PCR Results by Sequencing 

The positive cutavirus PCR results of the 2 melanomas could be confirmed by 

sequencing (GenBank accession no. MK393127 for MM-B; 849 bp VP1/VP2 genes; 97% 

[825/849 bp] identity with cutavirus strain FR-D). Additionally, using VP1 primers described by 

Mollerup et al. (2), we obtained partial cutavirus VP1 gene sequences (306–522 nt) of different 

cutavirus strains (once each closely related to strains BR-337, BO-46, and FR-D, twice to strain 

CGG5–268) found in 5 forehead swabs of normal skin to confirm the specificity of the PCR 

results (GenBank accession nos. MK880125–MK880129). 
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Appendix Figure. Detection of cutavirus DNA by in situ hybridization on the surface of two cutavirus 

PCR-positive malignant melanomas. A) Tumor MM-A; B, C) tumor MM-B. From top to bottom, a nuclear 

DAPI staining (blue), cutavirus DNA in situ hybridization (green, panels A and B; negative control in panel 

C), a merge of the green and blue fluorescent signals, and 2 different magnifications of routine 

histopathology (hematoxylin and eosin staining) highlighting the magnified tissue areas analyzed are 

shown. For the generation of the cutavirus probe, a dsDNA fragment (gBlock, IDT) spanning nucleotides 

2505–2960 of cutavirus strain FR-D was cloned into the vector pJET1.2/blunt (Thermo Scientific, 
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https://www.thermofisher.com). The resulting cutavirus-specific vector and the empty vector (used as a 

negative control) were used as templates in DIG-Nick labeling reactions using the DIG-Nick translation 

mix (Roche Diagnostics). In situ hybridization of 4-m sections was performed, as described previously 

(4). Detection of digoxigenin-labeled probes was achieved with anti-digoxigenin-POD Fab fragments 

(Roche) and the TSA Plus Fluorescin System (Perkin-Elmer, https://www.perkinelmer.com). In addition, 

sections were stained with 4,6-diamidino-2-phenylindole (DAPI) (Merck, https://www.merck.com) and 

visualized by immunofluorescence microscopy. 


