
We identifi ed a new polyomavirus in skin lesions 
from a patient with trichodysplasia spinulosa (TS). Apart 
from TS being an extremely rare disease, little is known 
of its epidemiology. On the basis of knowledge regarding 
other polyomaviruses, we anticipated that infections 
with trichodysplasia spinulosa–associated polyomavirus 
(TSV) occur frequently and become symptomatic only 
in immunocompromised patients. To investigate this 
hypothesis, we developed and used a Luminex-based TSV 
viral protein 1 immunoassay, excluded cross-reactivity 
with phylogenetically related Merkel cell polyomavirus, 
and measured TSV seroreactivity. Highest reactivity 
was found in a TS patient. In 528 healthy persons in 
the Netherlands, a wide range of seroreactivities was 
measured and resulted in an overall TSV seroprevalence 
of 70% (range 10% in small children to 80% in adults). 
In 80 renal transplant patients, seroprevalence was 89%. 
Infection with the new TSV polyomavirus is common and 
occurs primarily at a young age.

Trichodysplasia spinulosa (TS) is a rare disease of the 
skin seen in solid organ transplant patients receiving 

immunosuppressive therapy (1–5) and in lymphocytic 
leukemia patients (4,6–8). A total of 15 TS cases have 
been described, of which 3 were identifi ed in 2010 (9–11). 
The disease is characterized by development of follicular 
papules and keratin spines (spicules) predominantly in the 
face, often accompanied by alopecia of the eyebrows and 

eyelashes. Histologically, TS is characterized by abnormal 
maturation and marked distention of hair follicles. The 
inner root sheath cells are highly proliferative and contain 
excessive amount of trichohyalin (1). Transmission 
electron microscopy showed virus particles 40–45 nm in 
diameter within these cells (1,4,6).

In plucked spicules of a TS patient, we recently 
identifi ed a new human polyomavirus virus known as 
TS-associated polyomavirus (TSV) (9). This fi nding has 
been recently confi rmed by Matthews et al. (12). Recent 
analyses by our group have shown high copy numbers 
of TSV in lesions from other TS patients (S. Kazem and 
M.C.W. Feltkamp, unpub. data), underscoring the concept 
that TSV is the causative infectious agent. Phylogenetic 
analysis showed that TSV forms a tight cluster with a 
Bornean orangutan polyomavirus and among human 
polyomaviruses is most closely related to Merkel cell 
polyomavirus (MCV; also known as MCPyV) (9).

Eight human polyomaviruses have been identifi ed: 
BKV (13), JCV (14), KIV (15), WUV (16), MCPyV 
(17), human polyomavirus type 6 (HPyV6) and type 7 
(HPyV7) (18), and TSV (9). Infections with BKV and 
JCV are common and occur primarily in childhood without 
symptoms, after which the person remains persistently 
infected. Reactivation occurs only in immunocompromised 
patients and can cause serious disease, such as BKV-
associated nephropathy and progressive multifocal 
leukoencephalopathy, and probably TS.

In immunocompetent populations, high seroprevalence 
values of 82%–98% for BKV (19–22) and 39%–77% 
for JCV (19–22) have been reported. For KIV and WUV 
identifi ed in airway specimens, calculated seroprevalences 
are high in the general population (55%–90% and 69%–
98%, respectively) (20,21,23,24). For MCPyV, which is 
present in ≈80% of rare but aggressive cutaneous Merkel 
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cell carcinomas (MCCs) (17,25–27), seroprevalence among 
healthy persons was shown to be 42%–77% (20,21,28,29). 
A recent study reported higher serologic responses in MCC 
patients than in healthy controls (30).

Seroepidemiologic data for BKV, JCV, and MCPyV 
indicate that human polyomavirus infections are ubiquitous 
and generally occur without apparent disease. TSV seems 
to fi t this profi le, but no seroepidemiologic data to confi rm 
this hypothesis are available. We report development and 
performance of a multiplex immunoassay to measure 
seroreactivity against TSV in immunocompetent 
persons, immunosuppressed persons, and a TS patient. 
Seroprevalences of TSV infection were calculated for 
persons of different ages and immune status. We show that 
TSV is a common infection in the general population and 
in immunocompromised patients, and discuss the relevance 
of our fi ndings with respect to TSV-induced disease.

Materials and Methods

Generation of pGEX-TSV VP1 Expression 
Plasmid and GST-VP1 Fusion Protein Expression

To express TSV viral protein 1 (VP1) as a glutathione-
S-transferase (GST) fusion protein, we created a pGEX4t3-
TSV VP1.tag plasmid. For cloning of TSV VP1, sense 
(5′-GGATCCGGATCCGCCCCCAAAAGAAAAGG-3′) 
and antisense (5′-GTCGACGTCGACATAAAGCCGGGC
GGGGAAG-3′) primers (BamHI and SalI restriction sites 
are underlined) were generated (Eurogentec, Cologne, 
Germany). Using these primers, we performed a PCR on 
the pUC19-TSV plasmid (9). A 2-step AmpliTaq gold 
PCR program was performed as described (9). TOPO TA 
cloning (Invitrogen, Carlsbad, CA, USA) of the amplifi ed 
PCR product resulted in a construct used for cloning TSV 
VP1 into the pGEX4t3-BKV VP1.tag plasmid (18) after 
removal of the BKV VP1 sequence. The pGEX4t3-TSV 
VP1.tag construct was verifi ed by sequencing using the 
BigDye Terminator Kit (Applied Biosystems, Foster City, 
CA, USA) and analyzed on an ABI Prism 3130 Genetic 
Analyzer (Applied Biosystems). 

We sequenced VP1 from MCV isolate 344 and 
verifi ed amino acid residues aspartic acid (D) and 
arginine (R) at positions 288 and 316 as found in MCV 
isolates 339 and 162. These residues are likely involved 
in proper folding of the VP1 for conformation-dependent 
epitope recognition (21). A pGEX4t3-tag plasmid was 
included to express tagged GST alone, which is necessary 
for serologic background determinations. In every 
construct, the tag sequence included codes for the 11-
aa KPPTPPPEPET epitope of simian virus 40 (SV40) 
large T-antigen (31,32). GST and GST-fusion proteins of 
TSV, BKV, and MCPyV VP1 were expressed in the Bl21 
Rosetta Escherichia coli strain as described (21,31–33). 

Expression of the GST-fusion proteins was analyzed by 
using Western blotting.

Samples
A total of 528 serum samples from a population-

based serum bank of healthy persons from the Province 
of Utrecht in the Netherlands were analyzed. This serum 
bank was set up in 1994 as a pilot study, the prePienter 
study, for a nationwide serum bank that would be used to  
evaluate long-term seroepidemiologic changes of diseases 
included in the Dutch National Immunization Program 
(34) (M.A. Conyn van Spaendonk et al., pilot study for 
Pienter project, logistical evaluation (part 1), RIVM-report 
no. 213675001/1995). Approval of the prePienter study 
was obtained from the Medical Ethical Committee of the 
Dutch Organization for Applied Scientifi c Research (TNO) 
(Leiden, the Netherlands), and every participant provided 
written informed consent. The age distribution within the 
population was <1–9 years, n = 79; 10–19 years, n = 66; 
20–29 years, n = 51; 30–39 years, n = 64; 40–49 years, n 
= 76; 50–59 years, n = 54; 60–69 years, n = 79; and 70–79 
years, n = 56.

We also tested 80 serum samples obtained in 1995 
from immunocompromised renal transplant patients who 
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Figure 1. Reproducibility of trichodysplasia spinulosa–polyomavirus 
(TSV) viral protein 1 (VP1) immunoassay. Seroreactivity against 
TSV VP1 in 80 renal transplant patients, the Netherlands, was 
analyzed twice by using the Bio-Plex 100 analyzer (Bio-Rad 
Laboratories, Hercules, CA, USA). Datasets 1 and 2 were obtained 
during a 3-month interval by using freshly coupled identical 
glutathione–casein bead sets coupled independently with the 
same crude TSV VP1 bacterial extract. Each circle represents 1 
serum sample, and the line represents results of linear regression 
analyses. Correlation coeffi cient (r2) was determined by using 
GraphPad Prism software (GraphPad Software Inc., La Jolla, CA, 
USA). MFI, median fl uorescent intensity.
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came to a specialized dermatologic outpatient clinic at 
Leiden University Medical Center. These samples were 
obtained after informed oral consent was obtained from 
the patients, which was documented in patient fi les. The 
Medical Ethics Committee of Leiden University Medical 
Center reviewed and approved this study. The average age 
of the patients was 45 years (range 26–64 years).

A serum sample was also obtained from a 16-year-old 
immunocompromised heart transplant patient with TS. A 
detailed description of this patient was reported by van der 
Meijden et al. (9). The TS patient and his mother provided 
oral informed consent for the patient to provide serum for 
detection of antibodies against TSV, which was recorded in 
the patient’s medical fi le. The Medical Ethics Committee of 
the Leiden University Medical Center declared in writing 
that no formal ethical approval was needed to analyze this 
sample for viral diagnosis.

Multiplex Serologic Analysis
Samples were analyzed for polyomavirus seroreactivity 

by using the multiplex antibody-binding assay developed 
and described by Waterboer et al. (33). Briefl y, glutathione–
casein (GC) coupled Bio-Plex polystyrene beads (Bio-Rad 
Laboratories, Hercules, CA, USA) containing a combination 
of fl uorescent dyes were coupled to either GST-TSV VP1.
tag, GST-BKV VP1.tag, GST-MCV VP1.tag, or GST.tag. 
For each antigen, 3,000 GC-coupled beads per sample were 
loaded with crude bacterial lysates containing relevant GST 
fusion protein. Samples were preincubated with GST.tag 
containing bacterial crude lysates (2 mg/mL) in blocking 
buffer to reduce nonspecifi c GST binding. For cross-
reactivity studies, samples were preincubated with GST-
TSV VP1.tag, GST-MCV VP1.tag, or GST-BKV VP1.
tag. After preincubation, antigen-coated bead mixtures 
were incubated with samples diluted 1:100. For detection 
of bound serum antibodies, beads were incubated with 
goat anti-human total immunoglobulin G–biotin (1:1,000 
dilution; Jackson ImmunoResearch Laboratories Inc., West 
Grove, PA, USA), streptavidin R–phycoerythrin (1:1,000 
dilution; Invitrogen), and washed. Beads were analyzed in 
a Bio-Plex 100 analyzer (Bio-Rad Laboratories). Results 
are presented as median fl uorescent intensity (MFI) units. 
For each sample, antigen-specifi c binding was obtained by 
subtracting the MFI for beads coated with GST alone from 
those of beads coated with GST VP1.

Results

Development of the TSV VP1 Immunoassay
To measure seroreactivity against TSV, an immuno-

assay was developed with TSV VP1 antigen expressed as a 
GST-fusion protein in E. coli. The TSV VP1 immunoassay 
was developed according to the Luminex-based assay 

described by Waterboer et al. for simultaneous measurement 
of seroresponses against different human papillomavirus 
types (33). We fi rst analyzed the reproducibility of the 
new assay with 80 serum samples from renal transplant 
patients. These samples were tested 3 months apart by 
using GC-coated beads coupled independently to the same 
crude TSV VP1 bacterial extract. This comparison showed 
reproducible results with a correlation coeffi cient of 
r2 0.89 (Figure 1).

 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 17, No. 8, August 2011 1357

Figure 2. Cross-reactivity between trichodysplasia spinulosa–
polyomavirus (TSV), Merkel cell polyomavirus (MCV), and 
BKV polyomavirus viral protein 1 (VP1). Correlation between 
seroreactivity against TSV VP1 and MCV VP1 (A) and BKV 
VP1 (B) was analyzed by using Bio-Plex 100 analyzer (Bio-Rad 
Laboratories, Hercules, CA, USA) with 30 serum samples from 
renal transplant patients, the Netherlands. Each circle represents 1 
serum sample, and the line represents results of linear regression 
analyses. Correlation coeffi cients (r2) were determined by using 
GraphPad Prism software (GraphPad Software Inc., La Jolla, CA, 
USA). MFI,   median fl uorescent intensity.
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Although not expected on the basis of amino acid 
sequence comparison (RefSeq TSV NC_014361 and 
MCV: NC_010277) for a randomly selected subset of 30 
renal transplant serum samples, we investigated a possible 
association between seroreactivity against VP1 of TSV 
and that of MCPyV because MCPyV is phylogenetically 
the closest related human polyomavirus to TSV (9). No 
association between TSV and MCPyV VP1 seroresponses 
was observed (r2 0.036; Figure 2, panel A). Similar 
fi ndings were obtained when TSV VP1 seroresponses were 
compared with those against the more distantly related 
BKV VP1 (r2 0.065; Figure 2, panel B).

We also evaluated potential cross-reactivity between 
TSV VP1 and MCPyV VP1 in detail for 2 TSV- and 
MCPyV-reactive serum samples. These samples were 
titrated and preincubated with soluble GST, GST-TSV VP1, 
or GST-MCV VP1. Subsequently, TSV VP1 and MCPyV 
VP1 seroresponses were measured. In both samples tested, 
TSV VP1 reactivity was inhibited by preincubation with 
TSV VP1 only and not with MCPyV VP1, whereas MCPyV 

VP1 reactivity could be inhibited by preincubation with 
MCPyV VP1 only (Figure 3). Similar results were obtained 
in a TSV VP1 and BKV VP1 competition experiment with 
TSV-reactive and BKV-reactive samples (Figure 4).

TSV VP1 Seroresponse in a TS Patient
TSV seroreactivity was determined in a TS patient 

previously reported (9). A serum sample was obtained 6 
months after detection of TSV and daily facial treatment 
with cidofovir-containing cream had started. At the time 
the sample was obtained, treated lesions had resolved but 
untreated skin (e.g., of the legs) still had typical spicules 
indicative of active TSV infection.

Serial dilutions of the TS serum sample were tested by 
using the TSV VP1 assay. High reactivities were observed 
(Figure 5, panel A). This response could be exceeded by 
using soluble GST-TSV VP1 but not with GST-BKV 
VP1. Conversely, the BKV seroresponse observed in this 
patient was exceeded only by using soluble recombinant 
GST-BKV VP1 and not by using GST-TSV VP1 (Figure 5, 
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Figure 3. Cross-competition between trichodysplasia spinulosa–associated polyomavirus (TSV) and Merkel cell polyomavirus (MCV) 
viral protein 1 (VP1) in serial dilutions of serum samples RTR 108 and RTR 128 from renal transplant recipient patients reactive against 
TSV VP1 and MCV VP1, the Netherlands. Reactivity was determined by using the VP1 multiplex antibody-binding assay. Samples were 
preincubated with soluble recombinant glutathione-S-transferase (GST) (black line), GST-MCV VP1 (red line), or GST-TSV VP1 (blue 
line). Values are median fl uorescent intensity (MFI) for seroreactivity against TSV VP1 (A and B) or MCV VP1 (C and D).
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panel B). No seroresponse against MCV VP1 was detected 
for this patient.

TSV Seroresponses in Healthy and 
Immunocompromised Populations

 TSV VP1 seroreactivity was determined for 528 
healthy persons and 80 immunosuppressed renal transplant 
patients. BKV VP1 was included in the analyses as a positive 
control because of the known high BKV seroprevalence 
in the general population (19–21). In every experiment, a 
panel of 3 reference serum pools was also included, which 
showed little variance over time. Results for TSV VP1 and 
BKV VP1 are shown in Figure 6.

To investigate age-specifi c TSV seroreactivity and to 
calculate a cutoff value to determine TSV seropositivity, 
we subdivided the healthy population into different age 
groups (Figure 7, panel A). For persons <1–9 years of 
age, a clear distinction could be made between patients 
who were seronegative for TSV (MFI ≈0) and children 
with TSV seroreactivities of 4,000–12,000 MFI units. To 
calculate TSV seropositivity, a cutoff value of 877 MFI 

units was calculated on the basis of mean seroreactivity 
of the TSV serononresponders from the lowest age group 
+ 3 SD. Although the distinction between seronegative 
persons and seropositive persons in the fi rst age group 
was less clear for BKV (Figure 7, panel B), a similar 
strategy was used for BKV and resulted in a cutoff value 
of 1,051 MFI units.

TSV Seroprevalence in Healthy and 
Immunocompromised Populations

Using the calculated cutoff values, we determined the 
age-specifi c seroprevalence for TSV in each age group 
of the immunocompetent population. In the children <10 
years of age, the seroprevalence for TSV was 41% (Figure 
7, panel C). This percentage increased to ≈75% at 30 
years of age, and remained stable for higher age groups. 
BKV seroprevalences were calculated and showed values 
between 75% and 97% (Figure 7, panel C). Analyses of the 
youngest age group showed an increasing trend for TSV 
and BKV seropositivity starting at 10% for TSV in children 
1–2 years of age (Figure 7, panel D).
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Figure 4. Cross-competition between trichodysplasia spinulosa–associated polyomavirus (TSV) and BKV polyomavirus viral protein 1 
(VP1) in serial dilutions of serum samples RTR 141 and RTR 329 from renal transplant recipient patients reactive against TSV VP1 and 
BKV VP1, the Netherlands. Reactivity was determined by using the VP1 multiplex antibody-binding assay. Samples were preincubated 
with soluble recombinant glutathione-S-transferase (GST) (black line), GST-BKV VP1 (red line), or GST-TSV VP1 (blue line). Values are 
median fl uorescent intensity (MFI) for seroreactivity against TSV VP1 (A and B) or BKV VP1 (C and D).
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On the basis of these calculations, overall seroprevalence 
for TSV VP1 was 70% for the healthy population and 89% 
for the immunocompromised population (Figure 6, panel 
A). For BKV VP1, the overall seroprevalence for both 
groups was somewhat higher (85% and 99%, respectively) 
(Figure 6, panel B).

Discussion
To investigate the seroepidemiologic aspects of 

TSV infection, we developed a multiplex immunoassay. 
This approach was based on Luminex technology and 
shown to be a reliable method for seroepidemiologic 
studies of papillomavirus and polyomavirus infections 
(19,21,33,35,36). The choice for VP1 as antigen of interest 
was governed by results of studies on BKV, JCV, and SV40 
polyomavirus, which showed that the major capsid protein 
is immunodominant (19). However, the less immunogenic 
large T-antigen may also be useful in discriminating active 
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Figure 5. Seroresponses against trichodysplasia spinulosa–
associated polyomavirus (TSV) (A) and BKV polyomavirus (B) for 
a patient with trichodysplasia spinulosa, the Netherlands. Serial 
dilutions of serum from a TS patient were tested for reactivity 
against TSV viral protein 1 (VP1) or BKV VP1 by using the VP1 
multiplex antibody-binding assay. Samples were preincubated with 
soluble recombinant glutathione-S-transferase (GST) (black line), 
GST-BKV VP1 (red line), or GST-TSV VP1 (blue line). MFI, median 
fl uorescent intensity. 

Figure 6. Seroresponses to trichodysplasia spinulosa–associated 
polyomavirus (TSV) and BKV polyomavirus in healthy and 
immunocompromised populations, the Netherlands. Serum 
samples were obtained from 528 healthy persons (PrePIENTER) 
and 80 renal transplant recipients (RTR) and screened for reactivity 
against TSV viral protein 1 (VP1) (A) and BKV VP1 (B) by using 
the VP1 multiplex antibody-binding assay. Each circle represents 
1 sample, and horizontal lines represent cutoff values. Percentage 
values indicate seropositivity. MFI, median fl uorescent intensity.
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TSV infections from latent infections because it has been 
reported that antibodies against MCPyV T antigens refl ect 
the tumor incidence for MCC patients (37).

The TSV VP1 immunoassay was reproducible and 
showed minimal signs of TSV cross-reactivity with 
MCPyV. Cross-reactivity studies have shown correlations 
between serorecognition of SV40 and BKV only, and to 
a lesser extend between SV40 and JCV (20,38,39), all of 
which are more closely related than TSV and MCPyV 
(9). Detailed comparison of antigenic VP1 loop regions of 
TSV, MCPyV, and BKV, as performed for KIV, WUV, 
MCPyV, and lymphotropic polyomavirus by Kean et al. 
(20), also showed little similarity. On the basis of the 
new polyomavirus phylogenetic tree that was recently 
published (9), only cross-reactivity between TSV and the 
closely related Bornean orangutan polyomavirus 1 might 
have been expected. However, this animal virus was not 
included in this human study.

Seroreactivity of the symptomatic TS patient was the 
highest of all participants in the study. Even at a dilution 
of 1:100,000, some reactivity above background was 
detected, which indicates a high concentration of TSV-
specifi c antibodies in this patient. This interpretation was 
also suggested by the observation that at the highest serum 
concentration, competition with soluble GST-TSV VP1 did 
not result in complete inhibition of TSV seroreactivity. This 
fi nding might be unexpected because immunosuppressed 
patients are often considered less immunoreactive. 
However, the immunosuppressive regimens are aimed 
to decrease cellular immunity to prevent donor organ 
rejection. It is anticipated that polyomavirus-specifi c 
cellular immunity will be decreased by such a regimen, 
which would increase the pool of infected cells and produce 
larger amounts of virus, even viremia. As a result, memory 
B cells may become activated and production of TSV-
specifi c antibodies will increase accordingly.

 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 17, No. 8, August 2011 1361

Figure 7. Age-related seroprevalence of trichodysplasia spinulosa–associated polyomavirus (TSV) viral protein 1 (VP1) (A) and BKV 
polyomavirus VP1 (B) in a healthy population, the Netherlands. The population was divided into 8 age groups: <1–9 years of age (n = 
79), 10–19 (n = 66), 20–29 (n = 51), 30–39 (n = 64), 40–49 (n = 76), 50–59 (n = 54), 60–69 (n = 79), and 70–79 (n = 56). Each circle 
represents 1 serum sample, and the horizontal lines represent cutoff values. MFI, median fl uorescent intensity. C) Seroprevalence of TSV 
VP1 (white bars) and BKV VP1 (gray bars), by age. D) Seroprevalence of TSV VP1 and BKV VP1 in youngest age group. Population was 
divided into 5 smaller age groups: 1–2 years of age (n = 10); 3–4 (n = 18); 5–6 (n = 22); 7–8 (n = 17); 9–10 (n = 16). Error bars indicate 
95% confi dence intervals.
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The seroprevalence we calculated for TSV among the 
healthy population was high and comparable with that found 
for other human polyomaviruses (20–24,28,29). Therefore, 
TSV seems to be a ubiquitous virus that frequently causes 
infection in the general human population. A total of 41% 
of the children <1–9 years of age were seroreactive to TSV 
and therefore likely infected. Whether TSV infections 
persist is not known, but this persistence is likely on the 
basis of results for other polyomavirus infections.

The calculated overall TSV seroprevalence was 
higher for the immunocompromised group than for healthy 
persons. When age was taken into account, we observed that 
the difference in TSV prevalence between both populations 
was of borderline signifi cance (p = 0.03). As discussed for 
the TS patient, this seemingly paradoxical phenomenon 
might be explained by increased humoral immunity against 
TSV as a result of increased viral activity under (cellular) 
immunosuppression. Whether this hypothesis involves 
TSV reactivations or reinfections is not known. However, 
it is also not known whether overt TS refl ects a fulminant 
primary TSV infection or a symptomatic reactivation.

In conclusion, by using a newly developed 
immunoassay, we were able to measure TSV seroreactivity 
with high reproducibility and low cross-reactivity. We 
calculated the seroprevalence of TSV in healthy persons 
and provided evidence that TSV is a common circulating 
virus in the general population in the Netherlands that 
preferentially infects persons at an early age. Additional 
studies will need to determine whether TSV infections 
remain persistent in the host, as shown for other 
polyomaviruses, and what triggers TSV reactivation. The 
fact that symptomatic TS is such a rare condition suggests 
that there are more factors involved in this condition than 
immunosuppression alone.

Acknowledgment
We thank Michael Pawlita, Tim Waterboer, and Patrick 

Moore for providing the pGEX4t3-BKV VP1.tag plasmid and the 
pGEX4t3-MCV(344) VP1.tag construct.

Ms van der Meijden is a PhD student at the Leiden University 
Medical Center. Her research interests are the epidemiology of 
human polyomavirus TSV and virologic characterization of this 
virus.

References

  1.  Haycox CL, Kim S, Fleckman P, Smith LT, Piepkorn M, Sundberg 
JP, et al. Trichodysplasia spinulosa newly described folliculocentric 
viral infection in an immunocompromised host. J Investig Dermatol 
Symp Proc. 1999;4:268–71. doi:10.1038/sj.jidsp.5640227

  2.  Heaphy MR Jr, Shamma HN, Hickmann M, White MJ. Cyclosporine-
induced folliculodystrophy. J Am Acad Dermatol. 2004;50:310–5. 
doi:10.1016/S0190-9622(03)00774-6

  3.  Sperling LC, Tomaszewski MM, Thomas DA. Viral-associated 
trichodysplasia in patients who are immunocompromised. J Am Acad 
Dermatol. 2004;50:318–22. doi:10.1016/S0190-9622(03)01490-7

  4.  Wyatt AJ, Sachs DL, Shia J, Delgado R, Busam KJ. Virus-associ-
ated trichodysplasia spinulosa. Am J Surg Pathol. 2005;29:241–6. 
doi:10.1097/01.pas.0000149691.83086.dc

  5.  Chastain MA, Millikan LE. Pilomatrix dysplasia in an immunosup-
pressed patient. J Am Acad Dermatol. 2000;43:118–22. doi:10.1067/
mjd.2000.100967

  6.  Osswald SS, Kulick KB, Tomaszewski MM, Sperling LC. Viral-
associated trichodysplasia in a patient with lymphoma: a case report 
and review. J Cutan Pathol. 2007;34:721–5. doi:10.1111/j.1600-
0560.2006.00693.x

  7.  Sadler GM, Halbert AR, Smith N, Rogers M. Trichodysplasia spi-
nulosa associated with chemotherapy for acute lymphocytic leu-
kaemia. Australas J Dermatol. 2007;48:110–4. doi:10.1111/j.1440-
0960.2007.00348.x

  8.  Lee JS, Frederiksen P, Kossard S. Progressive trichodysplasia spi-
nulosa in a patient with chronic lymphocytic leukaemia in remis-
sion. Australas J Dermatol. 2008;49:57–60. doi:10.1111/j.1440-
0960.2007.00422.x

  9.  van der Meijden E, Janssens RW, Lauber C, Bouwes Bavinck JN, 
Gorbalenya AE, Feltkamp MC. Discovery of a new human poly-
omavirus associated with trichodysplasia spinulosa in an immuno-
compromized patient. PLoS Pathog. 2010;6:e1001024. doi:10.1371/
journal.ppat.1001024

10.  Benoit T, Bacelieri R, Morrell DS, Metcalf J. Viral-associated tricho-
dysplasia of immunosuppression: report of a pediatric patient with 
response to oral valganciclovir. Arch Dermatol. 2010;146:871–4. 
doi:10.1001/archdermatol.2010.175

11.  Schwieger-Briel A, Balma-Mena A, Ngan B, Dipchand A, Pope E. 
Trichodysplasia spinulosa rare complication in immunosuppressed 
patients. Pediatr Dermatol. 2010;27:509–13. doi:10.1111/j.1525-
1470.2010.01278.x

12.  Matthews MR, Wang RC, Reddick RL, Saldivar VA, Browning JC. 
Viral-associated trichodysplasia spinulosa: a case with electron mi-
croscopic and molecular detection of the trichodysplasia spinulosa–
associated human polyomavirus. J Cutan Pathol. 2011;38:420–31. 
doi:10.1111/j.1600-0560.2010.01664.x

13.  Gardner SD, Field AM, Coleman DV, Hulme B. New human papo-
vavirus (B.K.) isolated from urine after renal transplantation. Lan-
cet. 1971;1:1253–7. doi:10.1016/S0140-6736(71)91776-4

14.  Padgett BL, Walker DL, ZuRhein GM, Eckroade RJ, Dessel BH. 
Cultivation of papova-like virus from human brain with progres-
sive multifocal leucoencephalopathy. Lancet. 1971;1:1257–60. 
doi:10.1016/S0140-6736(71)91777-6

15.  Allander T, Andreasson K, Gupta S, Bjerkner A, Bogdanovic G, 
Persson MA, et al. Identifi cation of a third human polyomavirus. J 
Virol. 2007;81:4130–6. doi:10.1128/JVI.00028-07

16.  Gaynor AM, Nissen MD, Whiley DM, Mackay IM, Lambert SB, 
Wu G, et al. Identifi cation of a novel polyomavirus from patients 
with acute respiratory tract infections. PLoS Pathog. 2007;3:e64. 
doi:10.1371/journal.ppat.0030064

17.  Feng H, Shuda M, Chang Y, Moore PS. Clonal integration of a poly-
omavirus in human Merkel cell carcinoma. Science. 2008;319:1096–
100. doi:10.1126/science.1152586

18.  Schowalter RM, Pastrana DV, Pumphrey KA, Moyer AL, Buck CB. 
Merkel cell polyomavirus and two previously unknown polyoma-
viruses are chronically shed from human skin. Cell Host Microbe. 
2010;7:509–15. doi:10.1016/j.chom.2010.05.006

19.  Kjaerheim K, Roe OD, Waterboer T, Sehr P, Rizk R, Sandeck H, et 
al. Absence of SV40 antibodies or DNA fragments in prediagnos-
tic mesothelioma serum samples. Int J Cancer. 2007;120:2459–65. 
doi:10.1002/ijc.22592

1362 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 17, No. 8, August 2011



Trichodysplasia Spinulosa–associated Polyomavirus

20.  Kean JM, Rao S, Wang M, Garcea RL. Seroepidemiology of hu-
man polyomaviruses. PLoS Pathog. 2009;5:e1000363. doi:10.1371/
journal.ppat.1000363

21.  Carter JJ, Paulson KG, Wipf GC, Miranda D, Madeleine MM, 
Johnson LG, et al. Association of Merkel cell polyomavirus–spe-
cifi c antibodies with Merkel cell carcinoma. J Natl Cancer Inst. 
2009;101:1510–22. doi:10.1093/jnci/djp332

22.  Egli A, Infanti L, Dumoulin A, Buser A, Samaridis J, Stebler C, et 
al. Prevalence of polyomavirus BK and JC infection and replica-
tion in 400 healthy blood donors. J Infect Dis. 2009;199:837–46. 
doi:10.1086/597126

23.  Nguyen NL, Le BM, Wang D. Serologic evidence of frequent hu-
man infection with WU and KI polyomaviruses. Emerg Infect Dis. 
2009;15:1199–205. doi:10.3201/eid1508.090270

24.  Neske F, Prifert C, Scheiner B, Ewald M, Schubert J, Opitz A, et 
al. High prevalence of antibodies against polyomavirus WU, poly-
omavirus KI, and human bocavirus in German blood donors. BMC 
Infect Dis. 2010;10:215. doi:10.1186/1471-2334-10-215

25.  Busam KJ, Jungbluth AA, Rekthman N, Coit D, Pulitzer M, Bini J, 
et al. Merkel cell polyomavirus expression in Merkel cell carcino-
mas and its absence in combined tumors and pulmonary neuroendo-
crine carcinomas. Am J Surg Pathol. 2009;33:1378–85. doi:10.1097/
PAS.0b013e3181aa30a5

26.  Kassem A, Schopfl in A, Diaz C, Weyers W, Stickeler E, Werner 
M, et al. Frequent detection of Merkel cell polyomavirus in human 
Merkel cell carcinomas and identifi cation of a unique deletion in the 
VP1 gene. Cancer Res. 2008;68:5009–13. doi:10.1158/0008-5472.
CAN-08-0949

27.  Wieland U, Mauch C, Kreuter A, Krieg T, Pfi ster H. Merkel cell 
polyomavirus DNA in persons without Merkel cell carcinoma. 
Emerg Infect Dis. 2009;15:1496–8. doi:10.3201/eid1509.081575

28.  Tolstov YL, Pastrana DV, Feng H, Becker JC, Jenkins FJ, Moschos 
S, et al. Human Merkel cell polyomavirus infection II. MCV is a 
common human infection that can be detected by conformational 
capsid epitope immunoassays. Int J Cancer. 2009;125:1250–6. 
doi:10.1002/ijc.24509

29.  Touzé A, Gaitan J, Arnold F, Cazal R, Fleury MJ, Combelas N, et al. 
Generation of Merkel cell polyomavirus (MCV)–like particles and 
their application to detection of MCV antibodies. J Clin Microbiol. 
2010;48:1767–70. doi:10.1128/JCM.01691-09

30.  Pastrana DV, Tolstov YL, Becker JC, Moore PS, Chang Y, Buck 
CB. Quantitation of human seroresponsiveness to Merkel cell poly-
omavirus. PLoS Pathog. 2009;5:e1000578. doi:10.1371/journal.
ppat.1000578

31.  Sehr P, Zumbach K, Pawlita M. A generic capture ELISA for re-
combinant proteins fused to glutathione S-transferase: validation for 
HPV serology. J Immunol Methods. 2001;253:153–62. doi:10.1016/
S0022-1759(01)00376-3

32.  Sehr P, Muller M, Hopfl  R, Widschwendter A, Pawlita M. HPV an-
tibody detection by ELISA with capsid protein L1 fused to glutathi-
one S-transferase. J Virol Methods. 2002;106:61–70. doi:10.1016/
S0166-0934(02)00134-9

33.  Waterboer T, Sehr P, Michael KM, Franceschi S, Nieland JD, Joos 
TO, et al. Multiplex human papillomavirus serology based on in 
situ–purifi ed glutathione s-transferase fusion proteins. Clin Chem. 
2005;51:1845–53. doi:10.1373/clinchem.2005.052381

34.  De Melker HE, Conyn-van Spaendonck MA. Immunosurveil-
lance and the evaluation of national immunization programmes: a 
population-based approach. Epidemiol Infect. 1998;121:637–43. 
doi:10.1017/S0950268898001587

35.  Antonsson A, Green AC, Mallitt KA, O’Rourke PK, Pawlita M, Wa-
terboer T, et al. Prevalence and stability of antibodies to the BK and 
JC polyomaviruses: a long-term longitudinal study of Australians. J 
Gen Virol. 2010;91:1849–53. doi:10.1099/vir.0.020115-0

36.  Plasmeijer EI, Neale RE, O’Rourke P, Mallitt KA, de Koning MN, 
Quint W, et al. Lack of association between the presence and per-
sistence of betapapillomavirus DNA in eyebrow hairs and betapap-
illomavirus L1 antibodies in serum. J Gen Virol. 2010;91:2073–9. 
doi:10.1099/vir.0.019976-0

37.  Paulson KG, Carter JJ, Johnson LG, Cahill KW, Iyer JG, Schrama 
D, et al. Antibodies to Merkel cell polyomavirus T antigen oncopro-
teins refl ect tumor burden in Merkel cell carcinoma patients. Cancer 
Res. 2010;70:8388–97. doi:10.1158/0008-5472.CAN-10-2128

38.  Viscidi RP, Rollison DE, Viscidi E, Clayman B, Rubalcaba E, 
Daniel R, et al. Serological cross-reactivities between antibodies 
to simian virus 40, BK virus, and JC virus assessed by virus-like-
particle–based enzyme immunoassays. Clin Diagn Lab Immunol. 
2003;10:278–85.

39.  Carter JJ, Madeleine MM, Wipf GC, Garcea RL, Pipkin PA, Minor 
PD, et al. Lack of serologic evidence for prevalent simian virus 40 
infection in humans. J Natl Cancer Inst. 2003;95:1522–30.

Address for correspondence: Els van der Meijden, Department of Medical 
Microbiology E4-P, Leiden University Medical Center, PO Box 9600, 
2300 RC Leiden, the Netherlands; email: p.z.van_der_meijden@lumc.nl

 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 17, No. 8, August 2011 1363


