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Value of auxiliary examination in diagnosis and treatment of condy-

loma acuminatum
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Abstract: Condyloma acuminatum (CA) is a common sexually transmitted disease caused by human
papillomavirus (HPV) infection, with the characteristics of strong infectivity, long incubation period and easy
recurrence. Long-term infection with HPV, especially high-risk types, can also lead to tumorigenesis. Therefore,
early detection and appro-priate intervention is important. This article summarizes the common clinical auxiliary
examination methods of CA, and introduces the principle, operation mode, manifestations, advantages,
disadvantages, and indications of each method, aiming to provide theoretical basis for clinicians to adopt these
methods reasonably to diagnose and treat CA in practice.

Keywords: condyloma acuminatum; HPV infection; auxiliary examination; clinical application

*Correspondence to: Wenhai Li, Department of Dermatology, Peking University People’s Hospital, Beijing 100044,

China; Iwh8lwh@sina.com

Received: 4" February 2023; Accepted: 19" March 2023; Published Online: 27" March 2023

Condyloma Acuminatum (CA) is a common sexually
transmitted disease caused by human papillomavirus
(HPV) infection, mainly with verrucous prolifera-
tive changes in skin and mucosa. It has the characteris-
tics of strong infectivity, long incubation period and easy
recurrence!l, Clinical HPV infection consists of clinical
infection (CA), subclinical human papillomavirus infec-
tion (SPI) and latent human papillomavirus infection
(LPI)®, CA refers to HPV infections that are visible to
the naked eye as a verrucous rash in the skin and mucous
membrane and can be diagnosed by visual inspection or
auxiliary examination, while SPI refers to microscopic
HPV infections that are difficult to be detected with na-
ked eyes and it requires ancillary tests such as the vitriol
test, endoscopy and dermoscopy to detect the lesion
when histopathological changes are present. LPI refers to
HPV status that does not cause any clinical or histologi-
cal changes and can only be detected by molecular bio-
logical methods.

All persons infected with HPV are infectious, includ-

ing the vast majority of SPI and LPIEI, the latter being in
the early stages of HPV infection and highly contagious.
At the same time, due to the absence of a rash, it is often
overlooked, becoming the main source of infection,
which is the main reason for the recurrence of CA[23,
Although CA is a benign lesion, precancerous lesions
(vulvar, anal and penile intraepithelial neoplastic lesions)
or malignant lesions can coexist or develop within the
wart®l, HPV infection in pregnant women may lead to
adverse pregnancy outcomes such as premature birth,
premature rupture of membranes and intrauterine growth
restrictionl®. Mothers infected with HPV can also trans-
mit the virus to their newborns through the placenta, de-
livery, breastfeeding and close contact, leading to CA
and laryngeal papilloma in newborns. It is therefore im-
portant to detect HPV infection early and intervene ap-
propriately.

Of the more than 200 HPV species identified today,
approximately 30-40 can infect the genital tractl”l. While
more than 95% of CA is caused by HPV 6 and 11, high-

Copyright © 2023 Zhou X, et al. This is an Open Access article distributed under the terms of the Creative Commons Attribution-Non Commercial
4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/), permitting all non-commercial use, distribution, and reproduction in any

medium, provided the original work is properly cited.

1



Zhou X, et al.

risk types, including HPV 16 and 18, are also present in
CA lesions™, and the latter is strongly associated
with cervical cancer®, In addition, the regression of CA
is closely related to HPV subtypes!®. It is therefore also
important to identify the type of HPV infection.

It is not difficult to diagnose and differentially diag-
nose typical CA through history and visualization of the
lesions. However, the diagnosis, efficacy and recurrence
of atypical CA lesions are difficult to determine visually
and require the use of appropriate ancillary tests. Current
ancillary tests for CA include acetowhitening test, ALA-
PDD, dermascopy, endoscopy, cytology and histopathol-
ogy, in situ hybridization, immunoblotting and polymer-
ase chain reaction.

Acetowhitening test

Principle: abnormal keratin is produced by genital muco-
sal cells infected with HPV, and coagulated to whiten
after encountering glacial acetic acid, while normal kera-
tin does not react with glacial acetic acid.

Operation: after removing local secretions, apply a
freshly prepared 3%-5% acetic acid solution to the le-
sion to be examined and to the surrounding skin mucosa,
and observe it after 3-5 minutes.

Manifestations: uniform and consistent white changes
with clear borders were appeared at the site of HPV in-
fection and were positive. For SPI, it became white under
vinegar whitel®l and the lesions can be classified as the
following three categories with the help of a magnifying
glass*: (1) microscopic warts without a tip; (2) tiny
papillary elevations; (3) ring-like lesions with a normal
appearance.

Advantages: useful in the diagnosis of clinically sus-
pected CA and SPI and can show the extent of the infec-
tion!; simple to perform, economical and easy to obtain
reagents, easy to disseminate.

Disadvantages: poor specificity. False positives can
occur in the presence of localized chronic inflammato-
ry conditions such as Candida infection, genital trauma,
epidermal keratosis, precancerous lesions or non-specific
inflammatory conditions™2*1, A small proportion of the
more typical clinically positive CA and HPV test lesions
are negative for acetowhitening test!*®l, which may be
related to the type of wart and the degree of local moist-
ness of the lesion!*4. It cannot be used for the evaluation
of cavernous lesions such as those in the urinary tract
and anus, and is unable to detect LPI. It is highly subjec-
tive.

Indications: primary screening for suspected HPV in-
fected lesions, not as a confirmatory testi!4, It may indi-
cate the extent of treatment and may be used for follow-

up.

5-aminolevulinic acid-photodynamic
diagnosis

Principle: after administration of large amounts of exog-
enous 5-aminolevulinic acid (ALA), tumor cells or pro-
liferating cells (including HPV-infected cells)
preferentially and selectively take up ALA, which under-
goes a series of enzymatic reactions to produce a large
amount of protoporphyrin IX (PplX) in the mitochondria
and accumulates in the diseased cellst®*®l, PpIX emits
a brick-red fluorescence under UV light at a wavelength
of around 410 nm, which can be used to identify the site
of HPV infection and to screen for SPI and LPI316:17],
The intensity of the fluorescence is thought to correlate
with the time of application, with the optimal time being
2 h[3'17].

Operation: clean the area to be tested with saline, ap-
ply freshly prepared 20% ALA solution/gel/cream to the
lesion and the surrounding skin/mucosa within 2 cm, seal
the area from light for 2 h and then irradiate with a Wood
lamp or LED lamp of the appropriate wavelength in a
dark room.

Manifestations: clearly demarcated brick red fluores-
cence under the Wood lamp was positivel1€],

Advantages: non-invasive test with good reproducibil-
ity; high sensitivity, displaying not only SPI but also
LPIBL ALA is relatively highly selective and specific,
thus allowing better localization and diagnosis of the site
of HPV infection.

Disadvantages: the use of this method is limited in
women with vulvar mucosa, urethral mucosa and areas
of significant inflammation, as mucous membranes, local
inflammation and maceration (due to increased ALA
uptake and PplX production as a result of skin mucosal
disruption) can show faint brick-red fluorescence with
poorly defined boundaries, leading to false positives.
There have also been reports of HPV positivity but nega-
tive fluorescence in the lesion areal®!", It is costly, time-
consuming and cumbersome and requires a light-free
environment.

Indications: aiding in the diagnosis of suspected CA,
SPI and LPI in the drier areas of the vulva; showing the
location and extent of lesions and guiding treatment;
used for follow-up, especially for patients undergoing
ALA-PDT treatment.

Dermascopy

Principle: the dermascopy magnifies the viewing area
and eliminates the effect of reflected light on naked eyes,
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allowing the observation of fine morphological structures
not visible to naked eyes, such as the lower epidermis,
superficial dermal junction and dermal papillae, effec-
tively aiding the clinician in diagnosis*®l. The magnifica-
tion of the dermascopy ranges from x6 to x 50, with
%10 being the most common (sub-microscopic structures
such as pigment networks and capillary loops that can-
not be seen with the naked eye can be identified with 10
times magnification). The techniques used to eliminate
reflected light from the surface can be divided into clas-
sical dermascopy, which uses liquids with different re-
fractive indices to moisten the skin surface, and polarized
light microscopy, which uses the principle of cross-
polarized light to eliminate reflected light without the
need for liquid moistening or even contact with the
skint*®l, The classical dermascopy requires contact with
the skin, which can cause compression of the lesion and
affect the observation judgement. The polarized light
dermascopy avoids this problem and also avoids cross-
contamination due to direct contact with the skin when
performing examinations for infectious diseases such as
CA,

Operation: aim the dermascopy lens at the rash to be
examined, adjust the light source and magnification and
observe the image when it is clear (in the case of
the classical dermascopy, surface infiltration is required
on request).

Manifestations: CA appears microscopically as pink,
dark red or milky white papillae or flat protrusions?%,
which are characterized by a combination of morpholog-
ical and vascular features. The morphological patterns of
the lesions are non-specific, mosaic, globular and finger-
like. The lesions tend to show a mixed pattern, with the
finger-like and globular patterns being the most com-
mont?Y, Vascular features include glomerular, punctate,
arcuate, dendritic, circumferential, hairpin-like and pol-
ymorphic vessels!'®21, CA lesions are often rich in vas-
cular components and may be associated with multiple
vascular patternsf*®l, although some lesions are not vas-
cular, It has been suggested that the morphological
pattern and vascular characteristics of dermoscopic le-
sions reflect the different periods of genital warts??: flat
lesions tend to have a mosaic pattern, while elevated
lesions tend to show a globular and finger-like pattern.
Hairpin-like vessels are more often seen in finger-like
lesions, glomeruloid/dotted vessels are more often seen
in globular and mosaic lesions, and vessels are often ab-
sent in non-specific patternsf?4.

Advantages: the dermascopy can improve the sensitiv-
ity and accuracy of diagnosis without compromising
diagnostic specificity['8l. The dermascopy has a polarized
light, which makes wart morphology and vascular struc-

tures clearer when magnified by the dermascopy, helping
to identify warts that are not easily identified by naked
eyes and improving diagnostic yield. It can provide
efficient and accurate evidence in differential diagno-
sislt®231 thus reducing unnecessary biopsies. It can serve
as a dynamic observation and assessment of efficacy in
the follow-up of treatment®l. Compared to pathologi-
cal biopsy, it is non-invasive, simple, time-consuming
and economical, while CA patients can visualize
their condition from the report and have better pa-
tient compliancel®. As a non-invasive diagnostic modal-
ity, a dermascopy is not only reproducible, rapid, simple
to perform, highly sensitive, specific and accurate, but
also can reduce patient anxiety and misdiagnosis leading
to over-treatment and injury, pain and expense. It has,
therefore, high clinical application value and is worth
promotingl,

Disadvantages: the vascular morphology of CA is less
specific under the dermascopy, that the diagnosis of CA
through the dermascopy requires observing both mor-
phological and vascular features combining with the
medical history®?°l. The lesions deep in the lumen can-
not be directly observed™®, It can be influenced by
somewhat subjective factorsi®24, It is less specific than
pathological examination.

Indications: diagnosis and differential diagnosis of
small warts, atypical warts and SPI that cannot be well
determined by naked eyes?*232I: defining the bounda-
ries of warts to determine the extent of treatment(?4; de-
termining the efficacy of treatment!’®24;  the
dermascopy can be used for follow-up and routine inves-
tigations, photographing and recording the lesions to
facilitate comparison of the efficacy of treatment before
and after treatment, as well as to facilitate communica-
tion and learning between doctors[t825],

Endoscope: Colposcopy, colorectal co-
lonoscopy, urethroscopy

Principle: the endoscope is an optical inspection instru-
ment consisting of a cold light source lens, light source
illumination, fiber optic lead, image transmission system,
screen display system, etc. It allows access to the natu-
ral cavities of the body and can magnify images. For CA
in the cavity (e.g. vaginal, urethral and rectal mucosa),
the scope and morphology of the CA in the cavity can be
directly displayed with the aid of the endoscope. The
optical fibers of some endoscopes can deliver la-
ser beams to cauterize superfluous organisms or tumors
and close bleeding vessels, which is of great clinical val-
ue for diagnosis, guidance of treatment and follow-up.

3
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Among the endoscopes, colposcopy is used to visualize
the vaginal mucosa and cervical epithelium, urethrocys-
toscope is used for the treatment of urethral CA,
and colorectal colonoscopy is used to visualize lesions in
the anus and rectum.

Operation: insert the endoscope inserted into the cavi-
ty to observe the morphology and extent of the rash; ad-
just the light source, magnification and focal length so
that the lesion is clearly visible on the screen; carry
out biopsies when the lesion is identified and take photo-
graphic images when suspicious lesions are found. This
must be done in the appropriate department.

Manifestations: typically similar to structures seen
under naked eyes, single or multiple redundant growths
of varying sizes, locally elevated or diffuse, moist and
soft in the form of papillae, cauliflower and coronas,
mostly with a tip at the root, pale red, flesh-colored or
pink, brittle and easily bleeding!®%?71, For SPI, it pre-
sents positive response with clear borders by vinegar-
white test, and there are burr-like or pinpoint protrusions
on the surface, and characteristic vascular collaterals
with fine punctate vessels(?":281,

Advantages: the endoscopic procedure is relatively
simple, quick, less invasive and repeatable. The endo-
scope is connected to an electronic display device, which
allows visualization of the rash in the cavity. The
rash can be magnified to reveal lesions that cannot be
seen with naked eyes, allowing a more accurate determi-
nation of the type and extent of the rash. Combined with
the vinegar-white test, which shows the intravaginal
and cervical SPI, the colposcope can be used to further
improve the diagnostic accuracy of colposcopy based on
the change in the pattern of vinegar-white response over
time at the site of the lesion, combined with a digi-
tal calculation system!*?l. A clear endoscopic view allows
for guided biopsies and treatments (e.g. col-
poscopy combined with LEEP knife?®l, endourethral
electrodesection/radiography/medical local irrigation(3),
avoiding the blindness of traditional multi-point biopsies
and treatments and improving detection and cure rates.
The lesion can be photographed and documented.

Disadvantages: high cost and equipment requirements.
Test results are subjective to the examiner. There is pos-
sibility of false positives and false negatives®4.,

Indications: diagnosis of CA in the cavity and micro-
scopic lesions not easily visible to naked eyes, detection
of SPI with a vinegar-white test?™, Biopsy, treatment and
follow-up can be performed under endoscopic view.
Colposcopy should be performed after initial evaluation
when cervical/vaginal lesions are suspected, e.g. when
lesions are found in the vagina or when the patient re-
ports possible intravaginal lesions, or when there is in-

creased leucorrhea, contact bleeding and gynecological
examination with cervical erosion without signs of vagi-
nal inflammation*271, Urethroscopy should be performed
when deep warts are found in the external urethra with
symptoms of frequent urination, painful urination, hema-
turia, dyspareunia and urethral itching®®! or when there is
a discharge from the urethra and antibiotic treatment is
not effective. Patients with warts found at the anus, with
anal bleeding or discharge, or with a foreign body sensa-
tion should undergo rectal palpation and proctoscopy!.
Patients with a history of anal intercourse and having
new organisms or blood by palpation are likely to be
associated with CA in the anal canal.

Pathological examination

Principle: HPV can enter the epidermis through tiny
wounds in the skin mucosa and colonize the basal cells.
After HPV infection, the cells will undergo morphologi-
cal changes, and gradually move upward and finally fall
off with Kkeratinocytes. Thus, under an optical micro-
scope with sufficient magnification, a characteris-
tic change in the cells of the lesion can be observed, i.e.
vacuole-like cells.

Operation: clean and fix the tissue, embed it in paraf-
fin, section and stain it with HE, and then observe it un-
der an optical microscope.

Presentation: epidermal atypical hyperplasia (hyper-
trophy/basal cell hyperplasia) with hyperkeratosis and
lamellar dyskeratosis. In the superficial layers of the epi-
dermis (granular layer and upper spiny layer), the charac-
teristic ~ vacuolated keratinocytes (KC) are
seen, characterized by large grey nuclei, in focal, lamel-
lar or scattered patterns, and rarely by typical hol-
low cells characterized by cytoplasmic vacuolation and
nuclear crinkling®®. Sometimes granular material of
varying sizes with thick stain, i.e. viral inclusions, can be
seen in the KCs*3, The superficial dermal vasculature is
dilated and infiltrated by lymphocyte-dominated inflam-
matory cells. It has been found that there is no statistical-
ly significant difference in the rate of positive HPV-DNA
in situ hybridization between pyknotic and suspicious
pyknotic cells in SPI lesions, and it has been suggested
that suspicious pyknotic cells are vacuolated cells>,

Advantages: gold standard for diagnosis, timely detec-
tion of tissue anomalies and early guidance for interven-
tion.

Disadvantages: CA occurs in specific areas such as the
genital mucosa, and it is very invasive and time-
consuming. Pathological examination is limited due to
sampling, sectioning and experience. Atypical lesions
may require multiple retrievals. When the rash is too
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small, it is difficult to obtain material. LPI cannot be
detected.

Indications: Biopsy is not necessary for typical
CA, but is recommended when the diagnosis is uncertain
and the lesions persist, when the clinical presentation is
atypical (e.g. when lesions are >2.5 cm in diameter, ul-
ceration, hemorrhage, hyperpigmentation, lesions on
sclerosing lichen sclerosis, etc.l) or when malignancy
is suspected (poor outcome after standard treatment, re-
calcitrant and prone to recurrence deterioration of the
disease during treatment, etc.)*3%1,

HPV-DNA testing and typing

Most of the HPV nucleic acid testing and typing methods
used in clinical practice are based on polymerase chain
reaction (PCR), i.e. HPV genotyping based on gene am-
plification. In this paper, the most commonly used clini-
cal method for HPV DNA typing, the combination of
PCR and gene chip hybridization, is introduced as an
example.

Principle: the HPV-specific genes (L1, E6 and E7 re-
gion genes) are amplified in a repetitive process of dena-
turation, denaturation and extension based on the
principle of complementary DNA base pairing®®l. The
amplified DNA fragments are then hybridized with a
specific type of HPV probe and color developed.

Operation: wipe the surface of the suspected infected
area with a brush with slight force to obtain exfoliat-
ed cells; extract the DNA of the sample cells according
to the instructions of the corresponding kit, and perform
PCR, hybridization, membrane washing and enzymat-
ic coloring in sequence, and determine the results accord-
ing to the coloring development.

Manifestations: specifically judging based on instruc-
tions.

Advantages: the most sensitive method for detecting
HPV infection and can be used to determine early HPV
infection®]; can be used for type-specific analysis and is
a good guide for follow-up; less invasive and reproduci-
ble; highly sensitive, simple and rapid.

Disadvantages: inappropriate sampling may result in
false negative results and minor contamination may re-
sult in false positives. Specific HPV typing is dependent
on the HPV type in the kit selected and false negative
results may occur if the kit does not cover the type of
HPV infected. The number of lesion cells obtained can-
not be determined to quantify the HPV infection at the
lesion site.

Indications: to identify HPV infection; to identify the
type of viral infection, predict disease prognosis, guide
treatment and follow-up; for regional HPV vaccine selec-

tion; for counselling of sexual partners.

Other methods for detecting HPV-DNA include real-
time fluorescent PCR, fluorescent in situ hybridization
and immunological assays, but they are not current-
ly commonly performed in clinical practice due to the
tedious nature of the technique and the laboratory condi-
tions required.

In summary, for patients with suspected CA at the first
visit, if the lesions are typical, the diagnosis can be made
directly in the context of the epidemiological history
or clinically in the context of the acetowhitening test. If
the lesions are atypical, further HPV-DNA testing is re-
quired, and depending on the circumstances, vinegar
white tests, dermascopy and endoscopy may be used to
further clarify the diagnosis and to show the extent of
treatment, which can also be used for outcome follow-up.
For patients with CA undergoing ALA-PDT treatment, it
is recommended that the extent of the lesions be visual-
ized under a Wood light before each illumination. For
lesions in the lumen, endoscopy can be used for diagno-
sis, treatment and follow-up as appropriate. If malignan-
cy is suspected, or if the lesion cannot be diagnosed after
the above-mentioned ancillary tests, further diagnosis is
required in conjunction with biopsy pathology. It is
hoped that this article will serve as a reference for clini-
cians to understand the significance of various adjunctive
tests in the management of CA and to facilitate the ra-
tional use of these tests in medical practice.
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