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types is common in BD of the nail unit sug-
gesting the aetiological cause. Therefore, 
patients and partners should be closely fol-
lowed up for digital and genital HPV-associ-
ated lesions. 

 Copyright © 2012 S. Karger AG, Basel 

 Introduction 

 Bowen’s disease (BD) is a squamous cell 
carcinoma (SCC) in situ of the skin. In 
3–5% of cases, it progresses to invasive car-
cinoma with the capability to develop me-
tastasis.

  BD of the nail apparatus differs from 
BD of the skin since it may mimic various 
benign conditions such as chronic eczema, 
verruca vulgaris, paronychia or onycho-
mycosis. Therefore, it is frequently misdi-
agnosed for many years. Furthermore, it 
appears to be associated with human pap-
illomavirus (HPV) infections whereas this 
is a rather rare event in BD of the exposed 
skin  [1, 2] .   However, the precise aetiology 
of BD of the nail unit is unclear. Chronic 
traumatization, exposure to arsenic or ul-
traviolet and ionizing radiation have been 
discussed. In addition, HPV infections are 
thought to be a causative factor  [3, 4] . To 
follow this line, we studied biopsy speci-
mens of 3 patients with BD of the nail ap-
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 Abstract 

  Background:  Bowen’s disease (BD) of the 
nail unit is associated with human papillo-
mavirus (HPV) infection.  Objective:  This 
study aimed to investigate the frequency of 
high-risk HPV infection, gender, age and dig-
ital distribution in this condition.  Methods:  
Biopsy specimens of 3 consecutive cases 
with periungual BD were investigated for 
the presence of HPV DNA by in situ hybrid-
ization and by polymerase chain reaction 
(PCR). Furthermore, 74 cases of ungual BD 
conducted with HPV genotyping as report-
ed in the literature were reviewed.  Results:  
PCR of biopsy specimens revealed in 2 cases 
infection with HPV-16 and in 1 case with 
HPV-73. Additionally, in 1 HPV-16-positive 
case HPV-31/33 was detected by in situ hy-
bridization. In line, review of the literature 
demonstrated a clear association of HPV-
positive BD with high-risk HPV types. Inter-
estingly, age at diagnosis was significantly 
lower in women. Whereas in both genders 
the second to fourth fingers on both hands 
were commonly diseased, only in men the 
thumbs were also prominently affected. 
 Conclusions:  Infection with high-risk HPV 
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paratus for the presence of HPV DNA and 
reviewed 74 cases reported in the litera-
ture. Furthermore, we also focused on the 
distribution of gender, age at onset of dis-
ease as well as the frequency of digit in-
volvement.

  Patients and Methods 

 Patients and Specimens 
 Biopsy specimens from 3 patients with 

BD of the nail apparatus, treated in our fa-
cility between June 2006 and September 
2009, were used for this investigation. Tis-
sue specimens fixed in 10% neutralized 
buffered formalin and embedded in paraf-
fin wax were subjected to routine histo-
pathological examination. Informed con-
sent was obtained from all subjects.

  PCR Amplification with Consensus 
Sequence Primers and Sequence 
Analysis 
 Formalin-fixed and paraffin-embed-

ded samples were cut into 10- � m sections. 
After deparaffinization of the sections 
with Roticlear (Carl Roth, Karlsruhe, Ger-
many), DNA was extracted from the sam-
ples using the Qiagen DNA Mini Kit 
(Qiagen, Hilden, Germany) according to 
the manufacturer’s instructions. Amplifi-
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cation of HPV DNA and typing by se-
quence analysis were performed as previ-
ously described  [5] . Briefly, polymerase 
chain reaction (PCR) was carried out us-
ing the Qiagen Hot Star polymerase kit 
and the primers MY09, MY11 and HMB01 
 [6] . After amplification, PCR products 
were visualized by staining with ethidium 
bromide on agarose gels. To confirm the 
sequence specificity and to determine the 
HPV type, PCR products of the expected 
size were sequenced completely in both di-
rections using Big Dye terminator chemis-
try and the ABI Prism 3100 instrument 
(Applied Biosystems, Darmstadt, Germa-
ny). The obtained sequences were blasted 
against viral sequences in GenBank to de-
termine the HPV type. General laboratory 
procedures to prevent PCR contamination 
were strictly adhered to and negative con-
trols were extracted with each tissue sam-
ple.

  In situ Hybridization 
 HPV DNA integration was determined 

by using the Zytofast chromogenic in si-
tu hybridization implementation kit (Zy-
to med, Berlin, Germany), according to 
the manufacturer’s instructions. Briefly, 
4- � m tissue sections were mounted on si-
lanized slides, deparaffinized, immersed 
in 100% ethanol for 2 min and air-dried at 
room temperature, followed by digestion 
with pepsin (Zytomed) for 40 min at 37   °   C. 
After dehydration and air-drying the 
slides, DNA was heat-denaturated at 90   °   C 
for 5 min in hybridization solution mixed 
with a biotinylated HPV probe cocktail 
containing high-risk HPV types 16/18 and 
low-risk types 6/11 as well as type 31/33 
DNA (Zytomed) and subsequently incu-
bated at 37    °    C for 1 h. The slides were 
washed with Tris-buffered saline and ex-
posed to alkaline phosphatase-conjugated 
streptavidin. The sections were then in-
cubated with nitroblue tetrazolium chlo-
ride/5-bromo-4-chloro-3-indolyl phos-
phate chromogen substrate, followed by 
haematoxylin counterstaining.

  Statistical Analysis 
 Box-and-whisker plots indicate the 

minimum value, lower quartile, median, 
upper quartile and maximum value. Data 
was subjected to a D’Agostino and Pearson 
omnibus normality test, followed by an 
unpaired t test (Graph Pad Prism 5.0; 
Graph Pad Software Inc., Calif., USA); p 
values  !  0.05 were considered significant.

  Results 

 Case 1 
 A 46-year-old right-handed male pa-

tient presented with a non-healing, sharp-
ly demarcated, erythematous hyperkera-
totic plaque at the distal phalanx adjacent 
to the proximal nail fold of his right index 
finger for several years’ duration ( fig. 1 a). 
The painful lesion handicapped the pa-
tient in his work as a machine fitter. Due 
to the detection of  Pseudomonas aerugi-
nosa  in the bacterial smear, he had previ-
ously been treated for paronychia with 
topical and systemic antibiotics as well as 
topical antimycotics, which showed only 
a temporary effect. Histopathological ex-
amination demonstrated BD with numer-
ous atypical keratinocytes disorderly ar-
ranged throughout the acanthotic epider-
mis admixed with atypical mitotic figures 
( fig. 1 d). HPV type 16/18 DNA was detect-
ed by in situ hybridization, and PCR con-
firmed infection with HPV-16. Removal 
by micrographic surgery showed incipient 
invasive growth, and even by re-excision 
no tumour-free margins could be achieved. 
Consequently, the patient was referred to 
the hand surgeons of our University Hos-
pital for amputation of the terminal pha-
lanx. Staging examinations including ul-
trasound of the axillary and cervical 
lymph nodes and chest X-ray were incon-
spicuous.

  Case 2 
 A 50-year-old left-handed man attend-

ed our clinic with a 2  !  1 cm ill-defined 
erythematous lesion on the tip of his left 
thumb spreading to the nail bed and de-
stroying the distal nail plate ( fig. 1 b). The 
lesion had previously been treated as a re-
calcitrant verruca vulgaris with several 
topical antiwart agents without clinical 
improvement. Examination of a biopsy 
specimen of the lesion revealed BD. In situ 
hybridization for HPV types 16/18 and 
31/33 was positive ( fig.  2 a, b) but only 
HPV-16 DNA could be characterized by 
PCR. Micrographic excision of the entire 
nail unit demonstrated tumour-free mar-
gins, but koilocytes scattered in the stra-
tum granulosum of the surgical margins 
were still present ( fig. 2 c). Since koilocytes 
are indicative of HPV infection  [7] , the lat-
eral margins were adjuvantly treated with 
imiquimod cream 3–4 times a week for 6 
weeks after skin transplantation. No re-
currence of the tumour was seen in the 18 
months of continuous follow-up.

  Case 3 
 A 67-year-old right-handed man had a 

2-year history of a progressively growing 
hyperkeratotic plaque reaching the proxi-
mal nail fold of his right index finger 
( fig. 1 c). Topical treatment with corticoste-
roid, antifungal and antibiotic creams had 
not been successful. Histopathology of a 
biopsy specimen of the lesion revealed BD, 
which was negative for HPV DNA probe 
6/11, 16/18 and 31/33 using in situ hybrid-
ization. HPV DNA analysis by PCR yield-
ed HPV-73. Tangential excision was per-
formed, followed by erbium:YAG laser 
therapy. Recurrence of BD 2 months later 
was treated by shave excision. One year lat-
er the patient showed an erosive plaque in 
the nail bed, and histological examination 
again confirmed relapse of BD. Therefore, 
the entire nail apparatus was excised and 
the defect covered with a full-thickness 
skin graft. There was no evidence of recur-
rence in 24 months of follow-up, but in the 
meantime HIV infection was diagnosed.

  None of our patients showed other ver-
rucous lesions on the hands, feet or in the 
anogenital region.

  BD of the Nail Is Highly Associated 
with High-Risk HPV Infections 
 Case reports in which HPV genotyping 

of ungual BD either by immunohisto-
chemistry, in situ hybridization and/or 
PCR was performed, including the cases 
presented here, were evaluated (n = 77, 
mean age  8  SD 50.9  8  15.0 years, range 
22–83;  table 1 ). Studies which did not spec-
ify the location on the digit were excluded 
from the review. The periungual regions of 
the left hand were affected in 46.9% of cas-
es and those of the right hand in 44.9%, 
whereas the toes were involved in 8.2% of 
cases. As shown in  table 2 , the third and 
fourth fingers were the most commonly 
affected digits (27.2 and 26.1%, respective-
ly), followed by the thumb (20.5%), index 
finger (20.5%), and fifth finger (5.7%). 
Moreover, gender distribution revealed 
that in men the thumb was involved in 
26.2% of cases, followed by the third 
(24.6%), second (21.3%) and fourth fingers 
(21.3%), whereas the predilection sites in 
women were the fourth (37.1%) and third 
(33.3%) fingers, followed by the index fin-
ger (18.2%) and thumb (7.4%). Interesting-
ly, in women the second to fourth digits on 
both hands (100% on right hand, 81.3% on 
left hand) but not the thumbs (0% on right 
hand, 12.5% on left hand) were mostly af-
fected, whereas in men the right thumb 
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was predominantly diseased (32.3%), in 
contrast to the left thumb (20%). Besides 
the right fifth digit of men (12.9%), the 
fifth digit of either gender was hardly in-
volved.

  Single infection with high-risk HPV-16 
is most prevalent in BD of the nail appara-
tus (n = 23, 32.8%), which became even 
more evident when HPV-16-related types 
were taken into account (n = 35, 50.0%; 

 fig. 3 a,  table 1 ). However, as in case 3 of our 
patient series other high-risk HPV types, 
e.g. 26, 34, 51, 56 and 73, can also be de-
tected alone in lesions (n = 13, 18.6%; 
 fig. 3 a), whereas infections with only HPV-
18-related genotypes are extremely rare 
(n = 2, 2.9%). Furthermore, few cases have 
been reported harbouring multiple HPV 
genotypes, with at least one of them repre-
senting a high-risk type (n = 15, 21.4%; 

 fig. 3 a). Of note, there has been no infec-
tion with low-risk HPV species (types 5, 8, 
9, 11, 17, 21, 36, 49, 81) alone reported in BD 
of the nail unit. These HPV types always 
coexisted with a high-risk type (n = 5, 
7.1%). In-depth analysis revealed that in all 
reported ungual BD cases, HPV-16 was 
found in 35.1%, HPV-16-related genotypes 
(31, 33, 35, 52, 58) in 23.4%, HPV-56 in 
11.7%, HPV-73 in 9.1%, HPV-33 in 7.8% 

a b

c d

  Fig. 1.  BD of the nail unit, clinical appear-
ance and histopathology.  a  Case 1: ery-
thematous, hyperkeratotic plaque on the 
lateral and proximal nail fold and nail bed 
with onycholysis of the right index finger. 
 b  Case 2: verrucous plaque involving the 
tip, radial nail fold and nail bed of the left 
thumb.  c  Case 3: circumscribed erythema-
tous, scaly lesion on the distal phalanx 
reaching the proximal nail fold of the right 
index finger.  d  Histology of case 1: atypical 
keratinocytes involving the full thickness 
of the acanthotic epidermis with mitoses 
and dyskeratoses. HE.  ! 200. 

a b c

  Fig. 2.  Case 2: in situ hybridization and surgical excision margins.  a  Probes for HPV type 16/18 DNA revealing uniform nuclear stain-
ing of scattered cells in the upper malpighian layer.  ! 200.  b  Detection of HPV type 31/33.  ! 200.  c  Koilocytes (arrows) in the stratum 
granulosum at the excision margins of the nail unit. HE.  ! 400. 
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Reference, year Sex/age 
(years)

Finger
or toe

HPV type Localization/
clinical presentation

Cases
positive
for HPV

Specifics

Kawashima et al.
[33], 1986

F/69 Lf3 34 Periungual/
verrucous plaque

1/1 Warts on contralateral palm and index finger

Ostrow et al.
[34], 1987

M/37 Rf1 16 Periungual/
verrucous nodule

1/1 Diagnosis of epidermodysplasia verruciformis

Moy et al.
[35], 1989

M/47
M/78
M/55
M/67
F/22

Lf3
Lf4
Rf2
Lf4
Rf4

16
–
–1

–
16

Periungual/
verrucous lesion
in most patients

2/5 1Samples that contained DNA sequences related 
to but distinct from HPV types 6/11, 16, 18 or 51

Rüdlinger et al.
[25], 1989

F/42 Rf4 35 Periungual/
verrucous lesion

1/1 Also bowenoid papulosis, positive for HPV-35

Guitart et al.
[14], 1990

M/66
M/57
M/44
F/63
F/50
F/69

Rf1
Lf1
Lf2
Rf4
Lf1, 3, 4, 5
Lf3

–
–
–
–
–
16/18

Nail bed verrucous
lesion in most patients

1/6 Warts on other fingers (once)
Polydactylous disease (once)
History of recurrence on different fingers (once)
History of radiodermatitis (twice)
Uterine carcinoma, positive for HPV-16/18 (once)

Eliezri et al.
[36], 1990

n.d./n.d. n.d. 16 or HPV-
16-related

Periungual/n.d. 7/12 Series of periungual BD

Ashinoff et al.
[30], 1991

M/49
M/73
M/26
M/73
M/75
M/46
M/29
F/41

Lf2
Rf3
Rf1
Rf3
Rf5
Lf2
Lf4
Rf4

–
n.t.
16
n.t.
16
–
16
n.t.

Nail bed, periungual/
verrucous lesion,
paronychia

3/8

McGrae et al.
[15], 1993

M/42 Rf2, 3, 4 16 Nail fold/
verrucous plaque

1/1 Polydactylous disease (3/3 lesions HPV-positive), 
genital wart, positive for HPV-6, flat wart on hand

Sau et al.
[2], 1994

M/55
M/64
M/63
M/61
M/39
M/48
F/42

Lf3
Rf3
Lf2
Lf1
Lf3
Lf4
Lf3

16
–
–
16
–
16
16

Nail bed, periungual/
verrucous lesion, nail
dystrophy, onycholysis,
paronychia

4/7 Additionally vulval intra-epithelial neoplasia, 
positive for HPV types 21 and 34

Nordin et al.
[26], 1994

F/31 Rf3 16 Subungual/tumour 1/1 Vulvar and cervical dysplasia in the past and wart 
on the same finger positive for HPV-16

Mitsuishi et al.
[37], 1997

M/53
F/24
F/34

Rf3
Rf4
Lf3

16
–
73

Periungual/
verrucous lesion
pigmented plaque

2/3

Forslund et al.
[27], 1997

F/57 Lf4 16 Periungual/
onycholysis,
yellowish lesion

1/1 History of cervical intra-epithelial neoplasia 
(HPV-16-positive) and perianal condylomata 
acuminata

Sass et al.
[38], 1998

M/67 Lf4 16 Nail bed/LM 1/1

Theunis et al.
[39], 1999

M/67
M/78
M/83

Lf4
Rf1
Rf1

16
16
16

Subungual/LM,
subungual hyperkeratosis

3/3

Ota et al.
[23], 2002

M/80 Lf2 18 Periungual/
erythematous plaques

1/1 Formerly gynaecologist

Lambiase et al.
[40], 2003

M/25 Rf3 56 Nail bed/LM 1/1

Table 1.  BD of the nail unit as reported in the literature including HPV typing
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Reference, year Sex/age 
(years)

Finger
or toe

HPV type Localization/
clinical presentation

Cases
positive
for HPV

Specifics

Hara et al.
[16], 2004

F/46 Rf2, 3
Lf1, 2, 3, 4
Lt1, 2, 4, 5

58 Periungual/hyperkeratotic
and verrucous plaques,
nail dystrophy

1/1 Polydactylous, additionally vulva and cervical 
carcinomas in the past, positive for HPV-58

Sato et al.
[41], 2004

M/55 Lf4 11, 16 Periungual/verrucous lesion 1/1

Weisenseel et al.
[42], 2006

M/49 Lf3 73 Paraungual/
erythematous plaque

1/1

Ekeowa-Anderson
et al. [28], 2007

F/23 Lf2 21, 34,
49, 58

Periungual/hyperkeratotic, 
pigmented plaque,
nail dystrophy

1/1 Concurrent vulvar intra-epithelial neoplasia, 
positive for HPV types 21, 31 and 34

Shimizu et al.
[43], 2008

M/34
M/68
M/63
F/29
F/51

Lt2
Rf1
Rt4
Lt1
Lt2

56
56
–
56
–

Nail apparatus
LM
LM
Ulcer
LM
Nail deformity

3/5

Guldbakke et al.
[44], 2008

M/32 Rf1, Lf2 73 Periungual/
verrucous lesion

1/1 Polydactylous disease, Hodgkin’s lymphoma 
18 years previously, successfully treated by 
chemotherapy

Inokuma et al.
[45], 2009

M/41 Rf2 56 Nail matrix/LM 1/1

Kreuter et al.
[21], 2009

M/62
M/52
M/59
M/71
F/62

Rf2
Rf1
Lf2
Lf1
Rf2

26
73, 81
33
56, 9, 17, 36
16

Periungual/verrucous plaque, 
hyperpigmented flat plaque

5/5 1 HIV-positive patient (HPV-26-positive);
periungual warts (thrice), anogenital warts (once), 
penile intra-epithelial neoplasia (once)

Turowski et al.
[17], 2009

M/42
M/44

Lf1, Rf4, 5
Rf3

16
16, 18, 31, 33, 
35, 39, 45, 51, 
52, 56, 59, 702

Periungual/verrucous plaque 2/2 2 HIV-positive patients
2In situ hybridization with high-risk HPV probe

Nakajima et al.
[46], 2010

M/56 Lf3 8, 16, 58 Periungual/n.d. 1/1

Gormley et al.
[22], 2011

M/47
M/44
M/42
M/44
F/44
F/50
F/43

Rf4
Lf1, Rf4, 5
Rf1
Rf3
Lf2, 4
Rf4
Rf3

33, 51
16
33, 73
n.t.
33, 51, 73
33, 51
n.t.

Periungual/hyperpigmented 
plaque, verrucous plaque

5/7 4 HIV-positive patients, 2 of them with
HPV-73-positive ungual BD; 4 cases with either 
genital warts or abnormal Papanicolaou smear 
finding in the past

Ohishi et al.
[47], 2011

M/50
M/36
M/41
M/32
M/43
M/66
M/41

Lf4
Lf4
Lf3
Lf3
Rf1
Lf3
Rf5 

56
16
59
56
56
52
33

Nail apparatus/
LM, hyperkeratosis of 
nail bed, onycholysis

7/7

Grundmeier et al.
(this report), 2011

M/46
M/50
M/67

Rf2
Lf1
Rf2

16
16, 31/33
73

Nail apparatus/
hyperkeratotic plaque

3/3 1 HIV-positive patient (HPV-73-positive)

R  = Right; L = left; f = finger; t = toe; LM = longitudinal melanonychia; – = negative; n.t. = not tested; n.d. = not described.

Table 1 (continued)
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and HPV-51 in 3.9%, followed by HPV 
types 34, 26, 18, 59, 11, 8, 21, 9, 17 as well as 
49 which were each detected at a frequen-
cy between 1.3 and 2.6%. Taken together, 
analysis of the HPV-positive cases report-
ed in the literature demonstrates that BD 
of the nail apparatus is commonly associ-
ated with high-risk HPV infections.

  It has been reported that BD of the nail 
unit predominantly affects males at the 
age of 50–70 years  [1, 2] . Since then a rath-
er large number of women has also been 
reported (n = 20;  table 1 ). Based on the re-
viewed data including the patients report-
ed here, we therefore analysed age and gen-
der distribution of ungual BD. Interesting-
ly, age at diagnosis was significantly lower 
in women than in men (mean age  8  SEM, 
women 44.6  8  3.3 vs. men 53.1  8  1.9 
years;  fig. 3 b). Men were affected more of-
ten than women, by a ratio of 2.85:   1.

  Discussion 

 While BD is commonly found on the 
trunk, face, fingers and genitalia, the oc-
currence in the nail apparatus is rare. In 
this location, involvement of the nail fold 
typically presents as either an erythema-
tous plaque or as a scaly, verrucous or 
crusted lesion with periungual swelling. 
Nail bed involvement may cause onycholy-
sis, subungual hyperkeratosis and dys-
chromia, whereas nail matrix involvement 
may lead to longitudinal erythronychia, 
melanonychia or nail plate dystrophy ( ta-
ble 1 )  [8, 9] .

  Various studies have attributed an ae-
tiological role of HPV in the development 
of BD of the nail tissues, because its detec-
tion is a common finding ( table 1 ). HPV is 
a double-stranded DNA virus of the Papil-
lomaviridae family and the species are 

phylogenetically classified into the genera 
 � ,  � ,  �  and  � / �   [10] .  � -HPV species can be 
further divided into high-risk and low-risk 
HPV, according to their oncogenic po-
tential. The high-risk group consists of 
 � -HPV types 16, 18, 26, 31, 33, 34, 35, 39, 
45, 51, 52, 56, 58, 59, 73 and 82  [10] , which 
are often detected in intra-epithelial neo-
plasia and/or invasive epithelial cancer. 
There is convincing evidence that  � -HPV 
type 16 and related mucosal types play a 
crucial role in the development of cervical 
and anogenital carcinomas  [11] . The role 
of HPV in skin cancer was first demon-
strated in patients with the rare hereditary 
skin disease epidermodysplasia verruci-
formis  [12] . However, involvement of HPV 
in the development of SCC in non-genital 
skin is still controversial but it seems that 
 � -HPV species (type 2) may be involved in 

the progression of cutaneous SCC  [13] . As 
shown here by analysis of the literature, 
BD of the nail unit is highly associated 
with high-risk  � -HPV infection. There-
fore, initiation or progression of ungual 
BD by HPV is very likely.

  It appears that periungual skin is pre-
disposed to HPV infection due to micro-
trauma. This idea is supported by the no-
tion that BD usually arises at the lateral or 
proximal nail fold or hyponychium and 
invades the nail unit by extension. In sup-
port of this idea, the right thumb of men, 
which is predominantly exposed to trau-
mata or abrasion, followed by the second, 
third and fourth fingers in either gender 
are affected ( table 2 ). Furthermore, cases 
of polydactylous disease have been report-
ed, supporting a role of an infectious agent 
in periungual BD  [14–17] . However, given 

Table 2.  Digital distribution (numbers/percentages) of ungual BD including polydactylous cases

Digit Males F emales Male/female, 
totalleft hand right hand total, % le ft hand right hand total, %

1 6/20 10/32.3 26.2 2/12.5 0/0 7.4 18/20.5
2 7/23.3  6/19.3  21.3 3/18.8  2/18.2  18.5 18/20.5
3 8/26.7 80% 7/22.6 54.8% 24.6 6/37.5 81.3% 3/27.3 100% 33.3 24/27.2
4 9/30 4/12.9 21.3 4/25 6/54.5 37.1 23/26.1
5 0/0 4/12.9 6.6 1/6.2 0/0 3.7 5/5.7
Sum 30/100 31/100 100 16/100 11/100 100 88/100
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  Fig. 3.  HPV genotypes and age distribution in patients with BD of the nail unit.  a  HPV 
genotypes described from 1986 to 2011. HPV-16-related types: 16, 31, 33, 35, 52, 58; HPV-
18-related types: 18, 39, 45, 59, 68, 70. The HPV-16/18-positive cases reported by Guitart 
et al.  [14]  and Turowski et al.  [17]  were omitted since they were not further specified. 
   b  Sex distribution of affected patients in relation to the age at diagnosis. Analysis covers 
the data shown in table 1 excluding the case series by Eliezri et al.  [36]  where age was not 
determined.  *  p = 0.029; + indicates the mean.       
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the very low incidence of BD of the nail ap-
paratus, additional predisposing factors 
may be needed for virus entry, e.g. chronic 
traumatization, chronic paronychia, ex-
posure to X-rays, ingestion of arsenic, and 
immunosuppression  [18] . HIV infection 
might account for immunosuppression. 
Interestingly, in case 3 of our patient series 
periungual BD was positive for the rare 
 � -HPV type 73, and advanced HIV disease 
(CDC B3) was diagnosed 18 months after 
onset of BD of the nail unit. Based on the 
limited number of reported HIV-positive 
patients with ungual BD, it is striking that 
 � -HPV type 73 DNA could be detected in 
3 out of 7 HPV-73-positive cases and the 
rare  � -HPV type 26 in 3 out of 3 HPV-26-
positive cases with BD/SCC of the nail ap-
paratus  [19–22] . Therefore, these data sup-
port the hypothesis that HIV-related im-
mune suppression might predispose for 
the acquisition of rare HPV types  [21, 22] . 
It is tempting to speculate that the handed-
ness might determine the location of un-
gual BD. In our patients the hand affected 
by BD of the nail unit correlated with the 
preference of hand usage. While this could 
be an explanation for the preferred occur-
rence of ungual BD on the right thumb of 
men ( table 2 ), the second to fourth fingers 
on both hands in either gender were among 
the most commonly affected digits. How-
ever, data on the handedness in these pa-
tients is largely missing to further strength-
en this hypothesis.

  Detection of the same HPV types in 
anogenital lesions and BD of the nail unit 
suggests the possibility of auto-inocula-
tion of the finger from the genital area to 
the finger or vice versa as it has been exem-
plified by several cases showing the same 
HPV genotype found in lesions of BD of 
the nail and genital epithelial dysplasia/
neoplasia ( table 1 ). In line, one interesting 

paper described an 80-year-old gynaecol-
ogist who developed periungual BD on the 
left index finger, which was positive for 
 � -HPV type 18 DNA by PCR typing  [23] . 
Since  � -HPV type 18 DNA is usually not 
detected in BD of the nail unit ( table  1 , 
 fig. 3 a), it is very likely that infection oc-
curred during carrying out his profession.

  Of note, our review of published cases 
of BD of the nail unit revealed a significant 
earlier age of manifestation in females 
( fig. 3 b). Since the average age of  � -HPV-
16-positive women with cervical intra-
epithelial neoplasia (CIN) grade 3 or inva-
sive cancer is significantly lower as com-
pared with HPV-16-negative groups  [24] , 
auto-inoculation of the finger from the 
genital area is an obvious explanation for 
the early onset of disease. In line, in 6 
(30%) cases of affected women, the HPV 
type detected in ungual BD correlated 
with the type detected in vulvar intra-epi-
thelial dysplasia (VIN) and/or CIN or even 
carcinomas  [14, 16, 25–28] . However, the 
frequency of women affected by both BD 
of the nail unit and HPV-positive VIN/
CIN is most likely higher, since data on the 
latter was largely missing in the reviewed 
literature. Of note, diagnosis of VIN/CIN 
preceded that of BD of the nail unit. It is 
conceivable that vice versa in cases of un-
known genital HPV status, BD of the nail 
unit might hint to a manifestation of VIN/
CIN. Therefore, diagnosis of ungual BD in 
women should always include a gynaeco-
logical examination.

  The detection of high-risk  � -HPV spe-
cies in BD of the nail apparatus might affect 
clinical management. The safest treatment 
is micrographic surgery, but many less in-
vasive and non-surgical treatments such as 
laser ablation, cryotherapy, photodynamic 
therapy, topical 5-fluorouracil and topical 
imiquimod have been used in selected cases 

 [4, 29–31] . However, given the risk of recur-
rence and in favour of our observation that 
koilocytes indicative of persistent HPV in-
fection might remain at the margins in mi-
crographic surgery ( fig.  2 c), topical treat-
ment with imiquimod in the vicinity of the 
surgical defect may be considered as a local 
adjuvant treatment (see case 3)  [32] .

  Up to now, there has been no evidence 
that HPV-positive BD of the nail appara-
tus predisposes to metastasis. However, 
Kreuter et al.  [21]  demonstrated that ex-
pression of Ki67 and p16 INK4a , both immu-
nohistological markers for cell prolifera-
tion, were significantly higher in HPV-
positive periungual lesions as compared to 
HPV-negative, non-periungual BD. There-
fore, the high proliferative activity might 
be one of the factors explaining the high 
local recurrence rate of HPV-positive un-
gual BD  [21] . Due to the increased risk of 
relapse, which can lead to metastasis, long-
term follow-up, including palpation and 
ultrasound of the regional lymph nodes, is 
mandatory.

  In summary, biopsy and histopatho-
logical examination are required for diag-
nosis and differentiation from other un-
gual and periungual dermatoses. The 
strong association of high-risk HPV infec-
tion and BD of the nail unit as reviewed in 
the literature and described in our case se-
ries supports a causal role of the virus and 
should prompt for a follow-up of digital 
and genital HPV-associated lesions in pa-
tients and partners.
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