
RESEARCH ARTICLE

Impact of HPV vaccination on the hospitalizations for anogenital warts and 
high-grade cervical intraepithelial neoplasia in Brazil: A national analysis
Ana Luiza Bierrenbacha, Cintia Irene Parellada b, Tulio Tadeu Rocha Sarmentoa, Julio Cesar Barbour Oliveiraa, 
Rodrigo Gonçalves Queijoa, and Juan Carlos Orengoc

aReal Word Data Service, Precision Data, São Paulo, Brazil; bOutcomes Research / V&I OR LATAM, MSD Brazil, São Paulo, Brazil; cOutcomes Research / 
V&I OR LATAM, MSD (IA) LLC, Guaynabo, Puerto Rico

ABSTRACT
The HPV vaccination program in Brazil, introduced in 2014 for girls and 2017 for boys, aims to reduce HPV- 
related diseases, including anogenital warts (AGW) and high-grade cervical intraepithelial neoplasia (CIN). This 
descriptive ecological study evaluated the program’s impact on hospitalizations for AGW and high-grade-CIN 
using interrupted time series analysis of data from the Brazilian Hospital Information System from 2011 to 2019. 
From 2011 to 2019, there were 4,312 AGW hospitalizations among females, 7,295 AGW hospitalizations among 
males, and 84,306 hospitalizations for high-grade CIN. Following the implementation of the HPV vaccination 
program, significant reductions in hospitalizations for AGW and high-grade CIN were observed, particularly in 
the targeted 15–19-year-old age group. In this group, the median number of hospitalizations prevented was 
174 (95% CI: 154–193) for AGW among females, 116 (95% CI: 86–147) for AGW among males, and 217 (95% CI: 
94–339) for high-grade CIN, with strong model fits. Downward trends were also noted in older age groups, 
though with poorer model fits. The HPV vaccination program has significantly reduced hospitalizations for 
AGW and high-grade CIN in Brazil, particularly among the targeted age group. Local evidence of early disease 
benefits reinforces the importance of HPV immunization in reducing the burden of HPV-related diseases and 
support expanding vaccination efforts for broader public health benefits. Reductions of AGW and high-grade 
CIN in older age groups may reflect indirect vaccination effects and treatment strategies, respectively.
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Introduction

Human papillomavirus (HPV) is the primary cause of cervical 
cancer and anogenital warts (AGW), both significant health issues 
in Brazil.1–3 To combat these issues, Brazil introduced 
a quadrivalent HPV vaccination program in March 2014. 
Initially targeting girls aged 11–14 years with a three-dose regi
men, it was later adjusted to two doses and expanded to include 
girls aged 9–11 years by 2015.4 In 2017, it was expanded to boys 
aged 11–14 years, and by 2018, to boys aged 9–10 years.5 Since 
2015, populations with medical conditions up to 45 years at higher 
risk of HPV-related disease have been progressively included.6,7

Initial coverage rates for girls in 2014 reached 87% for the 
first dose and around 60% for the second dose. Between 2015 
and 2019, first-dose coverage for girls consistently exceeded 
90% by age 15. However, vaccination coverage for boys lagged, 
with fewer than 30% of boys receiving the first dose by age 15 
in 2017. This increased to 48% in 2019, although still lower 
than the rates for girls.8

Since 1988, the Brazilian Ministry of Health has recommended 
that women aged 25 to 60 undergo a Pap smear annually, transi
tioning to every 3 years after two consecutive negative results.9 

However, women younger than 25 can still undergo a Pap smear if 
they have specific risk factors or if their healthcare provider deems 

it necessary based on their medical history.9 Additionally, annual 
screening for sexually transmitted infections for sexually active 
adolescents is recommended, including a Pap smear if there is any 
suspicion of cervical or vaginal disease.10 Data from the Brazilian 
Cervical Cancer Information System for the period 2013–2019 
indicate that approximately 20% of Pap smears were conducted in 
women under 20 years of age.11

Given the early age of sexual initiation in Brazil, with a mean 
age of approximately 14 years, monitoring AGW and high-grade 
cervical intraepithelial neoplasia (CIN) can serve as early indica
tors of vaccination impact.12–15 In high-income countries with 
high vaccination coverage, significant decreases in HPV-related 
diseases have been reported shortly after the implementation of 
HPV vaccination programs.16–19 The POP-Brazil study demon
strated an 80.6% reduction in the prevalence of HPV types 6, 11, 
16, and 18 in vaccinated girls aged 16–17 years compared to 
unvaccinated counterparts (2.6% vs. 18.6%) after 3 years of HPV 
vaccine introduction.20 However, no evaluation of the vaccine’s 
impact on disease reduction has been reported in Brazil.

This study aims to fill this gap by utilizing national secondary 
hospitalization data to assess the trends in AGW and high-grade 
CIN hospitalization rates over a nine-year period, including 5 
years post-vaccination. By examining these early disease out
comes, this study seeks to determine whether the HPV 
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vaccination program is producing the expected effect in reducing 
these HPV-related diseases. Understanding the impact of vaccina
tion in Brazil is crucial for improving public health policies and 
supporting the importance of HPV immunization.

Materials and methods

Study design and population

This descriptive ecological interrupted time series (ITS) study 
utilized secondary data from the Brazilian Hospital 
Information System (SIH) from 2011 to 2019, excluding data 
from 2020 onwards due to the impact of the COVID-19 pan
demic on healthcare.21

Age groups were categorized as 10–14, 15–19, 20–24, 25–29, 
30–39, 40–49 and 50+ years. Both sexes were analyzed for 
AGW, while only females were included for high-grade CIN.

Data sources

Hospitalization data were obtained from the SIH database, 
covering approximately 75% of hospitalizations in Brazil.22 

This database contains anonymized records without unique 
identifiers, thus the unit of analysis is individual hospitaliza
tion. Population data were obtained from the Brazilian 
Institute of Geography and Statistics.23

Case definitions

AGW and high-grade CIN (CIN 2, CIN 3, and carcinoma in situ) 
hospitalizations were identified using ICD-10 codes in the main 
diagnosis field. Only records with definitive surgical procedures 
were included for high-grade CIN, while no procedure codes 
were used for AGW. A detailed list of ICD-10 codes and surgical 
procedures is in the supplementary materials (Table S1).

Data analysis

Hospitalization rates per 100,000 population and the number 
of hospitalizations for AGW and high-grade CIN were ana
lyzed by year and age group. For AGW, analysis was also by 
sex. Separate generalized linear models with a negative bino
mial distribution, stratified by age group and sex, were used for 
the ITS analysis. These models predicted AGW and high-grade 
CIN-related hospitalizations in the post-vaccination period, to 
estimate counterfactual hospitalization counts. We then com
pared these estimates with observed hospitalizations to evalu
ate the impact of HPV vaccination.

A time-series regression approach estimated changes in half- 
yearly hospitalization rates before and after HPV vaccination 
program. For females, the pre-vaccination period was 
January 2011 to January 2014, and the post-vaccination period 
was July 2014 to December 2019. For males, the periods were 
January 2011 to January 2017, and July 2017 to December 2019. 
The models included terms for the pre-intervention trend, the 
immediate level change at intervention, and the post- 
intervention trend. The logarithm of the population divided by 
100,000 was an offset variable to adjust for potential population 
changes over time.

Potential leverage points (influential outliers) were analyzed 
by comparing actual and adjusted values. An influential lever
age point in the 15 to 19 age group for AGW among females 
caused an overestimation of counterfactual hospitalizations in 
the postvaccination period. To address this, we replaced the 
outlier with the average of its preceding and succeeding values, 
resulting in a more parsimonious model.24

Goodness-of-fit for models was evaluated using the simu
lated envelope method and pseudo-R2 values (poor < 0.5, 
moderate = 0.5–0.6, or good > 0.6).24,25 Immediate level 
changes and pre- and post-vaccination trends were calculated 
for all age groups, regardless of the pseudo-R2 value. The 
primary measure of impact compared observed rates to esti
mated counterfactual counts in the post-vaccination period.

To determine the statistical significance of the differences 
between observed and counterfactual counts, we used 
a bootstrap simulation with 1,000 replications. This approach 
estimated the total number of averted HPV-related hospitali
zations by resampling the data and generating a distribution of 
differences. Results were represented as median differences 
and percentiles (2.5 and 97.5).

To assess the robustness of findings, two types of sensitivity 
analysis were conducted. First, quarterly data were used 
instead of half-yearly data to increase data points and poten
tially provide a more detailed view of trends. It was also 
assessed if this granularity led to greater data dispersion, 
affecting estimate stability. Second, a model using the full 
dataset with covariates for sex, age, time (in days), and an 
indicator for pre- and post-vaccine implementation was fitted. 
Interaction terms between sex and age, and between time and 
the indicator variable, were added to assess their combined 
influence. By comparing these models, we aimed to confirm 
similar findings, demonstrating the robustness of our results 
when accounting for these additional factors.

Results

From 2011 to 2019, there were 11,607 AGW hospitalizations 
(4,312 females and 7,295 males), and 84,306 high-grade CIN 
hospitalizations. Table 1 shows hospitalization rates and 
counts for 2011, 2015, and 2019 by age group. Males consis
tently had higher hospitalization rates for AGW than females. 
In females, the 15–19 age group had the highest AGW hospi
talization rate in 2011 and 2015. By 2019, this age group had 
the largest decline, with the highest rates shifting to the 20–24 
age group. In males, the highest AGW hospitalization rates 
were consistently observed in the 20–24 age group throughout 
the period. The 15–19 age group experienced nearly double the 
incidence from 2011 to 2015, returning to 2011 levels by 2019.

For high-grade CIN, the 30–39 age group consistently had 
the highest hospitalization rates, rising from 15.3 per 100,000 
in 2011 to 24.3 per 100,000 in 2019. The 15–19 age group saw 
a decrease in hospitalization rates, dropping from 1.0 per 
100,000 in 2011 to 0.5 per 100,000 in 2019 (Table 1).

For AGW hospitalization trends among females (Figure 1), 
the 15–19 age group exhibited a strong model fit and 
a significant post-vaccination reduction in hospitalizations. 
Hospitalizations dropped significantly compared to both the 
observed pre-vaccination levels and the counterfactual 
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estimate. The 50+ age group also demonstrated a good fit, with 
a moderate decrease after 2014. The 40–49 age group had 
a moderate fit, with hospitalization rates stabilizing post- 
vaccination, while the counterfactual suggests these rates 
would have increased without the vaccine.

Models with pseudo-R2 values close to or above 0.5 gener
ally yielded more statistically significant results (Table 2). 
Among the 15–19 age group, the median number of hospita
lizations prevented was 174 (95% CI: 154, 193) for AGW 
among females, 116 (95% CI: 86, 147) for AGW among 
males, and 217 (95% CI: 94, 339) for high-grade CIN. For 
older age groups, significant reductions were observed in non- 
targeted populations. Among females aged 40–49, 301 hospita
lizations for AGW were prevented (95% CI: 266, 334), and 
among males, reductions were seen across several age groups, 
including 20–24 years, 25–29 years, and 50+ years. For high- 
grade CIN, the most significant reduction was observed in the 
30–39 age group, with a median of 3,920 hospitalizations pre
vented (95% CI: 2,603, 5,238). In the 50+ age group, the model 
also showed a strong fit, with a significant reduction of 
1,204 hospitalizations (95% CI: 301, 2,107). Conversely, no 
statistically significant changes were found in some other age 
groups, particularly the 40–49 age group, where confidence 
intervals included zero, reflecting a poorer model fit.

For AGW hospitalization trends among males (Figure 2), 
the 15–19 age group exhibited the most significant reduction, 
with hospitalizations falling below both the counterfactual and 
pre-vaccination levels. The 20–24 age group had the strongest 
model fit, with reduced hospitalizations compared to counter
factual, but not below pre-vaccination levels. The 25–29, 
30–39, and 50+ age groups showed declines or stabilization, 
but hospitalization levels remained higher than those observed 
before vaccination, despite reductions compared to the 
counterfactual.

For high-grade CIN hospitalization trends (Figure 3), the 
15–19 age group saw significant decreases post-vaccination, 
dropping below both pre-vaccination levels and the counter
factual estimate. Other age groups, such as 25–29, 30–39, 
40–49, and 50+, showed stabilization or slight declines post- 
vaccination compared to the counterfactual. Hospitalization 
levels in these groups remained higher than pre-vaccination 
levels though lower than expected based on the counterfactual 
scenario. The 10–14-year-old age group showed a reduction in 
hospitalizations, but the model fit was weaker.

Models with pseudo-R2 values close to or above 0.5 
generally yielded more statistically significant results 
(Table 2). Among the 15–19 age group, the median num
ber of hospitalizations prevented was 174 (95% CI: 
154–193) for AGW among females, 116 (95% CI: 86–147) 
for AGW among males, and 217 (95% CI: 94–339) for 
high-grade CIN. For older age groups, significant reduc
tions were observed in non-targeted populations. For 
females aged 40–49, 301 hospitalizations for AGW were 
prevented (95% CI: 266–334), and for males, reductions 
were seen across several age groups, including 20–24 years, 
25–29 years, and 50+ years. For high-grade CIN, the most 
significant reduction was observed in the 30–39 age group, 
with a median of 3,920 hospitalizations prevented (95% CI: 
2,603–5,238). In the 50+ age group, the model also showed 
a strong fit, with a significant reduction of 1,204 hospitali
zations (95% CI: 301–2,107). Conversely, no statistically 
significant changes were found in some other age groups, 
particularly the 40–49 age group, where confidence inter
vals included zero, reflecting a poorer model fit.

The sensitivity analyses using quarterly data instead of 
half-yearly data showed similar results but with poorer 
model fits (Figure S1-S3, Table S2). In the full model 
with covariates and interaction terms, the main findings 

Table 1. Hospitalizations and rates per 100,000 for anogenital warts (females and males) and high-grade cervical intraepithelial neoplasia, by age group. Brazilian data, 
2011, 2015 and 2019.

Age group 
(years)

Female 
Anogenital Warts

Male 
Anogenital Warts High-grade Cervical Intraepithelial Neoplasia

Year n Rate/100,000 n Rate/100,000 n Rate/100,000

2011 10–14 19 0.2 11 0.1 7 0.1
15–19 100 1.2 64 0.7 89 1.0
20–24 75 0.9 116 1.3 559 6.4
25–29 43 0.5 97 1.1 1,111 12.6
30–39 78 0.5 142 0.9 2,389 15.3
40–49 53 0.4 115 0.9 2,016 15.3

50+ 54 0.2 67 0.4 1,495 6.8
All ages 422 0.5 612 0.8 7,666 9.0

2015 10–14 14 0.2 15 0.2 1 0.0
15–19 124 1.5 110 1.3 117 1.4
20–24 92 1.1 198 2.3 615 7.2
25–29 45 0.5 143 1.7 1,325 15.2
30–39 94 0.6 155 1.0 3,443 20.5
40–49 90 0.6 108 0.8 2,244 16.2

50+ 107 0.4 124 0.6 1,901 7.5
All ages 566 0.6 853 1.0 9,646 10.8

2019 10–14 8 0.1 8 0.1 2 0.0
15–19 28 0.4 54 0.7 40 0.5
20–24 67 0.8 218 2.5 596 6.9
25–29 39 0.5 131 1.5 1,467 17.2
30–39 86 0.5 198 1.2 4,201 24.3
40–49 86 0.6 117 0.8 2,808 19.0

50+ 100 0.3 139 0.6 2,141 7.5
All ages 424 0.5 865 1.0 11,255 12.1
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aligned with the age- and sex-specific models, showing 
a moderate fit and similar issues, thereby reinforcing the 
consistency of results.

Within the 15–19 age group, a detailed breakdown by 
individual years showed an increasing trend in the proportions 
of AGW and high-grade CIN hospitalizations as age increased. 
Among males, the proportion of AGW rose from 5.4% at age 
15% to 37.8% at age 19. In females, the proportion peaked 
earlier, increasing from 11.9% at age 15% to 24.2% at age 17, 
before decreasing slightly to 22.1% at age 19. For CIN, the 
increase was pronounced, starting at 4.5% at age 15 and rising 
to 40.7% by age 19 (Figure S4, Table S3).

Discussion

Our study evaluated the national impact of HPV vaccination 
on hospitalizations for AGW and high-grade CIN in Brazil 
using an ITS analysis. We observed significant reductions in 
HPV-related hospitalizations post-vaccination compared to 
counterfactual and prevaccination levels, particularly in the 

targeted 15–19-year-old age group. The more pronounced 
decline in AGW hospitalization rates among female adoles
cents is likely due to the longer duration since vaccination and 
higher coverage compared to males. These findings align with 
prior research on HPV effectiveness in adolescents.18,26–28

We did not observe significant reductions in adolescents aged 
10–14 years across the outcomes studied. For some older age 
groups in females, observed AGW hospitalizations were lower 
than counterfactual projections, although many models had poor 
or only moderate fits. In males, older age groups showed reduced 
AGW hospitalizations compared to counterfactual projections, 
but not below pre-vaccination levels. Most changes reflected 
a shift from an increasing pre-vaccination trend to a more stable 
or decreasing post-vaccination trend. Reductions in AGW among 
non-targeted ages may be due to indirect effects.18,29–32

Additional factors may also contribute to the observed 
reductions in AGW hospitalizations among older age groups. 
One of them is the expansion of the public HPV vaccination 
for immunocompromised individuals up to 45 years. Although 
these individuals are a small fraction of the population, they 

Figure 1. Age-specific time series of hospitalizations for anogenital warts among females: Observed data vs. counterfactual and post-vaccination estimates. For AGW 
hospitalization trends among males (Figure 2), the 15–19 age group exhibited the most significant reduction, with hospitalizations falling below both the counter
factual and pre-vaccination levels. The 20–24 age group had the strongest model fit, with reduced hospitalizations compared to counterfactual, but not below pre- 
vaccination levels. The 25–29, 30–39, and 50+ age groups showed declines or stabilization, but hospitalization levels remained higher than those observed before 
vaccination, despite reductions compared to the counterfactual.
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may be disproportionately represented among those requiring 
hospitalization for AGW. In industrialized countries, AGW 
hospitalization rates range from 7% to 19%.33 This could 
partially explain the reductions in certain older age groups. 
However, verifying these hypotheses is challenging due to the 
lack of mandatory comorbidity data in the SIH database and 
limited detail on reporting practices.

Regarding high-grade CIN, our study found a reduction in 
hospitalizations in 15–19 age group, consistent with the POP- 
Brazil study, which reported a 73.7% reduction in HPV 16 
prevalence.20 Other studies support this early impact: a meta- 
analysis by Drolet et al. reported a 51% reduction in high- 
grade CIN rates 5 to 8 years post-vaccination. Ellingson et al. 
found the vaccine 86% effective in preventing CIN3+ in girls 
vaccinated at ages 12–13, and Hofstetter et al. observed a 76% 
lower risk of cervical abnormalities in those vaccinated 
between ages 11–14.18,34,35

Reductions (or stabilization of slightly increasing trends) 
were also observed for high-grade CIN among older age 

groups in our study. Since CIN incidence peaks in older age 
groups compared to AGW, these reductions had a greater 
numerical impact than in the vaccine-targeted age group. In 
addition, unlike AGW, which is mostly managed outpatient, 
a larger proportion of CIN require hospitalization for 
treatment.36 These trends in older women are likely more 
influenced by cervical cancer screening and early detection 
efforts, including the amplification of see and treat interven
tions for high-grade CIN performed on an outpatient basis, 
rather than recent changes in HPV transmission or vaccina
tion effects.37–41

Monitoring trends in AGW and high-grade CIN provides 
an early and sensitive measure of HPV vaccine impact, well 
before reductions in cervical cancer rates become evident. Our 
results reinforce the critical role of HPV vaccination in the 
national strategy to eliminate cervical cancer as a public health 
problem. Brazilian NIP has made continuous efforts to expand 
HPV vaccination for populations of high-risk to develop HPV- 
disease. An additional group that stands to benefit from 

Figure 2. Age-specific time series of hospitalizations for anogenital warts among males: Observed data vs. counterfactual and post-vaccination estimates. For high- 
grade CIN hospitalization trends (Figure 3), the 15–19 age group saw significant decreases post-vaccination, dropping below both pre-vaccination levels and the 
counterfactual estimate. Other age groups, such as 25–29, 30–39, 40–49, and 50+, showed stabilization or slight declines post-vaccination compared to the 
counterfactual. Hospitalization levels in these groups remained higher than pre-vaccination levels, though lower than expected based on the counterfactual scenario. 
The 10–14-year-old age group showed a reduction in hospitalizations, but the model fit was weaker.
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vaccination includes women previously diagnosed with high- 
grade CIN. Growing evidence indicates that women previously 
treated for high-grade CIN face a significantly elevated risk of 
recurrence, either due to persistent high-risk HPV infections 
or reinfection with new HPV genotypes.42–46 Importantly, 
post-treatment HPV vaccination has been shown to reduce 
this risk, offering a valuable secondary prevention strategy for 
this high-risk group.44 These findings support continued 
efforts to broaden vaccine access and coverage to maximize 
the protective benefits of the HPV immunization program.

Several methodological considerations arise in this study. 
ITS analysis is prone to ecological fallacy, as it assumes that 
observed changes are primarily attributed to the intervention – 
here, HPV vaccination – without fully accounting for other 
concurrent factors. While this approach controls trends and 
seasonality, it cannot entirely rule out other confounding 
environmental factors, like improved healthcare access or 
shifts in public health policies coinciding with the interven
tion. As discussed earlier, other factors occurring during the 
study period likely contributed to the observed trends; how
ever, we are unaware of any major changes in reporting or 
recording practices that could have significantly influenced the 

results. Additionally, it is important to acknowledge some 
diagnostic challenges in our models, specifically issues with 
dispersion, heteroscedasticity, and small sample sizes, particu
larly for the younger age group. We found some evidence of 
these challenges, but not to a degree that would undermine the 
findings. However, they could still affect the robustness of the 
results and should be considered when interpreting them.

We acknowledge the risk of false positives due to the multi
plicity of tests. Rather than applying statistical corrections, we 
present the full p-values for the reader’s discretion. If more 
stringent p-value thresholds were used, many models, espe
cially those for older individuals, would lose significance. 
Thus, caution is needed when interpreting the results based 
on conventional p-values alone. Additionally, while the model 
fit was low for some age groups, it represented the best achiev
able fit given the available data. Our use of semester data 
points, complemented by a sensitivity analysis using quarterly 
data, yielded consistent findings, reinforcing the reliability of 
our conclusions despite fit limitations and the multiple tests.

This study’s reliance on national SIH data provides broad 
coverage of HPV-related hospitalizations across Brazil but 
introduces challenges such as potential coding inaccuracies 

Figure 3. Age-specific time series of hospitalizations for cervical intraepithelial neoplasia – Surgical procedures: Observed data vs. counterfactual and postVaccination 
estimates.
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and regional variations in data completeness. Additionally, the 
SIH database reflects only public hospitalizations, excluding 
private or out-of-pocket settings. One positive aspect is that, 
during the study period, recording and reporting practices 
within the SIH database remained relatively stable. Another 
important limitation is that our analysis relied solely on hos
pitalization records. In Brazil, many high-grade CIN (CIN 2/3) 
cases are treated entirely in outpatient settings. Procedures like 
loop electrosurgical excision (LEEP), commonly performed 
without admission, are not captured in the hospital database 
(SIH). This is particularly relevant for younger women, who 
often present with less advanced disease and, when fertility 
preservation is a concern, are more likely to receive conserva
tive or outpatient-based treatment.9 Capturing these cases 
would require outpatient data analysis, which is structurally 
distinct and planned for future work.

Overall, our study provides compelling evidence that the 
HPV vaccination program has significantly reduced hospi
talizations for AGW in Brazil, with indirect benefits 
extending beyond targeted individuals, suggesting 
a possible herd effect for AGW in older age groups. The 
reductions in high-grade CIN are likely due to direct vac
cination effects, while those in older age groups may result 
from enhanced cervical cancer screening programs. These 
findings underscore the importance of expanding and pro
moting the HPV vaccination program to maximize public 
health outcomes. Future research should focus on the long- 
term impact of the vaccine on HPV-related cancers in both 
genders and strategies to increase vaccine coverage across 
diverse populations.47

Conclusion

In conclusion, our study shows that Brazil’s HPV vaccina
tion program significantly reduced hospitalizations for 
AGW and high-grade CIN among targeted age groups, 
especially adolescents aged 15–19. These findings align 
with previous research on HPV vaccine effectiveness and 
highlight its substantial public health benefits. Reductions 
in older age groups may reflect indirect vaccination effects 
and ongoing early treatment efforts, respectively. Our 
results emphasize the importance of expanding HPV vac
cination efforts. Local evidence of these early benefits could 
help sustain and increase coverage, particularly in Latin 
American and Caribbean countries that rely on publicly 
funded programs. The success of Brazil’s program exem
plifies how targeted immunization strategies lead to signif
icant health improvements and reinforces the need for 
continued support.
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Table 2. Hospitalizations for genital warts among females and males, cervical intraepithelial neoplasia-surgical procedures. Model fit assessment and impact estimates 
by age group: pre- and post-vaccination trends, immediate level change, and differences between observed and estimated hospitalizations in the post-vaccination 
period.

Age groups 
(years)

Pseudo- 
R2

p-values Model estimates Hospitalizations in the post-vaccination period

Pre- 
vaccination 

trend

Immediate 
level 

change

Post- 
vaccination 

trend

Pre- 
vaccination 

trend

Immediate 
level 

change

Post- 
vaccination 

trend Observed

Estimated 
without 
vaccine

Median 
Difference 95% CI

Genital warts among females
10–14 0.393* 0.381 0.947 0.060 1.073 0.973 0.837 60 170 110 92; 128
15–19 0.906 0.704 <0.001 <0.001 1.010 1.631 0.850 401 575 174 154; 193
20–24 0.124* 0.970 0.169 0.582 0.999 1.260 0.979 400 360 −40 −56; −25
25–29 0.148* 0.504 0.620 0.215 1.026 1.096 0.948 264 331 67 50; 83
30–39 0.360* 0.013 0.532 0.003 1.076 0.918 0.909 520 1,035 515 474; 553
40–49 0.594 0.023 0.725 0.065 1.076 0.950 0.937 494 795 301 266; 334
50+ 0.786 0.351 0.019 0.330 1.033 1.432 0.964 577 510 −67 −109; −31

Genital warts among males
10–14 0.019* 0.743 0.898 0.645 1.011 1.071 0.932 23 26 3 −5; 12
15–19 0.657 0.002 0.753 <0.001 1.036 1.059 0.816 170 286 116 86; 147
20–24 0.836 <0.001 0.501 0.061 1.057 0.926 0.942 530 686 156 105; 208
25–29 0.637 <0.001 0.410 0.017 1.036 1.117 0.913 366 430 64 26; 102
30–39 0.680 <0.001 0.630 0.390 1.029 0.944 0.972 495 571 76 33; 120
40–49 0.105* 0.602 0.499 0.847 1.005 0.900 1.008 289 313 24 −6; 54
50+ 0.756 <0.001 0.269 0.161 1.047 0.853 0.945 334 465 131 88; 174

High-grade Cervical Intraepithelial Neoplasia
10–14 0.399* 0.043 0.710 0.049 0.784 0.673 1.409 9 3 −6 −9; −3
15–19 0.841 0.422 0.057 <0.001 1.017 1.283 0.867 437 654 217 94; 339
20–24 0.261* 0.122 0.708 0.188 1.014 1.021 0.985 3,297 3,483 186 −100; 471
25–29 0.689 <0.001 0.071 0.114 1.032 0.921 0.985 7,577 8,786 1,209 600; 1,817
30–39 0.956 <0.001 0.202 <0.001 1.046 0.957 0.974 20,375 24,295 3,920 2,603; 5,238
40–49 0.816 0.112 0.178 0.428 1.012 0.942 1.007 13,206 13,389 183 −707; 1072
50+ 0.804 0.043 0.565 0.111 1.017 0.972 0.984 10,626 11,830 1,204 301; 2,107

* These rows have models with pseudo-R2 values below 0.5 indicating a poor fit and suggesting that the estimates derived from these models should be interpreted 
with caution, if not altogether disregarded.
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