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Abstract

Objective: Human papillomavirus (HPV) vaccination was intro-
duced in Japan in April 2013, as a national immunization program 
for girls aged 12–16 years, after an initial introduction in 2010 as a 
public-aid program for girls aged 13–16 years. The Yuri-Honjo dis-
trict had the highest vaccine coverage among women aged 17–51 
years in 2017, due to the original public-aid program. The aim of 
this study was to evaluate the differences in the vaccine types of 
HPV16/18 infections between 2008–2012 (pre-vaccine era) and 
2013–2017 (vaccine era).
Materials and Methods: We evaluated whether HPV vaccina-
tion was associated with a decrease in the prevalence of HPV16/18 
and high-risk HPV and the incidence of HPV-associated cervical 
lesions. A total of 1,342 women aged 18–49 years, covering both 
the pre-vaccine and vaccine eras, who visited Yuri Kumiai General 
Hospital and underwent HPV genotype tests from June 2008 to De-
cember 2017 were compared.
Results: Among women aged 18–24 years with higher vaccine 
coverage (68.2%), the prevalence of HPV16/18 and high-risk HPV 
decreased from 36.7% and 69.4%, respectively, in the pre-vaccine 
era to 5.8% and 50.0%, respectively, in the vaccine era (p=0.00013 
and p=0.047, respectively). Among those with cervical intraepithe-
lial neoplasia grade 2− and grade 2+, HPV16/18 prevalence de-
creased from 30.0% to 2.7% (p=0.0018) and from 81.8% to 36.4% 
(p=0.030), respectively. In this age group, the rate of HPV16/18 
positivity decreased significantly. Among age groups with lower 

vaccine coverage, HPV prevalence did not significantly differ be-
tween the two eras.
Conclusion: The prevalence of HPV16/18 and high-risk HPV sig-
nificantly decreased in women aged 18–24 years, most of whom 
were vaccinated. HPV vaccination effectively reduced the preva-
lence of HPV16/18 infections in the Yuri-Honjo district.

Key words: cervical cancer, HPV16/18, high risk HPV, HPV vac-
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Introduction

Two prophylactic human papillomavirus (HPV) vac-
cines are available in Japan. The bivalent vaccine targeting 
HPV16 and HPV18 (HPV16/18) was approved in October 
2009, and the quadrivalent vaccine targeting HPV 6, 11, 16 
and 18 was approved in July 2011. Both vaccines have been 
shown in clinical trials to be highly efficacious in preventing 
HPV infection and associated diseases1–4).

HPV vaccination was introduced into the immunization 
schedule in the Yuri-Honjo district—consisting of the cities 
of Yuri-Honjo and Nikaho in Akita Prefecture, Japan— in 
April 2010 for females aged 11–45 years and, as a part of the 
public aid program in this district, in April 2011 for females 
aged 13–18 years. Governmental support for nationwide 
HPV vaccination began in November 2010 for girls aged 
13–16 years. Since April 2013, it is routinely government-
funded for girls aged 12–16 years. In the Yuri-Honjo dis-
trict, HPV vaccination was recommended particularly early, 
and the vaccine was provided to women aged 11–45 years 
in the first year of its introduction. The early establishment 
of this program, encouraging vaccination, might have led 
to the high vaccine coverage among younger women in this 
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area. According to the data provided by the Health Promo-
tion Divisions of the Yuri-Honjo and Nikaho public offices, 
approximately 80% of girls aged 13–18 years were vacci-
nated against HPV between fiscal years (FY) 2010 and 2012. 
Furthermore, 95.5% of all vaccinated women in this area 
received the third dose of the vaccination. However, some 
vaccine-related adverse events were reported repeatedly in 
the spring of 2013; thus, the rate of new vaccinations de-
creased to 1.5% in FY 2013 and 0.1% in FY 2014. Since June 
2013, HPV vaccination was no longer mandatory; therefore, 
only a few girls have since received the vaccination volun-
tarily. Thus, the prevention of cervical cancer has been un-
successful in this area of Japan approximately three years 
after the introduction of HPV vaccines.

The effectiveness of HPV vaccines is determined by 
comparing the prevalence of the vaccine-type HPV and/or 
the decrease in HPV-associated lesions among vaccinated 
women or a specific age group including unvaccinated wom-
en. This effectiveness can typically only be demonstrated 
4–6 years after HPV vaccination5–8). From January 2008, 
we investigated HPV genotypes in women who showed ab-
normalities in cervical cytology, and from April 2012, we 
investigated HPV genotypes in women who had cytologic 
abnormalities and/or were positive for high risk (HR) HPV, 
as determined by the HC2 HPV DNA test. We noticed de-
clining trends in HPV prevalence in accordance with the 
type of vaccine used among women in their early twenties 
visiting the Yuri Kumiai General Hospital. In 2017, HPV 
vaccine coverage was higher in women in their early twen-
ties but was offered to women up to the age of 51 years in 
the Yuri-Honjo District, Akita Prefecture, Japan. Moreover, 
3-dose vaccine coverage was provided to most of the vac-
cinated women. We examined the reduction in the preva-
lence of the strains HPV16 and 18, which were both targeted 
using two vaccines within the first seven years of vaccine 
introduction. The aim of this study was to evaluate the dif-
ferences in the prevalence of HR HPV and HPV16/18, and 
the incidence of HPV-associated cervical lesions between 
2008–2012 (pre-vaccine era) and 2013–2017 (vaccine era).

Material and Methods

Study design
This observational cohort study involved women with 

abnormal cytologic findings and/or positive HC2 tests, with 
the aim of determining the differences in the prevalence of 
HR HPV and HPV16/18, and the incidence of HPV-associ-
ated cervical lesions between the pre-vaccine and vaccine 
eras.

Setting
We monitored HPV genotype patterns for women who 

showed abnormal cervical cytology results at the outpa-
tient clinic of the Department of Obstetrics and Gynecol-
ogy, Yuri Kumiai General Hospital, starting in June 2008. 
As cytology-based cancer-screening programs and the HC2 
test were implemented originally through public aid in April 
2012 for women aged 20–49 years in the Yuri-Honjo dis-
trict, we started to investigate the individual HPV genotypes 
for women who had positive HC2 tests but who showed no 
signs of cytologic abnormalities. In this area, both HPV vac-
cination and screening using the HC2 test were introduced 
particularly early.

The period of 2008–2012 was considered the pre-vac-
cine era because HPV vaccination was offered to women 
aged 20 years or older only after 2013, at which point a can-
cer-screening program was implemented for girls aged ≥20 
years. The vaccine era represented the time during which 
the impact of the HPV vaccination program might be mea-
surable (2013–2017). The age group with the highest vac-
cination rate would reach its highest age (23 years) in 2017. 
When 24-year-old women undergo vaccination voluntarily, 
the rate of vaccination is expected to be higher than that 
shown in Table 1.

Study subjects
In this study, we targeted women who visited our clinic 

due to abnormal cytologic findings, treatment of cervical 
diseases, or other gynecological reasons, or who had posi-
tive HC2 test results on routine examination. Women were 
considered eligible for enrollment if they were 18–49 years 
of age, visited our clinic from June 2008 through Decem-
ber 2017, provided informed consent, had cervical lesions 
or abnormal cytologic and/or positive HC2 test results, and 
underwent testing to determine the HPV genotype.

Definitions
In this study, we considered HPV types 16, 18, 31, 33, 

35, 39, 45, 51, 52, 56, 58, 59, and 68 as HR HPV. Cervi-
cal lesions were diagnosed by examination of tissue biopsy 
specimens obtained via colposcopy and/or surgically in a 
limited number of cases.

Study procedures
Outcome of interest

The impact of HPV vaccination was evaluated based on 
differences in the prevalence of HR HPV and HPV16/18, 
and the incidence of HPV-associated cervical lesions be-
tween the pre-vaccine and vaccine eras.
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Data collection
Only samples collected during the study period at our 

clinic were considered for analysis.

Statistical analysis
Descriptive analyses were conducted; all categorical 

data were presented as frequencies and proportions. Chi 
squared tests for trends were used to analyze the age-related 
rates of HR HPV, HPV16/18, and cervical lesions. P-values < 
0.05 were considered statistically significant.

Ethics
This study was approved by the ethical review board of 

the Yuri Kumiai General Hospital. Informed consent was 
obtained from all participants.

Results

There were 1,817 women aged 18–97 years with ab-
normal cytologic results and/or positive HC2 results who 
underwent HPV genotyping in our clinic with the Linear 
Array HPV Genotyping Assay (Roche Diagnostics)9, 10) in 
the period 2008–2017. We excluded 475 (26.1%) women who 
were older than 49 years. In total, 1,342 women aged 18–49 
years residing in the catchment area from June 2008 through 
December 2017 were included in this study: 554 (41.3%) in 
the pre-vaccine era and 788 (58.7%) in the vaccine era.

In 2017, the age distribution of HPV vaccination rates, 
which was calculated based on the past vaccination data 

provided by the public office in the Yuri-Honjo district, is 
shown in Table 1. Among women aged 17–24 years, the vac-
cine coverage up to the third dose was 95.5%. The vaccina-
tion rates among women aged 18–23 years were particularly 
high; in 2017 79.8%, 79.2%, 83.2%, 87.6%, 77.6%, 68.4%, 
and 2.3% of women aged 18, 19, 20, 21, 22, 23, and 24 years, 
respectively, were vaccinated against HPV. For women aged 
18–23 years, in whom the vaccination rate was particular-
ly high, the vaccination rate was 79.2% (2,499/3,157). For 
women aged 18–24 years, the vaccination rate was 68.2% 
(2,511/3,684). However, among women aged 25–49 years, 
the HPV vaccination rates ranged between 1.2–2.5% as of 
2017.

Comparison of the prevalence of HR HPV and HPV16/18 in 
the pre-vaccination and vaccination eras

There were significant differences in the prevalence of 
HR HPV among women aged 18–24 years in the pre-vac-
cine and vaccine eras (Table 2). The prevalence of HR HPV 
significantly decreased from 69.4% during the pre-vaccine 
era to 50.0% in the vaccine era (p=0.047). Overall, there 
was a 28.0% ([69.4%–50.0%]/69.4%) decline in HR HPV 
prevalence among women aged 18–24 years. There was no 
significant decrease in HR HPV prevalence among women 
over 24 between the pre-vaccine and vaccine eras.

Additionally, the prevalence of HPV16/18 significantly 
decreased from 36.7% in the pre-vaccine era to 5.8% in 
the vaccine era (p=0.00013) among women aged 18–24 
years (Table 3). Overall, there was an 84.2% ([36.7%–

Table 1 Rate of vaccination according to age group in 2017 based on the data obtained from the Health Promotion Division 
of the Yuri-Honjo and Nikaho public offices

Age Birth year (FY) Overall (n) Vaccinated (n) Vaccination rate (%) Full dose (n) Full dose rate (%)

17 2000 455 47 10.3 15 31.9
18 1999 510 407 79.8 383 94.1
19 1998 518 410 79.2 389 94.9
20 1997 546 454 83.2 433 95.4
21 1996 500 438 87.6 419 95.7
22 1995 536 416 77.6 408 98.1
23 1994 547 374 68.4 355 94.9
24 1993 527 12 2.3 11 91.7

18–24 1999–93 3,684 2,511 68.2 2,398 95.5

25–29 1992–88 2,337 58 2.5
30–34 1987–83 2,402 45 1.9
35–39 1982–78 2,686 34 1.3
40–44 1977–73 3,132 43 1.4
45–49 1972–68 3,023 36 1.2

Human papillomavirus vaccination rates were estimated using the results of previous vaccinations among women aged 17–
49 years receiving at least one vaccine dose in Yuri-Honjo distinct, Akita prefecture, Japan (2017). Data were based on the 
reports from the original public aid program in this area. The human papillomavirus vaccination rates were higher in women 
aged 18–23 years.
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5.8%]/36.7%) decline in HPV16/18 among women aged 
18–24 years. No significant decrease was observed in the 
prevalence of HPV16/18 among women over 24 between the 
pre-vaccine and vaccine eras.

Comparison of the prevalence of HR HPV excluding 
HPV16/18, multiple infections, and HPV genotypes among 
women aged 18–24 years in the pre-vaccination and vac-
cination eras

We evaluated whether the significant decrease in the 
prevalence of HR HPV was associated with decreased prev-
alence of HPV16/18 among women aged 18–24 years. The 
prevalence of HR HPV, excluding HPV16/18, was 32.7% 
and 44.2% in the pre-vaccine and vaccine eras, respective-
ly (p=0.23). Additionally, 28.6% and 21.2% of women had 
multiple HPV infections in the pre-vaccine and vaccine eras, 
respectively, resulting in a 25.9% ([28.6%–21.2%]/28.6%) 
decrease in the vaccine era (p=0.38) (Figure 1).

Regarding the various HPV genotypes, the most fre-
quently detected types were HPV16/18 (36.7%) in the pre-
vaccine era, and HPV52 (13.5%) in the vaccine era, followed 
by HPV51 (11.5%), HPV58 (11.5%), HPV31 (7.7%), HPV68 
(7.7%) and HPV16/18 (5.8%). There were no significant dif-
ferences in the prevalence of HR HPV types between the 
pre-vaccine and vaccine eras, apart from the prevalence of 
the vaccine-targeted HPV types 16/18 (Figure 2).

Comparison of the incidence of cervical lesions caused by 
HR HPV and HPV16/18 in the pre-vaccine and vaccine eras

Among patients with low-grade squamous cervical 
intraepithelial neoplasia (CIN2−), the prevalence of HR 
HPV and HPV16/18 decreased from 73.3% and 30.0% in 
the pre-vaccine era to 54.1% and 2.7% in the vaccine era 
among women aged 18–24 years, respectively (p=0.10 and 
p=0.0018, respectively). These decreased values represent-
ed a 26.2% ([73.3%–54.1%]/73.3%) and 91.0% ([30.0%–

Table 2 Prevalence by age group of HR HPV in women aged 18–49 years with abnormal cytologic findings and/or a positive HC2 
test in the pre-vaccine and vaccine eras

Pre-vaccine era (2008–2012) Vaccine era (2013–2017)

Age group 
at diagnosis

Birth year 
(FY)

n
HR HPV 
positive 

case

Positive 
(%)

Age group 
at diagnosis

Birth year 
(FY)

n
HR HPV 
positive 

case

Positive 
(%)

–24 y 1984–1994 49 34 69.4% –24 y 1989–1999 52 26 50.0% p=0.047
25–29 y 1979–1987 82 44 53.7% 25–29 y 1984–1992 113 63 55.8% ns
30–34 y 1974–1982 93 48 51.6% 30–34 y 1979–1987 176 74 42.0% ns
35–39 y 1969–1977 118 46 39.0% 35–39 y 1974–1982 171 75 43.9% ns
40–44 y 1964–1972 115 35 30.4% 40–44 y 1969–1977 148 55 37.2% ns
45–49 y 1959–1967 97 27 27.8% 45–49 y 1964–1972 128 34 26.6% ns

Total 554 234 788 327

Data include vaccinated and non-vaccinated women. There was a significant difference in the prevalence of HR HPV among women 
aged 18–24 years in the two periods (p=0.047). HPV: human papillomavirus; HR HPV: high risk HPV; HC2: Hybrid capture 2.

Table 3 Prevalence by age group of HPV16 and 18 in women aged 18–49 years with abnormal cytologic findings and/or a positive 
HC2 test, in the pre-vaccine and vaccine eras

Pre-vaccine era (2008–2012) Vaccine era (2013–2017)

Age group 
at diagnosis

Birth year 
(FY)

n
HPV16/18 

positive 
case

Positive 
(%)

Age group 
at diagnosis

Birth year 
(FY)

n
HPV16/18 

positive 
case

Positive 
(%)

–24 y 1984–1994 49 18 36.7% –24 y 1989–1999 52 3 5.8% p=0.00013
25–29 y 1979–1987 82 13 15.9% 25–29 y 1984–1992 113 20 17.7% ns
30–34 y 1974–1982 93 13 14.0% 30–34 y 1979–1987 176 30 17.0% ns
35–39 y 1969–1977 118 18 15.3% 35–39 y 1974–1982 171 19 11.1% ns
40–44 y 1964–1972 115 12 10.4% 40–44 y 1969–1977 148 8 5.4% ns
45–49 y 1959–1967 97 9 9.3% 45–49 y 1964–1972 128 5 3.9% ns

Total 554 83 788 85

Data include vaccinated and non-vaccinated women. There was a significant difference in the prevalence of HPV16/18 among women 
aged 18–24 years in both periods (p=0.00013).
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2.7%]/30.0%) decline for HR HPV and HPV16/18, respec-
tively. No significant decrease was observed in women over 
the age of 24 (p>0.05).

Women aged 18–24 years with high-grade squamous 
cervical intraepithelial neoplasia (CIN2+) all yielded posi-
tive results for HR HPV in the pre-vaccine and vaccine eras. 

Figure 1 Differences in prevalence rates of HR HPV, HPV16 and 18, HR HPV excluding HPV16 and 18, 
and multiple infections associated with HR HPV among women aged 18–24 years between the 
pre-vaccine and vaccine eras.

Figure 2 Differences in the prevalence of HR HPV genotypes among women aged 18–24 years between the pre-vaccine and 
vaccine eras.
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The prevalence of HPV16/18 significantly decreased from 
81.8% to 36.4% (p=0.030), resulting in a 55.5% ([81.8%–
36.4%]/81.8%) decline in the vaccine era among women in 
this age group (Table 4). Five women had histologically-
confirmed cervical lesions, one with CIN2− and four with 
CIN2+, who tested positive for HPV16/18 in the vaccine era. 
None of them had received HPV vaccination retrospective-
ly. No significant difference was observed in the prevalence 
of HR HPV and HPV16/18 in women over 24 years (p>0.05) 
in the pre-vaccine and vaccine eras.

Discussion

We evaluated whether the introduction of two HPV 
vaccines was associated with a decline in the prevalence 
of HPV16/18 and the incidence of HPV-associated cervi-
cal lesions in the pre-vaccine and vaccine eras. Also, we 
examined the impact of HPV vaccination from April 2010 
through June 2013 in the Yuri-Honjo district of Akita Pre-
fecture, Japan. During this period, the vaccine coverage 
extended to women aged 17–51 years until December 2017 
and the HPV vaccination rate was 79.2% in girls aged 18–23 
years who benefited from the original public aid program 
in this district. However, in Japan, the average rate of HPV 
vaccination with at least one dose was 70% among girls 

aged 13–16 years, prior to the release of reports detailing ad-
verse events associated with HPV vaccination11). We found 
that the third dose was administered to 95.5% of those vac-
cinated for HPV, but this value declined after June 2013.

In the first seven years following the introduction of HPV 
vaccination, we found a decreased prevalence of HPV16/18 
among younger women who visited our clinic voluntarily 
and underwent HPV genotyping and/or HC2 testing. We be-
lieve that the initial decline in HPV16/18 prevalence among 
18–24-year-olds was associated with the introduction of in-
tensive HPV vaccination in this area from April 2010 to June 
2013. In 2017, the vaccine coverage was extended to include 
women aged 17–51 years in the study area, although it was 
lower in age groups other than 18–23 years. We compared 
the overall prevalence of vaccine-type HPV16/18 and HR 
HPV among women aged 18–49 years in the pre-vaccine 
and vaccine eras, since only three women aged 50 years or 
older were vaccinated. We further assessed the differences 
in multiple infections, the distribution of HPV genotypes, 
and the incidence of HPV-associated cervical lesions be-
tween the pre-vaccine and vaccine eras.

There was a 28.0% decrease in the prevalence of HR 
HPV and an 84.2% decrease in the prevalence of HPV16/18 
among women aged 18–24 years in the vaccine era. There 
were no significant decreases among women older than 24 

Table 4 Differences in the prevalence of HR HPV and HPV16 and 18 in cervical lesions (cervical intraepi-
thelial neoplasia grades 2− and 2+) in women aged up to 49 years between the pre-vaccine and vac-
cine eras

CIN2– CIN2+

2008–2012 2013–2017 2008–2012 2013–2017

−24 y n=30 n=37 n=11 n=11
HR 0.733 0.541 ns 1.000 1.000 
HPV16/18 0.300 0.027 p=0.0018 0.818 0.364 p=0.030

25−29 y n=29 n=55 n=22 n=18
HR 0.655 0.745 ns 0.955 0.944 ns
HPV16/18 0.103 0.164 ns 0.455 0.500 ns

30−34 y n=47 n=72 n=17 n=30
HR 0.702 0.556 ns 0.882 1.000 ns
HPV16/18 0.191 0.167 ns 0.412 0.367 ns

35−39 y n=44 n=64 n=27 n=39
HR 0.432 0.531 ns 0.926 0.923 ns
HPV16/18 0.068 0.047 ns 0.444 0.462 ns

40−44 y n=51 n=58 n=19 n=25
HR 0.314 0.466 ns 0.895 0.960 ns
HPV16/18 0.078 0.052 ns 0.368 0.240 ns

45−49 y n=49 n=52 n=10 n=13
HR 0.347 0.250 ns 0.900 1.000 ns
HPV16/18 0.102 0.019 ns 0.400 0.385 ns

There were significant differences in the prevalence of HPV16/18 among women aged 18–24 years with cervi-
cal intraepithelial neoplasia grades 2− (CIN2−) and 2+ (CIN2+) in both periods.
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years in either era. Markowitz et al. similarly analyzed HPV 
prevalence in the pre-vaccine and vaccine eras among wom-
en aged 14–59 years within 4 years of vaccine introduction 
and reported that the HR vaccine-type prevalence signifi-
cantly decreased, with a 50% decline among vaccinated 
participants aged 14–19 years. This decrease was observed 
despite low rates (34.1%) for the administration of at least 
one dose of the vaccine. Among other age groups who were 
not vaccinated, the prevalence did not differ significantly 
between the pre-vaccine and vaccine eras5). Furthermore, 
within six years of vaccine introduction, Markowitz et al. 
showed that HR vaccine-type prevalence decreased by 61% 
and 31% among vaccinated females aged 14–19 and 20–24 
years, respectively. The vaccination rates for females aged 
14–19 years who received three doses and those aged 20–24 
years who received one dose were 34.6% and 18.1%, respec-
tively6). Thus, the effectiveness of vaccination was higher 
in younger women who also received a greater number of 
vaccinations. Although we analyzed the HPV genotypes 
for women with abnormal cytologic findings and/or posi-
tive HC2 tests only, our results were similar to those previ-
ously reported, as we observed a significant decrease in the 
prevalence of HPV16/18 (HR vaccine-type) among highly 
vaccinated women aged 18–24 years, with no significant de-
creases among those aged over 24 years between the eras. 
The current vaccine coverage extended to those aged up to 
51 years in this area, but the vaccination rates were lower, 
ranging between 1.2–2.5%, among those aged 25–49 years. 
We hypothesized a more substantial decline in HPV preva-
lence among women aged up to 24 years in this area, since 
the vaccine coverage was high in this age group, the majori-
ty of those vaccinated had received the third dose, and seven 
years had passed since the initiation of HPV vaccination in 
this population.

In Australia, Tabrizi et al. reported that, in women aged 
18–24 years who had received a Papanicolaou (Pap) screen-
ing test, the prevalence of HPV16/18 and HR HPV were sig-
nificantly lower in the post-vaccine than in the pre-vaccine 
implementation group. At least 86% of women received one 
dose of the vaccination in the post-vaccine implementa-
tion group. The authors also reported that the prevalence 
of HR HPV and vaccine-type HPV significantly decreased 
by 25.7% and 77.3%, respectively, in the post-vaccine com-
pared to the pre-vaccine implementation group7). We found 
similar rates of HPV vaccine coverage to the study conduct-
ed in Australia; we found 28.0% and 84.2% decreases in the 
prevalence of HR HPV and HPV16/18 among women aged 
18–24 years in the vaccine era. Among women with high 
HPV vaccine coverage, the prevalence of HPV16/18 was 
significantly lower than expected because of herd immunity 
acquired by HPV vaccination of all females in the vaccine 

era, as previous reports have shown7, 12–14). Furthermore, 
cross-protection against HPV types related to the vaccine-
type HPV may be associated with decreased prevalence in 
HR HPV1, 12, 15, 16). Our investigation detected three women 
aged 18–24 years who tested positive for HPV16/18 in the 
vaccine era, none of whom had ever been vaccinated. In 
clinical studies, HPV vaccines have demonstrated close to 
100% protection against vaccine-type infection and associ-
ated diseases2, 17–19). Our results also demonstrated the high 
protective effect of these vaccines, especially among young 
women in the vaccine era. To determine whether the decline 
in HPV16/18 was associated with the decreased prevalence 
of HR HPV, we evaluated the individual changes in the 
prevalence of HPV16/18 and HR HPV, excluding HPV16/18, 
between the two eras. Only women aged 18–24 years in the 
vaccine era experienced significant decreases (84.2%) in the 
prevalence of HPV16/18; there were no significant differ-
ences in the prevalence of HR HPV, excluding HPV16/18, in 
the pre-vaccine and vaccine eras (32.7% vs. 44.2%). These 
results indicate that, in the vaccine era, a more substantial 
decline in HPV16/18 reduced the overall prevalence of HR 
HPV among the 18–24 age group (28.0%). Onuki et al. inves-
tigated Japanese women with normal cytologic findings and 
showed that the prevalence of both oncogenic HPV types 
and HPV16/18 were highest in women aged 15–24 years, 
decreasing with age thereafter20). Inoue et al. also dem-
onstrated that the age-related prevalence of HR HPV was 
highest in women aged 15–19 years, with a second peak in 
women aged 20–24 years, followed by a gradual decline in 
the aging population21). In another study of healthy Japanese 
women aged 20–25 years, HPV16/18 (10.5%) were the most 
frequently detected types of HPV22). These studies support 
the consensus that HPV vaccines are more useful if given 
before young women become sexually active. Among our 
participants in the pre-vaccine era, age-related HPV preva-
lence was similar to that reported in previous studies. While 
the prevalence of HR HPV types decreased with age among 
women in the pre-vaccine era and women aged 25–49 years 
in the vaccine era, only women aged 18–24 years in the vac-
cine era experienced significant decreases in the prevalence 
of both HPV16/18 and HR HPV. Therefore, these results in-
dicate that the great decline in the HPV16/18 infection rate 
has influenced the decrease in the overall prevalence of HR 
HPV in the highly vaccinated group aged 18–24 years. How-
ever, among vaccinated women, there has been conflicting 
information regarding decreases12, 14) and increases13, 23) in 
the prevalence of non-vaccine type HPV. In the vaccinated 
group aged 18–24 years, the rate of multiple HPV infections 
decreased from 28.6% to 21.2% between the pre-vaccine 
and vaccine eras, reflecting a decline of 25.9%, which was 
not statistically significant. Nielsen et al. demonstrated that 
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multiple HPV infections were highly prevalent, and that HR 
HPV infection was common, with HPV 16 more predomi-
nant in younger than older women24). The same study sug-
gested that the prevalence of multiple HPV infections was 
significantly higher and the overall prevalence of HPV16/18 
were the highest among younger women in Japan20, 21, 25). We 
speculated that the decrease in prevalence of vaccine types 
HPV16/18, though not statistically significant, has made an 
important contribution to the reduction in multiple infec-
tions. In Australia, after excluding HPV16/18, no significant 
difference was observed in the prevalence of HR HPV be-
tween the two periods. HPV52 was the type most common-
ly identified, followed by HPV31 and HPV58 in all women 
aged 18–24 years who underwent Pap smear screening, with 
vaccine coverage as high as 86% for the first dose in the vac-
cine era7). Interestingly, we found that after high-coverage 
vaccination, HPV52 was the type most prevalent, followed 
by HPV58, HPV51 and HPV31, which is comparable with 
the results presented in the Australian study. Cameron et al. 
reported a non-significant increase in HPV51 in the vaccine 
era with a significant decrease in HPV16/1812).

Since prophylactic HPV vaccines result in highly effec-
tive prevention of vaccine-type HPV, it is predicted that the 
decreased prevalence of HR HPV, including vaccine-type 
HPV, contributes to the overall decline in abnormal cyto-
logic findings and HPV-associated cervical lesions. In fact, 
a systematic review showed that the detection rate of abnor-
mal cytologic findings and cervical lesions was significantly 
decreased in all countries that introduced national HPV vac-
cination programs26). As HPV DNA testing is still unavail-
able for mass screening in Japan, cervical lesions caused by 
HPV infection are usually diagnosed via cytology. Ozawa 
et al. reported that HPV vaccination significantly reduced 
the incidence of abnormal cytologic findings in vaccinated 
women aged 20–24 years in Miyagi, Japan, with a 52.1% 
decline in abnormal cytologic findings compared to unvac-
cinated women of the same age27). This was the first report 
on the beneficial effects of the HPV vaccine in the preven-
tion of cervical abnormalities after the implementation of 
a national immunization program in Japan. They demon-
strated the effects of HPV vaccination, showing a decrease 
in the rate of abnormal cytologic findings in vaccinated 
women, but failed to mention the impact on the prevalence 
of vaccine-type HPV and HR HPV among these women. 
HPV vaccines could significantly reduce the number of 
young women infected with HPV; furthermore, our data 
suggest that they could significantly decrease the prevalence 
of HR HPV mainly caused by HPV16/18 in young women. 
We calculated HPV prevalence among women with HPV-
associated cervical lesions in the pre-vaccine and vaccine 
eras by age group for HPV16/18 and HR HPV. Women with 

CIN2− in the vaccinated group aged 18–24 years showed a 
reduction in the prevalence of HR HPV (26.2%) in the vac-
cine era, although the difference did not reach statistical 
significance. Furthermore, we found there was a significant 
decline (91.0%) in HPV16/18 prevalence, which might have 
played an important role in decreasing the overall preva-
lence of HR HPV infections in the vaccinated age group. 
Although women with CIN2+ cervical lesions showed no 
difference in the prevalence of HR HPV between the two 
eras, a significant decline (55.5%) in HPV16/18 prevalence 
was observed in those aged 18–24 years in the vaccine era. 
Our data suggested that HR HPV caused all the CIN2+ le-
sions in this group, but HPV vaccination was effective in 
preventing HPV16/18-related CIN2+. Since the number of 
women with CIN2+ cervical lesions was small, these re-
sults should be interpreted with caution. In the vaccine era 
five women had histologically-confirmed cervical lesions, 
one with CIN2− and four with CIN2+, were positive for 
HPV16/18, and none of them had received HPV vaccina-
tion. In the USA, Hariri et al. reported that 48-months af-
ter the first vaccination, the estimated vaccine effectiveness 
for the prevention of HPV16/18-related CIN2+ was 72% in 
women aged 18–39 years who received ≥1 dose28). Addi-
tionally, Herweijer et al. showed that effectiveness against 
CIN2+ was 75%, 46%, and 22%, for those receiving at least 
one HPV vaccination dose before the age of 17 years, and 
between the ages of 17–19 and 20–29 years, respectively29). 
They concluded that the HPV vaccine was effective in pre-
venting CIN2+ lesions among girls who were younger when 
receiving the first dose. Similarly, four years after the imple-
mentation of HPV vaccination, it conferred statistically sig-
nificant protection against cervical abnormalities, including 
low-grade lesions in women younger at the first dose; vac-
cine effectiveness also increased according to the number of 
doses received30). In Denmark, after HPV vaccination, the 
incidence of cytological atypia decreased significantly in 
women younger than 18 years (33.4% decrease) and in those 
aged 18–20 years (12.6% decrease)31). These studies showed 
that HPV vaccination at younger ages, receipt of all three 
doses, and high vaccine coverage were more effective in 
preventing HPV16/18-related cervical lesions. In the study 
area, girls aged 13–18 years at vaccination had high comple-
tion rates of the third dose of the vaccine (79.2%); thus, it is 
expected that the number of women with cervical lesions 
will greatly decrease with higher effectiveness of HPV vac-
cines26, 29–31). Furthermore, data regarding cross-protection 
against HPV31, 33, 45, and 52 have suggested added pro-
tection against cervical lesions resulting from HPV types 
which cannot be vaccinated against15–18).

Our study has several limitations. Since the participants 
are women who had some gynecological abnormalities and 
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visited our clinic, we cannot directly demonstrate HPV vac-
cine effectiveness among vaccinated women. As the indi-
vidual vaccination status of reported cases is unknown, we 
cannot mention the vaccination rate of women aged 18–24 
years in the vaccine era including unvaccinated women. 
However, our data clearly suggested that in young women 
aged 18–24 years in the vaccine era, HPV vaccines con-
tributed to the tremendous decreases in HPV16/18 infection 
and HPV16/18-related cervical lesions. HPV16/18 infec-
tion is a significant risk factor for the progression of cer-
vical cancer in young women32), is highly prevalent among 
younger women, and more dangerous than other oncogenic 
types33, 34). Currently, HPV vaccines are essential for mini-
mizing the early occurrence of cervical cancer in younger 
women, as they result in a substantially decreased incidence 
of HPV16/18 infection.

Conclusion

We found a substantial and significant decrease in the 
prevalence of HPV16/18 among highly vaccinated young 
women, irrespective of vaccination status; this decrease was 
also confirmed among cases with CIN2−. Only unvaccinat-
ed women were infected with HPV16/18 in the vaccine era. 
These data suggest that HPV vaccination in Japan was ef-
fective in reducing the prevalence of HPV16/18, which have 
the highest oncogenic potential for cervical cancer in young 
women. Since the vaccine is more effective in girls who had 
not engaged in sexual activity and were not infected with 
HPV16/18, efforts should be made to prevent HPV16/18 in-
fection by resuming the vaccination program especially tar-
geting this age group.
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