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Abstract

Background.—Understanding the duration of human papillomavirus (HPV) infection may help 

find suitable end points for vaccine trials and testing intervals in screening studies. We studied 

genotype-specific infection duration among 2462 women enrolled in the Ludwig-McGill cohort 

study.

Methods.—Cervical specimens collected every 4–6 months were tested by a polymerase chain 

reaction protocol. Actuarial techniques were used to estimate the duration of HPV infection and to 

investigate the influence of age, number of sexual partners, and coinfection with multiple HPV 

types.

Results.—At enrollment, the prevalence of infection with high-risk HPV types was 10.6%, and 

the prevalence of infection with low-risk HPV types was 6.1%; incidence rates were 6.1 and 5.0 

infections per 1000 women-months, respectively. Prevalent infections took longer to clear than 

incident infections (mean time to clearance, 18.6 months vs. 13.5 months). The mean duration of 

incident infection with high- and low-risk HPV varied according to the analytic approach used to 

measure this variable and showed considerable variation by HPV type (range, 5.1–15.4 months). 

Age and number of partners did not influence infection duration, whereas coinfection was 

associated with increased infection duration. The mean duration of HPV-16 monoinfection was 

11.0 months, and the mean duration of HPV-16 coinfection was 15.4 months.

Conclusion.—There was considerable variation among HPV types with regard to the duration of 

infection. Coinfection with multiple types contributed to an increased infection duration.
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Human papillomaviruses (HPVs) are among the most common sexually transmitted 

infectious agents. Approximately 13–18 mucosotropic HPV genotypes are considered of 

high oncogenic risk (HR-HPVs) and cause infections that can lead to cervical cancer [1–4]. 

The risk of cervical neoplasia is greatest among women with persistent HR-HPV infection 

[5–7]. Moreover, HR-HPV infection seems to persist longer than infection with HPVs 

considered to have a low oncogenic risk (LR-HPVs) [8–14]. However, little is known about 

the type-specific duration of HPV infection and its determinants. Some studies have 

estimated duration [9–12, 14–22] but used mostly grouped rather than type-specific HPV 

data, used data on prevalent rather than incident infections, or were based on short follow-up 

durations.

Knowledge of the duration of type-specific HPV infection will inform policy decisions 

concerning cervical cancer screening intervals using HPV tests and help identify realistic 

end points for assessing HPV vaccination efficacy. It can also be used to inform cost-

effectiveness models of HPV screening and vaccination.

We analyzed data from a cohort study of women who were undergoing regular cervical 

cancer screening, to investigate the acquisition and clearance of HPV infection, by HPV 

type, oncogenic risk category, and phylogenetic relationship. We also studied the influence 

of age, number of sexual partners, and coinfection with multiple HPV types.

SUBJECTS, METHODS, AND MATERIALS

Subject recruitment.

Female subjects were enrolled into the Ludwig-McGill cohort study, a longitudinal 

investigation of the natural history of HPV and cervical cancer precursors [23]. In brief, 

women attending a maternal and child health program in a low-income neighborhood in São 

Paulo, Brazil, were recruited between 1993 and 1997 and followed for up to 10 years. 

Women were eligible to participate if they (1) were aged 18–60 years, (2) were São Paulo 

residents, (3) were not pregnant and had no intention of becoming pregnant during the next 

year, (4) had an intact uterus and no referral for hysterectomy, (5) reported no use of vaginal 

medication in the previous 2 days, and (6) had no treatment for cervical disease in the 

previous 6 months. Subjects gave written informed consent. The protocol was approved by 

institutional ethical and research review boards of the participating institutions in Canada 

and Brazil.

Follow-up consisted of 1 visit every 4 months for the first year and 2 visits per year 

thereafter. Cervical specimens were obtained for HPV testing at every visit. During most 

visits, subjects underwent an interview to provide information on sociodemographic, 

lifestyle, sexual, and reproductive characteristics. This analysis includes data from the first 

12 follow-up visits over a period of 5 years.

HPV DNA testing.

An Accelon biosampler (Medscand) was used to collect ectocervical and endocervical 

samples. Samples were placed in tubes that contained Tris-EDTA buffer (pH 7.4). DNA was 

extracted, purified by spin-column chromatography, and amplified by polymerase chain 
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reaction (PCR), using the MY09/11 and PGMY protocols [24, 25], for detection of HPV 

DNA. Typing of amplified products was performed by hybridization with individual 

oligonucleotide probes and by restriction fragment length polymorphism (RFLP) analysis, 

which identified >40 HPV genital types. Amplified products that hybridized only with a 

generic probe and were unidentifiable in RFLP analysis were classified as positive for 

unknown types. The types tested included HR-HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 

56, 58, 59, 66, 68, 73, and 82 and LR-HPV types 6/11, 26, 32, 34, 40, 42, 44, 53, 54, 55, 57, 

61, 62, 64, 67, 69, 70, 71, 72, 81, 83, 84, and 89 (unknown types were considered to be LR-

HPVs) [3, 26]. We included >30 type-specific positive controls in hybridization membranes. 

DNA specimen quality was checked by amplification of a 268-bp human β-globin gene 

region [24]. Specimens were tested blindly, and precautions were taken to prevent 

contamination. Samples that were negative for both HPV and β–globin were considered 

inadequate for analysis.

Statistical analysis.

We used the Kaplan-Meier technique to obtain actuarial estimates of mean and median 

durations (with respective 95% confidence intervals [CIs]) of the first incident HPV 

infection, considering types individually and by their oncogenic risk. We also grouped HPV 

types according to their phylogenetic relationship within the genus alpha-papillomavirus 

(species 3, 5, 6, 7, 9, and 10) [27]. Women with prevalent infection involving a specific HPV 

type at enrollment were excluded from the analysis for that type. Duration was defined as 

the time to clearance of an incident infection and was measured from the first visit in which 

HPV was detected until the visit in which the same type was not detected or, for censored 

observations, the most recent recorded visit. Visits in which testing of the specimen was 

noninformative (i.e., test results were negative for both HPV and β–globin) were ignored; 

the next visit with an informative HPV test result was used. We assumed that, because of 

their randomness across visits, the patterns of missing data did not impact the duration of 

infection. The mean duration of infection was calculated for the entire cohort and was also 

stratified by age group (18–22, 23–27, 28–32, 33–37, 38–42, 43–47, and ⩾48 years), 

lifetime number of sexual partners (1, 2, 3, 4, and ⩾5 partners), and whether a given type 

was detected alone (monoinfection) or in coinfection with other HPV types during follow-

up.

Infection duration was also estimated for prevalent infections via a similar approach, except 

that infection clearance was measured from enrollment. We used the log-rank test to assess 

the significance of differences in clearance times between prevalent and incident infections.

We estimated the mean duration of incident infections for grouped types in 2 ways. First, we 

calculated an unweighted group-specific duration, defined as the interval from the onset of 

the first infection with a type that belonged to a specified group to the end of the period 

during which the woman was still positive for a type of the same group, even if the latter 

type was different than the one detected at the onset. Because it was not uncommon for a 

subject to have different types of HPV detected on consecutive visits, this approach 

permitted the assessment of infections labeled as a group, as if detected by a single-probe 

cocktail test. We called this estimate the pooled-probe duration of positivity. Second, we 
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calculated a weighted estimate of duration by considering only same-type infections within a 

group. The contribution of individual type-specific infections within a group to that group’s 

mean infection duration was weighted according to the infection incidence for each HPV 

type belonging to that group.

We also investigated the influence of gaps in a sequence of positive results for a given type 

on the estimate of mean duration for the group that included that type. First, we computed 

the above weighted (type-specific) estimates by considering each gap as indicative of 

clearance; that is, the episode was considered to have ended as soon as the first negative 

result for that type was encountered following a string of positive results (strict definition). 

Second, we interpreted a gap in type-specific positivity as a false-negative result that was 

possibly due to sampling error or to a low viral load in the specimen. This was done by 

ignoring the gap in the sequence of positive test results. We calculated these gap-ignored, 

weighted means by considering separately a gap of only 1 visit and a gap of 2 consecutive 

visits within the span of a type-specific episode.

All analyses were performed using Stata software, version 9.0 (Stata). Significance tests 

were 2-sided.

RESULTS

The study enrolled 2528 women, corresponding to a 70% response rate. Sixty-six ineligible 

women were subsequently excluded. The remaining 2462 participants had 18,555 visits 

during which cervical specimens were obtained for HPV testing and typing. This included 

all visits (through the first 12) during the first 5 years of follow-up. The mean number of 

visits (±SD) was 7.7 ± 3.8, the mean follow-up time (±SD) was 46.7 ± 27.9 months, the 

mean age (±SD) was 32.7 ± 8.8 years (median, 32.0 years [range, 18–59 years]), and most 

women (64%) were white.

Table 1 shows the prevalence of HPV types at baseline, as well as the number and clearance 

rates of incident infections during the follow-up period by type, phylogenetic relationship, 

and oncogenic potential. HPV-16 was the most prevalent type (2.7% of women) and had the 

highest incidence of infection during follow-up (1.8 cases per 1000 women-months). HPV 

types 53, 51, 31, and 58 were also highly prevalent (1.7%, 1.3%, 1.2%, and 1.1% of women, 

respectively) and were among the types with the highest infection incidence during the 

follow-up period. The prevalence of any HPV type, HR-HPV types, and LR-HPV types was 

16.8%, 10.6%, and 6.1%, respectively, and the infection incidence was 9.5, 6.1, and 5.0 

cases per 1000 women-months, respectively. The clearance rate was higher for LR-HPVs 

than for HR-HPVs (94.7 vs. 75.3 infections per 1000 women-months). Alpha-

papillomavirus species 9 had the greatest infection prevalence and incidence and the lowest 

clearance rate.

Table 2 shows the duration of the first incident infections for HPV types and groups and the 

duration of prevalent infections for HPV groups. HPV-33 infection had the longest mean and 

median duration (15.4 and 11.8 months, respectively). Infections due to HPV types 58, 39, 

35, 42, 56, 16, 52, 31, and 53 were also appreciably longer than those due to the remaining 

Trottier et al. Page 4

J Infect Dis. Author manuscript; available in PMC 2021 February 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



types. The mean infection duration for individual types ranged from 5.1 to 15.4 months, 

whereas the median duration ranged from 3.9 to 11.8 months. The mean pooled-probe 

positivity duration of incident infection for any HPVs, HR-HPVs, HR-HPVs except 

HPV-16, and HR-HPVs except types 16 and 18 were approximately the same (slightly 

longer than 13 months), and the mean duration of LR-HPV infection was significantly 

shorter (10.5 months). Alpha-papillomavirus species 9 had the longest pooled-probe 

positivity mean for a phylogenetically defined group (13.3 months).

Figure 1 shows the Kaplan-Meier curves for time to clearance of prevalent and incident 

infections. For any HPV, the median and mean times to clearance of prevalent infection were 

8.2 months (95% CI, 8.0–9.2 months) and 18.6 months (95% CI, 16.0–21.1 months), 

respectively, whereas the times to clearance of incident infection were 7.1 months (95% CI, 

6.3–9.7 months) and 13.5 months (95% CI, 12.4–14.7 months), respectively (P = .009). For 

both HPV groups and for HPV-16, prevalent infections took longer to clear than incident 

infections, although differences were not statistically significant (P = .989 for HR-HPVs, P 
= .834 for LR-HPVs, and P = .232 for HPV-16).

For each HPV group, weighted (type-specific) estimates of infection duration (table 3) were 

shorter than the respective pooled-probe positivity durations (table 2). On average, same-

type HR-HPV infections lasted 1.6 months longer than LR-HPV infections, based on the 

strict definition. The mean duration of incident infection due to alpha-papillomavirus species 

9 was also longer than that for other species, although the difference was significant only in 

comparison with species 3 and 10. When the gap in a sequence of positive test results was 

ignored, the average infection duration was longer than that estimated via the strict 

definition. Although this maneuver indicated that the underestimation in infection duration 

due to sampling or other errors was not substantial, it tended to eliminate the differences in 

duration between HR-HPVs and LR-HPVs.

Figures 2 and 3 show the mean duration of incident infections for HPV groups and for 

HPV-16 according to age and lifetime number of sexual partners. No significant trends were 

found between duration and age or lifetime number of sexual partners (P > .05 by the test for 

trend, for both weighted [type-specific] and pooled-probe positivity means for all HPV 

groups and for HPV-16).

Mean durations of monoinfection and coinfection were calculated for individual HPV types 

and groups (table 4). The mean duration of infection due to HPV-16 alone was 11.0 months, 

but the duration of coinfection involving HPV-16 and ⩾1 HPV type was 15.4 months. For 

HPV-58, mean infection durations were 6.6 months for monoinfection and 17.2 months for 

coinfection. For most types the estimate for coinfection duration exceeded the estimate for 

monoinfection, and for some HPV types (i.e., types 42, 57, 69, 72, and 82) infections always 

occurred with ⩾1 additional type (table 4). The mean duration of coinfection involving 

multiple HPV types was ~33 months, whereas the mean duration of coinfection involving 

multiple HR-HPV types was ~24 months (pooled-probe positivity values are specified in 

table 4). The weighted average duration of monoinfection due to any HPV type (a situation 

in which the pooled-probe positivity estimate is similar to the weighted estimate) was 10.2 

months, whereas the weighted average duration of coinfection involving multiple HPV types 
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was 12.7 months; for HR-HPVs, these estimates were 10.1 and 13.5 months, respectively. 

For monoinfections, no differences in duration were seen between infections due to LR-

HPVs and those due to HR-HPVs.

DISCUSSION

Several cohort studies have provided insights concerning the natural history of HPV 

infection [7, 9, 10, 12, 13, 17, 28–32]. In our analysis, the incidence rates for HR-HPV and 

LR-HPV infections were 6.1 and 4.9 episodes per 1000 women-months, respectively. 

Incidence rates in a cohort of Canadian female university students (a younger cohort than the 

cohort in this study) were 14.0 and 12.4 infections per 1000 women-months for HR-HPV 

and LR-HPV, respectively [12], and were 4.2 and 1.7 infections per 1000 women-months, 

respectively, in a cohort of Colombian women whose age was comparable to that of women 

in our cohort [13]. HPV-16 is invariably the most common HPV type, irrespective of study 

design and geographical area. HPV-18 is also a common type. However, the prevalence and 

incidence of HPV-18 infection is more variable across populations, and other types are 

sometimes more frequent [33]. In this study, HPV-16 was the most common type, followed 

by HPV-53 and HPV-51. The clearance rate was significantly higher for LR-HPVs than for 

HR-HPVs, which is in line with findings of another South American study [19]. In the 

interest of being explicit, we presented both median and mean infection durations. The 

median value may be more useful to design clinical management algorithms and follow-up 

intervals in HPV-based screening programs. On the other hand, the mean duration provides a 

more complete description of the distribution of HPV clearance times for an entire group of 

women and, thus, would have greater value in modeling the impact of interventions and 

cost-effectiveness.

Measurement of HPV persistence was influenced by our ability to identify the onset of 

infection. Prevalent infection took longer to clear than incident infection. We would have 

expected the opposite because a fraction of the infection period had already elapsed for 

women who tested positive for HPV at enrollment. Prevalent infections may take longer to 

clear because they tend to overrepresent the most “severe” infections (e.g., those with a high 

viral load). As the duration of infection increases, its chance of detection as a prevalent case 

increases. It has been shown that the likelihood that an infection will not clear also increases 

as the infection duration increases [17, 34]. Our reasoning for analyzing incident infections 

was pragmatic: cohort studies can better define the time boundaries of such episodes and 

reveal the entire set of acquisition, persistence, and clearance events.

There was considerable variation among types with regard to the duration of incident 

infection. The mean duration for individual types ranged from 5.1 to 15.4 months, which is 

consistent with findings from other studies (range, 4–20 months [34]). HR-HPV infection 

has been shown to usually last longer than LR-HPV infection, and among the former, 

HPV-16 infection tends to have the longest duration [10, 12, 13, 19, 35, 36]. In this study, 

the mean duration (weighted or pooled-probe positivity) was higher for HR-HPVs than for 

LR-HPVs. However, the pooled-probe positivity estimate for grouped HPVs (i.e., any HPVs, 

LR-HPVs, and HR-HPVs) is useful only to the extent that it represents positivity via a 

probe-cocktail assay. It does not account for the variation in infection duration for individual 
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types. The weighted (type-specific) estimate provides an unbiased summary of the typical 

durations of infection due to “member” HPV types in a particular group, thus controlling for 

the overlap in positivity spans for individual episodes. This procedure tends to reduce the 

difference in duration between HR-HPVs and LR-HPVs because HR-HPVs were detected 

more often in coinfections than were LR-HPVs, which led to longer intervals of positivity 

detected via a hypothetical probe-cocktail assay. Moreover, misclassification of infection 

status may further bias the estimation. We addressed this issue by ignoring the gaps in a 

sequence of type-specific positive test results. Although the effect of ignoring the gaps was 

small, it tended to eliminate the differences between HR-HPVs and LR-HPVs. The 

percentage of episodes with gaps was somewhat higher among LR-HPVs (5.0%) than HR-

HPVs (3.3%). This may have occurred because infection with LR-HPV may have a lower 

viral load than infection with HR-HPV, which may have caused more-frequent false-

negative test results among visits during which the viral load was below the detection 

threshold. This helped make the differences between group durations disappear in analyses 

that ignored the gaps between visits with positive test results.

It is important to consider this study’s limitations. An important caveat is that incident 

infections could not be ascertained as true new infections. Because most women had been 

sexually active for several years, it was impossible to distinguish a new infection from a 

recurrent infection or a reactivated previous infection. Also, despite the PCR assay’s high 

sensitivity, the true clearance rate could not be measured. Whether infection clears 

completely or the virus remains latent and undetectable in basal cells is debatable and cannot 

be verified empirically. Another study design influence that may have biased the estimation 

of infection duration was the need to treat women with high-grade lesions. Because HR-

HPVs, and HPV-16 in particular, tend to cause such lesions, the observation period for some 

infections due to these types was truncated, and thus censored, from analysis as a result of 

the need for clinical management outside of the study environment. In such cases, the 

duration likely exceeded the time we documented. This issue is common to all prospective 

cohort studies of cervical HPV infection, because of the ethical requirement to provide 

timely treatment of all clinically relevant lesions. The above caveats notwithstanding, this 

study presents advantages inherent to a molecular epidemiologic investigation that uses a 

validated HPV typing assay to study infection dynamics over multiple visits and long 

follow-up durations and with high retention rates.

Our findings concerning pooled-probe positivity and weighted estimates of infection 

duration for grouped HPVs have important implications for the clinical use of HPV 

detection to ascertain infection persistence. Clinical use of HPV testing currently involves a 

commercial probe-cocktail assay that simultaneously tests for 13 types of HR-HPVs. Our 

findings reveal that this practice overestimates the duration of an infection episode. Distinct 

episodes of infection involving different HR-HPVs will result in a longer period of 

positivity. Although not desirable from the perspective of understanding the behavior of a 

single HPV infection episode, this overestimation is in the interest of conservative clinical 

management. For practical purposes, if a woman has 2 overlapping episodes of infection 

with different HR-HPV types, it is clinically relevant that the period of prolonged positivity 

be documented.
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No association was observed between age and infection duration, although longer durations 

were usually observed among women aged 18–22 years, compared with older women. To 

date, only a few studies have reported on this relationship, with inconsistent results. Some 

have shown that HPV persistence is more common among older women [15, 17, 37], 

whereas others failed to replicate this finding [38–40]. Ahdied et al. [39] showed that the 

odds ratio of HPV persistence among HIV-negative women was 0.87 for women aged ⩾35 

years, compared with those <35 years old. Syrjanen et al. [40] observed that women with 

persistent HR-HPV infection were younger than those who cleared their infection. Likewise, 

Richardson et al. [38] observed no relationship between age and clearance. Differences in 

study design and analysis may partially explain the discrepancies. Most studies of this 

relationship have used data on prevalent HPV infection. Prevalent infection at enrollment in 

older women may be of longer duration than that in young women [37]. Also, most studies 

of the relationship between age and persistence have not used survival analyses. Typically, 

logistic regression models were used to estimate the risk of a persistent prevalent infection, 

defined as the detection of the same HPV type at the enrollment and follow-up visits (with 

intervals of 6 months, 12 months, or longer), compared with the risk of a transient prevalent 

infection, defined as an infection that clears on follow-up [15, 17, 37, 39]. Compliance with 

attendance at follow-up visits may have varied by age, which could have biased the 

association with age. To assess whether this could explain our findings, we examined the 

median time between visits across age groups and found no differences (data not shown). 

We focused on incident infection and analyzed persistence as an interval-scaled variable 

without arbitrary commitment to a specific duration threshold to define persistence. We used 

actuarial analysis, which controlled for the potential biasing effect of age-dependent right 

censoring. Finally, the lack of an association between infection duration and age may have 

been due to specific characteristics of our cohort of women who attended screening in 

Brazil.

HPV infection duration was also not influenced by the number of sexual partners, which is 

in agreement with the findings of Wang et al. [41]. We observed that the duration of type-

specific episodes was influenced by coinfection with other HPVs, which is in agreement 

with findings from previous studies [10, 17, 42]. Some studies found no relationship 

between coinfection and persistence [34, 43], but they used logistic regression to measure 

persistence by coinfection status or analyzed only women with abnormal cytologic findings, 

for whom the dynamics of HPV clearance likely reflects the high viral load present in the 

underlying lesions and the effect of treatment. Coinfection with multiple types may be an 

indication that the woman’s immune system may have responded poorly to the virus and 

permitted individual infection foci to reach viral loads that were sufficiently high to be 

detected. This would in turn lead to continued detection of each episode over longer periods. 

Because women with multiple infections are also at a higher risk of having cervical lesions 

[44], our findings have implications in terms of how HPV testing and typing may be used in 

the future to guide management decisions.
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Figure 1. 
Kaplan-Meier curves for time to clearance of prevalent and incident human papillomavirus 

(HPV) infections. See the text for descriptions of HPVs with a high oncogenic risk (HR) and 

those with a low oncogenic risk (LR). Solid lines denote incident infection, and dashed lines 
denote prevalent infection.
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Figure 2. 
Duration of human papillomavirus (HPV) infection, by age. See the text for descriptions of 

HPVs with a high oncogenic risk (HR) and those with a low oncogenic risk (LR). Bars 
denote 95% confidence intervals, dashed lines denote pooled-probe positivity values, and 

solid lines denote weighted (type-specific) values.
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Figure 3. 
Duration of human papillomavirus (HPV) infection, by lifetime number of sex partners. See 

the text for descriptions of HPVs with a high oncogenic risk (HR) and those with a low 

oncogenic risk (LR). Bars denote 95% confidence intervals, dashed lines denote pooled-

probe positivity values, and solid lines denote weighted (type-specific) values.

Trottier et al. Page 14

J Infect Dis. Author manuscript; available in PMC 2021 February 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Trottier et al. Page 15

Ta
b

le
 1

.

C
ha

ra
ct

er
is

tic
s 

of
 h

um
an

 p
ap

ill
om

av
ir

us
 (

H
PV

) 
in

fe
ct

io
n 

am
on

g 
w

om
en

 f
ro

m
 S

ão
 P

au
lo

, B
ra

zi
l, 

by
 H

PV
 ty

pe
, p

hy
lo

ge
ne

tic
 r

el
at

io
ns

hi
p,

 a
nd

 o
nc

og
en

ic
 

ri
sk

.

H
P

V
 c

at
eg

or
y

P
re

va
le

nc
e 

at
 

en
ro

llm
en

t,
 n

o.
 (

%
) 

of
 

w
om

en
 (

n 
= 

23
51

a )

In
ci

de
nt

 
in

fe
ct

io
ns

, n
o.

 o
f 

w
om

en

F
ol

lo
w

-u
p 

du
ra

ti
on

, 
w

om
en

-
m

on
th

s

In
ci

de
nc

e 
ra

te
,b 

in
fe

ct
io

ns
/1

00
0 

w
om

en
-

m
on

th
s 

(9
5%

 C
I)

C
le

ar
ed

 
in

fe
ct

io
n,

 n
o.

 o
f 

w
om

en

F
ol

lo
w

-u
p 

du
ra

ti
on

, 
w

om
en

-m
on

th
s

C
le

ar
an

ce
 r

at
e,

 in
fe

ct
io

ns
/

10
00

 w
om

en
-m

on
th

s 
(9

5%
 

C
I)

Ty
pe

 
6/

11
  2

6 
(1

.1
)

  6
2

10
9,

73
5

0.
57

 (
0.

44
–0

.7
2)

  5
3

  5
06

10
4.

8 
(8

0.
1–

13
7.

2)

 
16

  6
4 

(2
.7

)
18

9
10

4,
55

9
1.

81
 (

1.
57

–2
.0

8)
14

8
17

95
82

.4
 (

70
.2

–9
6.

8)

 
18

  2
6 

(1
.1

)
  5

2
10

9,
96

0
0.

47
 (

0.
36

–0
.6

2)
  4

6
  5

01
91

.9
 (

68
.8

–1
22

.7
)

 
26

 
3 

(0
.1

)
  1

3
11

2,
45

7
0.

12
 (

0.
07

–0
.2

0)
 

9
 

82
10

9.
3 

(5
6.

9–
21

0.
1)

 
31

  2
9 

(1
.2

)
  5

6
10

9,
71

8
0.

51
 (

0.
39

–0
.6

6)
  4

3
  5

39
79

.8
 (

59
.2

–1
07

.6
)

 
32

 
1 

(0
.0

)
 

9
11

2,
78

2
0.

08
 (

0.
04

–0
.1

5)
 

4
 

27
14

6.
2 

(5
4.

9–
38

9.
4)

 
33

 
9 

(0
.4

)
  3

1
11

1,
27

1
0.

28
 (

0.
20

–0
.4

0)
  2

6
  4

00
65

.0
 (

44
.3

–9
5.

5)

 
34

 
2 

(0
.1

)
 

0
11

2,
80

0
N

A
N

A
N

A
N

A

 
35

 
7 

(0
.3

)
  5

9
11

1,
04

8
0.

53
 (

0.
41

–0
.6

9)
  4

4
  5

58
78

.9
 (

58
.7

–1
06

.0
)

 
39

 
3 

(0
.1

)
  3

1
11

2,
07

5
0.

28
 (

0.
19

–0
.3

9)
  2

2
  2

98
73

.9
 (

48
.7

–1
12

.2
)

 
40

 
6 

(0
.3

)
  3

0
11

1,
85

7
0.

27
 (

0.
19

–0
.3

8)
  2

1
  1

67
12

5.
8 

(8
2.

1–
19

3.
0)

 
42

 
1 

(0
.0

)
  2

3
11

2,
52

4
0.

20
 (

0.
14

–0
.3

1)
  1

3
  1

59
81

.8
 (

47
.5

–1
40

.9
)

 
44

 
2 

(0
.1

)
 

7
11

2,
54

0
0.

06
 (

0.
03

–0
.1

3)
 

7
 

59
11

8.
0 

(5
6.

3–
24

7.
6)

 
45

  1
3 

(0
.6

)
  4

8
11

0,
93

1
0.

43
 (

0.
33

–0
.5

7)
  3

8
  4

14
91

.9
 (

66
.9

–1
26

.3
)

 
51

  3
0 

(1
.3

)
10

6
10

7,
97

6
0.

98
 (

0.
81

–1
.1

9)
  9

1
10

45
87

.0
 (

70
.9

–1
06

.9
)

 
52

  2
0 

(0
.9

)
  6

5
10

9,
87

2
0.

59
 (

0.
46

–0
.7

5)
  4

8
  5

93
81

.0
 (

61
.0

–1
07

.4
)

 
53

  3
9 

(1
.7

)
10

9
10

7,
27

3
1.

02
 (

0.
84

–1
.2

3)
  9

1
10

56
86

.2
 (

70
.2

–1
05

.8
)

 
54

 
8 

(0
.3

)
  5

2
11

0,
94

5
0.

47
 (

0.
36

–0
.6

2)
  4

2
  4

39
95

.6
 (

70
.7

–1
29

.4
)

 
55

  1
0 

(0
.4

)
  6

2
11

0,
95

2
0.

56
 (

0.
44

–0
.7

2)
  5

2
  4

94
10

5.
3 

(8
0.

3–
13

8.
2)

 
56

  1
3 

(0
.6

)
  4

6
11

1,
32

6
0.

41
 (

0.
31

–0
.5

5)
  3

2
  4

10
78

.1
 (

55
.2

–1
10

.4
)

 
57

0 
 

5
11

2,
86

7
0.

04
 (

0.
02

–0
.1

1)
 

4
 

29
13

6.
3 

(5
1.

2–
36

3.
2)

 
58

  2
7 

(1
.1

)
  6

8
10

9,
53

6
0.

62
 (

0.
49

–0
.7

9)
  5

2
  7

21
72

.1
 (

55
.0

–9
4.

7)

 
59

  1
3 

(0
.6

)
  4

0
11

0,
95

7
0.

36
 (

0.
26

–0
.4

9)
  3

3
  3

19
10

3.
5 

(7
3.

6–
14

5.
6)

J Infect Dis. Author manuscript; available in PMC 2021 February 17.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Trottier et al. Page 16

H
P

V
 c

at
eg

or
y

P
re

va
le

nc
e 

at
 

en
ro

llm
en

t,
 n

o.
 (

%
) 

of
 

w
om

en
 (

n 
= 

23
51

a )

In
ci

de
nt

 
in

fe
ct

io
ns

, n
o.

 o
f 

w
om

en

F
ol

lo
w

-u
p 

du
ra

ti
on

, 
w

om
en

-
m

on
th

s

In
ci

de
nc

e 
ra

te
,b 

in
fe

ct
io

ns
/1

00
0 

w
om

en
-

m
on

th
s 

(9
5%

 C
I)

C
le

ar
ed

 
in

fe
ct

io
n,

 n
o.

 o
f 

w
om

en

F
ol

lo
w

-u
p 

du
ra

ti
on

, 
w

om
en

-m
on

th
s

C
le

ar
an

ce
 r

at
e,

 in
fe

ct
io

ns
/

10
00

 w
om

en
-m

on
th

s 
(9

5%
 

C
I)

 
61

  1
8 

(0
.8

)
  3

2
11

0,
84

2
0.

29
 (

0.
20

–0
.4

1)
  2

6
  2

73
95

.1
 (

64
.7

–1
39

.6
)

 
62

 
2 

(0
.1

)
  3

8
11

1,
69

9
0.

34
 (

0.
25

–0
.4

7)
  3

2
  3

05
10

4.
9 

(7
4.

2–
14

8.
3)

 
64

0 
 

0
11

2,
90

0
N

A
N

A
N

A
N

A

 
66

  1
0 

(0
.4

)
  3

3
11

1,
60

0
0.

30
 (

0.
21

–0
.4

2)
  2

7
  2

09
12

9.
4 

(8
8.

8–
18

8.
8)

 
67

0 
 

6
11

2,
57

0
0.

05
 (

0.
02

–0
.1

2)
 

5
 

28
17

8.
2 

(7
4.

2–
42

8.
1)

 
68

  1
5 

(0
.6

)
  4

7
11

0,
79

7
0.

42
 (

0.
32

–0
.5

6)
  4

1
  3

68
11

1.
3 

(8
1.

9–
15

1.
1)

 
69

0 
 

3
11

2,
78

2
0.

03
 (

0.
01

–0
.0

8)
 

2
 

10
19

7.
4 

(4
9.

4–
78

9.
3)

 
70

  1
8 

(0
.8

)
  2

3
11

1,
38

0
0.

21
 (

0.
14

–0
.3

1)
  1

7
  1

40
12

1.
8 

(7
5.

7–
19

5.
9)

 
71

 
5 

(0
.2

)
  1

9
11

2,
09

4
0.

17
 (

0.
11

–0
.2

7)
  1

5
  1

62
92

.7
 (

55
.9

–1
53

.7
)

 
72

 
6 

(0
.3

)
 

6
11

2,
36

0
0.

05
 (

0.
02

–0
.1

2)
 

5
 

39
12

7.
4 

(5
3.

0–
30

6.
1)

 
73

  1
0 

(0
.4

)
  4

0
11

0,
95

7
0.

36
 (

0.
26

–0
.4

9)
  3

5
  3

26
10

7.
5 

(7
7.

2–
14

9.
7)

 
81

 
9 

(0
.4

)
  2

0
11

1,
79

4
0.

18
 (

0.
12

–0
.2

8)
  1

6
  1

59
10

0.
6 

(6
1.

6–
16

4.
2)

 
82

 
3 

(0
.1

)
  1

9
11

1,
96

2
0.

17
 (

0.
11

–0
.2

7)
  1

5
  1

52
98

.7
 (

59
.5

–1
63

.7
)

 
83

0 
  3

4
11

1,
80

5
0.

30
 (

0.
22

–0
.4

3)
  2

9
  2

97
97

.6
 (

67
.8

–1
40

.4
)

 
84

  1
4 

(0
.6

)
  7

2
11

0,
39

6
0.

65
 (

0.
52

–0
.8

2)
  5

4
  5

88
91

.9
 (

70
.4

–1
19

.9
)

 
89

 
1 

(0
.0

)
  1

6
11

2,
36

0
0.

14
 (

0.
09

–0
.2

3)
  1

6
  1

27
12

6.
5 

(7
7.

5–
20

6.
4)

Ph
yl

og
en

et
ic

 r
el

at
io

ns
hi

pc

 
Sp

ec
ie

s 
3

  5
4 

(2
.3

)
19

4
10

4,
34

6
1.

86
 (

1.
62

–2
.1

4)
16

1
16

55
97

.3
 (

83
.3

–1
13

.5
)

 
Sp

ec
ie

s 
5

  3
4 

(1
.5

)
13

2
10

6,
77

0
1.

24
 (

1.
04

–1
.4

7)
10

9
12

47
87

.4
 (

72
.5

–1
05

.5
)

 
Sp

ec
ie

s 
6

  6
2 

(2
.6

)
17

2
10

4,
81

4
1.

64
 (

1.
41

–1
.9

1)
13

8
15

98
86

.4
 (

73
.1

–1
02

.1
)

 
Sp

ec
ie

s 
7

  8
5 

(3
.6

)
19

9
10

2,
68

3
1.

94
 (

1.
69

–2
.2

3)
16

4
17

42
94

.1
 (

80
.8

–1
09

.7
)

 
Sp

ec
ie

s 
9

14
4 

(6
.1

)
35

4
94

,3
87

3.
75

 (
3.

38
–4

.1
6)

28
0

36
61

76
.5

 (
68

.0
–8

6.
0)

 
Sp

ec
ie

s 
10

  3
6 

(1
.5

)
12

2
10

7,
61

2
1.

13
 (

0.
95

–1
.3

5)
10

4
10

45
99

.5
 (

82
.1

–1
20

.6
)

O
nc

og
en

ic
 r

is
kd

 
A

ny
39

4 
(1

6.
8)

66
6

70
,1

50
9.

49
 (

8.
80

–1
0.

24
)

54
8

73
68

74
.4

 (
68

.4
–8

0.
9)

 
H

ig
h

 
 

A
ny

25
0 

(1
0.

6)
50

9
83

,5
75

6.
09

 (
5.

58
–6

.6
4)

41
1

54
59

75
.3

 (
68

.4
–8

2.
9)

J Infect Dis. Author manuscript; available in PMC 2021 February 17.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Trottier et al. Page 17

H
P

V
 c

at
eg

or
y

P
re

va
le

nc
e 

at
 

en
ro

llm
en

t,
 n

o.
 (

%
) 

of
 

w
om

en
 (

n 
= 

23
51

a )

In
ci

de
nt

 
in

fe
ct

io
ns

, n
o.

 o
f 

w
om

en

F
ol

lo
w

-u
p 

du
ra

ti
on

, 
w

om
en

-
m

on
th

s

In
ci

de
nc

e 
ra

te
,b 

in
fe

ct
io

ns
/1

00
0 

w
om

en
-

m
on

th
s 

(9
5%

 C
I)

C
le

ar
ed

 
in

fe
ct

io
n,

 n
o.

 o
f 

w
om

en

F
ol

lo
w

-u
p 

du
ra

ti
on

, 
w

om
en

-m
on

th
s

C
le

ar
an

ce
 r

at
e,

 in
fe

ct
io

ns
/

10
00

 w
om

en
-m

on
th

s 
(9

5%
 

C
I)

 
 

E
xc

ep
t t

yp
e 

16
20

0 
(8

.5
)

43
2

88
,5

86
4.

88
 (

4.
44

–5
.3

6)
34

8
45

16
77

.1
 (

69
.4

–8
5.

6)

 
 

E
xc

ep
t t

yp
es

 1
6 

an
d 

18
17

6 
(7

.5
)

41
6

90
,4

14
4.

60
 (

4.
18

–5
.0

7)
33

0
42

32
78

.0
 (

70
.0

–8
6.

9)

 
L

ow
14

4 
(6

.1
)

45
0

90
,8

93
4.

95
 (

4.
51

–5
.4

3)
37

9
40

02
94

.7
 (

85
.6

–1
04

.7
)

N
O

T
E

. C
I,

 c
on

fi
de

nc
e 

in
te

rv
al

; N
A

, n
ot

 a
pp

lic
ab

le
.

a D
at

a 
ex

cl
ud

e 
w

om
en

 w
ho

 te
st

ed
 n

eg
at

iv
e 

fo
r 

bo
th

 β
-g

lo
bi

n 
an

d 
H

PV
 a

nd
 w

om
en

 w
ho

 w
er

e 
no

t t
es

te
d.

b D
at

a 
ex

cl
ud

e 
w

om
en

 w
ho

 te
st

ed
 p

os
iti

ve
 f

or
 H

PV
 a

t b
as

el
in

e.

c D
at

a 
ar

e 
fo

r 
al

ph
a-

pa
pi

llo
m

av
ir

us
 s

pe
ci

es
. H

PV
 ty

pe
s 

61
, 6

2,
 7

2,
 8

1,
 8

3,
 8

4,
 a

nd
 8

9 
ar

e 
cl

as
si

fi
ed

 a
s 

al
ph

a-
pa

pi
llo

m
av

ir
us

 s
pe

ci
es

 3
; H

PV
 ty

pe
s 

26
, 5

1,
 6

9,
 a

nd
 8

2 
as

 s
pe

ci
es

 5
; H

PV
 ty

pe
s 

53
, 5

6,
 a

nd
 6

6 
as

 
sp

ec
ie

s 
6;

 H
PV

 ty
pe

s 
18

, 3
9,

 4
5,

 5
9,

 6
8,

 a
nd

 7
0 

as
 s

pe
ci

es
 7

; H
PV

 ty
pe

s 
16

, 3
1,

 3
3,

 3
5,

 5
2,

 5
8,

 a
nd

 6
7 

as
 s

pe
ci

es
 9

; a
nd

 H
PV

 ty
pe

s 
6/

11
, 4

4,
 a

nd
 5

5 
as

 s
pe

ci
es

 1
0.

d Se
e 

th
e 

te
xt

 f
or

 d
es

cr
ip

tio
ns

 o
f 

hi
gh

-r
is

k 
an

d 
lo

w
-r

is
k 

H
PV

 ty
pe

s.

J Infect Dis. Author manuscript; available in PMC 2021 February 17.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Trottier et al. Page 18

Ta
b

le
 2

.

M
ea

n 
an

d 
m

ed
ia

n 
du

ra
tio

n 
of

 th
e 

fi
rs

t i
nc

id
en

t h
um

an
 p

ap
ill

om
av

ir
us

 (
H

PV
) 

in
fe

ct
io

n 
an

d 
pr

ev
al

en
t H

PV
 in

fe
ct

io
n 

am
on

g 
w

om
en

 f
ro

m
 S

ão
 P

au
lo

, 

B
ra

zi
l, 

by
 H

PV
 ty

pe
, p

hy
lo

ge
ne

tic
 r

el
at

io
ns

hi
p,

 a
nd

 o
nc

og
en

ic
 r

is
k.

In
fe

ct
io

n 
ty

pe
, H

P
V

 c
at

eg
or

y
Su

bj
ec

t,
 n

o.

D
ur

at
io

n,
 m

on
th

s 
(9

5%
 c

on
fi

de
nc

e 
in

te
rv

al
)

M
ea

n
M

ed
ia

n

In
ci

de
nt

a

 
Ty

pe

 
 

6/
11

  5
3

  9
.5

 (
6.

9–
12

.1
)

  6
.0

 (
5.

7–
6.

9)

 
 

16
16

2
11

.9
 (

10
.3

–1
3.

5)
  7

.3
 (

6.
3–

10
.7

)

 
 

18
  4

7
10

.9
 (

8.
3–

13
.4

)
  6

.9
 (

6.
0–

12
.0

)

 
 

26
 

9
  9

.1
 (

6.
4–

11
.9

)
10

.4
 (

3.
6–

12
.2

)

 
 

31
  5

0
11

.5
 (

9.
3–

13
.7

)
11

.1
 (

5.
9–

12
.2

)

 
 

32
 

4
  6

.8
 (

4.
1–

9.
6)

  5
.6

 (
4.

1)
b

 
 

33
  2

9
15

.4
 (

9.
6–

21
.2

)
11

.8
 (

6.
5–

16
.1

)

 
 

35
  5

3
12

.8
 (

8.
6–

17
.1

)
  6

.2
 (

6.
0–

8.
4)

 
 

39
  2

4
13

.2
 (

9.
7–

16
.8

)
  6

.5
 (

6.
0–

19
.4

)

 
 

40
  2

1
  7

.9
 (

6.
1–

9.
8)

  6
.0

 (
5.

4–
7.

9)

 
 

42
  1

6
12

.0
 (

4.
1–

19
.9

)
  6

.0
 (

5.
5–

12
.7

)

 
 

44
 

7
  8

.5
 (

5.
9–

11
.1

)
  6

.0
 (

5.
1–

12
.1

)

 
 

45
  4

4
10

.0
 (

8.
3–

11
.8

)
  6

.4
 (

6.
0–

12
.0

)

 
 

51
10

0
11

.4
 (

9.
4–

13
.3

)
  6

.3
 (

6.
0–

11
.7

)

 
 

52
  5

5
11

.8
 (

9.
4–

14
.2

)
11

.7
 (

6.
1–

12
.0

)

 
 

53
  9

5
11

.5
 (

9.
7–

13
.3

)
10

.0
 (

6.
1–

11
.7

)

 
 

54
  4

6
10

.4
 (

7.
4–

13
.4

)
  6

.0
 (

5.
9–

6.
4)

 
 

55
  5

8
  9

.0
 (

7.
2–

10
.8

)
  6

.1
 (

6.
0–

6.
5)

 
 

56
  3

6
12

.3
 (

9.
3–

15
.2

)
11

.3
 (

6.
5–

12
.2

)

 
 

57
  4

  7
.3

 (
4.

4–
10

.2
)

  6
.1

 (
4.

3)
b

 
 

58
  6

1
14

.5
 (

9.
7–

19
.3

)
  6

.3
 (

6.
0–

10
.8

)

 
 

59
  3

4
  9

.5
 (

7.
8–

11
.2

)
  7

.4
 (

6.
0–

11
.8

)

J Infect Dis. Author manuscript; available in PMC 2021 February 17.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Trottier et al. Page 19

In
fe

ct
io

n 
ty

pe
, H

P
V

 c
at

eg
or

y
Su

bj
ec

t,
 n

o.

D
ur

at
io

n,
 m

on
th

s 
(9

5%
 c

on
fi

de
nc

e 
in

te
rv

al
)

M
ea

n
M

ed
ia

n

 
 

61
  2

7
10

.4
 (

7.
6–

13
.2

)
  6

.5
 (

5.
8–

11
.5

)

 
 

62
  3

3
  9

.4
 (

7.
5–

11
.3

)
  8

.1
 (

6.
0–

11
.8

)

 
 

66
  2

7
  7

.7
 (

6.
5–

8.
9)

  6
.1

 (
6.

0–
8.

0)

 
 

67
 

5
  5

.6
 (

2.
0–

9.
2)

  3
.9

 (
3.

1)
b

 
 

68
  4

2
  8

.8
 (

7.
0–

10
.5

)
  6

.3
 (

5.
9–

7.
8)

 
 

69
 

2
  5

.1
 (

3.
8–

6.
3)

  4
.1

 (
4.

1)
b

 
 

70
  1

8
  8

.1
 (

6.
0–

10
.1

)
  6

.0
 (

4.
7–

10
.5

)

 
 

71
  1

6
10

.6
 (

7.
1–

14
.1

)
11

.7
 (

4.
1–

13
.4

)

 
 

72
 

6
  7

.4
 (

4.
4–

10
.4

)
  5

.3
 (

3.
7)

b

 
 

73
  3

6
  9

.4
 (

7.
0–

11
.8

)
  6

.2
 (

5.
9–

7.
1)

 
 

81
  1

7
  9

.7
 (

6.
4–

13
.0

)
  6

.8
 (

4.
3–

12
.0

)

 
 

82
  1

5
10

.1
 (

5.
0–

15
.3

)
  6

.2
 (

4.
0–

10
.3

)

 
 

83
  3

2
10

.1
 (

7.
7–

12
.5

)
  6

.3
 (

6.
0–

11
.8

)

 
 

84
  5

9
10

.6
 (

8.
6–

12
.5

)
  7

.1
 (

6.
0–

11
.0

)

 
 

89
  1

6
  7

.9
 (

5.
8–

10
.1

)
  6

.0
 (

4.
9–

9.
7)

 
Ph

yl
og

en
et

ic
 r

el
at

io
ns

hi
pc

 
 

Sp
ec

ie
s 

3
17

4
10

.0
 (

9.
0–

11
.1

)
  6

.3
 (

6.
1–

9.
5)

 
 

Sp
ec

ie
s 

5
11

8
11

.3
 (

9.
5–

13
.2

)
  6

.3
 (

6.
0–

10
.4

)

 
 

Sp
ec

ie
s 

6
14

6
11

.5
 (

9.
8–

13
.2

)
  9

.0
 (

6.
2–

11
.3

)

 
 

Sp
ec

ie
s 

7
17

6
10

.5
 (

9.
3–

11
.8

)
  6

.4
 (

6.
0–

9.
7)

 
 

Sp
ec

ie
s 

9
31

3
13

.3
 (

11
.6

–1
4.

9)
  6

.7
 (

6.
2–

9.
1)

 
 

Sp
ec

ie
s 

10
11

1
10

.3
 (

8.
2–

12
.5

)
  6

.1
 (

6.
0–

6.
5)

 
O

nc
og

en
ic

 r
is

kd

 
 

A
ny

60
5

13
.5

 (
12

.4
–1

4.
7)

  7
.1

 (
6.

3–
9.

7)

 
 

H
ig

h

 
 

 
A

ny
45

9
13

.4
 (

12
.1

–1
4.

8)
  6

.5
 (

6.
2–

8.
6)

 
 

 
E

xc
ep

t t
yp

e 
16

39
3

13
.2

 (
11

.8
–1

4.
7)

  6
.5

 (
6.

2–
8.

4)

J Infect Dis. Author manuscript; available in PMC 2021 February 17.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Trottier et al. Page 20

In
fe

ct
io

n 
ty

pe
, H

P
V

 c
at

eg
or

y
Su

bj
ec

t,
 n

o.

D
ur

at
io

n,
 m

on
th

s 
(9

5%
 c

on
fi

de
nc

e 
in

te
rv

al
)

M
ea

n
M

ed
ia

n

 
 

 
E

xc
ep

t t
yp

es
 1

6 
an

d 
18

37
5

13
.1

 (
11

.6
–1

4.
6)

  6
.5

 (
6.

2–
8.

4)

 
 

L
ow

39
6

10
.5

 (
9.

6–
11

.5
)

  6
.2

 (
6.

0–
6.

7)

Pr
ev

al
en

te

 
A

ny
34

2
18

.6
 (

16
.0

–2
1.

1)
  8

.2
 (

8.
0–

9.
2)

 
H

ig
h 

on
co

ge
ni

c 
ri

sk
21

6
15

.2
 (

12
.5

–1
8.

0)
  8

.0
 (

6.
9–

8.
2)

 
L

ow
 o

nc
og

en
ic

 r
is

k
12

6
12

.2
 (

9.
4–

15
.1

)
  6

.2
 (

4.
5–

8.
0)

 
H

PV
-1

6
  5

4
15

.5
 (

10
.8

–2
0.

2)
  8

.5
 (

6.
9–

11
.9

)

a N
um

be
r 

of
 s

ub
je

ct
s 

do
es

 n
ot

 in
cl

ud
e 

w
om

en
 w

ith
 in

ci
de

nt
 in

fe
ct

io
n 

de
te

ct
ed

 a
t t

he
 la

st
 v

is
it.

b U
pp

er
 li

m
it 

of
 th

e 
co

nf
id

en
ce

 in
te

rv
al

 w
as

 n
ot

 d
et

er
m

in
ed

.

c D
at

a 
ar

e 
fo

r 
al

ph
a-

pa
pi

llo
m

av
ir

us
 s

pe
ci

es
. H

PV
 ty

pe
s 

61
, 6

2,
 7

2,
 8

1,
 8

3,
 8

4,
 a

nd
 8

9 
ar

e 
cl

as
si

fi
ed

 a
s 

al
ph

a-
pa

pi
llo

m
av

ir
us

 s
pe

ci
es

 3
; H

PV
 ty

pe
s 

26
, 5

1,
 6

9,
 a

nd
 8

2 
as

 s
pe

ci
es

 5
; H

PV
 ty

pe
s 

53
, 5

6,
 a

nd
 6

6 
as

 
sp

ec
ie

s 
6;

 H
PV

 ty
pe

s 
18

, 3
9,

 4
5,

 5
9,

 6
8,

 a
nd

 7
0 

as
 s

pe
ci

es
 7

; H
PV

 ty
pe

s 
16

, 3
1,

 3
3,

 3
5,

 5
2,

 5
8,

 a
nd

 6
7 

as
 s

pe
ci

es
 9

; a
nd

 H
PV

 ty
pe

s 
6/

11
, 4

4,
 a

nd
 5

5 
as

 s
pe

ci
es

 1
0.

d D
at

a 
ar

e 
po

ol
ed

-p
ro

be
 p

os
iti

vi
ty

 e
st

im
at

es
 (

fr
om

 o
ns

et
 o

f 
po

si
tiv

ity
 to

 th
e 

en
d 

of
 p

os
iti

vi
ty

 f
or

 a
ny

 o
f 

th
e 

H
PV

 ty
pe

s 
th

at
 c

om
pr

is
ed

 a
 g

iv
en

 g
ro

up
).

 S
ee

 th
e 

te
xt

 f
or

 d
es

cr
ip

tio
ns

 o
f 

hi
gh

-r
is

k 
an

d 
lo

w
-r

is
k 

H
PV

 ty
pe

s.

e D
oe

s 
no

t i
nc

lu
de

 w
om

en
 w

ith
 p

re
va

le
nt

 in
fe

ct
io

n 
w

ho
 d

id
 n

ot
 r

et
ur

n 
fo

r 
su

bs
eq

ue
nt

 v
is

its
.

J Infect Dis. Author manuscript; available in PMC 2021 February 17.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Trottier et al. Page 21

Ta
b

le
 3

.

W
ei

gh
te

d 
(t

yp
e-

sp
ec

if
ic

) 
m

ea
n 

du
ra

tio
n 

of
 in

ci
de

nt
 h

um
an

 p
ap

ill
om

av
ir

us
 (

H
PV

) 
in

fe
ct

io
n 

am
on

g 
w

om
en

 f
ro

m
 S

ão
 P

au
lo

, B
ra

zi
l, 

by
 H

PV
 p

hy
lo

ge
ne

tic
 

re
la

tio
ns

hi
p 

an
d 

on
co

ge
ni

c 
ri

sk
.

H
P

V
 c

at
eg

or
y

Su
bj

ec
ts

, n
o.

W
ei

gh
te

d 
m

ea
n 

in
fe

ct
io

n 
du

ra
ti

on
 (

95
%

 C
I)

St
ri

ct
 d

ef
in

it
io

na
G

ap
 o

f 
1 

ne
ga

ti
ve

 r
es

ul
t 

ig
no

re
db

G
ap

 o
f 

2 
ne

ga
ti

ve
 r

es
ul

ts
 ig

no
re

dc

Ph
yl

og
en

et
ic

 r
el

at
io

ns
hi

pd

 
Sp

ec
ie

s 
3

  1
90

9.
8 

(9
.0

–1
0.

7)
10

.8
 (

9.
4–

12
.2

)
11

.5
 (

10
.0

–1
3.

0)

 
Sp

ec
ie

s 
5

  1
26

11
.0

 (
9.

1–
12

.8
)

11
.7

 (
9.

3–
14

.1
)

11
..7

 (
9.

3–
14

.1
)

 
Sp

ec
ie

s 
6

  1
58

11
.0

 (
6.

3–
15

.7
)

11
.9

 (
6.

8–
17

.0
)

12
.2

 (
6.

8–
17

.6
)

 
Sp

ec
ie

s 
7

  2
09

10
.1

 (
8.

5–
11

.7
)

10
.4

 (
8.

6–
12

.2
)

10
.4

 (
8.

6–
12

.2
)

 
Sp

ec
ie

s 
9

  4
15

12
.5

 (
11

.1
–1

4.
0)

13
.5

 (
12

.1
–1

5.
0)

14
.4

 (
12

.5
–1

6.
2)

 
Sp

ec
ie

s 
10

  1
18

9.
2 

(8
.3

–1
0.

1)
11

.0
 (

6.
8–

15
.2

)
11

.4
 (

6.
8–

15
.2

)

O
nc

og
en

ic
 r

is
ke

 
A

ny
13

59
10

.9
 (

10
.3

–1
1.

5)
11

.8
 (

11
.1

–1
2.

5)
12

.3
 (

11
.5

–1
3.

0)

 
H

ig
h

 
 

A
ny

  8
15

11
.5

 (
10

.6
–1

2.
5)

12
.3

 (
11

.2
–1

3.
4)

12
.8

 (
11

.5
–1

4.
1)

 
 

E
xc

ep
t t

yp
e 

16
  6

53
11

.4
 (

10
.4

–1
2.

5)
12

.1
 (

10
.8

–1
3.

3)
12

.4
 (

11
.0

–1
3.

9)

 
 

E
xc

ep
t t

yp
es

 1
6 

an
d 

18
  6

06
11

.5
 (

10
.3

–1
2.

7)
12

.2
 (

10
.9

–1
3.

5)
12

.6
 (

11
.0

–1
4.

1)

 
L

ow
  5

44
9.

9 
(9

.3
–1

0.
5)

11
.1

 (
10

.3
–1

1.
7)

11
.5

 (
10

.6
–1

2.
3)

N
O

T
E

. C
I,

 c
on

fi
de

nc
e 

in
te

rv
al

.

a A
ve

ra
ge

 o
f 

th
e 

ac
tu

ar
ia

l m
ea

n 
of

 e
ac

h 
im

pl
ic

at
ed

 H
PV

 ty
pe

 w
ei

gh
te

d 
by

 th
e 

fr
eq

ue
nc

y 
of

 in
ci

de
nt

 e
pi

so
de

s.
 F

or
 e

ac
h 

ty
pe

, t
he

 f
ir

st
 n

eg
at

iv
e 

te
st

 r
es

ul
t f

ol
lo

w
in

g 
a 

st
ri

ng
 o

f 
po

si
tiv

e 
te

st
 r

es
ul

ts
 w

as
 

ar
bi

tr
ar

ily
 ta

ke
n 

as
 in

di
ca

tiv
e 

of
 c

le
ar

an
ce

. S
ee

 th
e 

te
xt

 f
or

 d
et

ai
ls

.

b Sa
m

e 
as

 a
bo

ve
, e

xc
ep

t t
ha

t a
 g

ap
 o

f 
1 

ne
ga

tiv
e 

te
st

 r
es

ul
t i

n 
a 

se
qu

en
ce

 o
f 

po
si

tiv
e 

re
su

lts
 f

or
 a

 g
iv

en
 H

PV
 ty

pe
 w

as
 ig

no
re

d.
 F

or
 e

xa
m

pl
e,

 w
om

en
 w

ho
 te

st
ed

 p
os

iti
ve

 f
or

 th
e 

sa
m

e 
ty

pe
 a

t v
is

its
 2

, 3
, a

nd
 5

 
w

er
e 

co
ns

id
er

ed
 to

 h
av

e 
be

en
 in

fe
ct

ed
 f

ro
m

 v
is

its
 2

 to
 5

; t
he

 g
ap

 in
 p

os
iti

vi
ty

 a
t v

is
it 

4 
w

as
 ig

no
re

d.

c Sa
m

e 
as

 a
bo

ve
, e

xc
ep

t t
ha

t a
 g

ap
 o

f 
up

 to
 2

 c
on

se
cu

tiv
e 

ne
ga

tiv
e 

te
st

 r
es

ul
ts

 f
or

 a
 g

iv
en

 H
PV

 ty
pe

 w
er

e 
ig

no
re

d.
 F

or
 e

xa
m

pl
e,

 w
om

en
 w

ho
 te

st
ed

 p
os

iti
ve

 f
or

 th
e 

sa
m

e 
ty

pe
 a

t v
is

its
 2

, 3
, a

nd
 5

 o
r 

w
om

en
 

w
ho

 te
st

ed
 p

os
iti

ve
 f

or
 th

e 
sa

m
e 

ty
pe

 a
t v

is
its

 2
 a

nd
 5

 w
er

e 
co

ns
id

er
ed

 to
 h

av
e 

be
en

 c
on

tin
uo

us
ly

 in
fe

ct
ed

 f
ro

m
 v

is
its

 2
 th

ro
ug

h 
5.

d D
at

a 
ar

e 
fo

r 
al

ph
a-

pa
pi

llo
m

av
ir

us
 s

pe
ci

es
. H

PV
 ty

pe
s 

61
, 6

2,
 7

2,
 8

1,
 8

3,
 8

4,
 a

nd
 8

9 
ar

e 
cl

as
si

fi
ed

 a
s 

al
ph

a-
pa

pi
llo

m
av

ir
us

 s
pe

ci
es

 3
; H

PV
 ty

pe
s 

26
, 5

1,
 6

9,
 a

nd
 8

2 
as

 s
pe

ci
es

 5
; H

PV
 ty

pe
s 

53
, 5

6,
 a

nd
 6

6 
as

 
sp

ec
ie

s 
6;

 H
PV

 ty
pe

s 
18

, 3
9,

 4
5,

 5
9,

 6
8,

 a
nd

 7
0 

as
 s

pe
ci

es
 7

; H
PV

 ty
pe

s 
16

, 3
1,

 3
3,

 3
5,

 5
2,

 5
8,

 a
nd

 6
7 

as
 s

pe
ci

es
 9

; a
nd

 H
PV

 ty
pe

s 
6/

11
, 4

4,
 a

nd
 5

5 
as

 s
pe

ci
es

 1
0.

e Se
e 

th
e 

te
xt

 f
or

 d
es

cr
ip

tio
ns

 o
f 

hi
gh

-r
is

k 
an

d 
lo

w
-r

is
k 

H
PV

 ty
pe

s.

J Infect Dis. Author manuscript; available in PMC 2021 February 17.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Trottier et al. Page 22

Ta
b

le
 4

.

C
ha

ra
ct

er
is

tic
s 

of
 h

um
an

 p
ap

ill
om

av
ir

us
 (

H
PV

) 
m

on
oi

nf
ec

tio
n 

an
d 

co
in

fe
ct

io
n 

am
on

g 
w

om
en

 f
ro

m
 S

ão
 P

au
lo

, B
ra

zi
l, 

by
 H

PV
 ty

pe
 a

nd
 o

nc
og

en
ic

 r
is

k.

H
P

V
 c

at
eg

or
y

Su
bj

ec
ts

, n
o.

D
ur

at
io

n,
 m

ea
n,

 m
on

th
sa  (

95
%

 C
I)

M
on

oi
nf

ec
ti

on
C

oi
nf

ec
ti

on
M

on
oi

nf
ec

ti
on

C
oi

nf
ec

ti
on

Ty
pe

 
6/

11
 

7
 

46
16

.5
 (

1.
1–

31
.9

)
8.

9 
(7

.1
–1

0.
6)

 
16

  4
7

  1
15

11
.0

 (
7.

8–
14

.3
)

15
.4

 (
12

.9
–1

7.
8)

 
18

  1
3

 
34

9.
7 

(5
.1

–1
4.

3)
11

.3
 (

8.
2–

14
.4

)

 
26

 
2

 
  7

7.
8 

(2
.0

–1
3.

6)
9.

5 
(6

.5
–1

2.
6)

 
31

  1
4

 
36

8.
7 

(6
.0

–1
1.

5)
12

.8
 (

9.
9–

15
.7

)

 
32

 
2

 
  2

7.
8 

(2
.7

–1
2.

9)
5.

9 
(5

.5
–6

.3
)

 
33

 
2

  2
7

10
.4

 (
5.

1–
15

.8
)

15
.8

 (
9.

6–
22

.0
)

 
35

  1
1

 
42

11
.2

 (
4.

0–
18

.4
)

14
.3

 (
9.

5–
19

.1
)

 
39

 
2

 
22

9.
2 

(4
.4

–1
4.

1)
14

.1
 (

10
.3

–1
7.

9)

 
40

 
4

 
17

10
.0

 (
6.

5–
13

.4
)

8.
2 

(5
.9

–1
0.

6)

 
42

 
0

 
15

N
A

13
.3

 (
5.

3–
21

.2
)

 
44

 
2

 
  5

5.
4 

(5
.0

–5
.8

)
9.

7 
(6

.7
–1

2.
7)

 
45

 
8

 
36

9.
0 

(5
.6

–1
2.

4)
10

.3
 (

8.
3–

12
.3

)

 
51

  2
0

 
80

10
.5

 (
5.

6–
15

.4
)

12
.7

 (
10

.3
–1

5.
1)

 
52

 
6

 
49

7.
1 

(5
.2

–8
.9

)
18

.6
 (

13
.8

–2
3.

3)

 
53

  1
8

 
77

10
.8

 (
7.

1–
14

.5
)

13
.5

 (
10

.9
–1

6.
0)

 
54

  1
3

 
33

14
.2

 (
4.

8–
23

.6
)

12
.5

 (
8.

1–
17

.0
)

 
55

  1
5

 
43

8.
4 

(5
.5

–1
1.

3)
13

.3
 (

8.
8–

17
.9

)

 
56

 
5

 
31

8.
7 

(6
.3

–1
1.

1)
13

.5
 (

10
.2

–1
6.

8)

 
57

 
0

 
  4

N
A

7.
3 

(4
.4

–1
0.

2)

 
58

  1
2

 
49

6.
6 

(5
.0

–8
.1

)
17

.2
 (

11
.6

–2
2.

8)

 
59

 
7

 
27

12
.4

 (
5.

5–
19

.4
)

9.
9 

(7
.8

–1
1.

9)

 
61

 
9

 
18

8.
4 

(5
.3

–1
1.

5)
12

.9
 (

8.
3–

17
.5

)

 
62

 
4

 
29

15
.8

 (
9.

8–
21

.8
)

11
.7

 (
8.

1–
15

.2
)

J Infect Dis. Author manuscript; available in PMC 2021 February 17.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Trottier et al. Page 23

H
P

V
 c

at
eg

or
y

Su
bj

ec
ts

, n
o.

D
ur

at
io

n,
 m

ea
n,

 m
on

th
sa  (

95
%

 C
I)

M
on

oi
nf

ec
ti

on
C

oi
nf

ec
ti

on
M

on
oi

nf
ec

ti
on

C
oi

nf
ec

ti
on

 
66

 
6

 
21

7.
9 

(5
.8

–1
0.

1)
8.

4 
(6

.6
–1

0.
2)

 
67

 
1

 
  4

13
.8

 (
13

.8
–1

3.
8)

3.
6 

(3
.2

–3
.9

)

 
68

  1
0

 
32

11
.3

 (
6.

5–
16

.2
)

8.
3 

(6
.6

–1
0.

0)

 
69

 
0

 
  2

N
A

5.
1 

(3
.8

–6
.3

)

 
70

 
3

 
15

6.
8 

(3
.8

–9
.8

)
8.

3 
(6

.0
–1

0.
7)

 
71

 
2

 
14

4.
6 

(3
.8

–5
.3

)
14

.8
 (

7.
3–

22
.2

)

 
72

 
  5

8.
9 

(5
.1

–1
2.

8)

 
73

 
6

 
30

6.
6 

(5
.1

–8
.1

)
10

.9
 (

7.
3–

14
.6

)

 
81

 
4

 
13

10
.2

 (
6.

9–
13

.6
)

11
.9

 (
6.

7–
17

.2
)

 
82

 
0

 
15

N
A

10
.1

 (
5.

0–
15

.3
)

 
83

 
9

 
23

12
.0

 (
6.

8–
17

.3
)

8.
6 

(7
.0

–1
0.

2)

 
84

  1
1

 
48

12
.0

 (
7.

2–
16

.9
)

13
.1

 (
9.

3–
17

.0
)

 
89

 
4

 
12

6.
7 

(3
.6

–9
.8

)
8.

3 
(5

.7
–1

0.
9)

Po
ol

ed
-p

ro
be

 p
os

iti
vi

ty
, b

y 
on

co
ge

ni
c 

ri
sk

 
A

ny
32

0
  2

85
10

.5
 (

9.
3–

11
.7

)
32

.8
 (

29
.7

–3
5.

9)

 
H

ig
h

 
 

A
ny

16
9

  2
90

10
.1

 (
8.

6–
11

.5
)

23
.7

 (
21

.1
–2

6.
2)

 
 

E
xc

ep
t t

yp
e 

16
12

2
  2

71
9.

7 
(8

.2
–1

1.
3)

20
.7

 (
18

.3
–2

3.
1)

 
 

E
xc

ep
t t

yp
es

 1
6 

an
d 

18
10

9
  2

66
9.

7 
(8

.1
–1

1.
4)

20
.2

 (
17

.8
–2

2.
5)

 
L

ow
15

1
  2

45
10

.7
 (

8.
9–

12
.5

)
17

.9
 (

15
.4

–2
0.

4)

W
ei

gh
te

d 
(t

yp
e-

sp
ec

if
ic

),
 b

y 
on

co
ge

ni
c 

ri
sk

 
A

ny
b

27
9

10
78

10
.2

 (
9.

4–
11

.1
)

12
.7

 (
11

.7
–1

3.
6)

 
H

ig
h

 
 

A
ny

16
9

  6
46

10
.1

 (
8.

6–
11

.5
)

13
.5

 (
11

.9
–1

5.
0)

 
 

E
xc

ep
t t

yp
e 

16
12

2
  5

31
9.

7 
(8

.2
–1

1.
3)

13
.1

 (
11

.3
–1

4.
8)

 
 

E
xc

ep
t t

yp
es

 1
6 

an
d 

18
10

9
  4

97
9.

7 
(8

.1
–1

1.
4)

13
.2

 (
11

.3
–1

5.
0)

 
L

ow
b

11
0

  4
32

10
.9

 (
9.

3–
12

.4
)

11
.5

 (
10

.4
–1

2.
6)

N
O

T
E

. S
ee

 th
e 

te
xt

 f
or

 d
es

cr
ip

tio
ns

 o
f 

hi
gh

-r
is

k 
an

d 
lo

w
-r

is
k 

H
PV

 ty
pe

s.
 C

I,
 c

on
fi

de
nc

e 
in

te
rv

al
; N

A
, n

ot
 a

pp
lic

ab
le

.

J Infect Dis. Author manuscript; available in PMC 2021 February 17.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Trottier et al. Page 24
a E

st
im

at
ed

 b
y 

ig
no

ri
ng

 th
e 

ga
p 

be
tw

ee
n 

2 
co

ns
ec

ut
iv

e 
vi

si
ts

 w
ith

 n
eg

at
iv

e 
te

st
 r

es
ul

ts
 (

se
e 

th
e 

te
xt

 a
nd

 ta
bl

e 
3 

fo
r 

de
ta

ils
).

b E
xc

lu
de

s 
in

fe
ct

io
ns

 w
ith

 u
nk

no
w

n 
H

PV
 ty

pe
s.

J Infect Dis. Author manuscript; available in PMC 2021 February 17.


	Abstract
	SUBJECTS, METHODS, AND MATERIALS
	Subject recruitment.
	HPV DNA testing.
	Statistical analysis.

	RESULTS
	DISCUSSION
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Table 1.
	Table 2.
	Table 3.
	Table 4.

