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infection on the wound healing of
cervical treatment in patients with
squamous intraepithelial lesions: a
retrospective cohort study
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Zhibiao Wang!?*

!State Key Laboratory of Ultrasound in Medicine and Engineering, College of Biomedical Engineering,
Chongging Medical University, Chongging, China, 2Chongging Key Laboratory of Biomedical
Engineering, Chongqging Medical University, Chongging, China, *Department of Gynecology, The
People's Hospital of Guangxi Zhuang Autonomous Region, Guangxi Academy of Medical Sciences,
Nanning, China

Objective: SARS-CoV-2 infection has been associated with an increase in
inflammatory factors, a weakening of the immune system, and a potentially delay
in wound healing following surgery or ablative treatment. In this retrospective
cohort study, we aimed to investigate the impact of SARS-CoV-2 infection
on wound healing following cervical treatment in patients with squamous
intraepithelial lesions (SIL).

Method: From November 2022 to February 2023, patients with SIL who
underwent cervical ablative treatment or loop electrosurgical excision procedure
at the People’'s Hospital of Guangxi Zhuang Autonomous Region, China, were
enrolled in the study. Of these, 29 patients who developed symptoms of SARS-
CoV-2 infection and confirmed by an antigen test within one month after cervical
treatment were included as experimental group, while the other 31 patients
who received cervical treatment after recovering from SARS-CoV-2 infection
were included in the control group. The cervical wound condition of all patients
was documented using colposcopy immediately and one month after the
procedure. Image J software was utilized to analyze the wound healing rate at
one month post-treatment, and the wound healing status between two groups
was compared. A vaginal discharge examination was performed before and one
month after cervical treatment.

Results: No significant differences in age, severity, treatment, or time between
groups. Experimental group had significantly lower healing rate 83.77(62.04,
97.09) % than control 98.64(97.10, 99.46)%, p<0.001, and a higher scab non-
shedding rate (24.14% vs. 3.22%, p = 0.024). Among patients who were infected
with SARS-CoV-2 after undergoing cervical treatment, we observed 5 out of 7
patients (71.43%) contracted SARS-CoV-2 within 2 weeks after cervical treatment.
No significant correlation was found between white blood cell count or leukocyte
esterase in vaginal discharge and delayed wound healing of the cervix (p = 0.947
and 0.970, respectively).

Conclusion: SARS-CoV-2 infection may prolong the healing time of cervical
treatment in patients with SIL. To minimize the risk of delayed healing, it's crucial
for patients to avoid viral infections such as SARS-CoV-2 within the first month
of treatment. Taking necessary precautions to prevent infection is essential for
successful cervical treatment outcomes in patients with SIL.
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1 Introduction

Cervical squamous intraepithelial lesion (SIL) is a condition
characterized by abnormal changes in cervical squamous cells (1).
Although most low-grade squamous intraepithelial lesions (LSILs)
can regress naturally within 1-2years, while (HSILs) have a higher
potential for malignant transformation (2). Current treatment high-
grade squamous intraepithelial lesionsmethods for SIL comprise
ablative treatments (such as cryotherapy, radiofrequency, and focused
ultrasound treatments) and excision procedures (including cold knife
conization, cervical loop electrosurgical excision procedure, and laser
conization) (3-5). In the past few years, there has been an increase in
the occurrence of SIL among younger woman (6). As a result,
clinicians and patients are not only concerned about lesion clearance,
but also paying attention to cervical wound healing, which has
emerged as a new area of interest.

SARS-CoV-2, a novel coronavirus, emerged in 2019 and caused a
global pandemic of acute respiratory illness named SARS-CoV-2
(7-9). With the deepening of research, it has been found that SARS-
CoV-2 not only affects the respiratory system, but also the digestive
system, nervous system, cardiovascular system, endocrine system,
reproductive system, and can cause a decrease in the body’s immunity,
leading to secondary bacterial infections (10-15). However, little is
known about the impact of SARS-CoV-2 infection on cervical wound
healing after treatment. In this study, we investigated the wound
healing status of patients who were infected with SARS-CoV-2 within
one month after cervical treatment and compared them with a control
group of patients who underwent cervical treatment after the
disappearance of infection symptoms. The findings are reported
as follows:

2 Materials and methods
2.1 Study population

A total of 60 patients, aged 19 to 53 years old, who underwent
cervical treatment for squamous intraepithelial lesions (SIL) at the
gynecology cervical clinic of the People’s Hospital of Guangxi Zhuang
Autonomous Region from November 2022 to February 2023 were
recruited as the study population. Informed consent was obtained
from all subjects involved in the study. The inclusion criteria for
patients were a diagnosis of SIL using the three-step method of
cervical cytology, which including HPV test, colposcopy, and
cervical biopsy.

The exclusion criteria were including: patients with acute or
subacute genital infections, genital malignancy, a history of
hysterectomy or pelvic radiotherapy, a history of cervical excision,
cervical ablation, or medication treatment, pregnant or lactating
women, uncontrolled diabetes, hyperthyroidism or hypothyroidism,
severe cardiovascular, cerebral, pulmonary, hepatic, or renal
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dysfunction, or comorbidities of immunological disorders or
immunosuppressive drug use. The study flowchart is attached in the
Supplementary materials (Supplementary material 1).

The experimental group consisted of 29 patients who exhibited
symptoms (such as fever, sore throat, and cough) and were
confirmed to have SARS-CoV-2 infection through antigen testing
within one month of receiving cervical treatment. The control
group comprised t31 patients who underwent cervical treatment
at least one week after their SARS-CoV-2 symptoms had resolved.
The study was conducted in accordance with the Declaration of
Helsinki and was approved by the Ethics Committee of Guangxi
Zhuang Autonomous Region People’s Hospital (no. KY-KJT02023-
10) on August 01, 2022.

2.2 Treatment methods

All cervical treatments were performed 3-7 days after the end of
menstruation, excluding patients who have reached menopause. To
assess the extent of the cervical lesion, acetic acid and iodine are
applied to stain the junction of the cervical squamous epithelium and
columnar epithelium. Local anesthesia with 1% lidocaine is
administered at the 4 quadrants of the cervix. The cervical squamous
intraepithelial lesions are treated using either loop electrosurgical
excision procedure (LEEP) or ablative treatment such as focused
ultrasound or radiofrequency ablation. Details regarding the
indications for patients undergoing LEEP excision or ablative
treatment can be found in the Supplementary materials
(Supplementary material 2).

The loop electrosurgical excision procedure (LEEP) is performed
using a triangular-shaped electrosurgical knife with a length of
15-20 mm, The treatment area is set to approximately 5mm from the
outer edge of the lesion, utilizing a cutting-coagulation mode with a
power setting of 40 W. Depending on the type of transformation zone,
different lengths of lesion tissue are removed (7-10 mm for type 1,
10-15mm for type 2, and 15-25mm for type 3). Following excision,
a ball-shaped electrode is used to perform electrocoagulation for
hemostasis at the surgical site.

The power setting for focused ultrasound therapy is between 3.5
and 4.5 W. Treatment is performed in a circular scanning pattern from
the lesion area toward the normal area. During the treatment, the
focused ultrasound probe is kept in close contact with the treatment
area. The treatment should be stopped when local tissues become
concave or hardened. The treatment range should extend beyond the
edge of the cervical lesion by approximately 2-5mm. The power for
radiofrequency ablation is set to 30 W. The treatment area extends
beyond the area that tests positive in acetic acid and iodine tests by
2-5mm. An auto-coagulator knife is used to ablate the cervical
epithelium from the inside out, until the epithelium is
thermocoagulated to a light yellow color and the wound has formed
a shallow cone shape (16).
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TABLE 1 Baseline demographic and clinical characteristics in the
experimental group (patients with SARS-CoV-2 infection after cervical
treatment) and control group.

Indices Experimental Control  For p-
group group X2 value
(n =29) (n=31) value
Age(years) 34.00+6.47 35.58+6.64 0.111 0.740
LSIL 19 24
1.045 0.307
HISL 10 7
Treatment method
LEEP 10 12
0.115 0.734
Ablative treatment 19 19

Baseline characteristics in the experimental group and control group. There were no
statistically significant differences in baseline characteristics, severity of cervical lesions, or
treatment received between the experimental and control groups.

LSIL, low grade squamous intraepithelial lesions; HSIL, high grade squamous intraepithelial
lesions; LEEP, loop electrosurgical excision procedure; Ablative treatment, including focused
ultrasound ablation and radiofrequency ablation.

TABLE 2 The wound healing status in the experimental group and control
group.

Indices Experimental Control U or p-
group (n=29)  group X2 value
(n=31) value
Wound healing 98.64(97.10,
83.77(62.04, 97.09) 150.00 | <0.001
rate (%) 99.46)
Scab still in place 7 (24.14%) 1(3.22%) ‘
5,670 0.024
Scab shedding 22 (75.86%) 30 (96.78%) ‘

The healing rate of cervical wounds in the experimental group was significantly lower than
that in the control group 83.77 (62.04, 97.09) % vs 98.64(97.10, 99.46)%, p <0.001, and the
cab non-shedding rate on the 30th day after treatment in the experimental group was
significantly higher when compared with control group (24.14% vs 3.22%, p=0.024).

2.3 Cervical wound healing evaluation after
treatment

Assessing the rate of wound healing is a key factor in evaluating
the progress of wound recovery. A comprehensive evaluation of the
healing process includes recording the cervical wound condition
immediately after treatment and at a specified time-point after
treatment. The wound area is measured using Imagine J software
(National Institutes of Health, Bethesda, MD). To calculate the wound
healing rate, the formula [(treatment wound area - remaining wound
area)/treatment wound area] x 100% is applied. This approach enables
clinicians to quantitatively assess the healing process and monitor the
progress of wound closure over time. Specifically, the calculation is
performed on the 30th day after treatment, providing a comprehensive
evaluation of healing rate.

2.4 Vaginal discharge test before and one
month after treatment

Before undergoing cervical treatment, each patient underwent a
vaginal discharge examination to rule out vaginal inflammation.
During the one-month follow-up vaginal colposcopy after receiving
cervical treatment, another examination of vaginal discharge was
conducted to assess the vaginal microbiota and inflammatory condition.
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3 Statistical analysis

Quantitative variables were expressed as mean and standard
deviation (SD) or median (25th percentile, 75th percentile) for
non-normally distributed quantitative variables. The comparison of
wound healing rates between two groups is conducted with Wilcoxon
rank sum test. The proportion of patients with non-shedding scabs
within 30 days after treatment in the two groups was analyzed using
the chi-square test. Chi-square test for contingency table was used for
investigate the relationship between white blood cell count or
leukocyte esterase of vaginal discharge and delayed wound healing
following cervical treatment. All statistical analyses were performed
using SPSS software 27.0 (SPSS Inc., Chicago, IL, United States). A p
value <0.05 was considered statistically significant.

4 Results

There were no significant differences between the two groups in
terms of age, disease severity, treatment methods, or treatment
duration, as indicated in Table 1. The mean time of SARS-CoV-2
infection in post-treatment infection group is 15.83 +9.74 days after
cervical treatment, and the mean time of SARS-CoV-2 infection in
treatment after infection recovered group is 39.13 +9.80 days before
cervical treatment.

Compared with the control group, the experimental group had a
lower wound healing rate 83.77 (62.04, 97.09) % vs. 98.64(97.10,
99.46)%, p <0.001. The Box and whisker plot of the wound healing rate
for the two group was shown in Supplementary Figure 1. Also the
experimental group had a higher scab non-shedding rate 24.14% (7/29)
on the 30th day after treatment when compared with control group
(24.14% vs. 3.22%, p=0.024), as shown in Table 2 and Figures 1—4.

We conducted further analysis to explore the potential correlation
between delayed wound healing and the timing of SARS-CoV-2
infection in the experimental group. Out of the 7 patients who
experienced delayed wound healing, 5 patients (71.43%) contracted
SARS-CoV-2 within 2 weeks after undergoing cervical treatment, only
2 (2/7 or 28.57%) patients infected with delayed wound healing
infected SARS-CoV-2 2weeks after cervical treatment. It is worth
noting that in the control group, there was only 1 patient who
experienced poor wound healing, and the cervical treatment of this
patient was conducted 45 days after SARS-CoV-2 infection.

Pre-treatment vaginal discharge tests for all patients exhibited normal
levels of white blood cell counts and leukocyte esterase, with no detection
of trichomonas vaginalis, pseudohyphae, or budding spores in both pre
and post-treatment assessments. We compared the correlation between
white blood cell count and leukocyte esterase in vaginal discharge with
cervical healing. The results of the chi-square test for contingency table
revealed no significant correlation between white blood cell count or
leukocyte esterase in vaginal discharge and delayed wound healing of the
cervix (defined as the non-shedding of scabs after 1 month of treatment)
(p=0.947 and 0.970, respectively), as shown in Tables 3, 4.

5 Discussion

To the best of our knowledge, this is the first study to explore the
impact of SARS-CoV-2 infection on the cervical wound healing after
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FIGURE 1

unhealed one month after the cervical treatment.

Vaginal colposcopy images of patients who received focused ultrasound ablation for LSIL in different groups. (a,d) are vaginal colposcopy images
before treatment; (b,e) are vaginal colposcopy images taken immediately after the procedure; (c), are vaginal colposcopy images taken one month
after the cervical treatment. (A) Shows vaginal colposcopy images of a patient in control group. Which Indicates good healing of the cervical wound
after treatment. (B) Shows vaginal colposcopy images of a patient in experimental group. Which shows that the patient’s cervical wound was still

cervical treatment. We found patients who contract SARS-CoV-2
shortly after undergoing cervical treatment, such as loop
electrosurgical excision or radiofrequency/focused ultrasound
ablation, may experience a notable decrease in the rate of cervical
wound healing. These findings suggest that patients who develop
SARS-CoV-2 or other illnesses that cause systemic inflammatory
responses shortly after cervical treatment may experience delayed
healing of cervical wounds.

The healing of wounds is a complex process that involves four
main stages: hemostasis, inflammation, cell proliferation, and tissue
remodeling (17). Immune dysregulation during wound healing, such
as increased local necrotic tissue, poor vascular conditions, high levels
of pro-inflammatory cytokines, proteases, reactive oxygen species, and
other molecules, as well as infections caused by various pathogens, can
result in abnormal immune cell recruitment, imbalanced protein
hydrolysis, and impaired vascular formation. These factors can cause
the wound to remain in the inflammation stage, leading to delayed
healing or chronic wounds (18).

Multiple factors may contribute to delayed healing of cervical
wounds in SARS-CoV-2-infected patients undergoing cervical
treatment. Firstly, SARS-CoV-2 infection can inhibit interferon
signaling pathways, which reduces the expression levels of genes
stimulated by interferon type I (IFN-I) and type III (IFN-III) (19).

Frontiers in Medicine

Additionally, it can cause an increase in the expression levels of IL-6
and other inflammatory cytokines, leading to prolonged inflammation
during the wound healing process and delayed healing (20, 21).
Secondly, SARS-CoV-2 infection can cause hypoxia and vascular
dysfunction, further compromising the healing process (22, 23).
Lastly, SARS-CoV-2 infection can cause coagulopathy, resulting in
excessive bleeding and further delaying the healing process (24, 25).
The white blood cell count in vaginal discharge is an indicator of
vaginal inflammation. Additionally, leukocyte esterase can be used to
assess inflammatory reactions in the vagina. Through our
examination of vaginal discharge, we observed no statistically
significant differences in white blood cell count and leukocyte
esterase levels between patients with normal wound healing and
those with delayed healing following cervical treatment. These
findings suggest that delayed wound healing in the cervix is not
predominantly attributed to cervical infection, but rather may
be associated with compromised immune function and diminished
reparative capacity of the body. Last year, Stein et al. (26) conducted
a thorough autopsy on 44 deceased patients who had been infected
with SARS-CoV-2. Aside from the respiratory tract, the virus’s RNA
was found in tissues including the thyroid, esophagus, spleen,
appendix, adrenal gland, ovaries, testes (including mature sperm),
and endometrium. Currently, there is no conclusive evidence to
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FIGURE 2
Vaginal colposcopy images of patients who received radiofrequency ablation for LSIL in different groups. (a, d) are vaginal colposcopy images before
treatment; (b, e) are vaginal colposcopy images taken immediately after the procedure; (c), are vaginal colposcopy images taken one month after the
cervical treatment. (A) shows vaginal colposcopy images of a patient in control group who received radiofrequency ablation for SIL 26 days after SARS-
CoV-2 infection. Which Indicates good healing of the cervical wound after treatment. (B) Shows vaginal colposcopy images of a patient in
experimental group who infected SARS-CoV-2 10 days after radiofrequency ablation. Which shows that the patient’s cervical wound was still unhealed
one month after the cervical treatment.

FIGURE 3

Vaginal colposcopy images of patients who received LEEP treatment for HSIL in different groups. (a,d) are vaginal colposcopy images before treatment;
(b.e) are vaginal colposcopy images taken immediately after the procedure; (c), are vaginal colposcopy images taken one month after the cervical
treatment. (A) Shows vaginal colposcopy images of a patient in control group who received LEEP excision for HSIL 38 days after SARS-CoV-2 infection.
Which Indicates good healing of the cervical wound after treatment. (B) Shows vaginal colposcopy images of a patient in experimental group who infected
SARS-CoV-2 16 days after LEEP excision. Which shows that the patient’s cervical wound was still unhealed one month after the cervical treatment.
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FIGURE 4
Representative images of wound area measurement with ImageJ software immediately and one month after cervical treatment.

TABLE 3 Correlation between leukocyte esterase in vaginal discharge
and delayed wound healing following cervical treatment.

Indices Number of = Leukocyte esterase testing
patients (n) of vaginal discharge
Negative (-) + ++
Scab shedding 52 18 18 16
Scab still in place 8 3 3 2
i value 0.110
p-value 0.947

The correlation between leukocyte esterase of vaginal discharge and delayed wound healing
following cervical treatment, the results of the chi-square test for contingency table revealed
no significant correlation between leukocyte esterase in vaginal discharge and delayed
wound healing after cervical treatment (p=0.947).

TABLE 4 Correlation between white blood cell count of vaginal discharge
and delayed wound healing following cervical treatment.

Indices Number White blood cell count of vaginal
of discharge
atients
P 0-5/ 5-15/ 15-30/ >30/
HPF HPF HPF HPF
Scab
52 12 6 10 24
shedding
Scab still in
8 2 1 2 3
place
2 value 0.247
p-value 0.970

The correlation between white blood cell count of vaginal discharge and delayed wound
healing following cervical treatment, the results of the chi-square test for contingency table
revealed no significant correlation between white blood cell count of vaginal discharge and
delayed wound healing after cervical treatment (p=0.970).

HPE high-power field.

suggest that SARS-CoV-2 RNA is present in vaginal or cervical
secretions. In this study, SARS-CoV-2 antigen tests were performed
on vaginal and cervical secretions extracted from patients with poor
wound healing, yielding negative results. Therefore, it is speculated
that the increased risk of poor wound healing in SARS-CoV-2-
infected patients is not directly related to the virus but rather due to
systemic immune damage, inflammatory reactions, and hypoxia.

Frontiers in Medicine

Similar to the highly pathogenic severe acute respiratory syndrome
coronavirus (SARS-CoV) in 2003 and the Middle East respiratory
syndrome coronavirus (MERS-CoV) in 2012, SARS-CoV-2 infection
can also trigger cytokine storm syndrome (CSS) (27, 28). CSS is a
crucial mechanism contributing to poor wound healing in SARS-
CoV-2 patients. Infection after cervical treatment can cause acute
symptoms that trigger CSS, leading to excessive immune response in
the body. This can result in continuous activation and proliferation of
lymphocytes and macrophages, secretion of large amounts of cytokines,
and abnormal wound hemostasis, inflammation, proliferation, and
tissue remodeling processes. Many studies have found that SARS-
CoV-2 infection rapidly activates inflammatory T lymphocytes and
monocytes, producing more granulocyte-macrophage colony-
stimulating factor, IL-6, IL-10, and other serum inflammatory
cytokines, while decreasing peripheral blood lymphocyte counts. This
provides an important theoretical basis for exploring the poor wound
healing in SARS-CoV-2-infected patients (29).

The pulmonary pathology associated with SARS-CoV-2 infection
primarily involves diffuse alveolar damage, deep airway injury, and
pulmonary consolidation, with thick “mucus plugs” that can obstruct
the lower respiratory tract (30). As a result, Patients infected with
SARS-CoV-2 exhibit varying degrees of hypoxia. Prolonged hypoxia
has been found to reduce collagen matrix generation, delay the
formation of granulation tissue, and impede wound healing. Thus, the
systemic tissue hypoxia in SARS-CoV-2 patients may hinder wound
healing at various stages, from local inflammation to tissue
remodeling. Delayed wound healing after cervical treatment may lead
to scar formation and potential cervical dysfunction. Recent reports
have indicated a rising number of re-infections or multiple SARS-
CoV-2
consequences of delayed cervical wound healing and avoid any

infections in individuals. To minimize the adverse

negative impact on scar healing, it is recommended that patients who

have undergone cervical treatment avoid contracting SARS-CoV-2
within the first month following the procedure.

Limitations

This study has the following limitations. Firstly, although
delayed cervical wound healing was found in patients who
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infected SARS-CoV-2 shortly after receiving cervical treatment,
the inflammatory biomarkers and immunological indices was not
routine conducted for the patients, and all patients infected with
SARS-CoV-2 had mild symptoms, so it is unclear whether the
mechanism is related to systemic inflammation. Secondly, the
time frame for patients included in this study who were infected
with SARS-CoV-2 after receiving cervical treatment was set within
one month after the procedure, and different infection times may
have impact on cervical wound healing. Thirdly, the colposcopy is
usually scheduled one month after treatment, so we cannot
determine the recovery status of cervical wounds in patients at
15days, 1.5 months, or even 2 months after treatment. However,
we did find that the wound healing time of cervical wounds was
significantly prolonged in patients who contracted COVID-19
shortly after cervical treatment. Furthermore, this study is a
retrospective analysis conducted during a specific period of the
SARS-CoV-2 pandemic, with a small sample size and the inability
to carry out prospective randomized controlled trials.
Nevertheless, the findings have already demonstrated that SARS-
CoV-2 infection can affect the wound healing rate of
cervical treatments.

Conclusion

In this retrospective cohort study with a small sample size,
we observed a higher incidence of poor wound healing in SIL patients
who contracted SARS-CoV-2 during the wound healing stage of
cervical treatment. Therefore, it is recommended for patients to avoid
contracting viruses such as SARS-CoV-2 in the first month after
cervical treatment to reduce the risk of delayed healing and minimize
adverse outcomes associated with scar healing.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding authors.

References

1. Grigore M, Cruickshank ME, Nieminen P, Tjalma W, Moss E, Redman C. National
guidelines for management of cervical squamous intraepithelial lesion: a survey of
european federation for colposcopy members. Eur ] Obstet Gynecol Reprod Biol. (2021)
256:46-50. doi: 10.1016/j.ejogrb.2020.10.028

2. Nourrisson A, Lepetit H, Marty M, Garrigue I, Brun JL. Regression of cervical
high-grade squamous intraepithelial lesions (HSIL/CIN2) managed expectantly. ]
Gynecol Obstet Hum Reprod. (2022) 51:102442. doi: 10.1016/j.jogoh.2022.102442

3. Chen M, Cai H, Chen S, Wu X, Ma X, Liu M, et al. Comparative analysis of transcervical
resection and loop electrosurgical excision in the treatment of high-grade cervical
intraepithelial neoplasia. Int ] Gynaecol Obstet. (2018) 143:306-12. doi: 10.1002/ijg0.12655

4. Vergara-Fernandez O, Solérzano-Vicufia D, Coss-Adame E, Trejo-Avila M.
Outcomes of radiofrequency ablation for anal high-grade squamous intraepithelial
lesions. Tech Coloproctol. (2021) 25:701-7. doi: 10.1007/s10151-020-02379-3

5. Wang W, Yao Y, Liu Y, Ren J, Chen L, Wang Z, et al. Focused ultrasound for high-
risk human papillomavirus infection-related low-grade cervical lesions: a prospective
cohort study. Int ] Hyperth. (2022) 39:1327-34. doi: 10.1080/02656736.2022.2130443

6. Liao C-I, Francoeur AA, Kapp DS, Michelle Ann P, Caesar WK, Huh JK, et al.
Trends in human papillomavirus-associated cancers, demographic characteristics, and
vaccinations in the US, 2001-2017. JAMA Netw Open. (2022) 5:€222530. doi: 10.1001/
jamanetworkopen.2022.2530

Frontiers in Medicine

10.3389/fmed.2023.1222767

Ethics statement

The studies involving humans were approved by the Ethics
Committee of Guangxi Zhuang Autonomous Region People's
Hospital. The studies were conducted in accordance with the local
legislation and institutional requirements. The participants provided
their written informed consent to participate in this study.

Author contributions

LX: conceptualization, methodology, and draft writing. YW and
CL: writing and editing. RZ and ZW: supervision. All authors have
read and agreed to the published version of the manuscript. All
authors contributed to the article and approved the submitted version.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fmed.2023.1222767/
full#supplementary-material

7. Wang C, Horby PW, Hayden FG, Gao GE A novel coronavirus outbreak of global
health concern. Lancet. (2020) 395:470-3. doi: 10.1016/S0140-6736(20)30185-9

8. Paules CI, Marston HD, Fauci AS. Coronavirus infections-more than just the
common cold. JAMA. (2020) 323:707-8. doi: 10.1001/jama.2020.0757

9. Coronaviridae Study Group of the International Committee on Taxonomy of
Viruses. The species severe acute respiratory syndrome-related coronavirus: classifying
2019-nCoV and naming it SARS-CoV-2. Nat Microbiol. (2020) 5:536-44. doi: 10.1038/
541564-020-0695-2

10. Cao TT, Zhang GQ, Pellegrini E, Zhao Q, Li ], Luo L], et al. COVID-19 and its
effects on the digestive system. World J Gastroenterol. (2021) 27:3502-15. doi: 10.3748/
wjg.v27.i24.3502

11. Matschke J, Liitgehetmann M, Hagel C, Sperhake JP, Schréder AS, Edler C, et al.
Neuropathology of patients with COVID-19 in Germany: a post-mortem case series.
Lancet Neurol. (2020) 19:919-29. doi: 10.1016/S1474-4422(20)30308-2

12. Castiello T, Georgiopoulos G, Finocchiaro G, Claudia M, Gianatti A, Delialis D,
et al. COVID-19 and myocarditis: a systematic review and overview of current
challenges. Heart Fail Rev. (2022) 27:251-61. doi: 10.1007/s10741-021-10087-9

13. Duarte-Neto AN, Teixeira TA, Caldini EG, Kanamura CT, Gomes-Gouvéa MS,
Dos Santos ABG, et al. Testicular pathology in fatal COVID-19: a descriptive autopsy
study. Andrology. (2022) 10:13-23. doi: 10.1111/andr.13073

frontiersin.org


https://doi.org/10.3389/fmed.2023.1222767
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmed.2023.1222767/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2023.1222767/full#supplementary-material
https://doi.org/10.1016/j.ejogrb.2020.10.028
https://doi.org/10.1016/j.jogoh.2022.102442
https://doi.org/10.1002/ijgo.12655
https://doi.org/10.1007/s10151-020-02379-3
https://doi.org/10.1080/02656736.2022.2130443
https://doi.org/10.1001/jamanetworkopen.2022.2530
https://doi.org/10.1001/jamanetworkopen.2022.2530
https://doi.org/10.1016/S0140-6736(20)30185-9
https://doi.org/10.1001/jama.2020.0757
https://doi.org/10.1038/s41564-020-0695-z
https://doi.org/10.1038/s41564-020-0695-z
https://doi.org/10.3748/wjg.v27.i24.3502
https://doi.org/10.3748/wjg.v27.i24.3502
https://doi.org/10.1016/S1474-4422(20)30308-2
https://doi.org/10.1007/s10741-021-10087-9
https://doi.org/10.1111/andr.13073

Xu et al.

14. Torge D, Bernardi S, Arcangeli M, Bianchi S. Histopathological features of sars-
cov-2 in extrapulmonary organ infection: a systematic review of literature. Pathogens.
(2022) 11:1-19. doi: 10.3390/pathogens11080867

15. Massarotti C, Garolla A, Maccarini E, Scaruffi P, Stigliani S, Anserini P, et al. SARS-
CoV-2 in the semen: where does it come from? Andrology. (2021) 9:39-41. doi: 10.1111/
andr.12839

16. Zhao C, Liu J, Li MZ, Zhao J, Bi H, Sui L, et al. Standard operation procedure for
cervical conization. Chin J Clin Obstetr Gynecol. (2021) 22:218-9.

17. Pullar JM, Carr AC, Vissers MCM. The roles of vitamin ¢ in skin health. Nutrients.
(2017) 9:866. doi: 10.3390/nu9080866

18. Raziyeva K, Kim Y, Zharkinbekov Z, Kassymbek K, Jimi S, Saparov A. Immunology of
acute and chronic wound healing. Biomol Ther. (2021) 11:700. doi: 10.3390/biom1105070

19. Mi B, Xiong Y, Zhang C, Zhou W, Chen L, Cao F, et al. SARS-CoV-2-induced
overexpression of mir-4485 suppresses osteogenic differentiation and impairs fracture
healing. Int J Biol Sci. (2021) 17:1277-88. doi: 10.7150/ijbs.56657

20.Karki R, Sharma BR, Tuladhar S, Williams EP, Zalduondo L, Samir P, et al.
Synergism of TNF-a and IFN-y triggers inflammatory cell death, tissue damage, and
mortality in sars-cov-2 infection and cytokine shock syndromes. Cells. (2021)
184:149-168.e17. doi: 10.1016/j.cell.2020.11.025

21. Potere N, Batticciotto A, Vecchié A, Porreca E, Cappelli A, Abbate A, et al. The role
of IL-6 and IL-6 blockade in COVID-19. Expert Rev Clin Immunol. (2021) 17:601-18.
doi: 10.1080/1744666X.2021.1919086

22. Qstergaard L. SARS CoV-2 related microvascular damage and symptoms during
and after COVID-19: consequences of capillary transit-time changes, tissue hypoxia and
inflammation. Physiol Rep. (2021) 9:e14726. doi: 10.14814/phy2.14726

Frontiers in Medicine

08

10.3389/fmed.2023.1222767

23.Bonaventura A, Vecchié A, Dagna L, Martinod K, Dixon DL, Van Tassell BW,
et al. Endothelial dysfunction and immunothrombosis as key pathogenic
mechanisms in COVID-19. Nat Rev Immunol. (2021) 21:319-29. doi: 10.1038/
$41577-021-00536-9

24. Conway EM, Mackman N, Warren RQ, Wolberg AS, Mosnier LO, Campbell RA,
et al. Understanding COVID-19-associated coagulopathy. Nat Rev Immunol. (2022)
22:639-49. doi: 10.1038/s41577-022-00762-9

25. Coomes EA, Haghbayan H. Interleukin-6 in Covid-19: a systematic review and
meta-analysis. Rev Med Virol. (2020) 30:1-9. doi: 10.1002/rmv.2141

26. Stein SR, Ramelli SC, Grazioli A, Chung JY, Singh M, Yinda CK, et al. SARS-
CoV-2 infection and persistence in the human body and brain at autopsy. Nature. (2022)
612:758-63. doi: 10.1038/s41586-022-05542-y

27.Wang D, Hu B, Hu C, Zhu E, Liu X, Zhang J, et al. Clinical characteristics of 138
hospitalized patients with 2019 novel coronavirus-infected pneumonia in Wuhan,
China. JAMA. (2020) 323:1061-9. doi: 10.1001/jama.2020.1585

28.Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, et al. Epidemiological and
clinical characteristics of 99 cases of 2019 novel coronavirus pneumonia in Wuhan,
China: a descriptive study. Lancet. (2020) 395:507-13. doi: 10.1016/
S0140-6736(20)30211-7

29.LiuJ, Li S, Liu ], Liang B, Wang X, Wang H, et al. Longitudinal characteristics of
lymphocyte responses and cytokine profiles in the peripheral blood of SARS-CoV-2
infected patients. EBioMedicine. (2020) 55:102763. doi: 10.1016/j.ebiom.2020.102763

30.Xu Z, Shi L, Wang Y, Zhang J, Huang L, Zhang C, et al. Pathological findings of
COVID-19 associated with acute respiratory distress syndrome. Lancet Respir Med.
(2020) 8:420-2. doi: 10.1016/S2213-2600(20)30076-X

frontiersin.org


https://doi.org/10.3389/fmed.2023.1222767
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.3390/pathogens11080867
https://doi.org/10.1111/andr.12839
https://doi.org/10.1111/andr.12839
https://doi.org/10.3390/nu9080866
https://doi.org/10.3390/biom1105070
https://doi.org/10.7150/ijbs.56657
https://doi.org/10.1016/j.cell.2020.11.025
https://doi.org/10.1080/1744666X.2021.1919086
https://doi.org/10.14814/phy2.14726
https://doi.org/10.1038/s41577-021-00536-9
https://doi.org/10.1038/s41577-021-00536-9
https://doi.org/10.1038/s41577-022-00762-9
https://doi.org/10.1002/rmv.2141
https://doi.org/10.1038/s41586-022-05542-y
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1016/S0140-6736(20)30211-7
https://doi.org/10.1016/S0140-6736(20)30211-7
https://doi.org/10.1016/j.ebiom.2020.102763
https://doi.org/10.1016/S2213-2600(20)30076-X

	The impact of Sars-Cov-2 infection on the wound healing of cervical treatment in patients with squamous intraepithelial lesions: a retrospective cohort study
	1 Introduction
	2 Materials and methods
	2.1 Study population
	2.2 Treatment methods
	2.3 Cervical wound healing evaluation after treatment
	2.4 Vaginal discharge test before and one month after treatment

	3 Statistical analysis
	4 Results
	5 Discussion
	Limitations

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

