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Abstract

Trichodysplasia spinulosa-associated polyomavirus (TSPyV) is one of the new species of the 
Polyomaviridae family discovered in 2010. TSPyV infects humans and is associated with the 
development of a rare skin disease called trichodysplasia spinulosa. Trichodysplasia spinulo-
sa is a disease of severely immunocompromized hosts characterized by follicular disten  on 
and kerato  c spine forma  on, most notably on the face. Electron microscopy, immunohisto-
chemistry, and viral load measurements suggest an e  ological role of ac  ve TSPyV infec  on 
in the development of this disfi guring disease. This chapter will address some clinical and 
virological proper  es of TSPyV, and touches upon epidemiologic, diagnos  c, and therapeu-
 c aspects of TSPyV infec  on.
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Pathogenic human polyomaviruses

Human polyomaviruses (HPyVs) are ubiquitous viruses that infect their host with-
out causing apparent disease. A  er primary infec  on, they can persist asympto-
ma  cally, some  mes producing small quan   es of detectable progeny. This state 
is o  en referred to as latency. In case of impaired immune func  on, for example 

because of AIDS or the use of immunosuppressive drugs, HPyVs can reac  vate from latency 
and cause severe disease. As the number of solid organ transplanta  ons gradually increases, 
as shown for instance by the United States Organ Procurement and Transplanta  on network 
(Figure 1) [1], the incidence of HPyV-associated disease in long-term immunosuppressed 
pa  ents is expected to rise.
 So far, at least four out of thirteen HPyVs have been associated with human dis-
ease. As pointed out in Chapter 1, this includes BKPyV (allogra   nephropathy [2, 3]), JCPyV 
(progressive mul  focal leukoencephalopathy [4 - 6]), MCPyV (Merkel cell carcinoma [7 - 10]) 
and TSPyV. TSPyV, iden  fi ed in our lab in 2010, is associated with a rare skin disease called 
trichodysplasia spinulosa (TS) [11]. This disease is observed exclusively in severely immuno-
compromized hosts [12, 13]. In this chapter, several clinical and virological aspects of TS and 
TSPyV are presented in more detail.

Figure 1. Overview of (solid) organ transplanta  ons in USA between 1988 and 2011. Bars depicted in black rep-
resent all solid organ transplanta  on, i.e., kidney, liver, heart, lung, pancreas, intes  ne, kidney+pancreas and 
heart+lung. Red colored bars represent the number of kidney transplanta  ons and green bars the number of heart 
transplanta  ons (source OPTN, data as of September 2012).
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The trichodysplasia spinulosa-associated polyomavirus

TSPyV genome and gene products
TSPyV genome consists of a rela  vely small double-stranded DNA of 5232 basepairs. Its 
genomic orienta  on is similar to other known polyomaviruses, with its early T-an  gen and 
late VP products encoded bidirec  onally on separate DNA strands. At least fi ve open read-
ing frames can be located, transcrip  on of which is regulated by the non-coding control 
region (NCCR) and is subject of alterna  ve splicing (Figure 2) [11].
 In analogy with other polyomaviruses, upon infec  on probably fi rst the T genes are 
expressed that code for small (ST) and large T-an  gen (LT), and possibly for middle T-an  -
gen (MT) and ALTO as well (van der Meijden, unpublished results). ST-, MT- and LT-an  gen 
ini  ate at the same start codon, but are a subject of alterna  ve splicing downstream. As 
a result, ST-, MT- and LT-an  gen share N-terminal region of approximately 80 amino acids 
which contain some highly conserved regions important for polyomavirus replica  on and 
cellular transforma  on (Figure 2) [11]. Furthermore, ST-an  gen contains a unique puta  ve 
PP2A-binding mo  f, MT-an  gen a membrane-spanning domain and several puta  ve Tyr, Ser 
and Thr phosphoryla  on sites, and LT-an  gen a number of mo  fs that puta  vely interact 
with tumor suppressor and cell cycle regulatory proteins like pRB and p53. Preliminary anal-
yses of messengerRNA and protein expression of the T-region confi rmed this pa  ern for 
TSPyV that includes ST-, MT-, LT-an  gen expression including an addi  onal ALTO product 
(van der Meijden, unpublished results). The func  on of TSPyV T-an  gens, individually and 
in concert, related to virus replica  on and possibly cellular transforma  on, remains to be 
studied.
 The opposing strand of the TSPyV genome encodes the late structural proteins 
VP1, VP2, and possibly VP3 that together form the viral capsid. VP1 is the major protein of 
the pentameric viral capsomere that likely incorporates one copy of either VP2 or VP3 [14]. 
The icosahedral capsid is constructed of 72 of such capsomers. An  gene  cally, VP1 is con-
sidered the immunodominant polyomavirus protein and therefore TSPyV VP1 represents an 
important an  gen in measuring host an  body seroreac  vity against TSPyV.
 From the late pre-messengerRNA, complementary to the early coding region, 
microRNAs can be encoded, which can regulate gene expression by direc  ng cleavage of 
the targeted T-an  gen messengerRNAs and thereby repressing transla  on. For BKPyV, this 
mechanism was recently experimentally iden  fi ed [15]. For MCPyV this mechanism was 
postulated as well [16, 17]. Preliminary bioinforma  cs data suggest that TSPyV may code 
as well for a microRNA that targets the transcripts of both LT-an  gen and MT-an  gen/ALTO 
(Figure 2).

TSPyV prevalence
For BKPyV and JCPyV it is suggested that the primary infec  on takes place some  me early in 
life and transmission probably occurs through the feco-oral, urino-oral, or respiratory route 



2

Clinical and viral aspects of trichodysplasia spinulosa

47

[18]. However, for none of the HPyVs the exact route of transmission is known, including the 
TSPyV and MCPyV pathogenic viruses. Although these la  er two HPyVs cause skin disease, 
large diff erences in skin viral DNA prevalence suggest diff erent routes of infec  on, transmis-
sion, and/or persistence. MCPyV DNA can be detected on healthy and diseased skin in 30–
60% of individuals, regardless of the host immune status [19 - 27]. Studies that have looked 
at TSPyV prevalence in various samples (e.g., skin swabs, skin biopsies, plucked eyebrows, 
serum/plasma, tonsils, urine etc.) have found less than 5% DNA-posi  vity in asymptoma  c 
individuals, regardless of their immune status [11, 13, 28, 29] (Table 1). Higher TSPyV prev-
alence and high viral loads were only reported in TS pa  ents [13], which suggest that TSPyV 
is the causa  ve agent of TS disease (Chapter 3). Hypothe  cally, at some stage in life TSPyV 
infects the skin, to cause disease there in a small minority of immunocompromized hosts. 
If, however, the skin represents the major organ of TSPyV persistence, is far from clear, as 
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Figure 2. TSPyV genome map. The fi ve large open reading frames (ORFs) in diff erent reading frames are depicted 
by colored inner arrows (ORF1-ORF5). Addi  onal smaller ORFs are depicted by gray inner arrows. Transcrip  on of 
the early region results into a pre-messengerRNA that contains ORF1, ORF2 and ORF5. Upon alterna  ve splicing 
events (introns indicated by do  ed lines), small T-an  gen (light-green), large T-an  gen (light-green + pink) and 
middle T-an  gen (light-green + dark-green) transla  on of the indicated protein will be puta  vely ini  ated at the 
same start codon and all proteins will share the N-terminal region (light-green). Alterna  vely, internal start codons 
could be used in RF-1 that might result into transla  on of ALTO product(s) (dark green). The late coding region con-
tains ORF3 and ORF5 that encode VP1, VP2, and possibly VP3 viral capsid proteins. Puta  vely, a microRNA that is 
complementary to the early coding region targe  ng ORF2 and ORF4, is transcribed from a late pre-messengerRNA 
(red-lined arrow). The region before the early and late ORFs contains the non-coding control region and the origin 
of replica  on.
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the majority of infected (seroposi  ve) individuals are skin TSPyV-nega  ve. Whether TS is a 
manifesta  on of TSPyV reac  va  on from a yet uniden  fi ed (transplanted) organ reservoir 
[29], or an unfortunately  med primary infec  on in the midst of immunosuppression, is 
unknown.

Table 1: TSPyV prevalence

Abbrevia  ons: TS, trichodysplasia spinulosa; RTR, renal transplant recipients; TX, transplant pa-
 ent (not fully specifi ed in the cited study [28]); GE, gastroenteri  s.

Samples tested Number of 
samples 

Number of 
pos es (%) References 

Skin biopsy    
TS, Immunocompromized 1 1 (100) [11] 
TS, Immunocompromized 1 1 (100) [12] 
TS, Immunocompromized 11 11 (100) [13] 
TS, Immunocompromized 1 1 (100) [49] 
TS, Immunocompromized 1 1 (100) [50] 
TS, Immunocompromized 2 2 (100) [51] 
Various other skin disease,  193 0 (-) [52] 
Pilomatricoma 10 0 (-) [53] 
Plucked eyebrow hair    
Immunocompromized (TS) 1 1 (100) This study 
Immunocompromized (RTR) 69 3 (4) [11] 
Immunocompromized (RTR) 81 2 (2) This study 
Tonsillar ssue    
Immunocompetent 229 8 (4) [29] 
Nasopharyngeal swabs    
Immunocompromized (TX) 32 1 (3) [54] 
Feces    
Immunocompromized (TX) 32 1 (3) [54] 
Immunocompetent (GE) 38 0 (-) [28] 
Immunocompetent (GE) 160 2 (1) This study 
Kidney biopsy    
Immunocompromized (TS) 1 1 (100) [49] 
Urine    
Immunocompromized (TS) 1 0 (-) [49] 
Immunocompromized (TX) 179 2 (1) [28] 
Immunocompetent 17 0 (-) This study 
Serum/plasma    
Immunocompromized (TX) 88 0 (-) [28] 
Immunocompetent 19 0 (-) This study 
Cerebrospinal uid    
Immunocompromized (TX) 74 0 (-) [28] 
Immunocompetent 38 0 (-) This study 
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TSPyV seroprevalence
Epidemiological studies looking at polyomavirus seroprevalence in humans indicate that 
HPyV infec  ons of the general popula  on are highly prevalent and occur at early age, prob-
ably without clinical manifesta  on. In healthy, immunocompetent adults, seroprevalences 
of 80-100% for BKPyV [30 - 33], 40-70% for JCPyV [30 - 33], 55-90% for KIPyV [31, 32, 34, 
35], 70-100% for WUPyV [31, 32, 34, 35], 40-80% for MCPyV [19, 31, 32, 36 - 38], 60% for 
HPyV6 [19, 38], 35% for HPyV7 [19, 38], 35-50% for HPyV9 [38 - 40] and 17-23% for HPyV12 
[41] have been reported so far.
 Detec  on of serum an  bodies against TSPyV VP1 have been described in several 
studies using either a mul  plex serology method based on Glutathione-S-transferase (GST)-
VP1 fusion proteins [38, 42, 43] or VP1 VLP-based an  body detec  on by ELISA [44 - 46]. All 
these studies suggest that TSPyV circulate widely in humans, with seroprevalences of about 
75% in adults in all popula  ons tested, including a total of 528 Dutch, 371 and 394 Finn-
ish, 829 Italian, and 799 Australian healthy individuals [38, 42, 44 - 46]. Furthermore, age 
distribu  on analysis of TSPyV VP1 seroprevalences revealed an increase from about 41% 
in children aged 0–9 years to 75% in adults aged 30 years and older, and wane later in life 
comparable to BKPyV [38, 42]. This distribu  on pa  ern is in agreement with other HPyVs, 
although modest diff erences in age distribu  on pa  erns are observed some  mes [31, 39, 
41].
 The seroreac  vity of TSPyV VP1 an  body responses of seroposi  ve individuals 
shows a decline in the median seroreac  vity from 40 to 49 years of age onwards [38, 42], 
similar to what was reported before for BKPyV [47]. This waning of an  body levels in the 
elderly might be due to immunosenescence [45]. Serum cross-reac  vity between TSPyV 
and other (related) polyomaviruses, as shown for instance between HPyV9/LPyV [39, 40] 
and MCPyV/ChPyV [48], and to a lesser extent between HPyV6/HPyV7 [19, 38] and BKPyV/
JCPyV [31], was not observed [48].
 Earlier BKPyV serological studies have revealed increased VP1 an  body and sero-
posi  vity levels in immunocompromized transplant pa  ents, in accordance with intensity of 
BKPyV infec  on or reac  va  on post-transplanta  on [55 - 57]. Whether this pa  ern is also 
true for TSPyV remains to be seen. So far, only one study has shown a higher (89%) TSPyV 
VP1 seroprevalence in a renal-transplant pa  ent popula  on compared to healthy individu-
als (75%) [42]. How to interpret the puta  ve increase in TSPyV seroposi  vity concomitant 
with immunosuppressive treatment is not fully understood. Hypothe  cally, this may be ex-
plained by an increase in humoral immunity in response to TSPyV reac  va  on, possibly 
viremia, because of iatrogenic suppression of cellular immunity [11].

Altogether, seroepidemiological data indicate that TSPyV infec  on is common and occurs 
primarily at young age with a deteriora  on of an  body levels at the later stages of life. 
Knowledge about cellular immunity against TSPyV is scarce. A Finnish study suggested that 
TSPyV Th-cell responses correlate with TSPyV serological responses, but can some  mes also 
be detected in TSPyV-seronega  ve individuals [58].
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Trichodysplasia spinulosa

Clinical descrip  on and epidemiology
TS is a rare skin disease fi rst reported by Izakovic and colleagues in 1995 [59]. In 1999, Hay-
cox and colleagues fully described the disease and introduced the term “trichodysplasia 
spinulosa” [60]. They showed for the fi rst  me the presence of virus par  cles and suggested 
a viral e  ology for TS. Ever since, approximately 30 comparable cases were published (Table 
2). Many of these reports adopted the term “trichodysplasia spinulosa”, whereas others 
used diff erent terms for the same condi  on, such as ”trichodysplasia”, “pilomatrix dyspla-
sia of immune suppression”, “cyclosporine-induced folliculodystrophy” or “viral-associated 
trichodysplasia” [11 - 13, 49 - 51, 61 - 74].
 So far, TS has been observed in immunosuppressed organ transplant pa  ents and 
occasionally in chronic and acute lymphocy  c leukemia pa  ents. Despite the disparity in TS 
terminology, in all cases the disease was clinically characterized by spiny follicular papules 
distributed largely on the face and ears, and to a lesser extent on extremi  es, trunk, and 
scalp. In most pa  ents, non-scaring alopecia of the eyebrows was observed, upon which 
small hyperkerato  c white-yellowish spicules started to protrude the skin. At the same  me, 
these features manifested also on the nose and ears (Figure 3A). As the disease progressed, 
the skin of eyebrows, ears, and nose thickened to cause disfi gurement of the facial appear-
ance, some  mes resul  ng in a “leonine facies” [70], in combina  on with increased conspic-
uous spine expression [11, 71].

Histology and viral pathology
Histological analysis of TS skin biopsies reveals acanthosis of the epidermis in most cases. 
In addi  on, enlargement of the hair follicles with excessive number of prolifera  ve cells is 
observed [60]. Compared with normal skin, TS follicles are absent of hair sha  s, and papilla 
with abnormal corneocytes fi lling the infundibula of the follicles (Figure 3B). Some  mes a 
subtle perifollicular lymphocy  c infi ltrate is seen.
 Electron microscopical analyses of TS lesions repeatedly revealed intranuclear, 
crystalloid-organized, regularly spaced 38 - 45-nm virus par  cles (Figure 3E). The iden  ty 
of TSPyV remained unknown for many years [12, 60, 63, 64, 66, 67], un  l in 2010 when 
the double-stranded DNA viral genome was revealed with the help of rolling-circle ampli-
fi ca  on, cloning, primer-genome-walking, and sequencing [11]. By now, several research 
groups have confi rmed the presence of TSPyV DNA in lesional TS samples (Table 2) [12, 13, 
50, 51]. The given name of TSPyV was accepted by the interna  onal polyomavirus study 
group [79], while awai  ng offi  cial recogni  on by the ICTV.
 Development of TS may be caused by uncontrolled prolifera  on of TSPyV-infected 
inner root sheath (IRS) cells. The irregular IRS cells show enlarged, dystrophic and prominent 
eosinophilic perinuclear globules that probably represent the accumula  on of trichohyalin 
protein (Figure 3C and D) [13, 60]. Ki-67 staining of the aff ected cells suggests that the IRS 
cells, or a subpopula  on thereof, are hyperprolifera  ng [60].
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Publica on year Gender Age Medical history Country Reference 
1995 Male 31 Kidney transplant GER [59] 
1999 ** Male 44 Kidney-pancreas transplant USA [13, 60] 
2000 Female 13 Lung transplant USA [61] 
2004 Female 34 Kidney transplant USA [62] 
2004 Female 13 Kidney transplant USA [63] 
2005 (case 1) ** Male 19 ALL (Pre-B cell) USA [13, 64] 
2005 (case 2) Male 8 Kidney transplant USA [64] 
2006 Female 48 Kidney transplant USA [65] 
2007 (case 1) ** Male 8 ALL (T-cell) AUS [13, 67] 
2007 (case 2) Male 6 ALL (T-cell) AUS [67] 
2007 Male 68 non-Hodgkin’s lymphoma USA [66] 
2008 Male 70 CLL AUS [69] 
2008 ** Female 37 Heart transplant USA [13, 68] 
2010 ** Female 5 Heart transplant CAN [13, 71] 
2010 ** Male 5 Heart transplant USA [13, 70] 
2010 * Male 15 Heart transplant NLD [11] 
2011 ** Female 7 ALL (Pre-B cell) USA [12] 
2011 Female 27 Kidney transplant USA [72] 
2011 Female 9 ALL (Pre-B cell) CAN [73] 
2012 (case 1) ** Male 5 Kidney transplant USA [13] 
2012 (case 2) ** Female 63 Heart transplant USA [13] 
2012 (case 3) ** Male 62 Lung transplant USA [13, 51] 
2012 ** Male 48 Kidney transplant USA [49] 
2012 ** Female 57 CLL USA [50] 
2012 Female 46 Kidney transplant USA [74] 
2013 ** Female 49 Kidney transplant (Lupus) AUS [75] 
2013 ** Female 20 Lupus glomerulonephri *** FRA [76] 
2013 Male 5 ALL (Pre-B cell) LBN [77] 
2013 Female 14 Lung transplant USA [78] 

Table 2A: Overview of reported TS cases

* Iden  fi ca  on of TSPyV [11]
** Presence of TSPyV DNA confi rmed
*** Lupus glomerulonephri  s condi  on was treated with immunosuppression, shortly a  er pt died
Abbrevia  ons: USA, United states of America; AUS, Australia; CAN, Canada; NLD, The Netherlands; GER, Ger-
many; FRA, France; LBN, Lebanon; ALL, Acute lymphocy  c leukemia; CLL, Chronic lymphocy  c leukemia; M, 
Male; F, Female; TX, Transplant type; NHL, non-Hodgkin’s lymphoma; LGN, Lupus glomerulonephri  s

Total Number of 
TS cases 

Male:Female 
ra  

Mean 
age 

Transplant type (TX) or 
underlying disease  
(n, rela e %) 

Rela  percentage of 
Countries repor ng TS 
cases (n, rela  %) 

29 14:15 29  Kidney TX: (10, 34%) USA: (19, 66%) 
  Kidney-pancreas TX: (1, 3%) AUS: (4, 14%) 
  Heart TX: (5, 17%) CAN: (2, 7%) 
  Lung TX: (3, 10%) NLD: (1, 3%) 
  ALL (Pre-B cell): (4, 14%) GER: (1, 3%) 
  CLL: (2, 7%) FRA: (1, 3%) 
  ALL (T-cell): (2, 7%) LBN: (1, 3%) 
  NHL: (1, 3%)  
  LGN: (1, 3%)  

Table 2B: Summery of reported TS cases shown in Table 2A
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Pa  ents at risk and diagnosis
TS is exclusively observed in immunocompromized pa  ents, especially kidney(-pancreas) 
(37%), heart (17%) and lung (10%) transplant recipients (Table 2B). It can also develop in 
otherwise immunocompromized pa  ents, e.g., in pre-B cell (14%) and T-cell (7%) acute 
lymphocy  c leukemia pa  ents, chronic lymphocy  c leukemia pa  ents (7%), non-Hodgkin’s 
lymphoma pa  ent (3%), and Lupus glomerulonephri  s pa  ent treated with immunosup-
pression (3%). The solid organ transplant group, especially the kidney gra   recipients, seem 
the most hit by TSPyV. If this refl ects the numbers of suscep  ble immunosuppressed hosts 
(Figure 1), or rather is related pathogenically to the transplanted organ is unknown. For 
BKPyV it is known that the course and dose of immunosuppression is associated with pol-
yomavirus reac  va  on and accompanying complica  ons [80]. Whether this is also true for 
TSPyV remains to be seen.
 Diagnosis of TS is primarily established on clinical features, such as visual detec  on 
of the spiny follicular papules on the face (Figure 3A). The clinical diagnosis can be confi rmed 
by histopathologic analysis of a biopsy of the lesional skin showing enlarged dystrophic hair 
follicles with eosinophilic perinuclear globules of the IRS cells (Figure 3C). TSPyV VP1 stain-
ing, as illustrated in Figure 3D can be added to the immunohistochemical diagnosis.
 Electron microscopy has proven useful for visualiza  on of TSPyV par  cles in nuclei 
of IRS cells of aff ected hair follicles and provided the fi rst clue of TS having a viral e  ology. 

Figure 3. Clinical and (immuno)histopathological characteris  cs of TS disease. (A) Clinical features of the TS disease 
seen on the nose with hard small hyperkerato  c white-yellowish spicules protruding the skin. (B) H&E character-
is  cs of lesional skin showing the conspicuous papule and spicule protruding from the epidermis. (C) A magnifi ed 
picture of an aff ected hair follicle showing irregular inner root sheath cells with enlarged, dystrophic eosinophilic, 
and perinuclear globules. (D) Immunohistochemistry staining of an enlarged hair follicle showing colocaliza  on of 
trichohyalin (green) and TSPyV VP1 (red). (E) Electron microscopy of an inner root sheath cell with intranuclear, 
crystalloid-organized, regularly spaced 38 - 45-nm virus par  cles.
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Low sensi  vity and specifi city, however, as well as its cumbersomeness make this method 
less suitable for TSPyV detec  on in a clinical se   ng. Virus culture from fresh materials, in an 
a  empt to iden  fy the nature of the virus par  cles, was so far unsuccessful [64].

TSPyV PCR
In addi  on to the clinical and histopathological approach, TSPyV DNA detec  on and load 
measurement by quan  ta  ve PCR can be included in the TS diagnosis work-up. All lesional 
TS samples analyzed so far for TSPyV DNA content, were shown posi  ve with high average 
viral loads, as described in Chapter 3 [11, 13]. Normal skin samples of TS pa  ents, as well as 
skin swabs and plucked eyebrow hairs from unaff ected individuals were occasionally shown 
to be TSPyV DNA-posi  ve, but with low viral loads [11, 13]. Up un  l now, four primer and 
probe sets for (quan  ta  ve) PCR have been described for TSPyV, one located in the NCCR, 
one in VP1 and two in the T-an  gen coding regions [11, 49].
 Preferably, a lesional skin biopsy or plucked spicule is used for TSPyV detec  on in 
TS pa  ents [11 - 13]. Proteinase-K treatment and total DNA extrac  on of the material prior 
to PCR analysis is indicated to remove excessive protein and protec  ve capsid structures. 
A non-invasive method to obtain clinical sample would be swabbing of the pa  ent’s face, 
for instance of the forehead that proved to bear high loads of TSPyV DNA in one TS pa  ent 
sampled in this way [11, 13], sugges  ng equal sensi  vity of skin swab and biopsy to detect 
viral DNA. However, for viral load calcula  ons normalized for cellular DNA content and the 
number of cells, only a biopsy or plucked spicule can be regarded a reliable specimen.
 PCR analysis of plucked eyebrow hairs has revealed the presence of TSPyV DNA 
in a small propor  on (4%) of asymptoma  c renal transplant recipients [11]. How forehead 
swabs and plucked eyebrow hairs compare with respect to the number of obtained cells, 
viral DNA detec  on and load measurement is unknown. Interes  ngly, in a study a 13-year-
old immunocompromized heart transplant pa  ent without TS symptoms sampled 1 month 
a  er his immunosuppression, TSPyV DNA was detected in his stool and in a nasopharyngeal 
swab. Repeated analysis in the following months remained nega  ve [54]. Occasionally also 
urine and kidney samples of immunocompromized pa  ents were found to be posi  ve for 
TSPyV DNA [49]. The meaning of these fi ndings, in par  cular their role in TS diagnosis, re-
mains unclear.

Altogether, skin swabs, plucked hairs, and fresh or fi xed lesional biopsies of the aff ected 
skin can serve as a proper (diagnos  c) sample for viral detec  on and load measurements 
by (quan  ta  ve) PCR to confi rm TSPyV infec  on and TS diagnosis, and to monitor disease 
progression and/or treatment effi  cacy.

An  viral treatment
Improving the pa  ent’s immunity usually leads to complete resolu  on of TS symptoms. In 
case of TS in (organ) transplant recipients, reducing the dose of immunosuppressive drugs 
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should be considered, obviously without endangering the gra  ed organ by immune rejec-
 on. This strategy has been shown as the best op  on at the moment to improve the out-

come of BKPyV-associated nephropathy [81, 82].
 Next to reduc  on of immunosuppression, an  viral therapy should be considered 
a treatment op  on in controlling viral replica  on and TS progression without jeopardizing 
the transplanted organ. A number of TS pa  ents treated with topical cidofovir 1 - 3% cream, 
which serves as a cytosine analogue inhibi  ng human polymerase ac  vity needed for poly-
omavirus replica  on, have demonstrated signifi cant reduc  on in symptoms [11, 50, 63, 64, 
66]. Nephrotoxicity a  er topical use of this drug was monitored in some pa  ents, but this ef-
fect was not reported. Furthermore, oral valganciclovir, a guanosine analogue also inhibi  ng 
polymerase ac  vity, has been reported to have modest in some and strong ac  vity in other 
TS pa  ents [68, 70, 71]. The puta  ve mechanism of ac  on of this drug in the treatment of TS 
remains unclear at the moment, since valganciclovir requires (viral) thymidine kinase-medi-
ated modifi ca  ons to exert its polymerase-inhibi  ng eff ect, which are not expected to occur 
upon polyomavirus infec  on [83].

Concluding remarks

TSPyV is a ubiquitous virus, similar to most other HPyVs, as concluded from its 75% sero-
prevalence. When looking at its DNA prevalence in TS-asymptoma  c individuals, however, 
the virus appears diffi  cult to detect with a prevalence not exceeding 5% (Table 1). Whether 
TSPyV persists in human skin and replicates at undetectable levels, or alterna  vely has its 
latent reservoir in an extracutaneous site, like for instance the tonsils, remains to be seen. It 
is also not known how people acquire TSPyV infec  on, for instance by direct contact or by 
respiratory transmission, and whether TS symptoms are caused by reac  va  on as a result 
of poor immunity or by primary infec  on later in life in the midst of immunosuppression. In 
addi  on, the pathogenic mechanisms used by TSPyV are unknown, but likely include induc-
 on of hyperprolifera  on of IRS cells through its T-an  gens.

 With the iden  fi ca  on of TSPyV as the probable causa  ve infec  ous agent, im-
provement of TS diagnosis and clinical care can be achieved. This includes TSPyV-specifi c 
DNA detec  on and quan  fi ca  on, and immunohistochemistry or immunofl uorescence in 
the course of the diagnos  c process, and an  viral therapy as a treatment op  on. Because 
of the increasing number of immunocompromized pa  ents and the high TSPyV seroprev-
alence in healthy popula  ons, it is expected that TS will be diagnosed and reported more 
o  en in immunocompromized pa  ents than it is at this moment. For this reason, clinicians, 
in par  cular nephrologists, dermatologists, and pathologists, should become more aware of 
this condi  on, knowing that appropriate viral diagnosis and treatment is at hand.



2

Clinical and viral aspects of trichodysplasia spinulosa

55

References

1.  U.S.Department of Health & Human Services. United States Organ Procurement and 
Transplanta  on network (OPTN). In:  2012.

2.  Nickeleit V, Klimkait T, Binet IF, Dalquen P, Del Zenero V, Thiel G, Mihatsch MJ, Hirsch 
HH. Tes  ng for polyomavirus type BK DNA in plasma to iden  fy renal-allogra   recip-
ients with viral nephropathy (2000) N. Engl. J. Med. 342: 1309-1315.

3.  Gosert R, Rinaldo CH, Funk GA, Egli A, Ramos E, Drachenberg CB, Hirsch HH. Polyo-
mavirus BK with rearranged noncoding control region emerge in vivo in renal trans-
plant pa  ents and increase viral replica  on and cytopathology (2008) J. Exp. Med. 
205: 841-852.

4.  Mateen FJ, Muralidharan R, Carone M, van de Beek D, Harrison DM, Aksamit AJ, 
Gould MS, Cliff ord DB, Nath A. Progressive mul  focal leukoencephalopathy in trans-
plant recipients (2011) Ann. Neurol. 70: 305-322.

5.  Reid CE, Li H, Sur G, Carmillo P, Bushnell S, Tizard R, McAuliff e M, Tonkin C, Simon K, 
Goelz S, Cinque P, Gorelik L, Carulli JP. Sequencing and analysis of JC virus DNA from 
natalizumab-treated PML pa  ents (2011) J. Infect. Dis. 204: 237-244.

6.  Cinque P, Koralnik IJ, Gerevini S, Miro JM, Price RW. Progressive mul  focal leukoen-
cephalopathy in HIV-1 infec  on (2009) Lancet Infect. Dis. 9: 625-636.

7.  Houben R, Shuda M, Weinkam R, Schrama D, Feng H, Chang Y, Moore PS, Becker JC. 
Merkel cell polyomavirus-infected Merkel cell carcinoma cells require expression of 
viral T an  gens (2010) J. Virol. 84: 7064-7072.

8.  Shuda M, Arora R, Kwun HJ, Feng H, Sarid R, Fernandez-Figueras MT, Tolstov Y, Gjo-
erup O, Mansukhani MM, Swerdlow SH, Chaudhary PM, Kirkwood JM, Nalesnik MA, 
Kant JA, Weiss LM, Moore PS, Chang Y. Human Merkel cell polyomavirus infec  on I. 
MCV T an  gen expression in Merkel cell carcinoma, lymphoid  ssues and lymphoid 
tumors (2009) Int. J. Cancer 125: 1243-1249.

9.  Feng H, Shuda M, Chang Y, Moore PS. Clonal integra  on of a polyomavirus in human 
Merkel cell carcinoma (2008) Science 319: 1096-1100.

10.  Shuda M, Feng H, Kwun HJ, Rosen ST, Gjoerup O, Moore PS, Chang Y. T an  gen muta-
 ons are a human tumor-specifi c signature for Merkel cell polyomavirus (2008) Proc. 

Natl. Acad. Sci. U. S. A. 105: 16272-16277.
11.  van der Meijden E, Janssens RW, Lauber C, Bouwes Bavinck JN, Gorbalenya AE, Felt-

kamp MC. Discovery of a new human polyomavirus associated with trichodysplasia 
spinulosa in an immunocompromized pa  ent (2010) PLoS Pathog. 6: e1001024.

12.  Ma  hews MR, Wang RC, Reddick RL, Saldivar VA, Browning JC. Viral-associated 
trichodysplasia spinulosa: a case with electron microscopic and molecular detec  on 
of the trichodysplasia spinulosa-associated human polyomavirus (2011) J. Cutan. 
Pathol. 38: 420-431.



Chapter 2

56

13.  Kazem S, van der Meijden E, Kooijman S, Rosenberg AS, Hughey LC, Browning JC, 
Sadler G, Busam K, Pope E, Benoit T, Fleckman P, de VE, Eekhof JA, Feltkamp MC. 
Trichodysplasia spinulosa is characterized by ac  ve polyomavirus infec  on (2012) J. 
Clin. Virol. 53: 225-230.

14.  Stehle T, Gamblin SJ, Yan Y, Harrison SC. The structure of simian virus 40 refi ned at 3.1 
A resolu  on (1996) Structure 4: 165-182.

15.  Broekema NM, Imperiale MJ. miRNA regula  on of BK polyomavirus replica  on dur-
ing early infec  on (2013) Proc. Natl. Acad. Sci. U. S. A. 110: 8200-8205.

16.  Lee S, Paulson KG, Murchison EP, Afanasiev OK, Alkan C, Leonard JH, Byrd DR, Hannon 
GJ, Nghiem P. Iden  fi ca  on and valida  on of a novel mature microRNA encoded by 
the Merkel cell polyomavirus in human Merkel cell carcinomas (2011) J. Clin. Virol. 
52: 272-275.

17.  Seo GJ, Chen CJ, Sullivan CS. Merkel cell polyomavirus encodes a microRNA with the 
ability to autoregulate viral gene expression (2009) Virology 383: 183-187.

18.  Bofi ll-Mas S, Formiga-Cruz M, Clemente-Casares P, Calafell F, Girones R. Poten  al 
transmission of human polyomaviruses through the gastrointes  nal tract a  er expo-
sure to virions or viral DNA (2001) J. Virol. 75: 10290-10299.

19.  Schowalter RM, Pastrana DV, Pumphrey KA, Moyer AL, Buck CB. Merkel cell polyoma-
virus and two previously unknown polyomaviruses are chronically shed from human 
skin (2010) Cell Host Microbe 7: 509-515.

20.  Garneski KM, Warcola AH, Feng Q, Kiviat NB, Leonard JH, Nghiem P. Merkel cell pol-
yomavirus is more frequently present in North American than Australian Merkel cell 
carcinoma tumors (2009) J. Invest. Dermatol. 129: 246-248.

21.  Becker JC, Houben R, Ugurel S, Trefzer U, Pfohler C, Schrama D. MC polyomavirus is 
frequently present in Merkel cell carcinoma of European pa  ents (2009) J. Invest. 
Dermatol. 129: 248-250.

22.  Wieland U, Mauch C, Kreuter A, Krieg T, Pfi ster H. Merkel cell polyomavirus DNA in 
persons without merkel cell carcinoma (2009) Emerg. Infect. Dis. 15: 1496-1498.

23.  Foulongne V, Dereure O, Kluger N, Moles JP, Guillot B, Segondy M. Merkel cell poly-
omavirus DNA detec  on in lesional and nonlesional skin from pa  ents with Merkel 
cell carcinoma or other skin diseases (2010) Br. J. Dermatol. 162: 59-63.

24.  Kassem A, Technau K, Kurz AK, Pantulu D, Loning M, Kayser G, S  ckeler E, Weyers 
W, Diaz C, Werner M, Nashan D, Zur HA. Merkel cell polyomavirus sequences are 
frequently detected in nonmelanoma skin cancer of immunosuppressed pa  ents 
(2009) Int. J Cancer 125: 356-361.

25.  Dworkin AM, Tseng SY, Allain DC, Iwenofu OH, Peters SB, Toland AE. Merkel Cell Pol-
yomavirus in Cutaneous Squamous Cell Carcinoma of Immunocompetent Individuals 
(2009) J. Invest. Dermatol. 129: 2868-2874.



2

Clinical and viral aspects of trichodysplasia spinulosa

57

26.  Mertz KD, Pfaltz M, Junt T, Schmid M, Fernandez Figueras MT, Pfaltz K, Barghorn A, 
Kempf W. Merkel cell polyomavirus is present in common warts and carcinoma in situ 
of the skin (2010) Hum. Pathol. 41: 1369-1379.

27.  Foulongne V, Kluger N, Dereure O, Mercier G, Moles JP, Guillot B, Segondy M. Merkel 
cell polyomavirus in cutaneous swabs (2010) Emerg. Infect. Dis. 16: 685-687.

28.  Scuda N, Hofmann J, Calvignac-Spencer S, Ruprecht K, Liman P, Kuhn J, Hengel H, 
Ehlers B. A novel human polyomavirus closely related to the african green mon-
key-derived lymphotropic polyomavirus (2011) J. Virol. 85: 4586-4590.

29.  Sadeghi M, Aaltonen LM, Hedman L, Chen T, Soderlund-Venermo M, Hedman K. De-
tec  on of TS polyomavirus DNA in tonsillar  ssues of children and adults: Evidence 
for site of viral latency (2014) J. Clin. Virol. 59: 55-58.

30.  Egli A, Infan   L, Dumoulin A, Buser A, Samaridis J, Stebler C, Gosert R, Hirsch HH. 
Prevalence of polyomavirus BK and JC infec  on and replica  on in 400 healthy blood 
donors (2009) J. Infect. Dis. 199: 837-846.

31.  Kean JM, Rao S, Wang M, Garcea RL. Seroepidemiology of Human Polyomaviruses 
(2009) PLoS Pathog. 5: e1000363.

32.  Carter JJ, Paulson KG, Wipf GC, Miranda D, Madeleine MM, Johnson LG, Lemos BD, 
Lee S, Warcola AH, Iyer JG, Nghiem P, Galloway DA. Associa  on of Merkel Cell Poly-
omavirus-Specifi c An  bodies With Merkel Cell Carcinoma (2009) J. Natl. Cancer Inst. 
4:  1510-1522.

33.  Kjaerheim K, Roe OD, Waterboer T, Sehr P, Rizk R, Dai HY, Sandeck H, Larsson E, An-
dersen A, Boff e  a P, Pawlita M. Absence of SV40 an  bodies or DNA fragments in 
prediagnos  c mesothelioma serum samples (2007) Int. J. Cancer 120: 2459-2465.

34.  Neske F, Prifert C, Scheiner B, Ewald M, Schubert J, Opitz A, Weissbrich B. High preva-
lence of an  bodies against polyomavirus WU, polyomavirus KI, and human bocavirus 
in German blood donors (2010) BMC Infect. Dis. 10: 215.

35.  Nguyen NL, Le BM, Wang D. Serologic evidence of frequent human infec  on with WU 
and KI polyomaviruses (2009) Emerg. Infect. Dis. 15: 1199-1205.

36.  Tolstov YL, Pastrana DV, Feng H, Becker JC, Jenkins FJ, Moschos S, Chang Y, Buck CB, 
Moore PS. Human Merkel cell polyomavirus infec  on II. MCV is a common human in-
fec  on that can be detected by conforma  onal capsid epitope immunoassays (2009) 
Int. J. Cancer 125: 1250-1256.

37.  Touze A, Gaitan J, Arnold F, Cazal R, Fleury MJ, Combelas N, Sizaret PY, Guyetant S, 
Maruani A, Baay M, Tognon M, Coursaget P. Genera  on of Merkel cell polyomavirus 
(MCV)-like par  cles and their applica  on to detec  on of MCV an  bodies (2010) J. 
Clin. Microbiol. 48: 1767-1770.

38.  van der Meijden E, Bialasiewicz S, Rocke   RJ, Tozer SJ, Sloots TP, Feltkamp MC. Diff er-
ent serologic behavior of MCPyV, TSPyV, HPyV6, HPyV7 and HPyV9 polyomaviruses 
found on the skin (2013) PLoS One 8: e81078.



Chapter 2

58

39.  Nicol JT, Touze A, Robinot R, Arnold F, Mazzoni E, Tognon M, Coursaget P. Seroprev-
alence and Cross-reac  vity of Human Polyomavirus 9 (2012) Emerg. Infect. Dis. 18: 
1329-1332.

40.  Trusch F, Klein M, Finsterbusch T, Kuhn J, Hofmann J, Ehlers B. Seroprevalence of 
human polyomavirus 9 and cross-reac  vity to African green monkey-derived lym-
photropic polyomavirus (2012) J. Gen. Virol. 93: 698-705.

41.  Korup S, Rietscher J, Calvignac-Spencer S, Trusch F, Hofmann J, Moens U, Sauer I, 
Voigt S, Schmuck R, Ehlers B. Iden  fi ca  on of a novel human polyomavirus in organs 
of the gastrointes  nal tract (2013) PLoS One 8: e58021.

42.  van der Meijden E, Kazem S, Burgers MM, Janssens R, Bouwes Bavinck JN, de Melker 
H, Feltkamp MC. Seroprevalence of Trichodysplasia Spinulosa-associated Polyomavi-
rus (2011) Emerg. Infect. Dis. 17: 1355-1363.

43.  Waterboer T, Sehr P, Michael KM, Franceschi S, Nieland JD, Joos TO, Templin MF, 
Pawlita M. Mul  plex human papillomavirus serology based on in situ-purifi ed glu-
tathione s-transferase fusion proteins (2005) Clin. Chem. 51: 1845-1853.

44.  Chen T, Ma   la PS, Jar    T, Ruuskanen O, Soderlund-Venermo M, Hedman K. Seroep-
idemiology of the Newly Found Trichodysplasia Spinulosa-Associated Polyomavirus 
(2011) J. Infect. Dis.  204: 1523-1526.

45.  Nicol JT, Robinot R, Carpen  er A, Carandina G, Mazzoni E, Tognon M, Touze A, Cour-
saget P. Age-specifi c seroprevalences of merkel cell polyomavirus, human polyomavi-
ruses 6, 7, and 9, and trichodysplasia spinulosa-associated polyomavirus (2013) Clin. 
Vaccine Immunol. 20: 363-368.

46.  Sadeghi M, Aronen M, Chen T, Jar    L, Jar    T, Ruuskanen O, Soderlund-Venermo M, 
Hedman K. Merkel cell polyomavirus and trichodysplasia spinulosa-associated polyo-
mavirus DNAs and an  bodies in blood among the elderly (2012) BMC Infect. Dis. 12: 
383.

47.  Viscidi RP, Rollison DE, Sondak VK, Silver B, Messina JL, Giuliano AR, Fulp W, Ajidahun 
A, Rivanera D. Age-specifi c seroprevalence of Merkel cell polyomavirus, BK virus, and 
JC virus (2011) Clin. Vaccine Immunol. 18: 1737-1743.

48.  Nicol JT, Liais E, Po  er R, Mazzoni E, Tognon M, Coursaget P, Touze A. Serological 
cross-reac  vity between Merkel cell polyomavirus and two closely related chimpan-
zee polyomaviruses (2014) PLoS One 9: e97030.

49.  Fischer MK, Kao GF, Nguyen HP, Drachenberg CB, Rady PL, Tyring SK, Gaspari AA. 
Specifi c detec  on of trichodysplasia spinulosa-associated polyomavirus DNA in skin 
and renal allogra    ssues in a pa  ent with trichodysplasia spinulosa (2012) Arch. 
Dermatol. 148: 726-733.

50.  Wanat KA, Holler PD, Dentchev T, Simbiri K, Robertson E, Seykora JT, Rosenbach M. 
Viral-associated trichodysplasia: characteriza  on of a novel polyomavirus infec  on 
with therapeu  c insights (2012) Arch. Dermatol. 148: 219-223.



2

Clinical and viral aspects of trichodysplasia spinulosa

59

51.  Elaba Z, Hughey L, Isayeva T, Weeks B, Solovan C, Solovastru L, Andea A. Ultrastruc-
tural and molecular confi rma  on of the trichodysplasia spinulosa-associated polyo-
mavirus in biopsies of pa  ents with trichodysplasia spinulosa (2012) J. Cutan. Pathol. 
39: 1004-1009.

52.  Scola N, Wieland U, Silling S, Altmeyer P, Stucker M, Kreuter A. Prevalence of human 
polyomaviruses in common and rare types of non-Merkel cell carcinoma skin cancer 
(2012) Br. J. Dermatol. 167: 1315-1320.

53.  Kanitakis J, Kazem S, van der Meijden E, Feltkamp M. Absence of the trichodysplasia 
spinulosa-associated polyomavirus in human pilomatricomas (2011) Eur. J. Dermatol. 
21: 453-454.

54.  Siebrasse EA, Bauer I, Holtz LR, Le B, Lassa-Claxton S, Canter C, Hmiel P, Shenoy S, 
Sweet S, Turmelle Y, Shepherd R, Wang D. Human polyomaviruses in children under-
going transplanta  on, United States, 2008–2010 (2012) Emerg. Infect. Dis. 18: 1676-
1679.

55.  Bohl DL, Brennan DC, Ryschkewitsch C, Gaudreault-Keener M, Major EO, Storch GA. 
BK virus an  body  ters and intensity of infec  ons a  er renal transplanta  on (2008) 
J. Clin. Virol. 43: 184-189.

56.  Randhawa P, Bohl D, Brennan D, Ruppert K, Ramaswami B, Storch G, March J, Shapiro 
R, Viscidi R. longitudinal analysis of levels of immunoglobulins against BK virus capsid 
proteins in kidney transplant recipients (2008) Clin. Vaccine Immunol. 15: 1564-1571.

57.  Bodaghi S, Comoli P, Bosch R, Azzi A, Gosert R, Leuenberger D, Ginevri F, Hirsch HH. 
An  body responses to recombinant polyomavirus BK large T and VP1 proteins in 
young kidney transplant pa  ents (2009) J. Clin. Microbiol. 47: 2577-2585.

58.  Kumar A, Kantele A, Jarvinen T, Chen T, Kavola H, Sadeghi M, Hedman K, Franssila R. 
Trichodysplasia spinulosa-associated polyomavirus (TSV) and Merkel cell polyoma-
virus: correla  on between humoral and cellular immunity stronger with TSV (2012) 
PLoS One 7: e45773.

59.  Izakovic J, Buchner SA, Duggelin M, Guggenheim R, I  n PH. [Hair-like hyperkeratoses 
in pa  ents with kidney transplants. A new cyclosporin side-eff ect] (1995) Hautarzt 
46: 841-846.

60.  Haycox CL, Kim S, Fleckman P, Smith LT, Piepkorn M, Sundberg JP, Howell DN, Miller 
SE. Trichodysplasia spinulosa--a newly described folliculocentric viral infec  on in an 
immunocompromised host (1999) J. Inves  g. Dermatol. Symp. Proc. 4: 268-271.

61.  Chastain MA, Millikan LE. Pilomatrix dysplasia in an immunosuppressed pa  ent 
(2000) J. Am. Acad. Dermatol. 43: 118-122.

62.  Heaphy MR, Jr., Shamma HN, Hickmann M, White MJ. Cyclosporine-induced follicu-
lodystrophy (2004) J. Am Acad. Dermatol. 50: 310-315.

63.  Sperling LC, Tomaszewski MM, Thomas DA. Viral-associated trichodysplasia in pa-
 ents who are immunocompromised (2004) J. Am. Acad. Dermatol. 50: 318-322.



Chapter 2

60

64.  Wya   AJ, Sachs DL, Shia J, Delgado R, Busam KJ. Virus-associated trichodysplasia 
spinulosa (2005) Am. J. Surg. Pathol. 29: 241-246.

65.  Campbell RM, Ney A, Gohh R, Robinson-Bostom L. Spiny hyperkerato  c projec  ons 
on the face and extremi  es of a kidney transplant recipient (2006) Arch. Dermatol. 
142: 1643-1648.

66.  Osswald SS, Kulick KB, Tomaszewski MM, Sperling LC. Viral-associated trichodysplasia 
in a pa  ent with lymphoma: a case report and review (2007) J. Cutan. Pathol. 34: 
721-725.

67.  Sadler GM, Halbert AR, Smith N, Rogers M. Trichodysplasia spinulosa associated with 
chemotherapy for acute lymphocy  c leukaemia (2007) Australas. J. Dermatol. 48: 
110-114.

68.  Holzer AM, Hughey LC. Trichodysplasia of immunosuppression treated with oral val-
ganciclovir (2009) J. Am. Acad. Dermatol. 60: 169-172.

69.  Lee JS, Frederiksen P, Kossard S. Progressive trichodysplasia spinulosa in a pa  ent 
with chronic lymphocy  c leukaemia in remission (2008) Australas. J. Dermatol. 49: 
57-60.

70.  Benoit T, Bacelieri R, Morrell DS, Metcalf J. Viral-associated trichodysplasia of im-
munosuppression: report of a pediatric pa  ent with response to oral valganciclovir 
(2010) Arch. Dermatol. 146: 871-874.

71.  Schwieger-Briel A, Balma-Mena A, Ngan B, Dipchand A, Pope E. Trichodysplasia 
spinulosa--a rare complica  on in immunosuppressed pa  ents (2010) Pediatr. Der-
matol. 27: 509-513.

72.  Blake BP, Marathe KS, Mohr MR, Jones N, Novosel TA. Viral-Associated Trichodyspla-
sia of Immunosuppression in a Renal Transplant Pa  ent (2011) J. Drugs Dermatol. 10: 
422-424.

73.  Burns A, Arnason T, Fraser R, Murray S, Walsh N. Kerato  c “spiny” papules in an 
immunosuppressed child. Trichodysplasia spinulosa (TS) (2011) Arch. Dermatol. 147: 
1215-1220.

74.  Brimhall CL, Malone JC. Viral-associated trichodysplasia spinulosa in a renal trans-
plant pa  ent (2012) Arch. Dermatol. 148: 863-864.

75.  Lee YY, Tucker SC, Prow NA, Setoh YX, Banney LA. Trichodysplasia spinulosa: A be-
nign adnexal prolifera  on with follicular diff eren  a  on associated with polyomavirus 
(2013) Australas. J. Dermatol. 

76.  Moktefi  A, Laude H, Brudy GL, Rozenberg F, Vacher Lavenu MC, Dupin N, Carlo    A. 
Trichodysplasia Spinulosa Associated With Lupus (2013) Am. J. Dermatopathol. 36: 
e70-4

77.  Ghosn S, Abboud M, Kurban M, Abbas O. Spiny follicular hyperkerato  c papules on 
the face (2013) JAMA Pediatr. 167: 867-868.

78.  Berk DR, Lu D, Bayliss SJ. Trichodysplasia spinulosa in an adolescent with cys  c fi bro-
sis and lung transplanta  on (2013) Int. J. Dermatol. 52: 1586-1588.



2

Clinical and viral aspects of trichodysplasia spinulosa

61

79.  Johne R, Buck CB, Allander T, Atwood WJ, Garcea RL, Imperiale MJ, Major EO, Ram-
qvist T, Norkin LC. Taxonomical developments in the family Polyomaviridae (2011) 
Arch. Virol. 156: 1627-1634.

80.  Funk GA, Steiger J, Hirsch HH. Rapid dynamics of polyomavirus type BK in renal trans-
plant recipients (2006) J. Infect. Dis. 193: 80-87.

81.  Trofe J, Hirsch HH, Ramos E. Polyomavirus-associated nephropathy: update of clinical 
management in kidney transplant pa  ents (2006) Transpl. Infect. Dis. 8: 76-85.

82.  Cosio FG, Amer H, Grande JP, Larson TS, Stegall MD, Griffi  n MD. Comparison of low 
versus high tacrolimus levels in kidney transplanta  on: assessment of effi  cacy by 
protocol biopsies (2007) Transplanta  on 83: 411-416.

83.  Piret J, Boivin G. Resistance of herpes simplex viruses to nucleoside analogues: mech-
anisms, prevalence, and management (2011) An  microb. Agents Chemother. 55: 
459-472.


