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The classic histologic presentation of epidermodysplasia ver-
ruciformis is a verruca plana-type lesion with minimal hyper-
keratosis and acanthotic areas where the cells contain perinu-
clear halos and blue–gray pallor. Whereas these lesions have a
high malignant potential, it is important to elucidate the histo-
logic spectrum of this entity and to differentiate it from its
mimics. Fifteen skin biopsies from people with multiple cuta-
neous warts clinically suspicious for epidermodysplasia verru-
ciformis were analyzed both histologically and for human pap-
illomavirus (HPV) deoxyribonucleic acid (DNA) by in situ
hybridization. Ten of the lesions contained HPV DNA, either
type 5 (n � 6), type 8 (n � 3), or type 51 (n � 1). Only three
of these lesions showed typical verruca plana. The histologic
marker of HPV DNA in the other seven viral-positive cases
was rare perinuclear halos in association with an irregular
granular layer. The other five cases, which were also negative
for viral DNA after polymerase chain reaction in situ hybrid-
ization, rarely demonstrated the abrupt variation in keratohya-
line granules and concomitant perinuclear halos. The authors
conclude that there is a wide spectrum of histologic changes in
epidermodysplasia verruciformis and that viral testing in con-
junction with the histologic and clinical findings can differen-
tiate this premalignant entity from its mimics.
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Epidermodysplasia verruciformis is, in most cases, an
autosomal-recessive condition marked by multiple flat
warts that typically occur on the distal extremities and
face.5,8 However, X-linked recessive and autosomal
dominant transmission has been reported or postulated.1

Histologically, the classic lesion shows mild to moderate
acanthosis and mild to moderate hyperkeratosis. The
cells in the acanthotic areas in the unequivocal cases of

epidermodysplasia verruciformis demonstrate perinucle-
ar halos and enlargement with a concomitant blue–gray
pallor on hematoxylin and eosin stain.5,7 These lesions
may show dysplastic changes. A major clinical compli-
cation of epidermodysplasia verruciformis is carcinoma,
usually squamous cell cancer, which is noted in 30% to
50% of patients.5,12 The lesions of epidermodysplasia
verruciformis are invariably associated with infection by
human papillomavirus (HPV). Although many different
genotypes of HPV have been associated with epidermo-
dysplasia verruciformis, most cases contain HPV type 5
(HPV-5) or HPV-8.5,12

Clinically, the lesions of epidermodysplasia verruci-
formis have a heterogenous appearance. They character-
istically appear as flattened, skin-color, reddish, or hy-
perpigmented papules resembling plane (flat) warts, or
scaly either achromic or brown pityriasis versicolor-like
macules and patches. Less commonly, the lesions have a
seborrheic keratosis-like morphology. The lesions are
usually widely distributed and are often resistant to treat-
ment that includes surgical excision or locally destruc-
tive methods. The documentation of dysplasia in any
lesion, particularly on sun-exposed areas, in this clinical
setting increases the suspicion of epidermodysplasia ver-
ruciformis. Although epidermodysplasia verruciformis-
like lesions are now seen relatively commonly in immu-
nocompromised patients, the classic entity is rare.

Lesions similar to those seen in people with epider-
modysplasia verruciformis, both clinically and histologi-
cally, have been reported in patients with immunosup-
pression secondary to, for example, allograft organ trans-
plant or the acquired immune deficiency syndrome.3,6

Furthermore, such lesions often contain the same HPV
types associated with classic epidermodysplasia verruci-
formis, and also show a high propensity to progress
through dysplasia to invasive carcinoma.3,6 Thus, the
surgical pathologist and dermatopathologist are encoun-
tering such lesions more commonly. However, multiple
lesions on the extremities and face can be seen in a wide
variety of conditions that are not associated with immu-
nosuppression, oncogenic HPV types, or the associated
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risk of progression to malignancy.3,6 Therefore, it is im-
portant for the surgical pathologist to be able to differ-
entiate these premalignant lesions from people with ei-
ther epidermodysplasia verruciformis or immunosup-
pressed states from their mimics.

The purpose of this study was to correlate the histo-
logic features of cutaneous verruca plana-like lesions
taken from people in whom the clinical differential di-
agnosis included epidermodysplasia verruciformis with
the detection of HPV deoxyribonucleic acid (DNA) by in
situ hybridization and polymerase chain reaction (PCR)
in situ hybridization.

MATERIALS AND METHODS

Tissue Analysis

Biopsies were obtained from people who had multiple
cutaneous warts clinically suspicious for epidermodys-
plasia verruciformis, as described earlier and in Results.
Fifteen patients met this criteria. Eleven were men and
the ages ranged from 25 to 58 years (mean age, 39 yrs).
The lesions ranged in number from three to more than
50, and were present primarily on the dorsum of the
hand, face, and arms. None of the patients had a history
of human immunodeficiency virus type 1 (HIV-1) infec-
tion, organ transplant, or use of immunosuppressive
drugs. One representative biopsy was taken from each
patient and was fixed immediately in 10% buffered
formalin.

Histologic Evaluation

The following histologic parameters were scored as
either absent (0), minimal (1+), moderate (2+), or
strongly (3+) evident: hyperkeratosis, parakeratosis, ac-
anthosis, irregular granular layer, perinuclear halos with
associated blue–gray pallor of the cytoplasm, and dys-
plasia. The standard, when relevant for determining the
degree of the previously noted histologic features, was
the area of unremarkable skin that was present in each of
the 15 biopsies. For example, hyperkeratosis was defined
as 1+ if its thickness was the same as the normal skin, 2+
if it was up to two times the thickness of normal skin, and
3+ if greater in thickness than two times the normal skin
(see footnote in Table 1). The histologic sections were
analyzed blindly with respect to the HPV results.

In Situ Hybridization

In situ hybridization was performed using a previously
published protocol.10–12 In brief, multiple 4-�m sections
were placed on sequentially labeled silane-coated slides.
The tissue was deparaffinized, “proteased” (30 minutes
in 2 mg/mL of pepsin), washed in sterile water, washed

in 100% ethanol, and then air-dried. The probe cocktail
containing the biotin-labeled genomic probe and tissue
DNA were codenatured at 95°C for 5 minutes, hybrid-
ized for 2 hours at 37°C, then washed at either low
stringency (−30°C, for identification of HPV DNA) or
high stringency (−5°C, for identification of the specific
HPV type) followed by localization of the probe–target
complex as a result of the action of alkaline phosphatase
on the chromogen nitroblue tetrazolium and bromochlo-
roindolyl phosphate. Nuclear fast red served as the coun-
terstain. All samples were tested for HPV types 1 to 3, 5,
6, 8, 11, 13, 16, 18, 26, 27, 30 to 33, 35, 39 to 45, 51, 52,
56, 57, 59, 68, and 70, as well as other “novel” types
(an HPV detected that is related to but distinct from
those included in the probe cocktail) as described
previously.8,10

Tissues that were negative for HPV DNA by standard
in situ hybridization were tested by PCR in situ hybrid-
ization using the consensus primers MY09 and MY11,
and a previously published protocol.10–12 Briefly, after
protease digestion, hot-start PCR was performed and,
after the initial denaturation at 95°C for 3 minutes, 35
cycles were run at 55°C for 1.5 minutes and at 94°C for
1 minute. This was followed by in situ hybridization

TABLE 1. Histologic features and viral analysis in the
cases analyzed in this study

Case no. hk* pk Acan gl bgp/halo Dys HPV

1 2+ 1+ 2+ 3+ 3+ 0 5
2 1++ 1+ 3+ 3+ 3+ + 5
3 1+ 3+ 2+ 1+ 1+ + 8
4 1+ 3+ 3+ 0 1+ 0 5
5 1+ 1+ 2+ 3+ 1+ 0 8
6 1+ 0 2+ 3+ 0 0 51
7 3+ 3+ 2+ 2+ 1+ + 5
8 1+ 0 1+ 2+ 1+ 0 8
9 1+ 1+ 2+ 3+ 3+ 0 5

10 1+ 1+ 1+ 1+ 0 0 5
11 1+ 1+ 2+ 0 0 0 —†
12 1+ 2+ 2+ 0 0 0 —
13 2+ 2+ 1+ 0 0 0 —
14 2+ 1+ 2+ 0 1+ 0 —
15 2+ 3+ 3+ 1+ 1+ 0 —

hyperkeratosis (hk)- 1+ is the same thickness as the adjacent
unremarkable skin, 2+ is up to 2× the thickness seen in the nor-
mal skin, and 3+ is greater than 2× the thickness; parakeratosis
(pk)- 1+ is between 1+ to 10 cells per tissue section, 2+ is 11–20
cells per sample, and 3+ is greater >20 cells; acanthosis (acan)-
1+ is the same thickness as the adjacent unremarkable skin, 2+
is up to 3× the thickness seen in the normal skin, and 3+ is
greater than 3× the thickness; granular layer (gl)- 1+ refers to
either 1 or 2 areas of the lesion with a focally thickened granular
layer, 2+ is 3–4 such areas, and 3+ is greater than 4 areas;
bgp/halo- 1+ is from 1–24% of the cells in the acanthotic areas,
2+ is from 25–50% of the cells in the acanthotic zones, and 3+ is
>50% of the cells in the areas of acanthosis demonstrating blue–
grey pallor with occasional perinuclear halos; dysplasia- 1+ is
from 1–10% of total cells in lesion showing dysplasia (dys), 2+ is
from 11–30% of cells, and 3+ is >30% of cells.

† Cases 11 through 15 were also negative after in situ PCR
amplification.
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using the protocol described earlier and probe cocktails
that could detect either HPV types 1 to 3, 13, 27, 57;
HPV types 5 and 8; or HPV types 6, 11, 16, 18, 30 to 33,
35, 39 to 45, 51, 52, 56, 57, 59, 68, and 70 (wide-
spectrum probe cocktails from Enzo Diagnostics, Farm-
ingdale, NY, USA, and Ventana Medical Systems, Tuc-
son, AZ, USA).

RESULTS

Fifteen patients who had multiple nongenital warts in
whom the differential diagnosis included epidermodys-
plasia verruciformis had single skin biopsies. Eleven
were men and the patient age ranged from 25 to 58 years
(mean age, 39 yrs). The lesions ranged in number from
three to more than 50 and were present primarily on the
dorsum of the hand, face, and arms. The lesions ranged
from flattened or hyperpigmented verruca plana-type le-
sions to scaly brown pityriasis versicolor-like macules
and patches. In one patient the lesions had a seborrheic
keratosis-like morphology. None of the patients had a
history of HIV-1 infection, organ transplant, or use of
immunosuppressive drugs.

The lesions were first examined using hematoxylin
and eosin stain. A summary of the histologic data is
presented in Table 1. Note that only three of the samples
showed the unequivocal histologic features of epidermo-
dysplasia verruciformis, defined by acanthosis contain-
ing a majority of cells that show perinuclear halos and
blue-gray pallor (Fig. 1). Only one case showed marked
hyperkeratosis, and most tissues demonstrated parakera-
tosis and mild to moderate acanthosis. Ten cases dem-
onstrated an irregular granular layer, defined as an abrupt
change in the size, density, and/or staining quality of the
keratohyaline granules. The irregularity of the granular
layer was often seen in conjunction with rare perinuclear
halos (Figs. 2 and 3). All but four cases showed some
cells with blue–gray pallor with rare perinuclear halos,
although, as indicated earlier, only three cases demon-
strated this feature in the majority of cells in the acan-
thotic areas.

The tissue samples were next analyzed for HPV DNA
using different probe cocktails at low stringency that
could detect the majority of genital and nongenital HPV
types, including those associated with epidermodysplasia
verruciformis. HPV DNA was detected in 10 of the 15
tissue samples. To determine the specific HPV types pre-
sent in the lesions, in situ hybridization was performed
under high-stringency conditions using the individual
probes from the corresponding probe cocktail that gave
the strongest signal, as described previously.8,12 Of the
10 HPV-positive cases, six contained HPV-5, three con-
tained HPV-8, and one contained HPV-51. In the three
unequivocal cases of epidermodysplasia verruciformis,
the viral DNA localized to most of the cells in the areas
of acanthosis that showed enlargement with marked

FIG. 1. Histologic and viral correlation in classic epider-
modysplasia verruciformis. (A) At low magnification, mod-
erate acanthosis and hyperkeratosis is evident. (B) At
higher magnification, the keratinocytes in the area of ac-
anthosis show enlargement, blue-gray pallor on hema-
toxylin and eosin stain, occasional perinuclear halos, and
an irregular granular layer (arrow). (C) Many of the cells in
the acanthotic zone and in the horn contain high copy
numbers of human papillomavirus type 5 deoxyribonucle-
ic acid.
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FIG. 3. Histologic and viral correlation in tissues equivocal
for epidermodysplasia verruciformis. (A) At low magnifi-
cation, mild acanthosis is evident with a mild increase in
the orthokeratotic zone compared with the adjoining nor-
mal skin (not shown). (B) At higher magnification, note the
rare perinuclear halos without the associated enlargement
and pallor (arrow). Note the prominence of the keratohya-
line granules in this area (arrow). (C) Many of the cells in
this area contain human papillomavirus type 5 deoxyribo-
nucleic acid.

FIG. 2. Histologic and viral correlation in tissues equivocal
for epidermodysplasia verruciformis. (A) At low magnifi-
cation, mild acanthosis is evident. (B) At higher magnifi-
cation, rare perinuclear halos are seen, and keratinocytes
that show enlargement and pallor are much less con-
spicuous than in Figure 1. However, note the irregular
granular layer, where there is an abrupt change in the
size, number, and density of keratohyaline granules in the
cells toward the surface (arrow). (C) Many of the cells in
this area contain human papillomavirus type 8 deoxyribo-
nucleic acid.
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blue–gray pallor and occasional perinuclear halos, as
well as the cells in the zones of para-/hyperkeratosis and
a thickened granular layer (Fig. 1). In the viral-positive
cases that did not exhibit areas of acanthosis that had
many cells with perinuclear halos and blue–gray pallor,
the viral DNA usually localized to the areas where there
was an irregular granular layer often with rare perinucle-
ar halos (Figs. 2 and 3). The viral DNA copy number, as
estimated by a comparative analysis of the strength of the
hybridization signal relative to HPV-containing cell lines
of known copy number, as described previously,7,10

ranged from 10 to more than 1000. The lower copy num-
bers were seen in the tissues that showed dysplasia (Fig.
4), and the higher viral copy numbers were characteristic
of the tissues with prominent blue–gray pallor of the

cells in the area of acanthosis and occasional perinuclear
halos (Fig. 1). Viral DNA was not detected in the HPV-
positive cases in the unremarkable skin sections adjoin-
ing the areas that showed the histologic abnormalities.

It is possible that the five HPV-negative cases con-
tained HPV DNA in copy numbers lower than the de-
tection threshold of standard in situ hybridization, which
is 10 viral genomes per cell.7,10 To address this issue, the
five cases that were negative by standard in situ hybrid-
ization were reanalyzed by PCR in situ hybridization
using primers that could amplify most of the HPV types
associated with epidermodysplasia verruciformis as well
as many of the HPV types associated with genital tract
and nongenital warts. Each of these five cases was still
negative for HPV DNA after PCR in situ hybridization
(Fig. 5). A summary of the HPV results is listed in Table
1. Note that the most consistent histologic features of the
HPV-negative cases was the rarity of an irregular granu-
lar layer and rare to absent blue–gray pallor of the cells
and the associated perinuclear halos (Fig. 5).

DISCUSSION

The main findings of this study were that the classic
histologic features of epidermodysplasia verruciformis,
defined by mild to moderate hyperkeratosis with areas of
acanthosis that contain cells that exhibit enlargement
with prominent blue–gray pallor with occasional perinu-
clear halos, are seen uncommonly in patients who have
this condition. In the cases of epidermodysplasia verru-
ciformis that did not demonstrate the typical histologic
features of this disease, an irregular granular layer usu-
ally in conjunction with rare perinuclear halos were the
histologic markers of the HPV DNA present in the tissue.
Lastly, the absence of these latter histologic features
most likely indicate that HPV nucleic acids were not
present, even after PCR amplification, which strongly
suggests that these lesions were mimics of epidermodys-
plasia verruciformis. Presumably, such mimics are not
associated with either the immunosuppressive status or
increased cancer risk that marks actual epidermodyspla-
sia verruciformis cases. However, it should be stressed
that the histologic features alone were not completely
reliable in differentiating the equivocal cases that con-
tained HPV DNA from those negative for viral nucleic
acids. Thus, histologic analysis in conjunction with viral
testing, when indicated, is the most reliable way to dis-
tinguish the equivocal cases that contain HPV and pre-
sumably are best considered as epidermodysplasia ver-
ruciformis from its mimics.

HPV is capable of inducing a wide variety of histo-
logic changes. Although the classic feature are enlarged
cells toward the surface with perinuclear halos, the latter
finding can be seen in many conditions, including in-
flammation and, in the female genital tract, glycogeniza-

FIG. 4. Histologic and viral correlation in tissue dysplasia
arising in epidermodysplasia verruciformis. (A) Note the
nuclear atypia and disorganized growth pattern indicative
of dysplasia. Prominent parakeratosis and an irregular
granular layer are also seen. (B) Human papillomavirus
type 8 deoxyribonucleic acid was detected by in situ hy-
bridization. Note that the signal is evident as discrete
punctations in the nucleus suggestive of integration of the
viral genome (arrow) compared with the pan-nuclear sig-
nal seen in the lesions without dysplasia, suggestive of
episomal infection (Figs. 1–3).
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tion. Thus, the terms HPV effect and koilocytic-like atyp-
ia can be misleading in the sense of actual HPV infec-
tion.7–9,11 Other histologic findings commonly
associated with HPV infection differ depending on the
site. In the cervix, an abnormal growth pattern with
nuclear atypia and variable size and shape perinuclear
halos mark the acute disease (low-grade squamous intra-
epithelial lesion), and more pronounced nuclear atypia
with an abnormal growth pattern indicate the high-grade
lesion.7 Cutaneous lesions from the nongenital tract often
show marked hyper- and parakeratosis in association
with a variably thickened granular layer and prominent
perinuclear halos.13 Cutaneous lesions from the genital
tract rarely show pronounced hyperkeratosis. Rather,
papillomatosis, a variably thickened granular layer that
contains cells with variable size and shape perinuclear
halos, are the characteristic diagnostic features.7 Since

genital tract HPV lesions are sexually transmitted, it is
clearly important to be able to differentiate equivocal
histologic cases that do contain the virus from its mimics.
The latter are very common in the genital tract skin and
are associated with chronic candidiasis, mucosal folds,
and tinea, to name a few conditions.7,9,11 Using PCR in
situ amplification, it has been shown that the histologic
marker of HPV in such equivocal genital tract skin bi-
opsies is a focally thickened granular layer, which typi-
cally is noted in crevices where focal hyper- and para-
keratosis are evident, and rare perinuclear halos.7,11

Similar findings were noted in the current study, al-
though the para- and hyperkeratosis were less conspicu-
ous. It is unclear why a focally irregular granular layer in
conjunction with rare perinuclear halos is a histologic
marker for HPV at such diverse sites. One may speculate
that this represents the earliest recognizable histologic

FIG. 5. Histologic and viral correlation in tissues equivocal for epidermodysplasia verruciformis. (A) Acanthosis and mild
orthokeratosis are evident in this lesion from the arm of a woman who had multiple such lesions. Note the absence of any
irregularity in the granular layer. (B) Human papillomavirus (HPV) deoxyribonucleic acid (DNA) was not detected after in
situ hybridization. (C) In another case with a similar clinical presentation, there was more prominent acanthosis and
hyperkeratosis. Note the presence of rare perinuclear halos and slight irregularity to the granular layer. (D) HPV DNA was
not detected after in situ hybridization or polymerase chain reaction in situ hybridization using primers and probes that can
detect most HPV types.
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changes by the virus. Consistent with this hypothesis is
that PCR in situ hybridization has localized HPV to the
middle and superficial layers in cutaneous lesions as op-
posed to cervical lesions, where viral DNA can be
readily identified in the basal layer where the initial cy-
tologic changes of HPV infection presumably oc-
cur.7,10,11 Whether HPV actually initiates pathologic
changes in the more superficial parts of cutaneous le-
sions compared with cervical lesions will require addi-
tional study.

Whatever the explanation, histologic markers of HPV
infection in suspected cases of epidermodysplasia verru-
ciformis should assist the pathologist in differentiating
such cases from mimics of the disease. This statement
must be tempered with the realization that blue–gray
pallor of cells can be seen as an isolated finding in soli-
tary lesions where there is no clinical suspicion of epi-
dermodysplasia verruciformis. In our experience, such
tissues are HPV negative (G.J. Nuovo, unpublished ob-
servations). This point underscores the need to consider
both the histologic findings and the clinical setting when
considering the need to do testing for HPV. The clinical
importance of this distinction can not be overemphasized
given the oncologic implications of a diagnosis of epi-
dermodysplasia verruciformis. Furthermore, a histologic
diagnosis consistent with epidermodysplasia verrucifor-
mis raises the question of acquired immunosuppression
from, for example, HIV-1 infection. One could still argue
that even in such equivocal cases, in which the histologic
findings strongly suggest epidermodysplasia verrucifor-
mis as defined in this study, HPV testing is useful for
corroborative evidence. In such cases, probes for HPV-5
and -8 are essential, because these are found in most
cases of epidermodysplasia verruciformis and cases his-
tologically equivalent to this disease from those with
known immunosuppression, such as organ transplant pa-
tients and patients with HIV-1 infection.3,5,6,14 It is rec-
ommended that one use the genomic probes for these
HPV types because the oligoprobes may not have suffi-
cient sensitivity to detect these viral types when there is
concomitant dysplasia, given the decreased copy number
noted in this study.10 Surprisingly, an HPV type associ-
ated with cervical dysplasia (HPV-51) was found in one
of the cases of epidermodysplasia verruciformis in the
current study from a lesion on the arm. This very unusual
finding does suggest that probe cocktails that detect most
of the genital tract HPVs, which are readily and com-
mercially available, be included in the testing of lesions
suspicious for epidermodysplasia verruciformis.

Lastly, it should be stressed that most HPV types,
including HPV- 5 and -8, have been detected in normal-
appearing skin, hair, and mucosal surfaces by PCR. The
clinical significance of such “incidental” or “subclinical”
infection is unclear. However, it has been well docu-
mented that when HPV DNA is detected by PCR in

normal-appearing tissues, neither viral DNA nor ribo-
nucleic acid are detectable by in situ hybridization.2,4

Thus, incidental infection by HPV is associated with
very low copy numbers of the virus. However, produc-
tive viral infection, as detected by in situ hybridization, is
associated with production of many viral transcripts and
recognizable pathologic changes. It follows that in situ
hybridization is probably of more use to the surgical
pathologist when dealing with cases equivocal for HPV
infection, as noted in this study. However, PCR in situ
hybridization also fails to detect HPV in normal-
appearing tissues in which the virus is detected by
solution-phase PCR.11 This suggests that incidental in-
fection by HPV may be extracellular; however, this re-
quires additional study. �
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