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Abstract 

Objective To systematically evaluate several factors of persistent human papillomavirus (HPV) infection following 
conization in patients with cervical intraepithelial neoplasia (CIN).

Methods PubMed, EMBASE and the Cochrane Library were searched from January 1, 1998 to September 10, 2021. 
Random-effects models for meta-analyses were used and pooled relative risks with 95% confidence intervals were 
reported. Literature screening, data extraction, and assessment of the risk of bias in the included studies were con-
ducted independently by two researchers. Data analysis was performed with Stata software, version 12.0.

Results A total of 28 studies were included in this study. Meta-analysis revealed that surgical margin and residual dis-
ease were positively correlated with persistent HPV infection after conization. Compared with patients infected with 
other types of HPV, CIN patients with HPV 16 had a higher persistent infection rate (OR = 1.967, 95% CI (1.232–3.140), 
P < 0.05).

Conclusions CIN patients who are postmenopausal, have positive surgical margins and residual lesions, and are posi-
tive for HPV 16 are prone to persistent HPV infection after conization.
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Introduction
Human papillomavirus (HPV) is one of the foremost sex-
ually transmitted viruses among young women around 
the world [1]. Although most HPV infections are tran-
sient and cleared in a couple of years after exposure, 
10–20% of HPV infections are latent and persistent [2]. 
Persistent insecure HPV infection is closely and system-
atically related to high-grade cervical intraepithelial neo-
plasia (CIN), which is necessary for the progression of 
cervical precancerous lesions to cervical cancer (CC) [3].

Cervical conization is currently a widely used method 
for the diagnosis and treatment of CIN [4]. Unfortu-
nately, there is a relatively high incidence of recurrence 
after conization, especially in patients with high-risk 
human papillomavirus (HR-HPV) [5, 6]. Moreover, the 
pooled hazard was higher for patients who underwent 
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a minimally invasive approach than for patients who 
underwent open radical hysterectomy [7]. Surgical mar-
gin, CIN grade, surgical method, endocervical gland 
involvement (EGI), age, parity and immunological dys-
function are potential factors affecting the persistence 
and/or recurrence of HPV [8]. Therefore, assessing these 
factors that contribute to persistent HR HPV infection 
after cervical conization may help identify women at 
higher risk of disease recurrence. Here, we performed a 
systematic review and meta-analysis to explore the impli-
cation of personal history (e.g., menopausal, marriage, 
smoking status) and clinical factors (e.g., surgical margin, 
endocervical gland involvement, CIN types, etc.) related 
to persistent HPV infection after conization of CIN.

Methods
Search strategy and selection criteria
PubMed, EMBASE, and the Cochrane Library were 
searched from January 1, 1998 to September 10, 2021. The 
domains of the search terms were human papillomavirus 
(HPV), cervical intraepithelial neoplasia (CIN), coniza-
tion, and loop excision. We combined conization and loop 
excision with the Boolean operator “OR”, and the result 
was combined with the other terms with “AND”.

It was eligible if the study reported the main results of 
interest, which was persistent HPV infection after coni-
zation of CIN. We excluded those studies that did not 

mention HPV infection before surgery, if those patients 
underwent radical hysterectomy or if those articles met 
any of the following conditions: comments, case reports, 
reviews, conference records, and communications (Fig. 1).

Data extraction
All studies were independently reviewed and evaluated 
critically by 2 researchers. All information was extracted 
independently in duplicate manner by 2 researchers. 
Data extraction included study characteristics (author, 
year, study period) and information on personal history 
(e.g., patient age, menopausal status, marriage status, 
smoking status) and clinical factors (e.g., surgical margin, 
endocervical gland involvement, CIN types, residual dis-
ease, cervical invasive carcinoma, type of HPV) related to 
infection and/or persistent infection of HPV.

Statistical analyses
Odds ratios with 95% confidence intervals (CIs) were 
calculated. The inconsistency index (I2) and Q statistics 
were measured. The heterogeneity between studies was 
assessed by Cochran Q (P < 0.1) and  I2 (> 50%) tests. The 
random effects model was used to calculate the pooled 
effect, and a bilateral P value < 0.05 was considered statis-
tically significant. A sensitivity analysis was performed by 
removing one study at a time from the meta-analysis and 
then assessing its impact on the combined results. We 

Fig. 1 Flowchart of computerized search and the eligible studies included in this systematic review and meta-analysis
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have a tendency to use Begg’s and Egger’s tests to deter-
mine whether there was publication bias. The funnel plot 
was not used for publication bias because more than ten 
studies were needed for such analysis. All analyses were 
carried out using Stata, version 12.0.

Patient involvement
None because the study was based on published 
literature.

Results
Study selection
A total of 202 papers were deleted during the initial title 
and abstract screening among the 432 retrieved papers. 
Another 144 papers were excluded after being reviewed 
fully. A total of 28 papers were finally enrolled in the sys-
tematic review and meta-analysis.

The features of the 28 papers are illustrated in Table 1. 
The number of patients ranged from 31 to 1734 in the 28 
selected papers. The recruitment of patients came from 
two types of research, 12 prospective studies, and 16 ret-
rospective studies.

The personal history of patients with persistent HPV 
infection
Yung-TaekOuh et al. [10], Derya Kilic et al. [13], Rosario 
Lara-Peñaranda et al. [15], Kyeong A So et al. [22], Eralp 
Baser et al. [8], and Jeong-Yeol Park et al. [30] reported 
the menopausal status in CIN patients after surgery 
with HPV persistence compared to without HPV persis-
tence. Moderate heterogeneity was found in the six arti-
cles (I2 = 61.9%). A random-effect model was adopted 
during this analysis. The comprehensive analysis found 
that persistent HPV infection during conization was 
influenced by menopausal status. Postmenopausal sta-
tus was positively correlated with persistent HR-HPV 
infection (OR = 2.098, 95% CI: 1.156 to 3.809, P = 0.015) 
(Fig. 2A).

Yung-Taek Ouh et al. [10], Kyeong A So et al. [22], and 
Jeong-Yeol Park et  al. [30] reported on the marital sta-
tus in CIN patients after surgery with HPV persistence 
compared to those without HPV persistence. Low heter-
ogeneity was found in the 3 studies (I2 = 49%). The com-
prehensive analysis found that persistent HPV infection 
after conization or LEEP was not obviously correlated 
with marital status (OR = 0.972, 95% CI: 0.566 to 1.670, 
P = 0.919) (Fig. 2B).

We identified 3 eligible studies [13, 31, 32] includ-
ing 431 CIN patients after surgery to investigate smok-
ing correlated with persistent HPV positivity. Our 

meta-analysis showed that smoking had no effect on 
persistent HPV positivity (OR = 1.268; 95% CI: 0.78 to 
2.062, P = 0.339, Fig.  2C). Low heterogeneity was found 
in the three studies (I2 = 0%).

The clinical factors associated with persistent HPV 
infection
We identified 13 eligible studies [8-10, 13, 14, 16, 18, 22, 
26-28, 30, 32] that reported the type of CIN in patients 
after surgery with HPV persistence compared to with-
out HPV persistence. According to the literature, we 
divided CIN types into CIN2 and CIN3 for meta-anal-
ysis. Our meta-analysis showed that the type of CIN 
(CIN2 or CIN3) had no effect on persistent HPV infec-
tion (OR = 1.383; 95% CI: 0.972 to 1.967,  P = 0.072, 
Fig. 3A). Low heterogeneity was found in the 13 studies 
(I2 = 38.9%).

We identified 6 eligible studies [8, 10, 13, 29, 31, 33] 
that reported surgical margins in patients after surgery 
with HPV persistence compared to those without HPV 
persistence. Our meta-analysis revealed that surgical 
margin was positively correlated with persistent HPV 
infection (OR = 1.309; 95% CI: 1.068 to 1.603, P = 0.009, 
Fig. 3B). Moderate heterogeneity was found in the 6 stud-
ies (I2 = 0%).

We identified 5 eligible studies [11, 12, 21, 24, 25] that 
reported residual disease in patients after surgery with 
persistent HPV infection compared to patients without 
persistent HPV infection. In those studies, they identi-
fied residual lesions through examinations, including 
liquid-based cytology tests (LCTs), HPV tests, and col-
poscopy. Our meta-analysis revealed that residual disease 
was positively correlated with persistent HPV infection 
(OR = 20.102; 95% CI: 7.485 to 53.987, P = 0.000, Fig. 3C). 
Moderate heterogeneity was found in the five studies 
(I2 = 66.7%).

We identified 3 eligible studies [10, 15, 34] that reported 
endocervical gland involvement (EGI) in patients after 
surgery with HPV persistence compared to those without 
HPV persistence. EGI means that cervical biopsy involves 
glands. Our meta-analysis revealed that EGI had no effect 
on persistent HPV infection (OR=1.700; 95% CI: 0.757 to 
3.818, P = 0.198, Fig. 3D). High heterogeneity was found 
in the three studies (I2 =86.1%).

The type of HPV correlated with persistent HPV infection
We identified 7 eligible studies [8, 9, 17, 19, 20, 23, 32] 
including 1790 CIN patients after surgery to investigate 
the relationship between HPV types and persistent HPV 
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Table 1 The basic characteristics of the included studies

Author（year） Study type Study size Study setting Consecutive 
recruitmen

Age Study period Country Blinding

Huei-Jean Huang 
2021 [9]

prospective 493 Hospital N/A Mean:40.9 range 
(20.2- 78.0) 

2008-2014 China NO

Yung-Taek Ouh 2020 
[10]

retrospective 1029 Hospital N/A Mean:41.96±12.63 2014 - 2018 Korea NO

M-E Fernandez-
Montol 2020 [11]

retrospective 242 Hospital N/A Mean:37.4±10.9 2006-2016 Gynecology NO

Aiping Fan 2018 [12] retrospective 172 Hospital N/A Mean:39.1 range 
(23-70)

2006-2016 China NO

Derya Kilic 2020 [13] retrospective 395 Hospital N/A Mean:42.66±8.97 N/A Turkey NO

Anna So¨derlund-
Strand 2014 [14]

prospective 178 Hospital N/A N/A 2001-2003 Sweden NO

Rosario Lara-
Peñaranda 2020 [15]

retrospective 265 Hospital N/A Mean:36.53±9.53 2011-2016 Spain NO

Jung Mi Byun 2018 
[16]

prospective 172 Hospital Yes Mean:39.4±10.7 2010 - 2014 Korea NO

Kristin Friebe 2017 
[17]

Prospective 144 Hospital N/A Mean:36.1 range( 
21.8-68.5) 

2007-2013 Germany NO

Young-Tak Kim 2010 
[18]

prospective 287 Hospital N/A Mean:40.7 range(19-
67)

2000-2007 Korea NO

Luca Giannella 2017 
[19]

retrospective 298 Hospital N/A N/A 2012-2014 Italy NO

Theresa Maria Kol-
ben 2019 [20]

prospective 100 Hospital and   Ger-
man study centerst

N/A Mean:31.6  
range(23.8-47.3) 
and Mean:31.0 
range(23.9-43.4)

2014-2016 Germany YES

Immaculada Alonso 
2006 [21]

retrospective 224 Hospital N/A Mean38.6  range( 
22-83)

1998-2004 Barcelona NO

Kyeong A So 2018 
[22]

retrospective 160 Cheil General 
Hospital  & Women’s 
Healthcare Center

N/A Mean:38.1 
range(18–86)

2014 Korea NO

Kouichiro Kawano 
2021 [23]

retrospective 439 Hospital N/A Mean:35 range(20–
78)

2007-2016 Japan NO

Jeong-Yeol Park 
2009 [24]

prospective 115 Hospital N/A Mean:47 range(26–
73) vs  Mean:47 
range(31–75)

2007-2008 Korea NO

Lin Jing 2018 [25] retrospective 594 Hospital N/A Mean:45 range(40-
51) vs Mean:47 
range(42.56)

2006-2015 China NO

O.K. Vintermyr  2014 
[26]

retrospective 58 Hospital N/A Mean:37.6 ±5.9 1998-2003 Norway NO

A.L. Diste´fano 1998 
[27]

prospective 36 Hospital N/A Mean:31 range (17 
- 45)

N/A Argentina NO

Iztok Takaˇc 2008 
[28]

prospective 797 Hospital N/A Mean: 39.9 
range(29-70)

1999-2004 Slovenia NO

J. E. Palmer 2016 [29] retrospective 2093 Hospital N/A Mean:30 range(18–
68)

2007-2012 UK NO

Eralp Baser 2014 [8] retrospective 292 Hospital N/A Mean:39.8 
range(20–71)

2007-2012 Turkey NO

Akihiro Karube 2021 prospective 169 Hospital N/A range 20–49 2008-2018 Japan NO

Jeong-Yeol Park 
2008 [30]

retrospective 236 Hospital N/A Mean:40 range(25–
72) vs   Mean:41 
range(23–75)         

2001-2016 Korea NO

Lu´ıs Otávio Zanatta 
Sarian 2004 [31]

prospective 94 Hospital N/A Mean:34 range(20-
60)

2001-2002 Brazil NO

Akiko Kudoh 2016 
[32]

retrospective 211 Hospital N/A Mean:34 range(20–
72) vs Mean:37 
range(18–79) 

2009-2013 Japan NO
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infection and nonpersistent HPV infection. Our results 
revealed that there was a positive effect on persistent 
HPV infection between HPV 16 and other types of HPV. 
(OR = 1.967; 95% CI: 1.232 to 3.140, P = 0.005, Fig. 4A). 
Moderate heterogeneity was found in the 7 studies 
(I2 = 61.5%).

We identified 5 eligible studies [8, 9, 20, 23, 32] 
including 1516 CIN patients after surgery to investi-
gate the relationship between HPV types and persistent 
HPV infection and nonpersistent HPV infection. Our 
results revealed that there was no effect on persistent 
HPV infection between HPV 18 and other types of 
HPV. (OR = 1.482; 95% CI: 0.826 to 2.661;  P = 0.187, 
Fig. 4B). Low heterogeneity was found in the 5 studies 
(I2 = 0%).

Sensitivity analysis
In our analysis on menopausal status in patients with 
persistent HPV infection, heterogeneity was discov-
ered in the studies (I2 = 61.9%). Sensitivity analysis 
was used to eliminate individual studies sequentially. 
The results indicated that there was one study (the  13th 
study) that contributed considerably to heterogeneity 
(Fig.  5). The pooled OR (OR = 2.553, 95% CI: 1.713 to 
3.805, P = 0.000) of the remaining studies changed the 
final trend after withdrawing this study. In our sensitivity 
analysis, the number of patients in the  13th study was less 
than that in the other studies.

In our analysis of the EGI with persistent HPV infec-
tion, heterogeneity was observed in the three studies 
(I2 = 86.1%). Sensitivity analysis was performed to elimi-
nate individual studies sequentially. The results indicated 
that no studies made a significant contribution to hetero-
geneity. Moreover, the pooled OR of the remaining stud-
ies did not change the final trend.

Publication bias
In the meta-analysis on the type of CIN in patients after 
surgery with persistent HPV infection, 13 eligible stud-
ies were identified. No evidence of publication bias was 
found in our study through funnel plot, Egger’s test 
(P > 0.05) and Begg’s test (P > 0.05).

Discussion
Our research is the first meta-analysis investigating the 
factors correlated with the role of HPV status after CIN 
conization. This result indicated that menopausal status, 
surgical margin, residual disease and HPV 16 correlated 
positively with persistent HPV infection after conization, 
while marriage, smoking, type of CIN (CIN2 or CIN3), 
EGI, and HPV18 had no impact on persistent HPV 
infection.

Naouel Tifaoui et  al. [35] reported that follow-ups of 
women with normal cytology and positive HPV showed a 
higher percentage of HPV persistence among menopau-
sal women. HPV infections in young patients are mostly 
transient, and corresponding symptoms are rarely seen. 
In contrast, older people are prone to persistent infec-
tion and cervical cancer. In postmenopausal women, 
immunity declines with age, leading to a long time for 
virus clearance after HPV infection. Here, our study also 
revealed that menopausal status correlated positively 
with persistent HPV infection after conization. One 
study showed that smoking is an important factor that 
increases the risk of HR-HPV persistence [36]. Smoking 
is an immunosuppressant and one of the significant fac-
tors leading to the development of cervical cancer [37]. 
However, our study revealed that smoking did not have 
any impact on persistent HPV infection after conization. 
Marriage may be related to sexual contact, contraception, 
childbirth and other factors that may affect HPV reinfec-
tion. Our study shows that persistent HPV infection after 
conization or LEEP was not obviously correlated with 
marriage. We should refine other aspects about marriage, 
but there is not enough data.

The surgical margin and residual disease showed the 
residual status of the cervix after surgery. The residual 
rate after surgery varies among studies, mainly due to 
the dearth of standardization of the conization opera-
tion and the totally different applied mathematics strat-
egies used for analysis [25]. Nonetheless, our results 
showed that both surgical margins and residual disease 
were positively associated with persistent HPV infec-
tion. Studies  have  reported  that the resection failure 
rate defined as persistent or recurrent CIN grade 2 
or more severe (CIN2 +) was 4–18%, and most cases 

Table 1 (continued)

Author（year） Study type Study size Study setting Consecutive 
recruitmen

Age Study period Country Blinding

SONIA ANDERSSON 
2021 [33]

prospective 529 Hospital N/A Mean:34.3 2014-2017 Sweden NO

Spinillo Arsenio 
2020 [34]

retrospective 2985 Hospital N/A Mean:36.8 ± 10.4 
range(21-65)

2010-2018 Italy NO
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Fig. 2 Meta analysis of the personal history of patients associated with persistent HPV infection. A Menopausal status correlated with persistent 
HPV infection. B Marriage status correlated with persistent HPV infection. C Smoking correlated with persistent HPV infection
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were diagnosed 2  years after initial treatment [6, 38, 
39]. Therefore, we analyzed the influence of CIN2 and 
CIN3 in patients with HPV persistence after coniza-
tion. Unexpectedly, the type of CIN (CIN2 or CIN3) 
in patients after conization did not have any impact 
on persistent HPV infection. However, the relation-
ship between the severity of cervical precancerous 
lesions and the ongoing risk was unclear, and patients 
with inferior cervical lesions showed higher infectious 
viral loads than CIN-3 patients [40]. Yung-Taek Ouh 
et al. [10] found that the HPV persistence rate in CIN-2 
patients after treatment was higher than that in CIN-3 
patients, which was inconsistent with previous research 
reports [41]. Our research found that EGI did not have 
any impact on persistent HPV infection. The standard 
treatment for CIN, especially high-grade lesions, is 
conization or LEEP [42]. Even if the lesion was com-
pletely resected, patients with high-grade lesions have 
a higher risk of recurrence than the general population 
[43]. Therefore, when patients have endocervical gland 
involvement, they usually choose further surgical treat-
ment, such as a hysterectomy. This may be one reason 
that EGI did not have any impact on persistent HPV 
infection after conization.

HPV 16 or HPV 18 had a negative impact on the sur-
vival rate in patients with cervical cancer [44]. Our meta-
analysis revealed that HPV 16, not HPV 18, has a positive 
impact on persistent HPV infection compared to other 
types of HPV after conization. In our included meta-
analysis studies, there were a few patients who were diag-
nosed with HPV 18 before conization. Thus, it was not 
valuable to HPV 18 persistence infection after conization 
in our study because the number of patients studied was 
too small.

We also acknowledge that our meta-analysis has several 
limitations. First, all the relevant factors analyzed were 
single factors, and there may be interactions between dif-
ferent factors. Therefore, in the future, it is expected that 
a larger sample size test will be used for further verifica-
tion and correction. Second, the Laparoscopic Approach 
to Cervical Cancer (LACC) trial questioned the safety of 
minimally invasive surgery [45], and our study discussed 
persistent HPV infection after conization. Of course, 
in addition to conization, there are other treatments. 

Fig. 3 Meta analysis of the clinical factors associated with persistent 
HPV infection. A The type of CIN correlated with persistent HPV 
infection. B Surgical margin correlated with persistent HPV infection. 
C Residual disease correlated with persistent HPV infection. D EGI 
correlated with persistent HPV infection
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Additionally, due to the inherent limitations of retrospec-
tive studies, more large-scale irregular clinical trials are 
required to verify our results. Last but not least, these 
studies recruited a wide range of patients, from CIN I to 
CIN III and even carcinoma in situ, which may increase 
the heterogeneity of the meta-analysis. A review showed 

that the surgical treatment of CIN was associated with an 
increased risk of obsterics [46], probably due to persis-
tent HPV infection after surgery. Nevertheless, our study 
lays the foundation for further research in understand-
ing the factors influencing persistent HPV infection after 
conization.

Fig. 4 Meta analysis of the type of HPV correlated with persistent HPV infection. A HPV16 correlated with persistent HPV infection. B HPV18 
correlated with persistent HPV infection
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Conclusion
CIN patients with postmenopausal status, positive 
surgical margin and residual lesions, and HPV 16 are 
more likely to have persistent HPV infection after 
conization.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12905- 023- 02360-w.

Additional file 1. 

Acknowledgements
Not applicable.

Authors’ contributions
Qingsong Liu and Yueyang Zhang designed the topic. Yueyang Zhang and 
Zhiwen Ni collected the data. Yueyang Zhang and Ting Wei analysed the data. 
Yueyang Zhang and Ting Wei prepared figures. Qingsong Liu, Yueyang Zhang 
and Zhiwen Ni wrote the main manuscript text. All authors reviewed the 
manuscript. The author(s) read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
All data generated or analysed during this study are included in these pub-
lished articles [and their supplementary information files].
1) Role of human papillomavirus status after conization for high‐grade cervical 
intraepithelial neoplasia.
2) Risk factors for type-specific persistence of high-risk human papilloma-
virus and residual/recurrent cervical intraepithelial neoplasia after surgical 
treatment.
3) Long‐term predictors of residual or recurrent cervical intraepithelial neopla-
sia 2–3 after treatment with a large loop excision of the transformation zone: a 
retrospective study.

4) Factors affecting residual/recurrent cervical intraepithelial neoplasia after 
cervical conization with negative margins.
5) Predictors of Human papillomavirus (HPV) persistence after treatment of 
high grade cervical lesions; does cervical cytology have any prognostic value 
in primary HPV screening?
6) Human papillomavirus type-specific persistence and recurrence after treat-
ment for cervical dysplasia.
7) Does the trend toward less deep excisions in LLETZ to minimize obstetric 
risk lead to less favorable oncological outcomes?
8) Persistent HPV-16 infection leads to recurrence of high-grade cervical 
intraepithelial neoplasia.
9) The Value of Partial HPV Genotyping After Conization of Cervical Dysplasias.
10) Clearance of human papillomavirus infection after successful conization in 
patients with cervical intraepithelial neoplasia.
11) Age-related changes in pre- and post-conization HPV genotype distribu-
tion among women with high-grade cervical intraepithelial neoplasia.
12) A randomized trial comparing limited-excision conisation to Large Loop 
Excision of the Transformation Zone (LLETZ) in cervical dysplasia patients.
13) Pre- and post-conization high-risk HPV testing predicts residual/recurrent 
disease in patients treated for CIN 2–3.
14) Risk factors of persistent HPV infection after treatment for high - grade 
squamous intraepithelial lesion.
15) Human papillomavirus genotyping predicts residual/recurrent disease after 
local treatment for cervical intraepithelial neoplasia better than viral DNA testing.
16) Human Papillomavirus Test After Conization in Predicting Residual Disease 
in Subsequent Hysterectomy Specimens.
17) Residual lesions in uterine specimens after loop electrosurgical excision 
procedure in patients with CIN.
18) Recurrent high-grade cervical lesion after primary conization is associated 
with persistent human papillomavirus infection in Norway.
19) Persistence of human papillomavirus DNA in cervical lesions after treat-
ment with diathermic large loop excision.
20) Human papillomavirus infection in patients with residual or recurrent 
cervical intraepithelial neoplasia.
21) Does LLETZ excision margin status predict residual disease in women who 
have undergone post-treatment cervical cytology and high-risk human papil-
lomavirus testing?
22) Risk factors for human papillomavirus persistence among women under-
going cold-knife conization for treatment of high-grade cervical intraepithelial 
neoplasia.

Fig. 5 Sensitivity analysis for testing OR for the menopausal status

https://doi.org/10.1186/s12905-023-02360-w
https://doi.org/10.1186/s12905-023-02360-w


Page 10 of 11Zhang et al. BMC Women’s Health          (2023) 23:216 

23) Progression of cervical intraepithelial neoplasia grade 2 lesions among 
Japanese women harboring different genotype categories of high-risk human 
papillomaviruses.
24) The association of pre-conization high-risk HPV load and the persistence of 
HPV infection and persistence/recurrence of cervical intraepithelial neoplasia 
after conization.
25) Factors associated with HPV persistence after treatment for high-grade 
cervical intra-epithelial neoplasia with large loop excision of the transforma-
tion zone (LLETZ).
26) Human papillomavirus type-specific persistence and reappearance after 
successful conization in patients with cervical intraepithelial neoplasia.
27) Age, margin status, high-risk human papillomavirus and cytology inde-
pendently predict recurrent high-grade cervical intraepithelial neoplasia up to 
6 years after treatment.
28) Clinical Significance of the Interaction between Human Papillomavirus 
(HPV) Type 16 and Other High-Risk Human Papillomaviruses in Women with 
Cervical Intraepithelial Neoplasia (CIN) and Invasive Cervical Cancer.

Declarations

Ethics approval and consent to participate
There are no human participants involved in this study.

Consent for publication
Not applicable.

Competing interests
No conflict of interest.

Received: 12 November 2022   Accepted: 15 April 2023

References
 1. Crosbie EJ, Einstein MH, Franceschi S, Kitchener HC. Human papillomavi-

rus and cervical cancer. Lancet. 2013;382(9895):889–99. https:// doi. org/ 
10. 1016/ S0140- 6736(13) 60022-7.

 2. Shanmugasundaram S, You J. Targeting persistent human papillomavirus 
infection. Viruses. 2017;9(8):229. https:// doi. org/ 10. 3390/ v9080 229.

 3. Koshiol J, Lindsay L, Pimenta JM, Poole C, Jenkins D, Smith JS. Persistent 
human papillomavirus infection and cervical neoplasia: a systematic 
review and meta-analysis. Am J Epidemiol. 2008;168(2):123–37. https:// 
doi. org/ 10. 1093/ aje/ kwn036.

 4. Melnikow J, Mcgahan C, Sawaya GF, Ehlen T, Coldman A. Cervical intraepi-
thelial neoplasia outcomes after treatment: long-term follow-up from the 
british columbia cohort study. JNCI. 2009;101(10):721–8. https:// doi. org/ 
10. 1093/ jnci/ djp089.

 5. Chao A, Lin CT, Hsueh S, et al. Usefulness of human papillomavirus test-
ing in the follow-up of patients with high-grade cervical intraepithelial 
neoplasia after conization. Am J Obstet Gynecol. 2004;190(4):1046–51. 
https:// doi. org/ 10. 1016/j. ajog. 2003. 09. 054.

 6. Kocken M, Helmerhorst TJ, Berkhof J, et al. Risk of recurrent high-grade 
cervical intraepithelial neoplasia after successful treatment: a long-term 
multi-cohort study. Lancet Oncol. 2011;12(5):441–50. https:// doi. org/ 10. 
1016/ S1470- 2045(11) 70078-X.

 7. Bogani G, Di Donato V, Scambia G, et al. Radical hysterectomy 
for early stage cervical cancer. Int J Environ Res Public Health. 
2022;19(18):1164110. https:// doi. org/ 10. 3390/ ijerp h1918 11641.

 8. Baser E, Ozgu E, Erkilinc S, Togrul C, Caglar M, Gungor T. Risk factors 
for human papillomavirus persistence among women undergoing 
cold-knife conization for treatment of high-grade cervical intraepithelial 
neoplasia. Int J Gynecol Obstet. 2014;125(3):275–8. https:// doi. org/ 10. 
1016/j. ijgo. 2013. 12. 012.

 9. Huang HJ, Tung HJ, Yang LY, et al. Role of human papillomavirus status 
after conization for high-grade cervical intraepithelial neoplasia. Int J 
Cancer. 2021;148(3):665–72. https:// doi. org/ 10. 1002/ ijc. 33251.

 10. Ouh Y, Cho HW, Kim SM, et al. Risk factors for type-specific persistence 
of high-risk human papillomavirus and residual/recurrent cervical 
intraepithelial neoplasia after surgical treatment. Obstet Gynecol Sci. 
2020;63(5):631–42. https:// doi. org/ 10. 5468/ ogs. 20049.

 11. FernándezMontolí ME, Tous S, Medina G, Castellarnau M, GarcíaTejedor 
A, Sanjosé S. Long-term predictors of residual or recurrent cervical 
intraepithelial neoplasia 2–3 after treatment with a large loop excision of 
the transformation zone: a retrospective study. BJOG. 2020;127(3):377–87. 
https:// doi. org/ 10. 1111/ 1471- 0528. 15996.

 12. Fan A, Wang C, Han C, Wang Y, Xue F, Zhang L. Factors affecting residual/
recurrent cervical intraepithelial neoplasia after cervical conization with 
negative margins. J Med Virol. 2018;90(9):1541–8. https:// doi. org/ 10. 1002/ 
jmv. 25208.

 13. Kilic D, Guler T, Atigan A, et al. Predictors of human papillomavirus (hpv) 
persistence after treatment of high grade cervical lesions; does cervical 
cytology have any prognostic value in primary hpv screening? Ann Diagn 
Pathol. 2020;49:151626. https:// doi. org/ 10. 1016/j. anndi agpath. 2020. 
151626.

 14. Söderlund-Strand A, Kjellberg L, Dillner J. Human papillomavirus type-
specific persistence and recurrence after treatment for cervical dysplasia. 
J Med Virol. 2014;86(4):634–41. https:// doi. org/ 10. 1002/ jmv. 23806.

 15. Lara Peñaranda R, Rodríguez López PM, Plitt Stevens J, Ortiz González A, 
Remezal Solano M, Martínez Cendán JP. Does the trend toward less deep 
excisions in lletz to minimize obstetric risk lead to less favorable oncologi-
cal outcomes? Int J Gynecol Obstet. 2020;148(3):316–24. https:// doi. org/ 
10. 1002/ ijgo. 13080.

 16. Byun JM, Jeong DH, Kim YN, et al. Persistent hpv-16 infection leads to 
recurrence of high-grade cervical intraepithelial neoplasia. Medicine. 
2018;97(51):e13606. https:// doi. org/ 10. 1097/ MD. 00000 00000 013606.

 17. Friebe K, Klapdor R, Hillemanns P. The value of partial hpv genotyp-
ing after conization of cervical dysplasias. Geburtshilfe Frauenheilkd. 
2017;77(8):887–93. https:// doi. org/ 10. 1055/s- 0043- 115395.

 18. Kim YT, Lee JM, Hur SY, et al. Clearance of human papillomavirus infection 
after successful conization in patients with cervical intraepithelial neopla-
sia. Int J Cancer. 2010;126(8):1903–9. https:// doi. org/ 10. 1002/ ijc. 24794.

 19. Giannella L, Fodero C, Boselli F, Rubino T, Mfuta K, Prandi S. Age-related 
changes in pre- and post-conization hpv genotype distribution among 
women with high-grade cervical intraepithelial neoplasia. Int J Gynecol 
Obstet. 2017;137(1):72–7. https:// doi. org/ 10. 1002/ ijgo. 12106.

 20. Kolben TM, Etzel LT, Bergauer F, et al. A randomized trial comparing 
limited-excision conisation to large loop excision of the transformation 
zone (lletz) in cervical dysplasia patients. J Gynecol Oncol. 2019;30(3):e42. 
https:// doi. org/ 10. 3802/ jgo. 2019. 30. e42.

 21. Alonso I, Torné A, Puig-Tintoré LM, et al. Pre- and post-conization high-risk 
hpv testing predicts residual/recurrent disease in patients treated for cin 
2–3. Gynecol Oncol. 2006;103(2):631–6. https:// doi. org/ 10. 1016/j. ygyno. 
2006. 04. 016.

 22. So KA, A P. Risk factors of persistent hpv infection after treatment for 
high-grade squamous intraepithelial lesion. Arch Gynecol Obstet. 
2019;299(1):223–7. https:// doi. org/ 10. 1007/ s00404- 018- 4936-9

 23. Kawano K. Human papillomavirus genotyping predicts residual/recur-
rent disease after local treatment for cervical intraepithelial neoplasia 
better than viral dna testing. J Obstet Gynaecol Res. 2021;10(47):3628–33. 
https:// doi. org/ 10. 1111/ jog. 14931.

 24. Park J, Kim D, Kim J, Kim Y, Kim Y, Nam J. Human papillomavirus test after 
conization in predicting residual disease in subsequent hysterectomy 
specimens. Obstetrics and gynecology (New York 1953). 2009;114(1):87–
92. https:// doi. org/ 10. 1097/ AOG. 0b013 e3181 ab6dca.

 25. Jing L, Dan W, Zhunan L, Ying X, Yi C. Residual lesions in uterine speci-
mens after loop electrosurgical excision procedure in patients with 
cin. Arch Gynecol Obstet. 2018;298(4):805–12. https:// doi. org/ 10. 1007/ 
s00404- 018- 4881-7.

 26. Vintermyr OK, Iversen O, Thoresen S, et al. Recurrent high-grade cervical 
lesion after primary conization is associated with persistent human 
papillomavirus infection in norway. Gynecol Oncol. 2014;133(2):159–66. 
https:// doi. org/ 10. 1016/j. ygyno. 2014. 03. 004.

 27. Distefano AL, Picconi MA, Alonio LV, et al. Persistence of human papil-
lomavirus dna in cervical lesions after treatment with diathermic large 

https://doi.org/10.1016/S0140-6736(13)60022-7
https://doi.org/10.1016/S0140-6736(13)60022-7
https://doi.org/10.3390/v9080229
https://doi.org/10.1093/aje/kwn036
https://doi.org/10.1093/aje/kwn036
https://doi.org/10.1093/jnci/djp089
https://doi.org/10.1093/jnci/djp089
https://doi.org/10.1016/j.ajog.2003.09.054
https://doi.org/10.1016/S1470-2045(11)70078-X
https://doi.org/10.1016/S1470-2045(11)70078-X
https://doi.org/10.3390/ijerph191811641
https://doi.org/10.1016/j.ijgo.2013.12.012
https://doi.org/10.1016/j.ijgo.2013.12.012
https://doi.org/10.1002/ijc.33251
https://doi.org/10.5468/ogs.20049
https://doi.org/10.1111/1471-0528.15996
https://doi.org/10.1002/jmv.25208
https://doi.org/10.1002/jmv.25208
https://doi.org/10.1016/j.anndiagpath.2020.151626
https://doi.org/10.1016/j.anndiagpath.2020.151626
https://doi.org/10.1002/jmv.23806
https://doi.org/10.1002/ijgo.13080
https://doi.org/10.1002/ijgo.13080
https://doi.org/10.1097/MD.0000000000013606
https://doi.org/10.1055/s-0043-115395
https://doi.org/10.1002/ijc.24794
https://doi.org/10.1002/ijgo.12106
https://doi.org/10.3802/jgo.2019.30.e42
https://doi.org/10.1016/j.ygyno.2006.04.016
https://doi.org/10.1016/j.ygyno.2006.04.016
https://doi.org/10.1007/s00404-018-4936-9
https://doi.org/10.1111/jog.14931
https://doi.org/10.1097/AOG.0b013e3181ab6dca
https://doi.org/10.1007/s00404-018-4881-7
https://doi.org/10.1007/s00404-018-4881-7
https://doi.org/10.1016/j.ygyno.2014.03.004


Page 11 of 11Zhang et al. BMC Women’s Health          (2023) 23:216  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

loop excision. Infect Dis Obstet Gynecol. 1998;6(5):214–9. https:// doi. org/ 
10. 1002/ (SICI) 1098- 0997(1998)6: 5% 3c214: AID- IDOG5% 3e3.0. CO;2-I.

 28. Takac I. Human papillomavirus infection in patients with residual or recur-
rent cervical intraepithelial neoplasia. Tumori. 2008;94(1):83–6. https:// 
doi. org/ 10. 1177/ 03008 91608 09400 116.

 29. Palmer JE, Ravenscroft S, Ellis K, et al. Does lletz excision margin status 
predict residual disease in women who have undergone post-treatment 
cervical cytology and high-risk human papillomavirus testing? Cytopa-
thology. 2016;27(3):210–7. https:// doi. org/ 10. 1111/ cyt. 12260.

 30. Park J, Lee KH, Dong SM, Kang S, Park S, Seo S. The association of pre-
conization high-risk hpv load and the persistence of hpv infection and 
persistence/recurrence of cervical intraepithelial neoplasia after coniza-
tion. Gynecol Oncol. 2008;108(3):549–54. https:// doi. org/ 10. 1016/j. ygyno. 
2007. 11. 009.

 31. Sarian LOZ, Derchain SFM, Pitta DDR, Morais SS, Rabelo-Santos SH. Factors 
associated with hpv persistence after treatment for high-grade cervical 
intra-epithelial neoplasia with large loop excision of the transformation 
zone (lletz). J Clin Virol. 2004;31(4):270–4. https:// doi. org/ 10. 1016/j. jcv. 
2004. 05. 012.

 32. Kudoh A, Sato S, Itamochi H, et al. Human papillomavirus type-specific 
persistence and reappearance after successful conization in patients 
with cervical intraepithelial neoplasia. Int J Clin Oncol. 2016;21(3):580–7. 
https:// doi. org/ 10. 1007/ s10147- 015- 0929-x.

 33. Andersson S, Megyessi D, Belkic K, Alder S, Ostensson E, Mints M. Age, 
margin status, high-risk human papillomavirus and cytology indepen-
dently predict recurrent high-grade cervical intraepithelial neoplasia up 
to 6 years after treatment. Oncol Lett. 2021;22(3):684. https:// doi. org/ 10. 
3892/ ol. 2021. 12945.

 34. Spinillo AA, Dominoni MM, Boschi AAC, et al. Clinical significance of the 
interaction between human papillomavirus (hpv) type 16 and other 
high-risk human papillomaviruses in women with cervical intraepithelial 
neoplasia (cin) and invasive cervical cancer. J Oncol. 2020;2020:1–9. 
https:// doi. org/ 10. 1155/ 2020/ 65081 80.

 35. Tifaoui N, Maudelonde T, Combecal J, et al. High-risk hpv detection and 
associated cervical lesions in a population of french menopausal women. 
J Clin Virol. 2018;108:12–8. https:// doi. org/ 10. 1016/j. jcv. 2018. 08. 010.

 36. Schmeink CE, Melchers WJ, Siebers AG, Quint WG, Massuger LF, Bekkers 
RL. Human papillomavirus persistence in young unscreened women, a 
prospective cohort study. PLoS ONE. 2011;6(11):e27937. https:// doi. org/ 
10. 1371/ journ al. pone. 00279 37.

 37. Kjellberg L, Hallmans G, Ahren AM, et al. Smoking, diet, pregnancy 
and oral contraceptive use as risk factors for cervical intra-epithelial 
neoplasia in relation to human papillomavirus infection. Br J Cancer. 
2000;82(7):1332–8. https:// doi. org/ 10. 1054/ bjoc. 1999. 1100.

 38. Arbyn M, Ronco G, Anttila A, et al. Evidence regarding human papil-
lomavirus testing in secondary prevention of cervical cancer. Vaccine. 
2012;30(Suppl 5):F88–99. https:// doi. org/ 10. 1016/j. vacci ne. 2012. 06. 095.

 39. Ren H, Jia M, Zhao S, Li H, Fan S. Factors correlated with the accuracy of 
colposcopy-directed biopsy: a systematic review and meta-analysis. J 
Invest Surg. 2020:1–9. https:// doi. org/ 10. 1080/ 08941 939. 2020. 18509 44

 40. Sherman ME, Wang SS, Wheeler CM, et al. Determinants of human papil-
lomavirus load among women with histological cervical intraepithelial 
neoplasia 3: dominant impact of surrounding low-grade lesions. Cancer 
Epidemiol Biomarkers Prev. 2003;12(10):1038–44.

 41. Costa S, De Simone P, Venturoli S, et al. Factors predicting human papil-
lomavirus clearance in cervical intraepithelial neoplasia lesions treated by 
conization. Gynecol Oncol. 2003;90(2):358–65. https:// doi. org/ 10. 1016/ 
s0090- 8258(03) 00268-3.

 42. Massad LS, Einstein MH, Huh WK, et al. 2012 updated consensus guide-
lines for the management of abnormal cervical cancer screening tests 
and cancer precursors. Obstet Gynecol. 2013;121(4):829–46. https:// doi. 
org/ 10. 1097/ AOG. 0b013 e3182 883a34.

 43. Melnikow J, Mcgahan C, Sawaya GF, Ehlen T, Coldman A. Cervical intraepi-
thelial neoplasia outcomes after treatment: long-term follow-up from 
the british columbia cohort study. J Natl Cancer Inst. 2009;101(10):721–8. 
https:// doi. org/ 10. 1093/ jnci/ djp089.

 44. Pilch H, Gunzel S, Schaffer U, et al. The presence of hpv dna in cervical 
cancer: correlation with clinico-pathologic parameters and prognostic 
significance: 10 years experience at the department of obstetrics and 
gynecology of the mainz university. Int J Gynecol Cancer. 2001;11(1):39–
48. https:// doi. org/ 10. 1046/j. 1525- 1438. 2001. 01100 1039.x.

 45. Bogani G, Donato VD, Scambia G, Landoni F, Ghezzi F, Muzii L, Panici PB, 
Raspagliesi F. Practice patterns and 90-day treatment-related morbidity in 
early-stage cervical cancer. Gynecol Oncol. 2022;166(3):561–6. https:// doi. 
org/ 10. 1016/j. ygyno. 2022. 07. 022.

 46. Monti M, D’Aniello D, Scopelliti A, et al. Relationship between cervical 
excisional treatment for cervical intraepithelial neoplasia and obstetrical 
outcome. Minerva Obstet Gynecol. 2021;73(2):233–46. https:// doi. org/ 10. 
23736/ S2724- 606X. 20. 04678-X.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1002/(SICI)1098-0997(1998)6:5%3c214:AID-IDOG5%3e3.0.CO;2-I
https://doi.org/10.1002/(SICI)1098-0997(1998)6:5%3c214:AID-IDOG5%3e3.0.CO;2-I
https://doi.org/10.1177/030089160809400116
https://doi.org/10.1177/030089160809400116
https://doi.org/10.1111/cyt.12260
https://doi.org/10.1016/j.ygyno.2007.11.009
https://doi.org/10.1016/j.ygyno.2007.11.009
https://doi.org/10.1016/j.jcv.2004.05.012
https://doi.org/10.1016/j.jcv.2004.05.012
https://doi.org/10.1007/s10147-015-0929-x
https://doi.org/10.3892/ol.2021.12945
https://doi.org/10.3892/ol.2021.12945
https://doi.org/10.1155/2020/6508180
https://doi.org/10.1016/j.jcv.2018.08.010
https://doi.org/10.1371/journal.pone.0027937
https://doi.org/10.1371/journal.pone.0027937
https://doi.org/10.1054/bjoc.1999.1100
https://doi.org/10.1016/j.vaccine.2012.06.095
https://doi.org/10.1080/08941939.2020.1850944
https://doi.org/10.1016/s0090-8258(03)00268-3
https://doi.org/10.1016/s0090-8258(03)00268-3
https://doi.org/10.1097/AOG.0b013e3182883a34
https://doi.org/10.1097/AOG.0b013e3182883a34
https://doi.org/10.1093/jnci/djp089
https://doi.org/10.1046/j.1525-1438.2001.011001039.x
https://doi.org/10.1016/j.ygyno.2022.07.022
https://doi.org/10.1016/j.ygyno.2022.07.022
https://doi.org/10.23736/S2724-606X.20.04678-X
https://doi.org/10.23736/S2724-606X.20.04678-X

	Persistent HPV infection after conization of cervical intraepithelial neoplasia—— a systematic review and meta-analysis
	Abstract 
	Objective 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Search strategy and selection criteria
	Data extraction
	Statistical analyses
	Patient involvement

	Results
	Study selection
	The personal history of patients with persistent HPV infection
	The clinical factors associated with persistent HPV infection
	The type of HPV correlated with persistent HPV infection
	Sensitivity analysis
	Publication bias

	Discussion
	Conclusion
	Anchor 22
	Acknowledgements
	References


