
Gynecologic Oncology 154 (2019) 345–353

Contents lists available at ScienceDirect

Gynecologic Oncology

j ourna l homepage: www.e lsev ie r .com/ locate /ygyno
Association of age and viral factors with high-risk HPV persistence: A
retrospective follow-up study
Wending Li a,1, Yifan Meng b,l,1, YiWang a,1, Xiaodong Cheng c,1, ChenWang d,1, Songshu Xiao d, Xiaofei Zhang c,
Zaixing Deng e, Mengjun Hu f, Pingrong Shen g, Shengfeng Xu h, Chenglin Fu i, Wen Jiang j, Bing Wu k,
Kezhen Li b,l, Gang Chen b,l, Juncheng Wei b,l, Ling Xi b,l, Junbo Hu l, Ding Ma b,l, Min Xue d,⁎⁎⁎,
Xing Xie c,⁎⁎, Peng Wu b,l,⁎
a School of Public Health, Tongji Medical College, Huazhong University of Science and Technology, Wuhan, Hubei, China
b Department of Gynecologic Oncology, Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan, Hubei, China
c Department of Gynecologic Oncology, Women's Hospital, School of Medicine, Zhejiang University, Hangzhou, Zhejiang, China
d Department of Obstetrics and Gynecology, The Third Xiangya Hospital of Central South University, Changsha, Hunan, China
e Department of Obstetrics and Gynecology, Huzhou Maternity and Child Care Center, Huzhou, Zhejiang, China
f Department of Obstetrics and Gynecology, Zhuji People's Hospital, Shaoxing, Zhejiang, China
g Department of Obstetrics and Gynecology, Ninghai Maternity and Child Care Center, Ningbo, Zhejiang, China
h Department of Obstetrics and Gynecology, Jiaxing Maternity and Child Care Center, Jiaxing, Zhejiang, China
i Department of Obstetrics and Gynecology, Taizhou First People's Hospital, Taizhou, Zhejiang, China
j Department of Obstetrics and Gynecology, Zhoushan Maternity and Child Care Center, Zhoushan, Zhejiang, China
k Department of Obstetrics and Gynecology, Zhuji Maternity and Child Care Center, Shaoxing, Zhejiang, China
l The Key Laboratory of Cancer Invasion and Metastasis of the Ministry of Education of China, Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan,
Hubei, China
H I G H L I G H T S

• We found a time-dependent association of age and viral factors with high-risk HPV clearance.
• Older age inhibited high-risk HPV clearance only after 400 days of infection.
• Co-infection promotes high-risk HPV clearance in the start, but the effect attenuated and reversed as infection persisted.
• Recurrent same-type infection cleared slower than the previous one.
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Objective. Cervical HR-HPV persistence is themain risk factor for cervical cancer.We aimed to investigate the
association of age and viral factors with HR-HPV persistence.

Methods. From 2010 to 2017, 343,128 women underwent 390,411 tests performed by the Cervista HR-HPV
assay (Data C3) and 157,123 women underwent 206,505 tests performed by the GenoArray HR-HPV assay
(Data G14) in nine medical centers located in central and eastern China. We combined the test results and iden-
tified 9234HPV-specific baseline-negative records for time-to-event analyses. The study endpoint event was de-
fined as clearance of type/group-specific HPV. Therefore, hazard ratio (HR) b 1 indicated a higher risk of HPV
persistence, which is contrary to the common meaning of HR.

Results. The median persistence time was 375 and 541.5 days for Data C3 and Data G14, respectively. For
every 5-year increase in age, a 15% (95% confidence interval [CI], 11%–19%) decrease in the clearance rate was
observed only after 400 days of infection. For each additional co-infected HPV, the HR was 1.80 (95% CI,
1.63–1.97) on infection initiation but decreased by 22% (95% CI, 18%–26%) every 100 days. The HR of infection
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recurrence was 0.48 (95% CI, 0.32–0.72). The findings were consistent across different populations and test
methods and were robust in sensitivity analysis.

Conclusions. We found a time-dependent association of age and viral factors with HPV clearance. Older age
reduced HPV clearance only after 400 days of infection. Co-infection promoted HPV clearance in the beginning,
but the effect attenuated and reversed as infection persisted. Recurrent same-type infection cleared slower
than the previous one.

© 2019 Elsevier Inc. All rights reserved.
1. Introduction

High-risk human papillomavirus (HR-HPV) infection is known to be
responsible for some vulvar and vaginal cancers, anal cancers, head and
neck cancers, and most cervical cancers [1]. Numerous epidemiologic
studies and clinical trials have demonstrated cervical HR-HPV persis-
tence as the main risk factor for high-grade cervical intraepithelial neo-
plasia (CIN) and cervical cancer [2,3]. With an estimated 570,000 cases
and 311,000 deaths worldwide in 2018, cervical cancer ranks fourth
for both incidence and mortality in women [4]. Additionally, primary
HR-HPV testing has been recommended for cervical cancer screening
according to updated clinical guidelines released by the American Soci-
ety for Colposcopy and Cervical Pathology (ASCCP) and EUropean Re-
search Organization on Genital Infection and Neoplasia (EUROGIN)
[5,6]. Presently, HR-HPV-positive patients are recommended to undergo
12-month follow-ups and repeated HPV tests regardless of age, HPV
type, infection times, and co-infection status differences. Therefore, it
is important to understand the natural history and risk factors of HR-
HPV persistence for developing personalized screening strategies as
attempted in many cohort studies [7–28]. However, most studies re-
stricted their analyses to HPV-positive women at study entry, resulting
in an underestimation of the duration of HR-HPV persistence because
the infection time before recruitment was unknown [15–28]. In other
studies that had restricted duration calculation in baseline-negative
women, the effective sample sizes (the number of infection episodes)
were small owing to the prospective design [7–14]. This dilemma has
led to a general inconsistency of findings of the traits and risk factors
of HR-HPV persistence. Furthermore, it remained unclear how co-
infection and recurrent same-type HPV infection would influence the
persistence time. In this study, we used real-world data from ninemed-
ical centers in China to identify eligible baseline-negative patients (in
women testing HPV-negative at enrollment, the proportion with a
newly detected HPV infection at any subsequent screening visit) and
conducted an exploratory large-scale retrospective study to examine
the natural HPV infection cycle traits.

2. Methods

2.1. Study population, HPV tests, and study factors

The reporting of this study adheres to the REporting of studies Con-
ducted using Observational Routinely collected health Data (RECORD)
checklist [29]. From November 17, 2010, to April 28, 2017, we recorded
a total of 596,916 tests routinely performed in the Departments of Ob-
stetrics and Gynecology of nine large medical centers located in seven
cities of China (Supplementary Table S1). The tests were performed
for women who (i) had a history of sexual activity, (ii) were not using
vaginal medications at the time of enrollment, (iii) had never been vac-
cinated for HPV, and (iv) consented to HPV testing. No other exclusion
criteria were imposed. Among these tests, 390,411 tests from the cities
of Wuhan, Hangzhou, Huzhou, Ningbo, Shaoxing, and Zhoushan were
performed using the Cervista HPV HR Assay (Hologic Inc., Bedford,
MA, USA) and 206,505 tests from Changsha City were performed
using the HPV GenoArray Diagnostic test kit (Hybribio Ltd., Guangzhou,
Guangdong, China). The Cervista categorizes 14 HR-HPV types into
three groups and provides positive results in the form of HPV groups,
which include A5/A6 (HPV51, 56, and 66), A7 (HPV18, 39, 45, 59, and
68), and A9 (HPV16, 31, 33, 35, 52, and 58) [30]. The GenoArray can de-
termine 15HR-HPV types and six low-risk HPV types [31]. However, we
included the same 14HR-HPV types as those in the Cervista tomaintain
consistency of data analysis. Although the only FDA-approved assay is
for HPV 16 or 18 genotyping, Cervista HPV HR and GenoArray assays
are widely used in co-testing cervical screening program in China to-
gether with the physician's assessment of cytology history. The two
methods have proved to be highly sensitive and specific for the group-
ing or genotyping of HPV and provide excellent predictive values
[30,31]. Procedures to avoid cross-contamination are as follows:
(i) Use nuclease-free, sterile disposable aerosol barrier pipette tips for
each addition and transfer. (ii) Wear gloves when setting up the test.
(iii) Make sure that the pipette tips touch only the solution being dis-
pensed. More information regarding the study population, specimen
collection, and test methods is given in Supplementary Table S2 and
Supplementary Methods.
2.2. Age and viral factors

Agewas calculated as years between the date of birth and the date of
the first positive test in the infection episode. HPV groups included A5/
A6 (HPV51, 56, and 66), A7 (HPV18, 39, 45, 59, and 68), and A9 (HPV16,
31, 33, 35, 52, and 58), as given by the test method of Cervista. HPV
types included all the 14 HR-HPV types covered by A5/A6, A7, and A9.
Co-infection is coded as 0 for no co-infection of other group/type, 1 for
single co-infection, 2 for two co-infections, and so forth. Number of
total hospital visits included both positive and negative tests. Recurrent
infection is coded as 1 and 2 for the first and the second observed infec-
tion episode, respectively. As it was impossible to know the number of
times the infection of a certain HR-HPV type/group had occurred and
cleared before the current infection, all analyses concerning recurrent
infection were restricted to women who had two same-type/same-
group infection episodes recorded in our data.
2.3. Data processing and datasets

HPV raw data generated with the Cervista and GenoArray methods
were processed separately (Fig. 1). Briefly, we combined multiple test
results from the same patient and identified 26,501 women who had
never been admitted as inpatients and had been taking more than one
HPV test with at least one of them positive. We further divided them
and obtained 33,897 HPV-specific records (i.e., each record represented
the infection episode of a specific HPV type/group). Among them, 5233
and 4001 baseline-negative records showed the use of Cervista and
GenoArray methods and thus were named as Data C3 and Data G14 ac-
cordingly (3 and 14 refers to 3 HPV groups and 14 HPV types that these
two datasets represented, respectively). Henceforth, all primary analy-
ses were conducted and validated across Data C3 and Data G14. How-
ever, as HPV group-based Data C3 and HPV type-based Data G14
could not be combined into one dataset directly, we separated the 14
HPV types of Data G14 into 3 groups as per the Cervista method and
combined it with Data C3. This combined dataset, named as Data Com-
bine, was used only in Cox regression analyses to obtain overall hazard
ratios (HRs) when Data C3 and Data G14 yielded similar results.



Fig. 1. Flowchart of data processing and analyses.
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2.4. Ascertainment of HPV infection time

A detailed graphical illustration of infection time calculation is
shown in Supplementary Fig. S1. Two methods were used to calculate
the HPV infection time. The exact-time method, as in conventional
time-to-event analysis, estimates the exact infection time as the time
span between the midpoint of negative-to-positive conversion dates
and the midpoint of the following positive-to-negative conversion
dates or the last positive date, whereas the interval-censored method
does not estimate the exact infection time but provides the interval
that the actual infection time must fall within. The latter approach, al-
though suffers from reduced power and limited statistical utilization,
can compensate for the risk of misestimating the real HPV infection
time with the midpoint approach of the exact-time method
(e.g., should the distribution of two actual conversion dates skew
disproportionally to one side), and it was thus used to test the robust-
ness of our findings. All analyses were performed using the exact-time
method unless otherwise specified.

2.5. Survival analysis and Cox regression

Survival analysis was performed separately for Data C3 and Data
G14.We constructed and comparedHPV persistence curves by different
variables to gain an overview of their effects and possible interactions
with infection time.

To validate the primary findings from survival analysis and estimate
effect sizes, we constructed Cox models for Data C3, Data G14, and Data
Combine. The endpoint event was defined as the clearance of a type/
group-specific HPV. We used “clearance rate” to refer to the “hazard”
of HPV clearance. In our study, HR b 1 indicated higher risk of HPV per-
sistence, which is contrary to the common meaning of HR. Moreover,
we used “time-varying variables” to refer to variables that may change
values at different HPV tests during infection (e.g., co-infection status
may vary fromone test to another during oneHPV-specific infection ep-
isode. Therefore, the whole infection episode should be divided into
multiple segments according to the co-infection situation of each visit
and different co-infection values should be allocated to each segment
accordingly). We also used “time-dependent variables” to refer to vari-
ableswith significant interactionswith time (i.e., variable effect changes
as infection persists) [32,33]. Traditional Cox regression assumes pro-
portional hazard over time (i.e., constant hazard ratio); however,
there are cases where this assumption fails to apply. By including a
time-dependent variable, an interaction term between time and the co-
variate under study, the HR is allowed to change with time. The HR of a
covariate can then be divided into two parts: the coefficient of the co-
variate term, which can be interpreted as the HR at time 0, and the co-
efficient of the time-interaction term, which indicates the relative
change in HR for every one-unit increase in time. More information
about the rationale and interpretation of time-dependent variable is
given in Supplementary Methods.

Age was regarded as a time-dependent continuous variable; the
time effectwas binary and had a cutoff time point of 400 days. (This cut-
off was inferred from observation of survival curves and validated in
subsequent sensitivity analysis.) Co-infection was treated as a time-
varying, time-dependent variable (the time dependency was also
based on observation of prior survival analysis and validated in Cox re-
gression).We also included the number of total hospital visits and its in-
teraction term with time into the model. However, if the time effect in
the time-interaction term was expressed in days, then the relative
change in risk, even if highly significant, would be too small to be of
any numerical or clinical significance for a one-day increase in time
(e.g., an HR of 0.999 with 95% CI of 0.998 to 0.999). Therefore, we di-
vided the time effect in the time-interaction terms of co-infection and
number of hospital visits by 100, and thus, the unit of time inflated to
100 days. To investigate the effect of infection recurrence, we restricted
all relevant analyses to a subgroup of women with two same-type/
same-group HPV infection episodes recorded (a total of 75 and 59
women were identified for Data C3 and Data G14, respectively).

2.6. Sensitivity analyses

Considering possible interdependence among multiple type/group-
specific records from the same person, we additionally constructed
dependence-adjusted Coxmodels using themodified sandwich estima-
tor method. This method does not require prior assumptions of the na-
ture of dependence and can estimate weighted averages of all
coefficients in one SAS PHREG procedure [32]. We also tested the ro-
bustness of our findings in the previously mentioned interval-
censored records (which covers exactly the same records but provides
infection time intervals instead of time point estimation) using the
ICPHREG procedure, a similar SAS procedure specifically designed for
analyzing interval-censored data. We compared the HRs of all variables
across seven cities and pooled them together using a random-effects
model.We also used restricted cubic splines regression to test for possi-
ble nonlinearity of age in Cox regression modeling.

Analyses were performed using SAS software (version 9.4, SAS Insti-
tute, Cary, USA). P values of b0.05 were considered to indicate statistical
significance.

3. Results

3.1. Basic characteristics and comparability of Data C3 and Data G14

Supplementary Table S2 presents the basic characteristics of women
included in Data C3 and Data G14. A total of 5233 and 4001 baseline-
negative records were extracted for Data C3 and Data G14, respectively.
For Data C3 and Data G14, the mean ages of women were 41.8 and
43.7 years, the median persistent infection times were 375.0 and
541.5 days, and the clearance rates were 483 and 342 per 1000 infec-
tions per year, respectively. Supplementary Fig. S2 displays theHPVper-
sistence curve of two datasets. Data G14 presented a lower clearance
probability than Data C3 at any comparable time.

We evaluated possible causes of the curve difference between Data
C3 and Data G14 and identified four testable factors that may cause
such difference: age, method of HPV grouping/typing, method of identi-
fying the same study subject, and possible calculation error introduced
by the exact-time method. After analysis, we found that all four factors
were likely not the main cause of the difference (see Supplementary
Material B). However, the difference among city-specific curveswas ap-
parent and significant from one another (P b 0.001, Supplementary
Fig. S3), suggesting that the cause might be related to the disparity
among different study populations (e.g., differential distribution of
HPV types or socioeconomic factors).

3.2. Overview of factor effects

For bothData C3 andDataG14, age had no effect until approximately
day 400, when a turning pointwas observed for older age groups (espe-
cially the “60-high” group; Fig. 2A, B).

HR-HPV persistence curves varied substantially across different
types/groups. In Data C3, the A9 group showed lower clearance proba-
bility than the A5/A6 and A7 groups (Fig. 3A). HPV16, 33, 39, 52, and
58weremore likely to persist, whereas HPV45, 56, and 59 cleared faster
(Fig. 3B).

We used records from patients with two same-type/same-group in-
fection episodes to compare survival curves of different infection times
(Fig. 4A, B). Recurrent infection was significantly harder to clear than
the previous one in both Data C3 (P=0.003) and Data G14 (P=0.025).

Co-infectionsweremore likely to clear in Data C3 (P b 0.001) but not
in Data G14 (P=0.967, Fig. 4C, D). However, for Data G14, the curve of
the ever-co-infected was below the curve of the never-co-infected be-
fore day 400 (P = 0.002 when confining the comparison to



Fig. 2.Age-specificHR-HPV infection persistence curves, by data source.Data C3wasdefined as thedataset of records that used the Cervista testmethod (with three high-riskHPVgroups).
Data G14 was defined as the original dataset of records that used the GenoArray test method (with 14 high-risk HPV types).
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b400 days), but the curves converged and reversed afterward (Fig. 4D).
Likewise, the curves of the ever-co-infected and the never-co-infected
of Data C3 also tended to converge after day 400 (Fig. 4C). This observa-
tion suggests possible time dependence of co-infection.

3.3. Cox regression

Using the exact-time Cox regression with variables invariant and in-
dependent of time (the conventional Cox proportional hazards model),
the HRs of age, number of visits, and recurrent infection were similar
across Data C3 and Data G14 (Supplementary Fig. S4). The effect of co-
infection reversed fromData C3 to Data G14, indicating possible interac-
tionwith time. Results of time-dependent Cox regression are presented
in Table 1 and Supplementary Fig. S5. The effect of age was significant
Fig. 3. Type/group-specific HR-HPV infection persistence curves, by data source. Data C3was defi
groups). Data G14 was defined as the original dataset of records that used the GenoArray test
only after 400 days, when every 5-year increase in age was associated
with a 15% decrease in the clearance rate (95% confidence interval
[CI], 11%–19%). Compared with the A9 group, the HRs of the A5/A6
and A7 groups were 1.43 (95% CI, 1.30–1.58) and 1.22 (95% CI,
1.11–1.34), respectively, for the Data Combine dataset. HPV16, 33, 39,
52, and 58 were less likely to clear, whereas HPV45, 56, and 59 cleared
faster (all presented HPV types had N20% change in HR compared with
HPV51; Supplementary Table S3). Co-infection was significantly associ-
atedwith an increased clearance rate (HR ofHPV clearance, 1.80; 95% CI,
1.63–1.97), and the effect seemed to attenuate as infection persisted
(for every 100 days, the HR decreased by 22%; 95% CI, 18%–26%). There-
fore, co-infection only promoted HR-HPV clearance during an early pe-
riod and reversed to clearance-inhibiting after 233 days of infection. The
number of hospital visits and its time-dependent term were significant
ned as the dataset of records that used the Cervista testmethod (with three high-risk HPV
method (with 14 high-risk HPV types).



Fig. 4. Infection times-specific and co-infection status-specific HR-HPV infection persistence curves, by data source. Survival analysis was restricted to women who had recurrent same-
type/same-group infection episodes recorded in infection times-specific analysis. A “yes” for co-infection indicated that there existed at least one test duringwhich thepatientwas infected
with more than one HPV type/group.
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and robust across Data C3 and Data G14. Among patients with recurrent
same-type/same-group infection, each recurrence decreased the clear-
ance rate by 52% (95% CI, 28%–68%).

3.4. Sensitivity analyses

The HRs and significance remained largely unchanged when we re-
entered infection time as interval-censored data (Supplementary
Fig. S4) or adjusted for data interdependence (Supplementary Fig. S5).
To test the robustness of the association of age and viral factors with
HR-HPV persistence, we conducted a meta-analysis with data grouped
by city (Fig. 5). As shown in Fig. 5, the HRs remained generally consis-
tent across different cities and were close to HRs presented in Table 1.
Therefore, Supplementary Fig. S2 and Fig. 5 together showed that al-
though HR-HPV persistence curves varied across datasets and cities,
the factor effects were robust.

Because the choice of the 400-day time point as cutoff for age's time
interaction termwas based on observation of unadjusted survival anal-
ysis and was thus subject to certain arbitrariness, we constructed the
same Cox models as those given in Table 1 with different cutoff time
points for age (Supplementary Fig. S6). An apparent HR differentiation
between pre-cutoff and post-cutoff age curves was observed at day
400 for all datasets, suggesting that our previous choice of a 400-day
cutoff was adequate. We also used restricted cubic spline regression to
construct the same models as those given in Table 1 and found no evi-
dence to reject our modeling assumption that a linear relationship
existed between age (as a continuous variable) and logarithm hazard
(P for nonlinearity was N0.15 for both pre- and post-400 day age effects
of all datasets; details not shown).

4. Discussion

As persistent HR-HPV infection is the key step in the development of
cervical cancer, it is well recognized that extensive screening programs
are important to prevent cervical cancer, especially for unvaccinated
women in developing countries. Therefore, annual HPV re-examination
has been widely recommended for HR-HPV-positive population. How-
ever, our findings suggest that women with different HPV infection pro-
files might undergo different infection experiences, and a personalized
screening strategy might be a more efficient and economical choice. In



Table 1
Hazard ratio (95% CI) for high-risk HPV clearance and P values in time-dependent Cox regression, by dataset.

Data C3
N = 5233

Data G14
N = 4001

Data Combine
N = 8561

HR
(95% CI)

P value HR
(95% CI)

P value HR
(95% CI)

P value

Age (per 5 yr)
Infection b400 d 0.99

(0.96 to 1.02)
0.463 1.00

(0.97 to 1.03)
0.253 1.00

(0.97 to 1.02)
0.667

Infection ≥400 d 0.85
(0.78 to 0.94)

b0.001 0.88
(0.84 to 0.92)

b0.001 0.85
(0.81 to 0.89)

b0.001

HPV group
A5/A6 1.42

(1.25 to 1.60)
b0.001 NA NA 1.43

(1.30 to 1.58)
b0.001

A7 1.17
(1.03 to 1.33)

0.018 NA NA 1.22
(1.11 to 1.34)

b0.001

Co-infection at t0 1.43
(1.29 to 1.59)

b0.001 1.49
(1.31 to 1.70)

b0.001 1.80
(1.63 to 1.97)

b0.001

Co-infection × t
(per 100 d)

0.90
(0.85 to 0.95)

b0.001 0.87
(0.84 to 0.92)

b0.001 0.78
(0.74 to 0.82)

b0.001

N_visit at t0 1.84
(1.73 to 1.96)

b0.001 1.86
(1.71 to 2.01)

b0.001 1.80
(1.72 to 1.88)

b0.001

N_visit × t
(per 100 d)

0.93
(0.91 to 0.96)

b0.001 0.93
(0.91 to 0.95)

b0.001 0.94
(0.93 to 0.96)

b0.001

Recurrent infection 0.44
(0.26 to 0.74)

0.002 0.42
(0.20 to 0.88)

0.021 0.48
(0.32 to 0.72)

b0.001

Abbreviations: N, number of records, each representing one infection episode of one HPV type/group of one woman; HR, hazard ratio; CI, confidence interval; N_visit, number of hospital
visits; NA, not applicable. Data C3was defined as the dataset of records that used the Cervista test method (with three high-risk HPV groups). Data G14was defined as the original dataset
of records that used the GenoArray test method (with 14 high-risk HPV types). Data Combine was defined as the combined dataset of Data C3 and Data G14 with 14 HPV types grouped
into three as inData C3. Data C3 andData Combinewere additionally adjusted for city. TheHRs of co-infection and number of hospital visits each comprised two parts: theHR at time 0 (t0)
and the relative change in HR with every 100-day increase in time (the product term with t, in 100 d). The hazard ratio (95% CI) and P value of each HPV type for Data G14 are shown in
Supplementary Table 3. The estimation of recurrent infectionwas restricted to a subgroup of patients who had two same-type/same-group infection episodes (Data C,N=150; Data G14,
N = 118; Data Combine, N = 268). The reference level of the HPV Group was A9.
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this study, we found that age, HPV group/type, co-infection status, num-
ber of hospital visits, and recurrent infection were associated with HR-
HPVpersistence in differentways. Thefindingswere robust across differ-
ent datasets and cities and remained largely unchanged when adjusted
for data interdependence or interval censoring. To our knowledge, our
sample size was the largest among studies assessing HPV persistence
and its risk factors. This advantage has facilitated in-depth analyses
that were barely conceivable in previous studies (e.g., time-dependent
analysis, interval-censored analysis, dependence adjustment, and analy-
sis of recurrent infection) [7–26].

Older age increased the risk of HR-HPV persistence after 400 days of
infection. Seven out of eight studies defining a baseline-positive infec-
tion showed a significant association or trend of increased risk of HPV
persistence with older age [15,20–23,25,26]; the exception had only
1 year of follow-up [24]. However, for four studies defining a
negative-to-positive infection initiation [8–11], only one study showed
Fig. 5. City-specific and pooled hazard ratio of high-risk HPV clearance in time-dependent Co
hospital visits. Hazard ratios from different cities were pooled using the random-effects mod
and number of hospital visits each comprised two parts: the HR at time 0 (t0) and the relativ
The estimation of recurrent infection was restricted to a subgroup of patients who had two s
Horizontal lines represent 95% confidence intervals.
a significant association [11]. This observation was understandable, as
our study suggested that the overall (time-independent) effect of age
was marginal and might lose significance with increased standard
error and short follow-up time. The delayed effect of age on HR-HPV
persistence may be attributed to high viral load, high proportion of
viral integration, and high risk of co-infection caused by physiological
and immunological disorders that concur with aging [34]. Furthermore,
epigenetic reactivation of previously silenced integration sites may also
play a role [35].

In line with other studies, we confirmed that the A9 group was the
most persistent HR-HPV group [8,9,14,18,21]. We also found that
HPV16, 33, 39, 52, and 58 were more likely to persist, whereas HPV45,
56, and 59 cleared faster. Although no consensus had been reached re-
garding the most persistent HPV types (most favored were HPV33 and
HPV16), our results were generally consistent with those of previous
studies [7–9,13,15,18,19,21,22]. The discrepancy in the persistence of
x regression Abbreviations: HR, hazard ratio; CI, confidence interval; N_visit, number of
el. Some results were not shown owing to insufficient number. The HRs of co-infection
e change in HR with every 100-day increase in time (the product term with t, in 100 d).
ame-type/same-group infection episodes. The reference level of the HPV Group was A9.



352 W. Li et al. / Gynecologic Oncology 154 (2019) 345–353
different HR-HPV types suggests that type-specific carcinogenesis may
bedifferent due toHR-HPV genetic structure and integration probability
[36].

We found that, co-infectedHR-HPV infections cleared faster early than
no co-infection, but the effect attenuated with time and reversed after
8 months of infection. Many previous studies treated co-infection only
as a time-invariant variable, which was inaccurate, as the number of co-
infections may vary throughout one infection episode. Of nine related
studies, a significant increase in co-infection-associated risk of persistence
was found in four [8,9,11,24] and the other five found no significance
[10,19,21,22,26]. Onepossible explanation for ourfinding is that thehost's
immune systemmight be more activated when first encountering multi-
ple infections but rendered less capable to clear HPVwith time. The effect
of viral interaction may also change as infection persists [37].

For women who had contracted and cleared HPV infection in the
past, the existence and the magnitude of naturally acquired protection
against homologous HPV reinfection are still in dispute [38]. To our
knowledge, our study provided the first epidemiological evidence that
recurrent same-type HR-HPV infection is less likely to clear. As the re-
corded first infection most likely did not occur for the first time in
one's infection history, such effect should be cumulative. The previous
HPV infection might have altered the host's cellular DNA or immune
system, thus debilitating the host's ability to clear HPV by herself. HPV
detectability, sexual behavior factors, physiological changes, and immu-
nological factors may also contribute. However, caution needs to be
taken as the “reinfection” might actually be reactivation of a latent
HPV infection, or deposition of HPV from a partner, and not an infection
per se. Every newly detected “infection” has the same issue, but it re-
quires special attention when interpreting the re-detection of the
same-type HR-HPV.

Women who had visited hospital more frequently were more likely
to experience HPV clearance; yet, the effect slightly attenuated as infec-
tion persisted. Hospital visits were included in the model to reflect two
aspects that were notmeasured directly in our study, that is, comorbid-
ities or ill health, whichmay drive HPV-infectedwomen to visit hospital
more frequently, and self-awareness and concerns for the current HPV
infection. As we excluded patients whohad ever been admitted as inpa-
tients, the unrecorded comorbidities, if existed, should be some mild
general gynecological diseases. In addition, the data partly supported
the self-awareness assumption: if the woman was more concerned
with her infection and visited hospital for recheck more frequently,
she may take other measures (including avoiding sex or cleaning the
vulva) to help with HPV clearance, and these measures did help from
the beginning. However, because of either a lack of full adoption of
these measures or other comorbidities, this protective effect attenuates
as infection persists.

The median HR-HPV persistence times were 375 and 541.5 days for
Data C3 and Data G14, respectively, and ranged from 224 to 601 days in
existing publications with a negative-to-positive definition of HR-HPV
infection initiation [8–14,39]. These findings suggest that although it
might be possible to determine the effect of risk factors on HR-HPV
clearance, the crude HR-HPV persistence curves could behave differ-
ently across different populations.

Our study has several limitations. Because of its retrospective design,
we were unable to assess other risk factors such as lifestyle and history
of disease, which might have explained underlying differences among
populations. Although we excluded women who had been admitted
as in-patients, we lacked direct information to distinguish women
with cervical morbidities. However, only 2.7% (4288/157123) of the ini-
tial population of Data G14 had a recorded CIN or cervical cancer, which
suggested our findings should not have been substantially confounded
by cancer-related cervical morbidity. Possible selection bias was an-
otherweakness. However, attemptsweremade to improve the general-
izability of our findings by including diverse study populations and two
testingmethods and by using the number of hospital visits to reflect pa-
tients' concerns about HPV infection.
5. Conclusion

We identified older age, HPV group/type, co-infection, and recur-
rence of infection as risk factors for HR-HPV persistence. The effects of
age and co-infection varied with time, and 400 days was determined
to be an important turning point. These findings suggested that, instead
of setting a general cutoff, personalized follow-up intervals should be
recommended (e.g., based on age, HPV type, co-infection status, and in-
fection times). Nonetheless, our study was large but exploratory, and
further corroborations from prospective studies are needed.
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