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ABSTRACT 

 

Persistent human papillomavirus (HPV) infection is associated with the grading of cervical 

intraepithelial neoplasia (CIN), high-risk HPV infection, multiple HPV infections, high HPV load, 

HPV infection of surgical margin, and age in CIN after conization. The immune mechanism is 

complex and is primarily related to vaginal microecology disorders, immune escape, immune 

response impairment, and the release of regulatory cytokines. Currently, the treatment methods for 

postoperative persistent HPV infection include surgical treatment, antiviral treatment, vaccination, 

and other approaches. 
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INTRODUCTION 

 

Cervical Intraepithelial Neoplasia (CIN) is an 

atypical hyperplasia of cells in the cervical epithelium 

and is regarded as a precursor lesion of cervical cancer. 

CIN is classified into mild, moderate, and severe 

categories, with severe CIN (i.e., CIN3) considered the 

direct precursor of cervical cancer. Cervical smears (Pap 

smears) are a major diagnostic tool for CIN, detecting 

changes in cervical cells to assess the presence and 

severity of CIN. With the increasing attention to 

women's health, the screening and treatment of CIN 

have garnered more focus.1 Persistent human 

papillomavirus (HPV) infection is widely recognized as 

a clinical risk factor for cervical lesions. Approximately 

95% of cervical cancer patients test positive for HPV 

infection, with the development of CIN closely related 

to HPV infection, especially high-risk types such as 

HPV 16 and 18. Additionally, genetic factors and long-

term chronic cervical inflammation may also contribute 

to the development of CIN. Analyzing HPV infection 

provides a valuable reference for clinical screening, 

diagnosis, and treatment of cervical diseases.2,3 Research 

indicates that CIN development is associated with HPV 

infection, and its treatment and prognosis are closely 

related to HPV infections.4 Recent research findings 

largely support established guidelines for managing CIN 

and HPV infections, aligning with recommendations 

from the World Health Organization (WHO) and the 

Centers for Disease Control and Prevention (CDC). 

Studies on the effectiveness of HPV vaccination 

reinforce the importance of routine immunization, while 

research on HPV testing as a primary screening method 
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echoes WHO's endorsement of this approach. 

Additionally, insights into HPV genotyping and 

biomarkers for risk assessment complement guidelines 

advocating personalized screening and follow-up 

strategies. However, debates persist regarding the 

optimal age for vaccination and screening intervals, 

challenging existing recommendations. Controversies 

also arise regarding the management of low-grade CIN 

lesions, highlighting the need for ongoing guideline 

refinement to ensure optimal patient care and public 

health impact. In current medical practice, the treatment 

of CIN mainly relies on surgical methods, with cervical 

conization being the most commonly used treatment. 

This procedure involves removing abnormal cells from 

the cervix, effectively controlling the development of 

CIN and greatly reducing the risk of progression to 

cervical cancer. Cervical conization not only serves as a 

treatment but also provides pathological samples to help 

doctors more accurately evaluate the condition and 

formulate subsequent treatment plans. Therefore, it is 

regarded as the mainstream procedure for CIN 

treatment.5 However, the rate of persistent HPV 

infection after cervical conization is high, affecting the 

surgery's effectiveness and significantly increasing the 

risk of CIN and cervical cancer recurrence. Research 

shows that 10% to 25% of patients experience 

recurrence and progression within 2 years after surgery.6 

Imbalances in the vaginal microenvironment may lead 

to excessive growth of harmful bacteria and inhibition 

of beneficial microbes, affecting the local immune 

response. Additionally, HPV has an immune escape 

mechanism that can interfere with the host's immune 

system, increasing the persistence of infection. To 

deepen the understanding of the intricate relationship 

between HPV and the immune system, it is essential to 

explore the specific immune escape mechanisms 

employed by the virus and the components of the 

immune system involved in the dynamics of HPV 

infection. HPV is known to employ several strategies to 

evade the host's immune surveillance, such as 

downregulating the expression of molecules crucial for 

immune activation and manipulating the local immune 

environment to favor viral persistence and lesion 

development. By elaborating on the cellular and 

molecular pathways implicated in the immune response 

to HPV, this discussion aims to provide a comprehensive 

overview of the immune challenges and considerations 

that must be addressed in the management and treatment 

of CIN. 

MATERIALS AND METHODS 

 

Literature Search Strategy 

This review systematically searched the PubMed, 

Scopus, and Web of Science databases to collect 

literature published from January 2000 to December 

2023 on the immune mechanisms of persistent HPV 

infection following cervical conization. The search 

terms used included "persistent human papillomavirus 

infection," "cervical intraepithelial neoplasia," "cervical 

conization," and "immune mechanism." The search was 

limited to articles published in English. Additionally, 

manual searches were conducted on the reference lists of 

the articles to ensure coverage of all relevant studies. 

 

Inclusion and Exclusion Criteria 

Inclusion criteria were: (1) studies focused on the 

immune mechanisms following cervical conization for 

HPV infection; (2) studies providing data on immune 

escape, impaired immune response, or the release of 

regulatory cytokines; (3) types of studies included 

observational studies, clinical trials, reviews, and meta-

analyses. Exclusion criteria were: (1) non-English 

literature; (2) conference abstracts or articles not peer-

reviewed; (3) studies with duplicated publication or 

overlapping data. 

 

Data Extraction and Analysis 

Two researchers independently screened the 

literature and extracted data, resolving any discrepancies 

through discussion or third-party review. Extracted 

information included authors, publication year, study 

design, sample size, main findings, and immune factors 

affecting persistent HPV infection. The review 

employed a narrative analysis approach to summarize 

the immune mechanisms of persistent HPV infection 

and discussed current research limitations and future 

research directions. 

 

 

Influencing Factors of HPV Persistent Infection 

After CIN Conization 

It has been reported7 that there is still a risk of 

recurrence after CIN conization that cannot be ignored, 

with persistent HPV infection being one of the important 

reasons leading to recurrence. Analyzing the influencing 

factors of persistent HPV infection after CIN conization 

is crucial for controlling infection, reducing recurrence, 

and ensuring a better prognosis for patients. 
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Cervical Intraepithelial Neoplasia Classification 

CIN refers to the replacement of the cervical 

epithelium by pleomorphic cells of varying degrees. 

Pathological changes are divided into CIN 1, CIN 2, and 

CIN 3. Low-grade squamous intraepithelial lesions 

(LSIL) usually refer to CIN 1, while CIN 2 and CIN 3 

are collectively referred to as high-grade squamous 

intraepithelial lesions (HSIL). Studies have shown that 

HSIL can increase the risk of persistent high-risk HPV 

infection after cervical conization in patients with CIN 

by 1.793 times. Strengthening clinical intervention for 

patients with high CIN grade can reduce the risk of 

persistent HPV infection after CIN conization.8,9 

 

High-risk HPV Infection 

Different HPV types show varying infection 

durations and carcinogenic potential, allowing them to 

be classified into high-risk and low-risk types. It is 

generally believed that high-risk persistent HPV  

infection has a more significant impact on HPV-negative 

conversion and the efficacy of surgery. High-risk 

subtypes such as HPV 16, 18, 52, and 58 are particularly 

valuable for diagnosing recurrent lesions.10 The German 

S3 guidelines directly recommend high-risk HPV 

surveillance in the early postoperative period.11 The 

ASCCP recommends high-risk HPV reexamination at 1 

and 2 years after surgery and HPV testing or combined 

screening every 3 years for those with histological HSIL 

(CIN 2, CIN 3), with follow-up for at least 25 years.12 

Koh et al showed that the 2-year CIN recurrence rate was 

as high as 71.3% in patients with persistent HPV16/18 

positivity after surgery, which was significantly higher 

than in patients who were HPV negative after surgery.13 

 

Multiple HPV Infections 

The integration of multiple types of HPV into the 

host DNA will make the virus more difficult to be 

cleared by the immune system.14 Ouh et al,15 reported 

that the persistent infection rate of HPV in CIN patients 

with multiple HPV infections before surgery was 

significantly higher than in CIN patients with a single 

HPV infection before surgery. However, some 

researchers believe that16 there is no obvious correlation 

between single and multiple HPV infections. Currently, 

the relationship between single and multiple HPV 

infections and the postoperative HPV clearance rate in 

CIN patients is not clear. It is possible that the more 

types of HPV infections present before surgery, the 

longer the body's clearance of HPV infection, the longer 

the body's clearance of HPV infection takes, leading to 

more severe damage to the body's immunity and a higher 

persistent infection rate of HPV. However, this 

hypothesis needs further confirmation. 

 

High HPV Viral Load 

HPV viral load directly reflects the number of 

infected cells and the quantity of viruses within those 

cells. The higher the viral load, the more active HPV 

replication is, increasing the probability of HPV DNA 

integration into host cells. This makes it easier to enter 

the deeper skin layers that cannot be reached by cervical 

conization, reducing the conization clearance rate and 

leading to persistent HPV infection.17 However, current 

research on HPV viral load is inconsistent. Some studies 

suggest that a high HPV viral load significantly 

influences the postoperative recurrence of CIN and HPV 

infection, while others argue that there is no correlation 

between preoperative and postoperative HPV viral load 

and the clearance rate.9,17-19   The discrepancies may be 

more related to individual differences in immune 

regulation and other complex factors.20,21 

 

Positive Surgical Margin Infection 

CIN conization can eliminate HPV by excising 

cervical lesions, but cases with positive conization 

margins are often reported. Reoperation or conservative 

observation can be performed based on the actual 

situation and regular follow-up is necessary. Data 

showed that in 60% to 80% of patients with positive 

margins after cervical CIN conization, the lesion can 

regress.22 However, for patients with a positive medial 

margin, the risk of residual lesions is significantly higher 

than that of patients with a positive outer cervical 

margin, and conization should be repeated to obtain a 

clear margin. Regardless of which margin has a positive 

HPV infection, there is a risk that the lesion tissue has 

not been completely removed, leading to persistent 

infection after CIN conization. Therefore, scholars 

suggest that patients with positive HPV infection at the 

surgical margin after CIN conization should undergo 

elective secondary surgery or regular follow-up 

according to fertility requirements and pathological 

characteristics to reduce the risk of persistent HPV 

infection and promote HPV-negative conversion.23 

 

Age  

Ninety percent of patients with HPV infection can 

clear the virus naturally within 2 years, but some patients 
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still develop cervical cancer and precancerous lesions. 

This natural negative conversion rate is related to the age 

of the infected person, with infection symptoms 

becoming more severe as age increases.24 A survey 

based on gynecological clinics25 showed that the 

perimenopausal period and after is the peak period of 

women's HPV exposure, and patients infected with HPV 

during this period find it difficult to clear the virus on 

their own, causing persistent HPV infection. This 

property is related to the decrease of estrogen secretion 

and the decrease of vaginal resistance with age.26 

In conclusion, to control the risk of HPV infection 

after CIN conization, it is necessary to improve the 

preoperative and postoperative examinations, closely 

monitor changes in HPV infection risk factors, and 

actively implement intervention measures.  

 

Immune Mechanisms of Persistent HPV Infection 

after CIN Conization 

At present, the understanding of the interaction 

between autoimmunity and HPV infection, as well as the 

immune mechanism of persistent HPV infection after 

surgery, remains to be improved.  

 

Local Immune Environment of the Genital Tract in 

HPV Infection 

The vaginal microecosystem is a complex system 

composed of microbial flora, endocrine regulation, and 

the local immune system. It serves as a woman’s local 

immune defense barrier, playing a role in immune 

regulation to remove HPV and protect vaginal epithelial 

cells and local vaginal tissue. When the vaginal 

microecological balance is disrupted by endogenous or 

exogenous factors, it leads to impaired immune function 

and an increased risk of viral infection.27-29 In recent 

years, the study found that vaginal microecology and the 

actual status of the cervical local immune system 

influence the HPV infection process. By simultaneously 

treating CIN patients with vaginal microbial agents 

during surgical treatment, the subsequent efficiency of 

HPV virus removal can be accelerated.30,31 Specific 

immune responses produced by cervical epithelial cells 

cooperate with conventional immune cells to protect the 

female reproductive tract from bacterial infiltration. 

Cervicovaginal mucus, a mixture of cervical mucus and 

vaginal microbiota, contains many proteins associated 

with immune defense. The immunoglobulin A (IgA), 

IgM, and IgG in the mucus strengthen the cervicovaginal 

mucus barrier. The formation of physical and immune 

barriers through the cervical epithelium and mucus is 

one of the ways to maintain the immune function of the 

female lower reproductive tract.32,33 When HPV 

infection occurs, the secretion of various cytokines such 

as IL-10 and Transformational growth factor-β (TGF-β) 

in the genital tract increases to resist infection.34 

Studies have shown that there are four types of 

antigen-presenting cells in the lower genital tract: 

intraepithelial Langerhans cells, CD14- dendritic cells in 

the lamina propria, CD14+ dendritic cells and 

macrophages, and CD8+ lymphocyte subsets in the 

lower genital tract. The cervical transformation zone is 

the primary effector site for cell-mediated immunity in 

the female lower genital tract. However, when the cervix 

is infected by foreign pathogens, epithelial cells mediate 

an immune inflammatory response by releasing a large 

number of pro-inflammatory factors and chemokines, 

such as IL-8 and IL-10.35,36 Studies have shown that 

Human defensin-5 (HD-5) is an effective antagonist in 

skin and mucosa to resist HPV infection, which has an 

effect by interfering with HPV entry into cells.37 Hu 

Rui's study38 showed that the levels of interferon-γ (INF-

γ) and CD8+ T-cell percentage in the vagina decreased 

and the levels of IL-2 and CD4+ T-cell percentage in 

peripheral blood increased in patients with HSIL after 

surgery. It was believed that the changes in these 

immune factors were related to the prognosis of HPV 

after surgery. The levels of IL-4, IL-6, and IL-10 in 

vaginal and peripheral blood were not associated with 

HPV-negative conversion.   

 

Cellular and Humoral Immunity 

Cellular immunity and humoral immunity are 

important components of the human immune defense 

system and are involved in the process of HPV infection. 

When HPV infects the damaged skin or epithelium and 

reaches the basal layer, it activates the immune response 

of the body, producing corresponding antibodies to clear 

HPV and reduce the viral load.39 T cells are the most 

important group in cellular immune function, while 

immunoglobulins (Ig) play key roles in humoral immune 

function. When both cellular and humoral immunity are 

inhibited, the risk of persistent HPV infection increases. 

Zhang Feifei et al,40 showed that the levels of peripheral 

blood T lymphocyte subsets and immunoglobulins (Ig)  

in CIN patients with persistent HPV infection after 

surgery were significantly lower than in those with 

HPV-negative status after surgery. This indicates that 

the immune function of patients with persistent HPV 
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infection post-surgery is impaired, possibly due to the 

consumption of antibodies and antigens by preoperative 

HPV infection. Patients’ immunity may be insufficient 

to clear HPV for various reasons, such as HPV at this 

time, through the integration to the host genes, the E6, 

E7 protein synthesis, HPV persistent infection induced 

by immune escape mechanism, and to further reduce the 

immune function.41 

 

Immune Escape Mechanisms of HPV 

The immune escape mechanism of HPV is complex, 

involving protein transcription, antigen presentation, 

cytokines, adhesion molecules, and a series of signaling 

pathway regulations. After HPV infection, the virus can 

synthesize particulate molecules in epithelial cells, 

preventing cytolytic enzymes from dissolving them, 

reducing the body's immune response, and leading to 

persistent infection.42 In addition, HPV viral genes can 

integrate into host genes, leading to the synthesis of L1, 

E6, and E7 proteins, which make it easier for HPV to 

evade immune system surveillance, consequently, low 

levels of HPV to coexist with cellular immunity, which 

is one of the immune mechanisms underlying HPV 

persistent infection.43,44 As mediators of the immune 

system, cytokines such as interleukin (IL)-2 and IL-10 

are secreted after HPV infection, which participates in 

the regulation of the body's immune function and play a 

role in both cellular and humoral immunity. The levels 

of related cytokines can also reflect the systemic and 

local immune status. Persistent HPV infection after CIN 

conization can affect changes in host gene expression, 

and IL-2 is involved in continuous immune regulation 

and the inflammatory response throughout the process, 

promoting HPV clearance.45 Previous studies have 

shown46 that IL-2 levels in patients with high-risk HPV 

infection are lower than that in patients without high-risk 

HPV infection. It is suggested that high-risk HPV 

infection may inhibit the immune function of the body 

and lead to the decrease of IL-2 level, which is not 

conducive to the clearance of HPV. A decreased cellular 

immune response is associated with persistent HPV 

infection. After a high-risk HPV infection, the body can 

clear the virus through physical barriers and immune 

response, but HPV E6 and E7 proteins can regulate the 

host's immune response, causing an imbalance in 

Th1/Th2 responses. This helps the virus escape the 

initial immune recognition and interferes with adaptive 

immunity, thereby achieving the immune escape and 

causing HPV infection.47 Melamed et al,48 found that IL-

10 can help clear HPV through cellular immunity. 

However, IL-10 can also lead to immune escape by 

producing an immunosuppressive state. Research on 

HPV-infected vaginal local IL-10 levels shows that 

continuous HPV infection impairs the Th1 immune 

response, shifting the Th1/Th2 balance towards Th2. 

This shift leads to the formation of an 

immunosuppressive state and the inhibition of cytokines 

such as IL-4 and IL-10, weakening the body's ability to 

clear HPV.49 Relevant literature shows that IL-10 can 

promote the expression of HPV oncogenes E6 and E7, 

and E6 and E7-related proteins can regulate the 

transcription of the gene encoding IL-10. This vicious 

cycle keeps the cervical microenvironment in a state of 

immunosuppression, significantly reducing the 

efficiency of HPV clearance, and leading to persistent 

HPV infection after CIN conization.50 Other studies 

have shown that HPV can inhibit the TP53 tumor 

suppressor gene, weakening its normal physiological 

function, and inducing the progression of CIN. In 

addition, HPV affects the proliferation and 

differentiation of normal cervical cells and postoperative 

recovery of patients by stimulating related genes to 

produce oncoproteins.51 

 

Patients with Immune System Diseases and HPV 

Infection 

Systemic lupus erythematosus (SLE) is an 

autoimmune disease. Patients with SLE have a higher 

susceptibility to HPV and are more prone to HPV 

infections, particularly certain subtypes. The risk of 

HSIL is also significantly increased in these patients. 

The European League Against Rheumatic Diseases 

recommends that SLE patients reduce the risk of HPV 

infection by vaccination.28 

 

Treatment of Persistent HPV Infection After CIN 

Conization  

At present, there is no specific drug for the treatment 

of HPV infection after CIN conization. In most cases, 

close follow-up observation is recommended to confirm 

the disease progression.  

 

Surgery   

For patients with a pathological diagnosis of LSIL or 

less severe lesions, if there is no diagnostic error upon re-

examination, a follow-up observation period of 6 to 12 

months can be performed, and diagnostic conization can 

be considered appropriate. For patients over 50 years old 
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with a positive surgical margin infection or postoperative 

follow-up pathological diagnosis of residual HSIL or 

recurrence, resectable surgery such as cervical conization 

is recommended. If section pathology indicates HSIL 

lesions but secondary cervical resection can not be 

implemented in patients with residual disease, total 

hysterectomy can be adopted as a  treatment.52 

 

Antiviral Treatment   

The main active components of the anti-HPV protein 

biological dressing are JB protein and carbomer.  JB 

protein can destroy the conformation of HPV proteins, 

causing their inactivation and preventing the virus from 

infecting host cells. Carbomers can adsorb inactivated 

HPV side by side in vitro and also release JB protein to 

the target area for adsorption. The anti-HPV biological 

protein dressing can physically block HPV from 

contacting cervical basal cells, achieving the purpose of 

eliminating HPV, promoting cervical wound repair and 

healing, and improving the cervix's ability to resist virus 

invasion. However, due to its high price, it cannot 

become a priority treatment for most patients.53 

Recombinant human interferon α-2b has antiviral 

and immunomodulatory effects. By directly acting on 

cervical lesions, it binds to cell surface receptors and 

induces cells to produce antiviral proteins. At the same 

time, it inhibits HPV replication, transcription, and 

subsequent protein synthesis at the site, regulates 

immune function, promotes the release of lymphocytes 

and macrophages, and reduces the risk of postoperative 

wound infection. Shi et al,54 used high- and low-dose 

interferon combined with red light to treat HPV 

infection, and found that high-dose interferon had 

significant therapeutic effects and high safety. Nikakhtar 

et al’s double-blind randomized study found that the 

active ingredients of myrtle suppository have antiviral 

properties, induced resistance, and promote the effect of 

apoptosis, which can accelerate the virus removal.55 

 

Vaccine 

The HPV vaccine activates the immune system to 

produce antibodies to neutralize and eliminate invading 

HPV.56 Therapeutic vaccines mainly exert their efficacy 

by enhancing the effect of cytotoxic T cells. E6 and E7 

genes in HPV DNA can encode oncogenic proteins, so 

E6 and E7 are often used as antigens of therapeutic 

vaccines. To expand the therapeutic scope of vaccines, 

some researchers have included conserved proteins of 

E1 and E2 in the antigen category of vaccines.57 

The use of immune adjuvants can enhance the 

immune response of therapeutic vaccines. Talebi et al 

used HMGB1 and Hp91 proteins as immune adjuvants 

to stimulate the body's immunity.58 De Rosa et al used 

echinacea extract as an immune modulator to treat 

genital condyloma acuminatum and found that the 

recurrence rate of HPV infection in patients was 

significantly reduced.59  

 

Summary and Prospect  

The article underscores the significance of 

identifying and managing risk factors associated with 

persistent HPV  infection following cervical conization, 

aiming to enhance clinical control and minimize 

recurrence rates.  It highlights HPV's impact on immune 

function and its mechanisms for immune evasion, 

leading to persistent infection. Understanding these 

postoperative immune mechanisms is pivotal for 

targeted treatment approaches. Immunotherapy emerges 

as a promising avenue for intervention, offering the 

potential to clear HPV in affected individuals.  Although 

this review already encompasses a range of studies on 

the immune mechanisms of persistent HPV infection 

following cervical conization, a comprehensive 

examination of the contradictions and variations found 

in the current literature would further enhance the depth 

and value of this text. For instance, some studies 

suggest that persistent infection with high-risk HPV 

types is associated with general suppression of the 

host immune system, while others have found that 

specific regulatory cytokines such as IL-10 and 

TGF-β may significantly influence the persistence of 

infection due to their varied expression across 

individuals. These discrepancies highlight that a single 

treatment strategy may not suffice for all patient groups, 

underscoring the need for customized treatment 

approaches. By discussing these conflicting findings in 

detail, this review could not only provide more precise 

guidance for clinical practice but also expose the current 

gaps in understanding and potential directions for future 

research. Adding a discussion of these research 

differences would help the article more 

comprehensively explain the immune mechanisms of 

persistent HPV infection and provide a theoretical basis 

for resolving these disputes. This approach not only 

enhances the breadth of the literature review but also 

improves the practicality and scientific rigor of the 

research, making it a valuable reference for future 

studies in the field. To effectively translate these 
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findings into clinical practice, specific recommendations 

are imperative. Firstly, implementing stringent 

screening protocols post-conization, integrating HPV 

testing alongside Pap smears, can aid in early detection. 

Secondly, adopting personalized treatment strategies 

based on individual immune responses and HPV 

genotypes can optimize outcomes.  Thirdly, the 

integration of immunotherapy warrants consideration, 

given its potential to target HPV-related immune 

evasion mechanisms. Multidisciplinary collaboration 

among specialists, along with long-term follow-up 

plans, is crucial for comprehensive patient care and 

monitoring. Moreover, educating both healthcare 

providers and patients about HPV risks and treatment 

options is essential for informed decision-making and 

adherence to recommended protocols.  Incorporating 

these recommendations into clinical practice can 

effectively manage persistent HPV infection post-

cervical conization, ultimately improving patient 

outcomes.  
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