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Effect of COVID-19 infection on HPV clearance
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ABSTRACT

Objective: The objective of the present study was to ascertain the impact of the
dysregulated immune response caused by the novel coronavirus (SARS-CoV-2) on
the clearance of human papillomavirus (HPV) in infected patients.

Material and Methods: In this retrospective study, patients who were followed up at
our centre between 2020 and 2022 due to positive test results for HPV 16 or 18 and
who had a documented history of infection with the SARS-CoV-2 virus were included.
Patients without a history of SARS-CoV-2 infection constituted the control group.
To reduce the number of variables, patients who had received HPV or COVID-19
vaccination were excluded from the study.

Results: The study included 105 patients with single HPV (16 or 18) positivity, of
whom 55 (52.4%) were COVID-19 positive and 50 (47.6%) were COVID-19 negative.
It was found that HPV clearance was statistically significantly lower in HPV-positive
patients infected with COVID-19 compared to those who were not infected (p<0.001).
Additionally, HPV clearance was found to be statistically significantly lower in the
group with a history of smoking (p<0.001).

Conclusion: This study demonstrated that the immune response to SARS-CoV-2,
commonly referred to as “coronavirus”, may be associated with a reduction in the
clearance of HPV types 16 and 18. Despite the modest number of cases included,
the findings are significant in establishing a benchmark for future research with larger
sample sizes.

Keywords: COVID-19, dysregulated immune response, HPV clearance, lymphopenia,
smoking.
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INTRODUCTION

At the end of December 2019, the local health authorities reported
an increase in the number of cases of pneumonia of unknown origin.
The epidemiological investigation revealed a correlation between
the cases under investigation and a seafood market located in
Wuhan, Hubei Province, China.l'! The global health crisis caused by
Coronavirus Disease 19 (COVID-19) has had a huge impact on so
many people all over the world. According to data provided by the
World Health Organization (WHO), as of January 2024, the number
of confirmed cases had surpassed 774 million, resulting in over
seven million deaths on a global scale.®

Despite the fact that a considerable number of studies have been
conducted since the first case was identified, the pathophysiology of
the novel human coronavirus and its dysregulated immune response,
characterised by lymphopenia and a cytokine storm, remains to be
fully elucidated. The relationship with secondary bacterial and viral
infections has not been clearly established to date.®

HPV is a virus associated with precancerous lesions and
cancers of the genital system in women, infecting mucosal
or cutaneous stratified epithelium. Despite prophylactic HPV
vaccination programs and PAP smear screening tests, cervical
cancer is the fourth most common type of cancer among women
who are sexually active. HPV is the most prevalent sexually
transmitted infection and the primary causative agent of cervical
cancer and genital warts.5®

Approximately 200 HPV strains have been identified in humans,
of which around fifteen are classified as high-risk HPV (HR-HPV)
strains, which are associated with cancer. It is an established fact that
when HPV infections become persistent, there is an increased risk
of patients developing precancerous lesions and cancer. This risk is
particularly higher in patients who smoke, have immune dysfunction,
are malnourished, and live under physiological stress.!”

To design effective therapeutic interventions for secondary
bacterial and viral infections associated with COVID-19, it is crucial to
better understand the dysregulated immune response. In our study,
we aimed to reveal the impact of the dysregulated immunoregulation
caused by COVID-19 on HPV clearance in infected patients.

MATERIAL AND METHODS

Our retrospective study was conducted by examining the records of
patients admitted to the Gynaecological Oncology Clinic of Tepecik
Training and Research Hospital between 2020 and 2022 who were
found to be positive for HPV 16 or 18. In order to reduce variables in
our study, only patients who had not received the HPV or COVID-19
vaccines were included.

Patients who underwent colposcopy due to HPV 16 or 18
positivity according to the ASCCP 2019 guidelines and were
recommended for a co-test control after one year without the
need for biopsy or diagnostic excisional procedure following the
colposcopic examination were included in the study. Patients who
had COVID-19 between the two tests constituted the main group
of the study, while those who did not have COVID-19 between the
two tests formed the control group. Patients with uncomplicated
COVID-19 and those who were followed up on an outpatient basis
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with mild to moderate pneumonia were included in the study.
Patients who were admitted to hospital or required intensive care
due to the infection were not included in the study.

All colposcopic examinations were performed by gynecologic
oncology surgery specialists experienced in colposcopy. The research
was conducted in accordance with the principles of the Declaration
of Helsinki and approved by the Ethics Committee. (Tepecik Ethics
Committee, Date: 03/05/2023, Decision No: 2023/04-26).

Statistical Analysis

The data were analyzed using the IBM SPSS Statistics 26.0 (IBM
Corp., Armonk, New York, USA) statistical package program.
Continuous variables were presented as MeantStandard
Deviation. Categorical variables were presented as percentages
(%). The Shapiro-Wilk test was used to investigate the normality of
data distribution. For comparisons of normally distributed groups,
the independent samples t-test was used when the number of
groups was two. For comparisons of non-normally distributed
groups, the Mann-Whitney U test was used when the number
of groups was two. Chi-Square Test analyses were used in the
analysis of the cross-tabulations created. The calculation of the
cut-off value for measurements that were statistically significant
was performed using ROC (Receiver Operating Characteristic)
analysis, with a p-value of <0.05 accepted as the criterion for
statistical significance.

RESULTS

The study comprised 105 patients with single HPV (16 or 18)
positivity, of which 55 (52.4%) were found to be positive for SARS-
CoV-2 and 50 (47.6%) were negative. The average age of the
patients was found to be 35.49 years (min: 23, max: 57, std: 6.967).
It was observed that 53.3% (n=56) of the patients did not smoke. The
average interval between HPV control tests was 12.7 months (min:
11, max: 14, std: 0.763). It was determined that 45 patients (42.9%)
were infected with HPV18, and 60 patients (57.1%) were infected
with HPV16. Upon examining the control HPV results, clearance
was observed in 42 patients (40%), while HPV infection persisted
in 63 patients (60%). Among those without clearance, 31 patients
(29.5%) continued to be HPV16 positive, and 32 patients (30.5%)
continued to be HPV18 positive. When examining the COVID-19
clinical data, it was found that 43 patients (41%) had a mild clinical
course, and 12 patients (11.4%) had a moderate clinical course of
COVID-19 (Table 1).

When examining HPV clearance in patients who had COVID-19,
it was found that HPV clearance was statistically significantly lower
in HPV-positive patients infected with COVID-19 compared to those
who were not infected with COVID-19 (p<0.001) (Table 2). When
examining the effect of smoking on clearance in patients who had
COVID-19, clearance was statistically significantly lower in patients
who smoked (p=0.031). The analysis revealed no statistically
significant association between the clinical condition and HPV
clearance among patients diagnosed with COVID-19 (p=0.392).
When comparing smoking and HPV clearance, it was found that
HPV clearance was statistically significantly lower in the group that
smoked (p<0.001) (Table 3).
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Table 1: Patients overall averages

Parameters COVID Total | Parameters CoviD Total
positivity positivity
Neg. Pos. Neg. Pos.
(%) (%) (%) (%)
HPV DNA (18) Control HPV DNA 16
Negative Negative
Count 27 33 60 Count 46 28 74
% within HPV DNA (18) 45.0 55.0 100.0 % within control HPV DNA 16 62.20 37.80 100.00
% within COVID infection 54.0 60.0 57.1 % within COVID infection 92.00 50.90 70.50
% of total 25.7 31.4 571 % of total 43.80 26.70 70.50
Positive Positive
Count 23 22 45 Count 4 27 31
% within HPV DNA (18) 51.1 48.9 100.0 % within control HPV DNA 16 12.90 87.10 100.00
% within COVID infection 46.0 40.0 42.9 % within COVID infection 8.00 49.10 29.50
% of total 21.9 21.0 42.9 % of total 3.80 2570 29.50
HPV DNA (16) HPV clearance
Negative Yes
Count 23 22 45 Count 33 9 42
% within HPV DNA (16) 51.10 48.90 100.00 % within HPV clearance 78.60 21.40 100.00
% within COVID infection 46.00 40.00 42.90 % within COVID infection 66.00 16.40 40.00
% of total 21.90 21.00 42.90 % of total 31.40 8.60 40.00
Positive Negative
Count 27 33 60 Count 17 46 63
% within HPV DNA (16) 45.00 55.00 100.00 % within HPV clearance 27.00 73.00 100.00
% within COVID infection 54.00 60.00 57.10 % within infection 34.00 83.60 60.00
% of total 2570 31.40 57.10 % of total 16.20 43.80 60.00
Control HPV DNA 18 Smoking
Negative Negative
Count 37 36 73 Count 31 25 56
% within control HPV DNA 18 50.70 49.30 100.00 % within smoking 55.40 44.60 100.00
% within COVID infection 74.00 65.50 69.50 % within infection 62.00 4550 53.30
% of total 3520 34.30 69.50 % of total 29.50 23.80 53.30
Positive Positive
Count 13 19 32 Count 19 30 49
% within control HPV DNA 18 40.60 59.40 100.00 % within smoking 38.80 61.20 100.00
% within COVID infection 26.00 34.50 30.50 % within COVID infection 38.00 54.50 46.70
% of total 1240 18.10 30.50 % of total 18.10 28.60 46.70

HPV: Human papillomavirus DNA: Deoxyribonucleic acid; Neg: Negative; Pos: Positive.

Our investigation revealed no statistically significant correlation  clearance and the time until the control HPV test (p=0.719). Similarly,
between the clearance of HPV and the age of patients (p=0.296). no statistically significant relationship was identified between
No statistically significant relationship was found between HPV clearance and lymphopenia (p=0.141) (Table 4).
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Table 2: Relationship between COVID-19 infection and HPV

clearance

Clearance Total p
Yes No
COVID infection <0.001
Negative 33 17 50
Positive 9 46 55
Total 42 63 105

HPV: Human papillomavirus.

DISCUSSION

We investigated the impact of changes in the immune system
caused by COVID-19 on the clearance of HPV, especially related
to HPV16 and HPV18. It is understood that the present study is the
first of its kind in the relevant literature. The findings of this study
indicated that patients infected with HPV exhibited a statistically
significant decrease in clearance rates in comparison to those
who were not infected with HPV.

The majority of women (~90%) clear HPV infections
spontaneously within a period of 6-18 months.®® Research in the
field has demonstrated that host defence mechanisms, the genital
microbiome, and other factors present in the female genital tract
play pivotal roles in the clearance or persistence of HPV, including
the risk of developing cervical cancer.[®1%

A number of studies have demonstrated an association
between innate immune responses and host susceptibility to
infection, as well as the development of cervical cancer and
preinvasive lesions. Nevertheless, the causality of this relationship
remains to be substantiated.!'"!

The serum levels of interleukin-6 and interleukin-10 have been
observed to increase in cases of SARS-CoV-2 infection, with the
gene expression of these two interleukins being identified as a
contributing factor to this increase. It is evident that heightened
secretion of the anti-inflammatory cytokine IL-10 in the Th2
response is associated with compromised innate and adaptive
immune defence and cervical lesion progression during high-risk
HPV infection. This association bears similarity to the association
observed in the context of SARS-CoV-2 infection.['?

It has been established that macrophages play a pivotal role
in the eradication of HPV infection through the production of two
key mediators: nitric oxide-dependent mechanisms and tumour
necrosis factor-alpha.l'® Natural killer cells have been shown to
help clear viruses, get rid of cells infected with HPV, and stop
cancer from developing in cases where HPV causes cancer.l'¥
Cytotoxic T lymphocytes, CD4+ T cells, and other Th1 responses
have been demonstrated to play a pivotal role in the effective
clearance of HPV16 and HPV18.1"%!

However, further research is required to fully characterise
the factors that render women more vulnerable to HPV infection.
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Table 3: Relationship between smoking and HPV clearance

HPV clearance Total
Positive Negative
Smoking
Negative 34 22 56
Positive 9 46 55
Total 42 63 105

HPV: Human papillomavirus.

Table 4: Factors affecting HPV clearance

Parameters p

Covid infection 0.001
Smoking 0.001
COVID clinical condition 0.392
Age 0.296
Time between control HPV test 0.719

HPV: Human papillomavirus.

Nevertheless, further studies are required to definitively establish
the factors that render HPV-infected patients susceptible to HPV
infection. The identification of cellular and cytokine markers of
inflammation as biomarkers associated with neoplastic disease in
cervical carcinogenesis has been well validated.['¢!

Tian et al.l"? conducted an interrupted time series analysis of HPV
prevalence, incidence, and clearance among men who have sex with
men in Xinjiang, China. The analysis compared the periods before and
during implementation of non-pharmaceutical interventions to control
the SARS-CoV-2 pandemic. In contrast to our study on clearance,
they found an increase in clearance in their study. The application
of binomial segmented regression analysis revealed the clearance
of various HPV types, including low-risk HPV and HPV16. However,
the same binomial segmented regression analysis demonstrated
a decline in clearance of HPV6 and HPV18. The investigation
revealed a decline in the prevalence and incidence of numerous HPV
genotypes, concomitant with an increase in clearance, in the period
following the implementation of NPIs. However, the study utilised
a less rigorous definition of clearance (this is to be understood as
follows: two negative visits in succession following a positive visit [1-0-
0]), which may have resulted in an underestimation of HPV incidence
and clearance. The study revealed that trends in clearance of HPV
remained relatively unchanged between the periods preceding and
coinciding with the implementation of NPIs. The NPIs implemented
in response to the pandemic of 2020 may have contributed to the
prevention of HPV infections through the enforcement of stringent
social distancing measures, which resulted in a significant reduction
in high-risk sexual behaviours in the period of the pandemic and
subsequent blocking periods.
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The persistence of HPV infection is a prerequisite for the initiation
of the oncogenic process. A substantial body of evidence exists that
attests to the fact that clearance of infection is a common occurrence
in young adults. The load and type of virus are the primary cofactors
in the progression of infection to cervical intraepithelial lesions and
cervical cancer. Additional risk factors for progression to cancer
include smoking, hormonal exposure, and HIV.'"® In addition, HPV
infection in patients with a weak immune system, like those who have
had a transplant, can be more common and harder to treat.['

In the case of cervical carcinoma and HPV-positive dysplastic
lesions, the reason for the inadequate level of nitric oxide is the
insufficient expression of inducible nitric oxide synthase (iNOS) that
appears to be progressively reduced with the histological severity of
lesions.?% Nitric oxide is a gasotransmitter that helps the body fight
infection. It also affects blood vessel function. The body makes NO
when it is fighting off infection, and it stops viruses from spreading.
21 In conclusion, NO has been identified as a pivotal component of
the immune system. The role of activated macrophages in producing
NO has been demonstrated to elicit antimicrobial, antitumour,
and antiviral effects.?’? Banerjee et al.”® discovered that a novel
nitric oxide-releasing compound has the capacity to inhibit HPV18
virus production by interfering with the functions of the E6 and E7
oncoproteins. Furthermore, Tyring et al.?! discovered evidence that the
investigational topical drug SB206 releases NO and has the potential
to treat genital and perianal warts, which are primarily caused by
HPV types 6 and 11. Concurrently, the reduced NO concentration has
been demonstrated to encourage mutagenesis, thereby expediting
neoplastic progression and fostering angiogenesis, which is mediated
by VEGF. This process ensures a sufficient supply of metabolites
for the sustained growth of the tumour. Theoretical considerations
indicate that oxidative stress and high-risk HPV, two potent initiating
and promoting carcinogens, may act synergistically. Indirect clinical
epidemiological evidence and preliminary biochemical data support
the conclusion that oxidative stress potentiates viral infection, the
establishment of persistent chronic infection, and viral integration.

Like HPV, coronavirus infection can also activate both innate and
adaptive immune responses ininfected patients. The irregularimmune
response to coronavirus infection has not yet been fully explained.
Initially, COVID-19 was characterized by a hyperinflammatory
pathophysiology. However, new data emerging in the later stages of
the pandemic have shown that some patients infected with the virus
can also exhibit an immunosuppressive profile. Immune activation
from complements and neutrophils creates inflammatory damage
in the lungs, while decreased antiviral responses, irregular dendritic
cells and macrophages, severe lymphopenia, and an increased
tendency for secondary infections occur. Lymphopenia is a common
feature of coronavirus infection; a significant decrease is observed
in T cells (CD4+ and CD8+) and CD19+ B cells. Emerging new data
have shown that reductions in T and B cells occur not only in severe
infections but also in non-severe infections, suggesting that there
may be immune dysfunction in the pathogenesis of COVID-19. It is
thought that the irregular immune responses in the pathogenesis of
COVID-19 increase the susceptibility to secondary infections and
reduce the clearance of these secondary infections. A substantial
number of patients with confirmed cases of the novel coronavirus
have exhibited signs of leukocytopenia, with a particular prevalence
of lymphocytopenia, as indicated by laboratory findings.?%

88

In contrast to COVID-19, we did not find a statistically significant
relationship between HPV clearance and lymphopenia in our study
(p=0.141). Rather than lymphopenia, the increased concentrations of
IL-10 and TGF-B in tissues may indirectly compromise T cell function
by restricting the capacity of antigen-presenting cells to encourage
CD4+ T cell differentiation and proliferation. This, in turn, affects the
adaptive immune responses associated with HPV clearance.?”]

However, the precise results demonstrating the specific impact
of smoking on HPV persistence and the corresponding mechanism
have yet to be fully established. A study of Romanian women
demonstrated a link between smoking and persistent HPV infection,
with an odds ratio of 2.320 and a p-value of 0.033.%2% A further study
conducted in Britain discovered no substantial correlation between
smoking and the likelihood of HR-HPV persistence following a period
of six months (risk ratio, RR=1.12; p=0.516).?% In accordance with
the findings of the aforementioned studies, it was also determined
that there was a statistically significant decrease in HPV clearance in
patients who smoked (p=0.031).

There are several limitations to our study. Firstly, the study
included a retrospective, single-centre, small sample group of patients;
standardized data for a larger cohort would be better for evaluating
HPV clearance after COVID-19 infection. Secondly, our interrupted
time series cannot determine whether a causal relationship exists
between previous COVID infection and HPV clearance. Finally, it is
important to note that our study did not utilise a stricter definition of
clearance (such as two consecutive negative visits following a positive
visit [1-0-0]), which could potentially lead to an underestimation of HPV
clearance. Despite these, only patients who had not received the HPV
or COVID-19 vaccines were included to reduce variables in our study.

CONCLUSION

In conclusion, the present study revealed that the dysregulated
immune response to SARS-CoV-2 may reduce the clearance of
human papillomavirus (HPV) types 16 and 18. Despite the limited
number of cases in the present study, its findings are important as
a benchmark for future research with larger sample sizes. Further
studies with larger sample sizes and evaluation of changes in
immune cell ratios in cervical tissue may elucidate the relationship
between HPV and SARS-CoV-2.

Statement

Ethics Committee Approval: The Health Sciences University Tepecik
Training and Research Hospital Hospital Ethics Committee granted approval
for this study (date: 03.05.2023, number: 2023/04-26).

Informed Consent: Written informed consent was obtained from patients who
participated in this study.

Conflict of Interest: The authors have no conflict of interest to declare.

Financial Disclosure: The authors declared that this study has received no
financial support.

Use of Al for Writing Assistance: Not declared.

Author Contributions: Concept — CA, MFB; Design — CA; Supervision — MS,
DB; Resources — OE; Materials — MBB; Data collection and/or processing —
CA; Analysis and/or interpretation — CA, HIY; Literature search — CA, MFB;
Writing — MBB, CA,; Critical review — MS, DB.

Peer-review: Externally peer-reviewed.

June 2025



Zeynep Kamil Med J 2025;56(2):84-89

Akdemir et al. COVID-19 infection and HPV clearance

REFERENCES

1.

Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, et al. A Novel
Coronavirus from Patients with Pneumonia in China, 2019. N Engl J
Med 2020;382:727-33.

World Health Organization. Coronavirus Disease (COVID-19) situation
reports. Available at: https://www.who.int/emergencies/diseases/novel-
coronavirus-2019/situation-reports. Accessed May 13, 2025.

Alshammary AF, Al-Sulaiman AM. The journey of SARS-CoV-2 in human
hosts: A review of immune responses, immunosuppression, and their
consequences. Virulence 2021;12:1771-94.

Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A,
et al. Global Cancer Statistics 2020: GLOBOCAN estimates of incidence
and mortality worldwide for 36 cancers in 185 countries. CA Cancer J
Clin 2021;71:209-49.

Burchell AN, Winer RL, de Sanjosé S, Franco EL. Chapter 6:
Epidemiology and transmission dynamics of genital HPV infection.
Vaccine 2006;24:S3/52—61.

Castellsagué X. Natural history and epidemiology of HPV infection and
cervical cancer. Gynecol Oncol 2008;110:S4—7.

Schiffman M, Wheeler CM, Castle PE. Human papillomavirus DNA
remains detectable longer than related cervical cytologic abnormalities.
J Infect Dis 2002;186:1169-72.

Plummer M, Schiffman M, Castle PE, Maucort-Boulch D, Wheeler
CM; ALTS Group. A 2-year prospective study of human papillomavirus
persistence among women with a cytological diagnosis of atypical
squamous cells of undetermined significance or low-grade squamous
intraepithelial lesion. J Infect Dis 2007;195:1582-9.

Liebenberg LJP, McKinnon LR, Yende-Zuma N, Garrett N, Baxter C,
Kharsany ABM, et al. HPV infection and the genital cytokine milieu in
women at high risk of HIV acquisition. Nat Commun 2019;10:5227.

. Onywera H, Williamson AL, Mbulawa ZZA, Coetzee D, Meiring TL.

The cervical microbiota in reproductive-age South African women
with and without human papillomavirus infection. Papillomavirus Res
2019;7:154-63.

. Mtshali A, San JE, Osman F, Garrett N, Balle C, Giandhari J, et al.

Temporal changes in vaginal microbiota and genital tract cytokines
among South African women treated for bacterial vaginosis. Front
Immunol 2021;12:730986.

. Lin W, Niu Z, Zhang H, Kong Y, Wang Z, Yang X, et al. Imbalance of Th1/

Th2 and Th17/Treg during the development of uterine cervical cancer.
Int J Clin Exp Pathol 2019;12:3604—12.

. Routes JM, Morris K, Ellison MC, Ryan S. Macrophages kill human

papillomavirus type 16 E6-expressing tumor cells by tumor necrosis
factor alpha- and nitric oxide-dependent mechanisms. J Virol
2005;79:116-23.

. De Freitas AC, de Oliveira THA, Barros MR Jr, Venuti A. HrHPV E5

oncoprotein: Immune evasion and related immunotherapies. J Exp Clin
Cancer Res 2017;36:71.

June 2025

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Torcia MG. Interplay among vaginal microbiome, immune response and
sexually transmitted viral infections. Int J Mol Sci 2019;20:266.

Ntuli L, Mtshali A, Mzobe G, Liebenberg LJ, Ngcapu S. Role of immunity
and vaginal microbiome in clearance and persistence of human
papillomavirus infection. Front Cell Infect Microbiol 2022;12:927131.

Tian T, Fu L, Lu Z, Wu X, Luo G, Wang B, et al. Changes in human
papillomavirus prevalence, incidence, and clearance among men
who have sex with men in Xinjiang, China after implementation of
nonpharmaceutical interventions to control COVID-19: An interrupted
time series analysis. Int J Infect Dis 2023;134:261-8.

De Sanjosé S, Brotons M, Pavon MA. The natural history of human
papillomavirus infection. Best Pract Res Clin Obstet Gynaecol
2018;47:2-13.

Dyall-Smith D, Trowell H, Dyall-Smith ML. Benign human papillomavirus
infection in renal transplant recipients. Int J Dermatol 1991;30:785-9.

De Marco F, Bucaj E, Foppoli C, Fiorini A, Blarzino C, Filipi K, et al.
Oxidative stress in HPV-driven viral carcinogenesis: Redox proteomics
analysis of HPV-16 dysplastic and neoplastic tissues. PLoS One
2012;7:e34366.

Garren MR, Ashcraft M, Qian Y, Douglass M, Brisbois EJ, Handa H. Nitric
oxide and viral infection: Recent developments in antiviral therapies and
platforms. Appl Mater Today 2021;22:100887.

Wink DA, Hines HB, Cheng RY, Switzer CH, Flores-Santana W, Vitek
MP, et al. Nitric oxide and redox mechanisms in the immune response. J
Leukoc Biol 2011;89:873-91.

Banerjee NS, Moore DW, Wang HK, Broker TR, Chow LT. NVN1000, a
novel nitric oxide-releasing compound, inhibits HPV-18 virus production
by interfering with E6 and E7 oncoprotein functions. Antiviral Res
2019;170:104559.

Tyring SK, Rosen T, Berman B, Stasko N, Durham T, Maeda-Chubachi
T. A phase 2 controlled study of SB206, a topical nitric oxide-releasing
drug for extragenital wart treatment. J Drugs Dermatol 2018;17:1100-5.

Baritaki S, Sifakis S, Huerta-Yepez S, Neonakis IK, Soufla G, Bonavida
B, et al. Overexpression of VEGF and TGF-betal mRNA in Pap smears
correlates with progression of cervical intraepithelial neoplasia to
cancer: Implication of YY1 in cervical tumorigenesis and HPV infection.
Int J Oncol 2007;31:69-79.

Alshammary AF, Al-Sulaiman AM. The journey of SARS-CoV-2 in human
hosts: A review of immune responses, immunosuppression, and their
consequences. Virulence 2021;12:1771-94.

Sasagawa T, Takagi H, Makinoda S. Immune responses against human
papillomavirus (HPV) infection and evasion of host defense in cervical
cancer. J Infect Chemother 2012;18:807-15.

Huica |, lancu 1V, Botezatu A, Plesa A, Socolov D, Teleman S, et al.
Factors associated with persistence of HPV genital infection in a small
cohort of Romanian women. Acta Clin Croat 2019;58:410-6.

Rizzuto |, Nalam M, Jiang J, Linder A, Rufford B. Risk factors for HPV
persistence and cytology anomalies at follow-up after treatment for
cervical dysplasia. Int J Gynaecol Obstet 2018;141:240—4.




