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Abstract

The aim of this study was to investigate the therapeutic effect of a carbon dioxide (COz2) laser combined with an anti-human
papillomavirus (HPV) biological protein dressing on patients with condyloma acuminata (CA). In this study, male CA patients
in the hospital were selected as research subjects and enrolled into the control group (30 cases, CO2 laser treatment) and the
observation group (30 cases, COz laser combined with anti-HPV biological protein dressing treatment). The viral DNA load of
the two groups was determined and compared before treatment, after treatment and at 18 months of follow-up. The treatment
response rate and relapse rate of the two groups were also compared. After 18 months, both control and observation viral DNA
loads were significantly lower (p < 0.05). After treatment and 18 months of follow-up, the viral DNA loads in the observation
group were significantly lower than the viral DNA loads in the control group (p < 0.05). The efficacy rate (93.33%) of the
observation group was significantly higher than that of the control group (63.33%), the long-term recurrence rate (13.33%) was
significantly lower than that of the control group (43.33%), and the adverse reaction rate (23.33%) of the observation group
was significantly lower than that of the control group (56.67%) (all p < 0.05). Therefore, a CO2 laser combined with an anti-
HPV biologic protein dressing can significantly reduce the HPV load in CA patients, improving the cure rate and reducing the
recurrence rate.

Rezumat

Scopul acestui studiu a fost de a investiga efectul terapeutic al unui laser cu dioxid de carbon (CO2) combinat cu terapie proteica
locala anti-HPV (virusul papiloma uman) la pacientii cu condilom acuminat (CA). In acest studiu, pacientii de sex masculin cu
CA, spitalizati, au fost impartiti in 2 grupuri: grupul de control (30 de cazuri, tratament cu laser CO2) si grupul de observatie
(30 de cazuri, tratament cu laser CO2 combinat cu pansament proteic biologic anti-HPV). Incarcitura de ADN viral a celor
doua grupuri a fost determinatd si comparatd inainte de tratament, imediat dupa tratament si la 18 luni de la finalizarea
tratamentului. De asemenea, au fost comparate ratele de raspuns la tratament si de recidiva in cele doua grupuri. Dupa 18 luni,
incércatura cu ADN-ul viral in grupul de control, cét si in grupul de observatie au fost semnificativ mai mici (p < 0,05). Imediat
dupa tratament si la 18 luni de la finalizarea tratamentului, incarcaturile de ADN viral din grupul de observatie au fost
semnificativ mai mici decat incarcaturile de ADN viral din grupul de control (p < 0,05). Rata de eficacitate (93,33%) a grupului
de observatie a fost semnificativ mai mare decét cea a grupului de control (63,33%), rata de recurenta pe termen lung (13,33%)
a fost semnificativ mai mica decat cea a grupului de control (43,33%), iar rata reactiilor adverse (23,33%) a grupului de
observatie a fost semnificativ mai mica decat cea a grupului de control (56,67%) (p < 0,05). Prin urmare, un laser CO2 combinat
Cu o terapie proteica locala anti-HPV poate reduce semnificativ incarcatura HPV la pacientii cu CA, imbunatatind rata de
vindecare si reducand rata de recurenta.
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Introduction or mucous membranes. Studies have shown that
about 70 to 80 percent of women are infected with
HPV at least once in their lives. There are currently
more than 200 HPV subtypes, which are divided into
low-risk and high-risk types based on their association
with benign and malignant lesions. CA is usually
caused by a low-risk HPV infection, of which HPV-
6 and HPV-11 are the most common. The clinical
manifestations of CA patients are flesh-coloured
papules or cauliflower-like lesions, and the lesion
sites in male patients are most commonly the coronal
sulcus of the penis and the foreskin [6—10]. There is a

Condyloma acuminata (CA) is a prevalent sexually
transmitted infection resulting from the infection of
human papillomavirus (HPV), making it the second
most frequently encountered sexually transmitted disease
globally [1, 2]. CA occurs mainly in young and sexually
active groups, as the sexual intercourse is the main
mode of transmission. Early sexual behaviour and
multiple sexual partners are considered high-risk
factors for HPV infection [3-5]. HPV is widespread
in nature and humans are the only host for HPV.
HPV enters the body through open sores in the skin
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pressing need to enhance awareness and understanding
pertaining to sexual health, with a concurrent emphasis
on individuals actively mitigating the presence of
detrimental sexual connections within their own lives.
Currently, there are a variety of treatments for CA,
including surgery, immunotherapy and local treatment
[11, 12]. CO; laser is one of the most widely used
methods in recent years and has been used to treat
various types of warts since the 1980s. The CO. laser
mainly involves two mechanisms, with the beam focus
acting as a scalpel to remove the wart and the beam
defocus vaporising and removing the wart through
high-temperature infrared irradiation of the lesion
tissue. This method is less costly and invasive, but
because HPV is concentrated in the dermis of warts
and the infectious rash is small, it is not easy to detect.
Therefore, clinical studies have confirmed that HPV
cannot be completely eliminated after CO; laser
treatment.

In addition, other studies have shown that simple and
repeated use of lasers can easily leave scars on
patients, resulting in delayed wound healing and a
relatively high recurrence rate [13-15]. CA recurrence
not only has a serious impact on the physical and
mental health of patients, but also increases the risk
of developing cancer and places an enormous economic
and psychological burden on patients and their families.
Consequently, the reduction of recurrence rates among
patients with CA following CO. laser treatment has
emerged as a prominent topic of clinical study both
nationally and internationally. The utilisation of an
anti-HPV biological protein dressing has been shown
to potentially contribute to the eradication of HPV.
This dressing mostly consists of carbomer and JB
protein [16]. The JB protein can bind to the HPV capsid
protein, change its conformation, inactivate it and
competitively inhibit virus binding to host cells.
Carbomers can absorb and encapsulate the inactivated
virus, eliminate it from the body, help repair local
damage and promote wound healing. Therefore, the
anti-HPV biological protein dressing can specifically
prevent HPV virus invasion and block HPV infection.
The combination of an anti-HPV biological protein
dressing and CO; laser therapy in the treatment of
CA patients reduces scarring. The multiplex real-
time HPV test is a new method of HPV detection that
can simultaneously determine the HPV type and viral
load of 21 HPV types.

Existing literature has demonstrated that the determination
and prognosis of lesions can be influenced by the load
of HPV. Additionally, the likelihood of infection in
individuals following contact with CA patients is
primarily contingent upon the viral load [17, 18].
The effectiveness of the method can be assessed by
measuring the viral load before and after treatment.
Therefore, it is of great importance to investigate the
effect of CO, laser combined with anti-HPV biological
protein dressing on HPV load in patients with CA.
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The primary objective of the study was to compare
the viral DNA loads of the two groups at different
stages: before treatment, after treatment and following
an 18-month follow-up period. This comparative analysis
aimed to assess the treatment response rate and
recurrence rate in both groups, ultimately determining
the therapeutic efficacy of CO; laser treatment in
conjunction with anti-HPV biological protein supplements
for CA patients.

Materials and Methods

General information

The study included 60 CA patients who were hospitalised
between December 2019 and December 2020 at the
First Hospital of Changsha, Hunan, China. The inclusion
criteria encompassed patients who met the diagnostic
criteria for CA, were verified through HPV testing,
and had not undergone prior systematic treatment.
Furthermore, only male patients with lesions in the
prepuce and glans were eligible.

Exclusion criteria for the study were established to
exclude patients with underlying conditions such as
diabetes mellitus, hypertension, liver and kidney
dysfunction and other diseases. Additionally, patients
with malignant tumours, acquired immunodeficiency
syndrome (AIDS), syphilis, or those who had used
immunosuppressive agents were not included. Patients
with incomplete or missing clinical data were also
excluded from the study.

The selected patients were then randomly assigned
into two groups: the control group, consisting of 30
patients, and the observation group, also comprising
30 patients. In the control group, patients received
treatment with a CO; laser, while in the observation
group, they received the same CO- laser treatment,
augmented with anti-HPV biological protein supplements.
Informed consent was obtained from the patients or
their family members, and the research protocol was
officially approved by the ethics committee of The
First Hospital of Changsha, China.

Therapeutic methods

General clinical data such as age, disease course, number
of skin lesions and pathogenic factors were analysed.
The control group (n = 30) was treated with a CO;
laser (DM-300; Qingdao Aoyouding Information
Technology Co., Ltd., China). First, the patient's wart
site and surrounding skin were disinfected, followed
by local anaesthesia with 2% lidocaine (Shanghai
Chaohui Pharmaceutical Co., Ltd., Shanghai, China).
The CO; laser therapy device was then used to burn
the lesion site vertically until the warts were completely
removed. After treatment, Baiduobang (Mupirocin
Ointment) (GlaxoSmithKline Pharmaceuticals Ltd.,
Tianjin, China) was applied and the area was wrapped
with gauze (Jilin Furan Medical Technology Co., Ltd.,
Jilin, China). Patients required daily sitz baths and
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topical fusidic acid ointment (Aumei Pharmaceutical,
Hong Kong, China) to prevent infection.

The observation group (n = 30) was treated with a
CO: laser combined with an anti-HPV biological
protein dressing (Specifications: 3 g per device; Taiyuan
Jinbo Biomedical Technology Co., Ltd., Taiyuan,
China). After removal of the warts with CO; laser,
the anti-HPV biological protein dressing (3 g per
branch) was applied 3 times a day for continuous
treatment for 14 days, with an application area of
more than 1 mm on the wound skin.

Laboratory testing

Before treatment, a sterile brush was moistened with
normal saline, and a sufficient number of exudated
cells were taken from the patient’s lesions and placed
in sterile tubes filled with normal saline. Nucleic
Acid Extraction: DNA extraction and purification of
the samples were performed using the BeyoMag™
Magnetic Bead-based PCR/DNA Purification Kit
(Biyuntian Biotechnology, China). A proteinase K
solution with a final concentration of 40 mg/mL in 1
mL of deionized water was prepared. The patient's
lesion cells were lysed using RIPA cell lysis buffer
(MedChemExpress (MCE), USA). Subsequently, 500
uL of the virus lysis buffer (VL) was added to a sterile
centrifuge tube, followed by the addition of the
prepared proteinase K and 25 pL of virus magnetic
beads. To this mixture, 200 pL of cell homogenate
was added, and the solution was thoroughly mixed
before incubating in a water bath at 55°C for 20
minutes. The centrifuge tube was then placed on a
magnetic stand for magnetic separation, and after 90
seconds, the supernatant was removed using a pipette.

Next, buffer A for washing was added to the
centrifuge tube, mixed well and placed on the magnetic
stand. After 90 seconds, the supernatant was removed
using a pipette. Subsequently, 700 uL of buffer B for
washing was added to the centrifuge tube, left to
stand for 10 seconds and then the supernatant was
removed using a pipette. To elute the nucleic acid,
80 pL of elution buffer was added to the tube,
followed by incubation in a water bath at 56°C for 5
minutes with intermittent vortexing (3 - 4 times) to
release the nucleic acid from the magnetic beads.
The centrifuge tube was placed back on the magnetic
stand, and after 60 seconds, the liquid containing the
extracted sample DNA was collected. After the extraction
of viral DNA, HPV genotypes were determined by
the HPV 21 typing quantitative monitoring system
(Jiangsu Shuoshi Biotechnology Co., Ltd., China),
and the samples were tested for the 18 high-risk HPV
subtypes specified by the China Food and Drug
Administration (CFDA), as well as the 3 common
low-risk subtypes, HPV 6, 11 and 81. The HPV viral
load in the same number of cells was calculated by
quantifying the number of cells shed by single-copy
gene detection.

Evaluation indicators

Both groups were followed up for 18 months after
treatment. The treatment effects of the two groups
were compared according to the clinical manifestations
of the patients, and the evaluation criteria were
divided into effective, ineffective and recurrent. The
specific criteria are shown in Table I. Viral loads
were compared before treatment, after treatment and
after 18 months of follow-up.

Table |
Efficacy evaluation criteria
Curative effect Standard
Effective Most or all warts disappeared after 6 months of follow-up
Ineffective Most warts remained after 6 months of follow-up
Long-term During the follow-up period of 18 months, no CA patients were exposed, but new warts appeared in
recurrence the original lesion site or adjacent sites, and the PCR test was positive

The number of effective persons

Treatment response rate =

The total number of persons in the group

Ineffective number

«100% (1)

Treatment inef ficiency =

The total number of persons in the group

The number of recurrences

«100% (2)

Treatment recurrence rate =

The total number of persons in the group

The number of adverse reactions

«100% (3)

Incidence of adverse reactions =

Statistical methods

All data were statistically analysed using SPSS 26.0
(IBM, USA). The measurement data were analysed
by t-test, and the count data were analysed by chi-
square test. A p < 0. 05 indicates a significant
difference and statistical significance.

The total number of persons in the group
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*100% (4)

Results and Discussion

General data of the patients included in the study

In the control group, the average age was 34 + 7.7
years (range, 22 - 48 years). The course of the disease
ranged from 1 to 11 months, with an average of 6.32 +
2.01 months. The number of lesions was 4.77 + 1.04.
The number of people infected by sexual contact was
21, and the number of people infected by nonsexual
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contact was 9. The age of patients in the observation
group ranged from 22 to 50 years old, with an
average age of 35.7 + 8.31 years old. The course of
the disease ranged from 1 to 12 months, with an
average of 6.84 + 3.23 months. The number of lesions
was 4.1 £ 1.06. There were 23 people infected by
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sexual contact and 7 infected by nonsexual contact.
There was no significant difference in age, disease
duration, number of skin lesions, pathogenic factors,
or other general data between the two groups (p >
0.05), which was comparable (Figure 1).
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2
The control group
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Figure 1.
Comparison of general data between the two groups. (A) represents the average age of patients in the two
groups; (B) represents the average course of disease in the two groups; (C) is the number of skin lesions in the
two groups; and (D) represents the pathogenic factors of patients in the two groups

Comparison of efficacy

The results showed that in the control group, the
effective rate was 63.33% (19/30), the ineffective
rate was 36.67% (11/30) and the long-term recurrence
rate was 43.33% (13/30). In the observation group,
the effective rate was 93.33% (28/30), the ineffective

Number

rate was 6.67% (2/30), and the long-term recurrence
rate was 13.33% (4/30). The treatment response rate
of the observation group was higher than that of the
control group, and the long-term recurrence rate was
lower than that of the control group (p < 0.05)
(Figure 2).
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Figure 2.
Comparison of the treatment effects between the two groups
(p < 0.05 compared with the control group; p <0.01 compared with the control group)
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Comparison of adverse reactions between the two
groups

The results showed that the adverse reactions after
treatment in the control group included pain 10%
(3/30), pruritus 6.67% (2/30), infection 6.67% (2/30),
redness 13.33% (4/30) and scarring 20% (6/30) and the
overall incidence was 56.67%. The post-treatment
adverse events in the observation group were pain

3.33% (1/30), pruritus 6.67% (2/30), infection 3.33%
(1/30), redness 6.67% (2/30) and scarring 3.33% (1/30),
and the overall incidence was 23.33%. The adverse
reaction rate of the observation group was lower than
that of the control group (p < 0.05). The adverse
reactions in both groups could be controlled after
drug treatment, which did not affect the follow-up
study (Figure 3).

A B
7 6 60.00% 56.67%
6 50.00%
5 5 4
Q4 3 40.00% #
% 3 22 2 2 30.00%
Z5 I 1 . . 00% 23.33%
e Il I 1B
5 o B B 20.00%
. 10.00%
& & & & 0
VoS F & ¢ 0.00%
The control group ~ The observation
H The control group B The observation group group
Figure 3.

Comparison of adverse reactions between the two groups. (A) represents the number of adverse reactions in the
two groups; (B) represents the comparison of the overall incidence of adverse reactions between the two groups
(# p < 0.05 compared with the control group)

HPV typing

The results showed that the most common types in
both groups were HPV-6 and 11. The HPV types
contained in the control group included HPV 6, 11,
16 (high-risk), 34, 45 (high-risk), 51 (high-risk), 53
and 56 (high-risk). The HPV types in the observation

A The control group
(Number)
1 232

5
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EHPV-6 BHPV-11@HPV-16 @HPV-31
EHPV-45@HPV-51 @HPV-53 @ HPV-56

group included HPV 6, 11, 16 (high risk), 31 (high
risk), 51 (high risk), 52 (high risk), 53 and 56 (high
risk). There was no significant difference in HPV
typing between the control group and the observation
group (p > 0.05), which was comparable (Figure 4).
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EHPV-51 @HPV-52 @HPV-53 @ HPV-56

Figure 4.
HPV typing in the two groups. (A) represents HPV typing in the control group; (B) represents HPV typing in the
observation group

Comparison of viral DNA load

The results showed that the viral load in the control
group was 3.25 £ 1.23 x 107 copies before treatment,
2.31 + 1.46 x 10° copies after treatment and 1.19 +
3.51 x 107 copies after 18 months of follow-up. The
viral load of the observation group was (3.76 = 1.57)
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X 107 copies before treatment, (2.86 + 2.51) x 10*
copies after treatment and (1.75 + 3.12) x 10* copies
after 18 months of follow-up. Compared with the pre-
treatment level, the viral DNA load of the control
group and the observation group was significantly
lower after treatment and after 18 months of follow-up,
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and the differences were significant (p < 0.05). The
observation group's viral DNA load was significantly

lower than the control group's after treatment and 18
months (p < 0.05) (Figure 5).
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Figure 5.
Comparison of HPV DNA load between the two groups. (A) represents the viral load of the control group after
treatment and 18 months of follow-up compared with that before treatment and the comparison of viral load in
the observation group after treatment and 18 months of follow-up with that before treatment; (B) represents the
comparison of viral load between the observation group and the control group after treatment and the
comparison of viral load between the observation group and the control group after 18 months of follow-up
(* p < 0.05 compared with the level prior treatment in the same group; # p < 0.05 compared with the control group at the
same time point)

CA is an infectious disease that often occurs in the
external genital and perianal areas, mainly in young
and sexually active groups. In China, the incidence
of CAis increasing every year. After one-time contact
with CA patients, about 60% of normal people are
likely to be infected, and the infection rate is related
to the HPV load, disease stage and immune function
of CA patients [19]. Currently, there are many clinical
treatment methods for CA, including physical therapy,
topical medications and systematic drug therapy. These
methods are mainly based on local removal of warts,
and patients tend to relapse after being treated. The
recurrence rate of patients may be related to incomplete
treatment, immunodeficiency and repeated infections.
The clinical management of CA patients has become
a research hotspot because CA recurrence greatly
increases the possibility of carcinogenesis. CO, laser
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therapy is widely used in clinical practice [20]. Although
it can remove warts quickly, it has a high recurrence
rate and easily causes scarring, which reduces patients'
quality of life. Anti-HPV biological protein dressings
can specifically prevent HPV virus invasion and
block HPV infection. HPV load can determine the
development and prognosis of lesions and infection
after contact with CA patients is largely dependent
on viral load. Therefore, it is of great importance to
investigate the effect of CO, laser combined with
anti-HPV biological protein dressing on HPV load in
CA patients for clinical treatment.

Male patients with CA in the hospital were selected
as research subjects and divided into a control group
(30 cases) and an observation group (30 cases)
according to the random number method. The control
group was treated with a CO laser, and the observation
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group was treated with a CO; laser combined with an
anti-HPV biological protein dressing. The viral DNA
load of the two groups was determined by multiple
real-time HPV. The viral DNA loads of the two
groups were compared before treatment, after treatment
and after 18 months of follow-up, and the treatment
response rate and recurrence rate were compared
between the two groups to investigate the effect of
CO; laser combined with anti-HPV biological protein
dressing on HPV load in patients with CA. The results
showed that the response rate of the observation group
(93.33%) was higher than that of the control group
(63.33%), and the long-term recurrence rate (13.33%)
was significantly lower than that of the control group
(43.33%). The adverse reaction rate of the observation
group (23.33%) was lower than that of the control
group (56.67%), and the difference was significant
(p < 0.05). This indicates that the CO; laser was
effective in treating CA patients, but the recurrence
rate was high, which may be because this method is
not effective for latent and subclinical infectious viruses.
Recurrence in CA patients is closely related to latent
HPV infection [21]. The application of an anti-HPV
biological protein dressing using a CO- laser can
significantly improve the effect of treatment. CO;
laser treatment causes local skin damage. The use of
anti-HPV biological protein dressings can promote
wound healing, improve patient recovery and reduce
the incidence of adverse reactions. In addition, anti-
HPV biological protein dressings containing carbomer
and JB proteins prevent the virus from binding to
host cells, significantly reducing the recurrence rate
of CA patients. The results showed that the viral
DNA load of patients in the control and observation
groups was significantly reduced after treatment and
18 months of follow-up compared to before treatment,
and the differences were substantial (p < 0.05). The
viral DNA load of the observation group was significantly
lower than that of the control group after treatment
and 18 months of follow-up. This suggests that both
CO-, laser therapy and the combination of CO; laser
therapy and an anti-HPV biologic protein dressing
can reduce patients' viral load. Studies have shown
that HPV load can determine the development and
prognosis of lesions, and reducing viral load can improve
the cure rate of patients and reduce the recurrence
rate after treatment. This is of great importance for
CA patients. Some studies have found that real-time
detection of the viral load before and after treatment
and appropriate extension of the treatment period
according to the patient's viral load can improve the
cure rate of patients, and some can even achieve
complete clearance [22]. Therefore, for some patients
with complex HPV who do not become negative on
clinical treatment, a personalised cycle may be considered
to reduce the patient's viral load.
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Conclusions

In this study, male CA patients in the hospital were
selected as research subjects and divided into the
control group (30 cases) and the observation group
(30 cases) according to the random number method.
The control group was treated with CO; laser, and
the observation group was treated with CO; laser
combined with an anti-HPV biological protein dressing.
The effect of the two groups on the viral load of CA
patients was compared. The results showed that the
viral DNA load of the two groups was significantly
reduced after treatment and 18 months of follow-up
compared to before treatment, and the viral DNA
load of the observation group was significantly lower
than that of the control group after treatment and 18
months of follow-up. However, there are still some
shortcomings in this research, which may cause some
errors in the results due to the small number of research
samples. In conclusion, CO- laser combined with anti-
HPV biological protein dressing can significantly
reduce HPV load, improve the cure rate and reduce
the recurrence rate of patients, which is worthy of
clinical application.
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