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High-risk human papillomavirus (hr-HPV) persistent infection is the necessary cause of cervical cancer,
yet age-specific prevalence patterns in unvaccinated adult women remain insufficiently characterized
in Brazil. This population-based study describes the distribution of hr-HPV infection and cervical
lesions among 20,398 women aged 25-64 years screened during the first screening round of the
PREVENTIVO organized program using HPV-DNA testing in Indaiatuba, Brazil (2017-2022). Overall
hr-HPV prevalence was 12.8% (95% Cl: 12.4-13.1), with a bimodal age pattern: a first peak at 25-26
years (26%) and a smaller second peak at 55-56 years (11.2%). HPV16, HPV18, and 12 other hr-HPV
types were detected in 2.63%, 1.01%, and 10.72% of women, respectively, all showing significant
age-related declines. Among hr-HPV positive women, 12.4% had CIN2+, including 29 cervical cancers.
CIN2 +rates ranged from 11 to 17% between ages 25-49, decreased after, and showed a late HSIL
peak at 61 years (8.2%). Cervical cancer peaked at 45-46 years, with no cases after age 55, reflecting
the impact of early precursor detection within the program. These findings demonstrate a persistent
burden of hr-HPV and high-grade lesions at older ages and provide essential baseline data for
monitoring vaccination impact. They also support consideration of extended of screening strategies,
including a potential hr-HPV “exit test” beyond age 64.

Cervical cancer remains a major cause of morbidity and mortality among women, particularly in vulnerable
populations or in settings with limited access to healthcare services'=. In Brazil, the annual estimate for 2023~
2025 is 17,000 new cervical cancer cases and 6,000 deaths*. This cancer arises from persistent cervical infection
with oncogenic high-risk human papillomavirus (hr-HPV). Cervical HPV infection is common among young
adults, and although 90% of infections are transient, persistent infection increases the risk of developing
precursor lesions and, eventually, cervical cancer. Approximately only 1% of all infections progress to cervical
cancer™®.

Established preventive measures include vaccination against the most relevant genotypes, especially HPV16
and HPV18, and regular screening for precursor lesions using cervical samples®’~. After decades of relying
on cytology (Pap smear), molecular tests for hr-HPV DNA detection have become the standard in several
countries®10-12,

The global adjusted prevalence of HPV infection among women without cytological abnormalities is
estimated at 11.7% (95% CI: 11.6-11.7)'2. Rates vary by socioeconomic level and, more recently, by the impact
of vaccination introduced in 2007!>!%. While countries such as Australia and the United Kingdom report
substantial declines in vaccine-type HPV prevalence, regions including Sub-Saharan Africa (24%), Eastern
Europa (21.4%) e Latin America (16.1%) still show high rates"”12-14,

Age-specific hr-HPV distribution often displays a U-shaped or bimodal pattern, with a first peak in
adolescence and young adulthood (25-40%), followed by a decline to baseline levels (5-15%) at ages 35-55
years, and, in some settings, a smaller second peak (15-20%) after age 50>!°17. This late peak may reflect new
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exposures or reactivation of latent infections, potentially influenced by hormonal and immune changes during
aging!®.

In Brazil, hr-HPV prevalence and its age-specific distribution remain poorly characterized. Existing studies
show regional heterogeneity and are often limited to specific age groups'®~18. A meta-analysis by Colpani et
al. (2020) reported a 25.6% prevalence in samples from the Southeast region!’, while a study of 5,268 young
Brazilian women (16-25 years) found a 38.6% prevalence®. However, consistent data for women over 25 years
are lacking.

HPYV vaccination was introduced in Brazil’s national immunization program in 2014, and the first vaccinated
cohort is expected to reach screening age in 2025. Brazil currently recommends cervical cancer screening for
women aged 25-64 years, based on cytology every three years, offered in an opportunistic manner with minimal
impact on mortality®!.

To improve this scenario, the “PREVENTIVO” (PREvention of HPV Viruses in ENTire Indaiatuba by
Vaccination and Organization of the screening) cervical cancer screening program was initiated in October 2017
asa population-based demonstration project within the public healthcare system, developed through cooperation
between the city of Indaiatuba (Sao Paulo, Brazil) and the University of Campinas (UNICAMP, Campinas,
SP, Brazil). Briefly, the screening program targets women aged 25-64y who have initiated sexual activity and
includes hr-HPV DNA testing every five years. Its main achievements have been previously published?’-*? and
have supported Brazil's ongoing transition to an organized HPV DNA-based screening program?.

With more than 20,000 women screened by hr-HPV DNA testing in the program first round, it is timely
to describe hr-HPV prevalence in a predominantly unvaccinated adult population to support screening policy
planning and provide baseline data for future evaluation of vaccination impact. This study aimed to describe
the age-specific prevalence of hr-HPV infection and high-grade precursor lesions or cervical cancer in women
aged 25 years or older participating in an organized screening program using hr-HPV DNA testing in the public
health system.

Results

A total of 20,398 women aged 25-64 years were screened, reaching 78% coverage of the target population. The
overall hr-HPV prevalence was 12.8% (95% CI: 12.4-13.1; n=2,603), and the overall rate of CIN2 or worse
among hr-HPV-positive women was 12.4% (n=324), comprising 154 (47.5%) CIN2, 141 (43.5%) CIN3, and 29
(9.0%) invasive cervical cancers.

Age-group specific prevalence of hr-HPV and lesions

Five-year age group-specific hr-HPV prevalence among all screened women showed a progressive decline of
0.41% per year of age (p <0.0009; linear trend test; Fig. 1; Table 1), with a bimodal pattern consisting of an initial
peak at age 25-26 years (26%) and a smaller second peak of 8.6% at ages 55-59. Using two-year age groups, the
second peak reached 11.2% at ages 55-56 (Supplementary Figure S1). Lesion prevalence by five-years age group
is shown in Table 2, with a significant decreasing trend for CIN2 (0.07% per year; p<0.0001) and CIN3 (0.04%
per year; p=0.0002).

HPV genotype prevalence by five-year age group

This analysis considered the different HPV detections and combinations; results are shown in Table 1. HPV16
was detected in 2.63%, HPV18 in 1.01% and the 120T group in 10.72%. All HPV detections patterns showed
a significant decreasing trend with increasing age (p <0.05), with the steepest declines observed for 120T-only
(1.4% per year; p=0.001) and 120T-any infections (1.7% per year; p=0.001). Only the HPV16/18 co-infection
group did not show a significant trend, likely due to its low frequency. Any hr-HPV prevalence decreased from
23.37% in women aged 25-29 years to 6.63% in women aged 60-64 years (-0.41% per year; p=000.9). Details
about coefficient angular and percentage trend for each category are shown in Supplementary Table S1.

Lesions detected among hr-HPV-positive women

The CIN2 or worse rate among hr-HPV-positive women ranged from 11 to 16.7% between ages 25-49 years,
then declined to 7.7% at age 50-54 (Table 2). Three-year age group analysis (Fig. 2) showed a small second peak
of HSIL (CIN2 plus CIN3) at age 61 (8.2%). Cervical cancer cases increased progressively from age 35, peaked
at age 45-46, and no cases were detected after age 55, likely reflecting increased HSIL detection and treatment
due to the screening program. Details about coefficient angular and percentage trend for each lesion category
are shown in Supplementary Table S1.

Discussion
This study provides the first age-specific description of hr-HPV infection and cervical lesions in an unvaccinated
adult female population within an organized screening program in Brazil. The overall hr-HPV prevalence
(12.8%) aligns with global estimates for comparable age groups!>~!* and is lower than rates reported in Brazilian
studies including younger women'6-!8, underscoring the influence of age and population characteristics on HPV
epidemiology.

The hr-HPV age curve exhibited a bimodal pattern, with an early peak in younger women and a second
smaller peak around age 55. Although not universal, this late peak has been documented in other populations and
is attributed to new sexual exposure or reactivation of latent infections, potentially triggered by perimenopausal
hormonal changes and immune senescence. Observing this pattern in a non-vaccinated, publicly screened
population has direct policy implications, suggesting that older women remain at significant risk and should
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Fig. 1. Five-year age group-specific prevalence of hr-HPV by woman (blue full line) among 20.398 screened
between 25-64 years showing progressive declines with age (p <0.0009; linear trend test). At the age group
55-59 years the hr-HPV prevalence was 8.6% (11.2% considering the ages 55-56 years). Dotted lines represent
prevalences of HPV16, HPV18 or the pooled 12 other hr-HPV genotypes (120T: types 31, 33, 35, 39, 45, 51,
52, 56, 58, 59, 66, and 68), considering coinfections. All curves exhibited a five-year significative decreasing
trend: all hr-HPV =2.05% (p=0.0009); HPV16=0.54% (p=0.002); HPV18=0.19 (p=0.001).

be included in prevention strategies, particularly in settings with historically inconsistent or opportunistic
screening.

The distribution of HSIL and cervical cancer showed distinct peaks. Cervical cancer peaked at 45-46 years,
whereas HSIL showed a later second peak at age 61, approximately six years after the second infection peak (ages
55-56). These temporal gaps are consistent with the natural history of cervical carcinogenesis, which typically
spans 10-15 from infection to cancer™®. According to this pattern, the sequential infection and lesion peaks
observed in this study suggest that cervical cancer could occur after the age 64, beyond the current upper limit
of screening. However, the low occurrence of cancer after age 55 in this population reflects the impact of prior
screening and early detection resulting from the HPV DNA-based program, which has increased HSIL detection
fourfold since its implementation in 2017242>,

Previous regional data showed that 22.6% of cervical cancers in Brazil occurred in women over 65 years!'*2,
similar to U.S. reports (around 20%) which have prompted discussion about extending screening beyond age
65%8. Strategies such as a one-time hr-HPV “exit test” beyond standard screening age should be considered,
especially for women with limited prior screening. Ongoing studies in other countries are also exploring hr-
HPV testing using self-collected or urine samples for women above the target screening age?’>..

These present findings complement previous evaluations of the PREVENTIVO program?? and provide
evidence to inform public health policy during Brazil’s transition to primary hr-HPV-based screening.
Establishing baseline age-specific patterns in a non-vaccinated population will enable future assessment of
vaccination impact as immunized cohorts enter screening age.

Study limitations include the lack of individual vaccination and behavioral data and the inability to distinguish
between new infections and reactivations. Nevertheless, high population coverage and standardized diagnostic
procedures strengthen the reliability of these findings.

In summary, the age-specific distribution of hr-HPV infection and HSIL in an unvaccinated adult female
population showed a bimodal pattern, with early peaks in younger ages and a smaller second infection peak at
ages 55-56, followed by a late HSIL peak at age 61. These findings support maintaining screening strategies into
older ages in new HPV DNA testing programs, including consideration of an hr-HPV “exit test” beyond the
current upper age limit, and provide essential baseline parameters for monitoring future vaccination impact in
Brazil.
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Population screened by age group and prevalence of high-risk HPV detection
Total 25-29y 30-34y 35-39y 40-44y 45-49y 50-54y 55-59y 60-64y
(N=20398) (n=2833) (n=2552) (n=2937) (n=2822) (n=2761) (n=2563) (n=2272) (n=1658)
Lesion detected | (HPV+=2603) | (HPV +=662) | (HPV+=423) | (HPV+=401) | (HPV+=324) | (HPV+=268) | (HPV +=220) | (HPV+=195) | (HPV +=110)
CIN2 (n) 154 36 31 26 21 18 8 8 6
Prevalence (%) 0.75 1.27 1.21 0.89 0.74 0.65 0.31 0.35 0.36
(95% CI) (0.63-0.87) (0.86-1.68) | (0.79-1.63) | (0.55-1.23) | (0.42-1.06) | (0.35-0.95) | (0.09-0.53) | (0.11-0.59) | (0.07-0.65)
Rate on HPV+ (%) | 5.92 5.44 7.33 6.48 6.48 672 3.64 4.10 5.45
CIN3* (n) 141 35 37 29 18 7 6 7 2
Prevalence (%) 0.69 1.24 1.45 0.9 0.64 0.25 0.23 031 0.12
(95% CI) (0.58-0.80) (0.83-1.65) | (0.99-1.91) | (0.63-1.35) [ (0.35-0.93) | (0.06-0.44) | (0.04-0.42) | (0.08-0.54) | (0.0-0.29)
Rate on HPV+ (%) | 5.42 5.29 8.75 7.23 5.56 261 2.73 3.59 1.82
Cancer (n) 29 2 3 5 8 7 3 1 0
Prevalence (%) 0.14 0.07 0.12 0.17 0.28 0.25 0.12 0.04 0.00
(95% CI) (0.09-0.19) (0.0-0.17) (0.0-0.25) (0.02-0.32) | (0.09-0.47) | (0.06-0.44) | (0.0-0.25) (0.0-0.12)
Rate on HPV+ (%) | 1.11 0.30 0.71 125 247 2.61 1.36 0.51 0.00
CIN2 or worse (n) | 324 73 71 60 47 32 17 16 8
Prevalence (%) 1.59 2.58 278 2.04 1.67 1.16 0.66 0.70 0.48
(95% CI) (1.42-1.76) (2.00-3.16) (2.14-3.42) () ) ) ) ) )
Rate on HPV+ (%) | 12.45 11.03 16.78 14.96 14.51 11.94 7.73 8.21 7.27
Table 2. - Prevalence of precancerous lesions and cervical cancer by age group in 20.398 women screened by
HPV DNA test and the lesions rate among high-risk HPV positive test. *CIN3 included 4 adenocarcinomas
in situ (AIS: ages 27, 29, 35 and 42). Linear trend test coefficient: decreasing % per year of age (and p-value):
CIN2=0.07% (p<0.0001); CIN3=0.04% (p=0.0002); Cancer =0.002% (p=0.46). Notes: Prevalence: Expressed
as the proportion of women with a positive high-risk HPV DNA test (HPV+) within each age group; Rate
among HPV+: Number of lesions detected by age group over HPV+; CIN: Cervical intraepithelial neoplasia;
95% CI: 95% confidence interval.
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Fig. 2. HSIL (orange) and cervical cancer (purple) distribution by 3-year age group among 2603 women
testing HPV DNA positive. Lines are rates of lesions and bars are number of cases. HSIL showed the highest
rates (~ 13%) between 30 and 38 years of age, then progressively decreased until reaching a second, lower and
late peak (8.2%) at age 61. Cervical cancer rate peaked around age 45-46 and was truncated after age 55 due to
high proportion of the HSIL treatment performed in the screening program.
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Methods

We conducted a population-based observational study using data from the first screening round (October, 2017 to
September, 2022) of the PREVENTIVO program, implemented in Indaiatuba, Sao Paulo, Brazil, for women aged
25-64 years attending the public healthcare system. The program is managed through a centralized informatics
platform, and each woman can be screened only once per screening round. Cervical samples were collected
by clinicians using a Cervex-Brush (Rovers Medical Devices, BV, Lekstraat, the Netherlands) and preserved in
PreservCyt solution (Hologic Inc., Marlborough, MA, US). High-risk HPV DNA testing was performed using
the Cobas assay (Roche Molecular Systems, Pleasanton, CA, USA), which individually detects HPV16 and
HPV18 and provides a pooled result for the 12 other hr-HPV genotypes (types 31, 33, 35, 39, 45, 51, 52, 56, 58,
59, 66, and 68), “120T”. Screening is conducted at five-year intervals. Women testing positive for HPV16 and/
or HPV18 were referred for colposcopy and biopsy when indicated. Those positive only for 120T underwent
reflex cytology from the same sample, and any cytological abnormality prompted colposcopy; if cytology was
negative, repeat hr-HPV testing after 12 months was recommended. Histological diagnoses were confirmed with
p16(INk4a) immunohistochemistry (Ventana Medical Systems Inc., Tucson, AZ, USA) and classified according
to the Lower Anogenital Squamous Terminology (LAST)*. The final diagnosis was considered the highest-
grade lesion identified across all histological assessments, including biopsies and excisional procedures.

For this study, we used an anonymized program database that included hr-HPV test results, histopathological
diagnoses of HSIL (cervical intraepithelial neoplasia [CIN] grade 2 or 3, and adenocarcinoma in situ), cervical
carcinoma, and age, grouped in two to five-year intervals. Prevalence rates with 95% confidence intervals (CI)
were calculated for hr-HPV detection and lesions diagnoses for each five-year age group. Linear regression was
used to assess trends in hr-HPV prevalence, HSIL, and cervical cancer across age groups, and angular coefficients
(slope) were obtained. Curves were generated to illustrate prevalences and lesion rates. The rates of CIN2, CIN3
and cancer among hr-HPV-positive women were also calculate for each five-year group. Statistical analyses were
performed using StatsDirect version 3.3 (England, www.statsdirect.com), with significance set at p <0.05.

Data availability

The dataset from this study will be safely stored following the principles of research ethics. Upon completion of
the study, data may be made available by the corresponding author (juliotex@unicamp.br) upon request with
justification.
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