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Abstract

The aim of the study was to determine the presence of human papillomavirus (HPV)
in patients with intractable plantar keratosis (IPK) by comparing the histopathological
findings of biopsies. A prospective, observational, and concordance study was
carried out. Three different specimens were taken from each IPK. A first punch was
sent for histopathological examination, and a second punch and a superficial skin
scraping were both sent for HPV polymerase chain reaction (PCR) and type
determination. A total of 51 patients were included. From the histopathological
examination, it was determined that 35 (68.6%) samples were diagnosed as warts
and 16 (31.3%) as keratosis. However, the presence of HPV was confirmed by PCR
in 49 (96.1%) and in 42 (82.4%) samples obtained by punch and superficial scraping,
respectively. In the 49 PCR-positive samples, the most common HPV types were
HPV1, HPV2, HPV27, HPV57, and HPV65, accounting for 81.6% of the samples. In
conclusion, this study demonstrates that HPV infection and IPK lesions are very
closely related. Although we cannot confirm that HPV is the cause of the
development of IPK, the high prevalence of HPV observed in these lesions calls

for a change to the procedures for managing IPK.

KEYWORDS
histopathology, human papillomavirus, intractable plantar keratosis, PCR, punch, scraping

IPK lesions, in addition to prolonged pressure on the affected area.

The vasoconstrictive effect of nicotine on peripheral vessels causes

Intractable plantar keratosis (IPK) is a deep lesion in a callous region,
usually on the plantar surface of the metatarsal heads, causing severe
pain and discomfort in the forefoot. An IPK can arise due to irregular
foot posture and will continue unless an orthosis is used to support
the abnormality or the abnormality is corrected surgically.? Smoking

has been suggested as a significant risk factor for the development of

the subcutaneous tissue to atrophy, which may increase bone-skin
contact and result in callus formation.>*

Increasing skin thickness and concentrated keratin areas are
associated with painful corns and skin infection by human papilloma-
virus (HPV). Plantar warts, caused by active intraepidermal HPV, appear

as excessive growths on pressure points of the sole of the foot.?

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.
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Most individuals are asymptomatic carriers of HPV; the
estimated prevalence of HPV in normal human skin is within the
range of 70%-80%, where it can persist for several years.®”
Although numerous HPV types have been described, a study
indicated that five HPV types (HPV1a, 2a, 27, 57, and 65) cause
98% of plantar warts.®

The diagnosis of plantar wart-associated HPV is mainly based
on clinical inspection. Histopathological examination and HPV
typing by polymerase chain reaction (PCR) assay are recommended
in cases where the diagnosis is uncertain.” Biopsies of the lesions
are the gold standard for HPV detection and typing. However, less
invasive samples such as superficial scraping are equally reliable,
showing similar sensitivity for HPV detection and typing as
biopsy.1%11
Diagnosis of IPKs usually relies on symptomatology and

clinical presentation,*3

so histopathological analyses of IPK are
seldom conducted. Although some professionals feel confident in
their ability to differentiate between plantar warts and IPK, such
distinctions can prove to be inaccurate.!?>!® A recent study
examining 43 cases of surgically excised IPKs, revealed more than
50% of cases as plantar wart after histopathology analysis.
Moreover, the authors reported a 6-month recurrence rate of
53.5% of which 53% and 43% were diagnosed as plantar warts and
keratosis, respectively, in the postsurgery histopathological ex-
amination.? One reasonable explanation for the ineffectiveness of
IPK treatment is that many of these IPKs are viral in origin, rather
than mechanical as has been hypothesized in a recent scoping
review.' Therefore, predicting the outcome based on clinical
examination remains challenging without validation from other
analytical methods.'*14

Our hypothesis is that IPK is a clinical manifestation of HPV
infection and, therefore, these lesions require an analytical
diagnosis guided specifically by the identification of the viral
etiology. For this purpose, we aimed to investigate the prevalence
of HPV in biopsies from recurrent IPK lesions using histopatho-
logical examination and PCR. A secondary objective was to
determine whether the viral DNA found in the deeper portions of
IPK was also detectable in superficial hyperkeratotic samples

obtained by scraping.

2 | MATERIAL AND METHODS
2.1 | Design

A prospective, observational, and concordance study was
conducted in a podiatric center (Clinica del Pie Juan Moreno) in
Segovia, Spain, between October 2021 and March 2022. The
study used a nonprobability consecutive sampling technique. The
Ethics Committee of the Universidad Rey Juan Carlos, Madrid,
Spain (code: 0703201905919) approved this research, and all
subjects signed the informed consent form before the start of the
study.

2.2 | Patients

Participants were individuals over 18 years of age, immunocompetent,
and without systemic disease who at the time of admission presented
a recurrent IPK lesion in the plantar region of the foot for at least 3
months, treated exclusively by periodic delamination (Figure 1).

Patients with resolution of plantar skin continuity, presenting
ulcers and/or vesicles, patients who had undergone surgery on the
affected foot, and pregnant patients were excluded.

Baseline measurements included general questions related to
demographic variables, that is, sex, age, weight (kg), height (m), body
mass index (kg/cm?), the number of cigarettes smoked per day, and
description of the lesion: location and time of evolution (years).

This work was reported according to the Strengthening The

Reporting Of Cohort Studies in Surgery criteria.*®

FIGURE 1 Plantar aspect of foot with an intractable plantar
keratosis in the fourth metatarsal (M4).
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2.3 | Samples

Three different specimens were collected from each IPK lesion. The
first specimen was a skin-scraping sample obtained from the
hyperkeratotic surface of the lesions using a scalpel. The second
and third specimens were deep portions of the lesion obtained by
punch biopsy (2 mm diameter punch). One biopsy specimen was
intended for histopathological examination. The other biopsy sample
and the superficial skin scraping were processed in parallel for HPV

detection and typing by PCR.

2.4 | Histopathological study

The samples were immersed in 10% formalin and sent to a histopathology
laboratory (Echevarne Laboratories). The specimens were embedded in
paraffin and underwent hematoxylin and eosin staining. The dyed

preparations were then examined under a microscope.

2.5 | HPV detection and typing

All of the samples were processed within 24 h of collection, as
previously described.® Briefly, genomic DNA was extracted from the
tissue obtained by punch and the superficial skin scraping using the
NZY Tissue gDNA Isolation kit (NZYTech). Multiplex PCR was used to
detect the four HPV types that are more commonly associated with
plantar warts (HPV-1, -2, -27, and -57) using the specific primers
and conditions suggested by Lei et al.!® Negative samples for the
multiplex PCR were subsequently analyzed using a nested PCR
method, following the protocol described by Forslund et al.” to
detect any additional HPV types. The resulting PCR products were
then purified using a NZYGelpure PCR purification kit (NZYTech) and
sequenced using the Sanger sequencing method with a BigDye
terminator v3.1 cycle sequencing kit (Applied Biosystems). The
nested PCR primers and an ABI 3730 XL genetic analyzer (Applied
Biosystems) were employed for the sequencing process. The
sequencing analysis was performed using software v.5.1 (Applied
Biosystems), and the HPV sequence alignment was established by
comparing the sequences with those in the GenBank database using
BLASTn software (https://blast.ncbi.nlm.nih.gov/).

2.6 | Statistical analysis

The sample size (n=51) was estimated for a statical power of 0.80
and an alpha of 0.05 using Medcalc® version 20.001 software (www.
medcalc.org). Significant differences between the two qualitative and
quantitative variables were analyzed using Fisher's exact test and the
Mann-Whitney U test. A p<0.05 was considered statistically
significant. The sensitivity, specificity, positive predictive value,
negative predictive value and agreement (Cohen's kappa) of the
PCR for the detection of HPV from punch and superficial scrapings of

IPK lesions were determined by comparing them with the histopath-
ological results. Statistical analyses were performed using GraphPad

Prism version 8.0.1 (GraphPad Software).

3 | RESULTS

The study included 51 patients with a mean age of 52 years (range
18-76) and 62.7% (32 of 31) of the participants were female
(Table 1). All data from the study is summarized in Supporting
Information S1: Table S1. The mean time of evolution was 9.9 years.
All cases presented as a solitary IPK lesion, which in most cases
developed on the weight-bearing areas of the foot and was tender in
all cases. Fourteen patients (27.5%) exhibited an IPK in their third
metatarsal (M3), which was the most common lesion, followed by the
M2, M4, and M5, for 11 (21.6%), nine (17.6%), and eight (15.7%)
patients, respectively.

The analytical results of histopathological examination and PCR
tests are detailed in Table 2. Histopathological examination revealed
35 (68.6%) warts and 16 (31.3%) cases of keratosis. However, HPV
was detected in 49 (96.1%; p = 0.0004) samples obtained by biopsy
and 42 (82,4%; p =0.1665) samples obtained by superficial scraping,
including 14 of 16 lesions determined as keratosis by histopathology.
PCR of superficial scrapings, not biopsies, failed to detect plantar
wart in seven cases. Two lesions were consistently considered as
keratosis by histopathology and were negative for HPV PCR in both
samples (biopsy and scraping).

Among the smokers, 18 (35.3%) IPKs were diagnosed as plantar
wart and nine (17.6%) as keratosis. In the nonsmokers, 17 (33.3%)

TABLE 1 Patient characteristics (n=51).
Gender
Female; n (%) 32 (62.7)
Male; n (%) 19 (37.3)
Age (years); mean +SD 52.2+13.4
Time to develop of IPK (years); mean + SD 99+95
Nonsmoker; n (%) 24 (47.1)
Smoker; n (%) 27 (52.9)
IPK location; n (%)
M1 5(9.8)
M2 11 (21.6)
M3 14 (27.5)
M4 9 (17.6)
M5 8 (15.7)
IPJH 2(3.9)
Heel 2 (3.9)

Abbreviations: IPJH, interphalangeal joint of the hallux; IPK, intractable
plantar keratosis; M, metatarsal; SD, standard deviation.
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TABLE 2 Analysis of correlation between histopathology and PCR tests for IPK diagnosis.
HPV PCR HPV PCR
Biopsy* Superficial scrapping™*
Positive Negative Positive Negative
Histopathology (biopsy) n (%) n (%) n (%) n (%)
Plantar wart 35 (68.6%) 0 (0.0%) 28 (54.9%) 7 (13.7%)
n=35 (68.6%)
Keratosis 14 (27.5%) 2 (3.9%) 14 (27.5%) 2 (3.9%)
n=16 (31.3%)
Total 49 (96.1%) 2 (3.9%) 42 (82.4%) 9 (17.6%)

Abbreviations: HPV, human papillomavirus; IPK, intractable plantar keratosis; PCR, polymerase chain reaction.

*p =0.0004; **p =0.1665 versus histopathological diagnosis (Fisher's Exact Test).

Prevalence of HPV types determined by PCR of biopsy samples and correspondence with positive cases detected by PCR of

Histopathological analysis

TABLE 3
scraping samples or by histological analysis.
PCR PCR
Biopsy Superficial scraping
HPV -positive HPV-positive
HPV types N =49 (%) N =42 (%)
HPV1 6 (12.5) 6 (14.3)
HPV2 8 (16.7) 7 (16.7)
HPV4 3(6.3) 2 (4.8)
HPV9 1(2.1) 1(24)
HPV19 1(2.1) 1(2.4)
HPV27 9 (18.8) 9 (21.4)
HPV57 12 (25.0) 8 (19.0)
HPV63 2(4.2) 2 (4.8)
HPVé65 5(10.4) 5(11.9)
HPV111 1(2.1) 1(24)
HPV209 1(2.1) 0 (0.0)

Biopsy*

HPV-negative* Plantar wart Keratosis
N=7 (%) N =35 (%) N =14 (%)
0 (0.0) 4 (11.8) 2 (14.3)
1(14.3) 5(14.7) 3(21.4)
1(14.3) 2 (5.9) 1(7.1)

0 (0.0) 0 (0.0) 1(7.1)

0 (0.0) 0 (0.0) 1(7.1)

0 (0.0) 6 (17.6) 3(21.4)
4(57.1) 10 (29.4) 2 (14.3)
0 (0.0) 2 (5.9) 0 (0.0)

0 (0.0) 4(8.3) 1(7.1)

0 (0.0) 1(2.9) 0 (0.0)
1(14.3) 1(2.9) 0 (0.0)

Note: Percentage (%) represents the relative percentage of HPV types versus the number of column cases.

Abbreviations: HPV, human papillomavirus; PCR, polymerase chain reaction.

*HPV types detected from PCR-positive biopsies.

were diagnosed as plantar warts and seven (13.7%) as keratosis
(Supporting Information S1: Table S2). The histopathological
(p=0.7724) and PCR findings (p=0.2165) were not significant
different according to smoking status of patients. Plantar warts and
keratosis were diagnosed homogeneously in smoker and nonsmoker
subjects, regardless of technique.

The result of the histopathological analysis was independent of
the time of evolution. Median evolution time for keratosis was 7.5
years compared to 7 years for plantar wart (p=0.6104). Never-
theless, lesions with superficial HPV detection (n =42, median 5.0
years) had a significantly shorter evolution time (p=0.0214)
compared to superficial HPV-negative samples (n =7, median 20.0
years). The two HPV-negative lesions (biopsy and scraping) diag-
nosed as keratosis had a time of evolution of 5 and 10 years,

respectively. For keratosis diagnosed by histopathology, no preferred
location was observed (Supporting Information S1: Table S3).

Table 3 shows the prevalence of HPV types in the IPK lesions
detected in the biopsy samples. The most common HPV types
detected were HPV1, HPV2, HPV27, HPV57, and HPV65, which
accounted for 81.6% of the IPKs. The types identified in the HPV-
positive scraping samples matched those found in the biopsy
samples. Furthermore, the distribution of HPV types in false
negatives (HPV-negative scraping samples or keratosis determined
by histopathology) showed heterogeneity that is consistent with the
prevalence of types detected in cases confirmed by all three
methods.

The diagnostic accuracy of HPV PCR of punch and surface
scraping samples for IPK compared to histopathological study is
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TABLE 4 Diagnostic accuracy of HPV PCR from biopsy and
superficial scraping of IPK compared to the histopathological study.

HPV PCR HPV PCR
Biopsy Superficial scraping
Value (95% Cl) Value (95% Cl)

Sensitivity 100.0 (90.1-100.0) 80.0 (63.0-91.5)

Specificity 12.5 (2.2-36.0) 12.5 (1.5-38.3)

Positive predictive 71.4 (57.5-82.1) 66.6 (60.9-71.9)

value

Negative predictive 100.0 (17.7-100.0) 22.2 (6.2-55.0)

value

Kappa test 0.16 (-0.04 to 0.36) -0.08 (-0.32 to 0.15)

Abbreviations: Cl, confidence interval; HPV, human papillomavirus; IPK,
intractable plantar keratosis; PCR, polymerase chain reaction.

shown in Table 4. HPV PCR of biopsy samples showed a high
sensitivity (100%) for the detection of HPV and slight agreement
(Kappa: 0.16) with the histopathological study when plantar wart was
diagnosed. HPV PCR of superficial scraping samples showed lower
sensitivity (80%) for the detection of HPV and no agreement (Kappa:
-0.08) was found between superficial scraping for IPK and the

histopathological examination.

4 | DISCUSSION

This study has been conducted to determine the role of HPV in IPK,
demonstrating that the association between these lesions and HPV is
much more prevalent than reported in scientific literature. To our
knowledge, this is the first study to determine the presence of HPV in
IPK by PCR and histopathology.

An IPK is a painful cystic degeneration that occurs in a calloused
area due to excessive shearing forces on a sharp bony projection or a
focalized area. This is usually caused by abnormal biomechanics and
structural deformities in the foot. The distinctive clinical presentation
of IPK informs the diagnosis and guides the therapeutic management
of the lesion. The treatment is limited to removing the pressure areas
that respond to the origin of the pain, either through conservative
methods or corrective surgical interventions.®

The identification of a deep core, that is, visible after the removal
of surface calluses and connects with a bony projection or pressure
zone during clinical examination, with or without the support of
noninvasive diagnostic microscopic techniques, is considered suffi-
cient to establish the diagnosis of IPK, although several studies warn
of the need for complementary analytical techniques to differentiate
IPK from other entities that mimic it, such as plantar warts.>1318-20

Although it is universally accepted that IPK's etiology is mechani-
cally influenced, histopathological examination of central core removal
after surgery has revealed that 50% of IPKs are really plantar warts.'?
Our histopathological findings confirm this, demonstrating that 68.6%
(35 out of 51) of IPKs in our series were plantar warts.

However, the PCR diagnosis targeting HPV revealed that an
alarming 96.1% of IPKs (49 out of 51 suspected) concealed a plantar
wart, including the majority (14 out of 16) of keratosis diagnosed by
histopathological examination. Eighty percent of the HPV detected
belong to the five most common types causing plantar warts (HPV1,
HPV2, HPV27, HPV57, and HPV65). The majority of the remaining
HPV types identified in our series have previously been reported to

cause plantar or skin warts®2!

and, with the exception of HPV types
9 and 19 (one case of each), all cases were confirmed as plantar warts
by the histopathological analysis.

IPK is a frequently recurring injury, even following corrective
surgery for the presumed foot deformity.?1%22 After surgical

excision of the corns, Lopez et al.t?

reported IPK recurrences at
6-month follow-up in approximately 50% of the lesions, regardless of
whether they were diagnosed as plantar wart (53%) or keratosis
(43%) by histopathology. Koltaj et al.'® found a lower recurrence rate
of 23% at 1 year of follow-up compared to Lopez's study, which was
achieved using the Er:YAG laser for tissue lesion ablation. Clinical
examination of all the recurrent lesions indicated the signs of plantar
warts and they were therefore treated with Nd:YAG laser therapy for
plantar warts, which uses a deep penetrating photothermal effect to
eradicate viruses under the lesions. The author assumed that these
lesions had concurrent IPK and plantar wart at baseline and that HPV
is responsible for the recurrence of IPK. It is probable that the
reduced recurrence rate observed in this study is connected to an
improved therapeutic approach for eliminating the virus located
under the IPK.

According to the aforementioned studies, the inefficacy of IPK
treatment may be attributed to the skin lesion not being caused by
mechanical keratosis, but rather by a viral infection or a combination of
both aetiologies. This fact confirms the need for an analytical diagnosis
to complement the clinical examination of IPKs, which in any case,
given the false negatives found in our series with histological
examination, should be targeted specifically to detect HPV.

One potential explanation for the false positives found in the
histopathology study is that the histopathological technique would be
virtually insensitive compared to biopsy PCR when the active virus is
located in deep tissues or underneath exceptionally keratotic lesions.

The power of detection by histological examination is not reliant
on the evolution time of the lesion, as the duration of symptoms of
lesions diagnosed as both keratosis and plantar warts was similar in
our study (7.5 vs. 7 years, respectively). However, the time of
evolution may be a variable that conditions the proportion
of potentially detectable plantar warts. The histological identification
of plantar warts in our study was comparatively higher than
that observed in Lopez's study for lesions with a much shorter
duration of symptoms (5.5 years), so it is possible that the infection
progresses by contiguity with more superficial tissues or that the
infection reduces the migration of cells that thicken the keratosis as
the duration of symptoms increases, favoring the histological
identification of plantar warts.

Biopsy is widely considered the gold standard sampling method

for HPV diagnosis by PCR. However, recent studies have reported
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excellent sensitivity (100%) of the technique when using scrapes or
swabs from superficial skin samples for detecting cutaneous
warts, 10:11.23

Our findings demonstrate that PCR is a highly sensitive
technique for detecting plantar warts in IPK lesions obtained from
biopsies, but less so (80%) from superficial scrapings. Nonetheless,
using scrape sampling, PCR detected HPV in 42 of 49 lesions with
HPV-positive biopsies, which included the 14 keratoses identified by
histology, with only seven false negatives. Scraping samples yielded
identical HPV types to the biopsy counterpart. On the other hand, it
is noteworthy that lesions associated with false negatives from
scrapings showed a significantly longer duration of symptomatology
(median 20 years) than that of lesions correctly diagnosed as plantar
warts using this sampling method (median 5 years). Therefore, it
seems that for these long-lasting lesions, is recommended the
detection of HPV from deep tissues. From a pathological viewpoint,
HPV inoculation into a keratinocyte requires prior epidermal abrasion
or mechanical trauma and a transiently impaired immune system.?*
Given the extraordinarily high prevalence of HPV as a transient
microorganism in normal skin in the general population,®” it is not
surprising that many cases of plantar warts in IPK lesions are caused
by activation of pre-existing HPV rather than direct contact
transmission.

The negative effects of smoking on skin health and healing have
been described in the dermatological and surgical literature for many
years,?> and there is speculation that it may be a risk factor for the
development of IPK.2 However, using histopathological examination
as a diagnostic reference, our study did not show a higher incidence
of keratosis in smokers. Similar findings were reported by Lopez
et al.'?

Our study is limited by its single-institution nature, in which the
clinical examination relies on the assessment of a single observer.

In conclusion, this study demonstrates that HPV infection and
IPK lesions are more closely related than suggested by the scientific
literature. Although we cannot confirm that HPV is the cause of the
onset and development of IPK, the high prevalence of HPV observed
in these lesions calls for a change in the procedures for managing IPK,
both diagnostically and therapeutically. It is currently unclear
whether eradicating the HPV would effectively treat the pathology
without the support of complementary measures to alleviate the
problem of mechanical plantar pressure, especially if the patient is an
HPV carrier.
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