
Beneficial Effects of HPV Vaccine on Cervical Abnormalities 147Tohoku J. Exp. Med., 2016, 240, 147-151

147

Received March 25, 2016; revised and accepted September 26, 2016.    Published online October 15, 2016; doi: 10.1620/tjem.240.147.
Correspondence: Nobuyoshi Ozawa, Ozawa Women’s General Clinic, 192 Aramachi, Wakabayashi-ku, Sendai, Miyagi 984-0073, Japan.
e-mail:nobuyosi@mva.biglobe.ne.jp

Beneficial Effects of Human Papillomavirus Vaccine for 
Prevention of Cervical Abnormalities in Miyagi, Japan

Nobuyoshi Ozawa,1 Kiyoshi Ito,2 Toru Tase,3 Hirohito Metoki4 and  
Nobuo Yaegashi5

1Ozawa Women’s General Clinic, Sendai, Miyagi, Japan
2Disaster Obstetrics and Gynecology, International Research Institute of Disaster Science, Tohoku University, 
Sendai, Miyagi, Japan

3Department of Gynecology, Miyagi Cancer Center, Natori, Miyagi, Japan
4Division of Public Health, Hygiene and Epidemiology, Tohoku Medical and Pharmaceutical University Faculty 
of Medicine, Sendai, Miyagi, Japan

5Department of Obstetrics and Gynecology, Tohoku University Graduate School of Medicine, Sendai, Miyagi, 
Japan

Prevention of cervical cancer has been unsuccessful in Japan because of low rates of cancer screening 
and vaccination.  The Vaccine Adverse Review Committee of the Japanese Government investigated 2,475 
adverse events and reported 617 (6.9/100,000) severe cases and 176 (2.0/100,000) cases with chronic 
pain.  The proactive recommendation for human papillomavirus (HPV) vaccination has been suspended 
since June 2013.  In this study, we examined vaccination rate and incidence of abnormal cervical cytology 
in women aged 20 to 24 years attending cancer screening in Miyagi.  Among the 3,272 women who 
underwent a health check in the fiscal year 2014 (April 2014-March 2015), 332 (10.2%) received a HPV 
vaccination.  The HPV vaccination rates were 42.3%, 10%, 17.5%, 3.8% and 4.0% in women aged 20, 21, 
22, 23 and 24 years, respectively.  The rates of atypical squamous cells of undetermined significance 
(ASC-US) or worse were 2.41% (8/332) in women with HPV vaccination and 5.03% (148/2,940) in those 
without HPV vaccination, indicating a significant decrease in vaccinated women (p = 0.03).  ASC-US cases 
were referred to HPV DNA tests.  In addition, the rates of high grade squamous intraepithelial lesion (HSIL) 
or worse were 0.30% (1/332) in women with HPV vaccination and 0.82% (24/2,940) in those without HPV 
vaccination, showing the marginal decrease in women who were vaccinated (p = 0.3).  Thus, this study 
indicates that HPV vaccination is associated with a reduction in the incidence of cervical abnormalities, 
suggesting a need for scientific discussion of reinstatement of proactive recommendation for HPV vaccine 
in Japan.
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Introduction
Use of human papillomavirus (HPV) vaccine started in 

Japan in 2009 and governmental support for vaccination 
began in November 2010 for girls aged 12-16 years.  Since 
April 2013, the bivalent and quadrivalent vaccines 
(Cervarix and Gardasil) have been included in the national 
immunization program.  However, due to potential adverse 
effects of HPV vaccination, such as chronic pain, the proac-
tive recommendation for vaccination was suspended in June 
2013 (Morimoto et al. 2014; Ueda et al. 2015; Hanley et al. 
2015).  The Vaccine Adverse Review Committee of the 
Japanese Ministry of Health investigated adverse events in 
about 8,898,000 injections from 2010 to 2013.  Among 
2,475 adverse events, there were 617 (6.9/100,000) severe 

cases and 176 (2.0/100,000) cases with chronic pain.  
Adverse events suspected to be associated with HPV vac-
cine were anaphylaxis (1/960,000), Guillain-Barré syn-
drome (1/4,300,000), acute disseminated encephalomyelitis 
(1/4,300,000), and complex regional pain syndrome 
(1/8,600,000).  There were 2,584 (29/100,000) adverse 
events in about 8,900,000 injections from 2010 to 2014.  
The follow-up on 1,739 adverse events among 2,584 
adverse events revealed that 1,550/1,739 (89.1%) cases had 
recovered and 186/1,739 (10.7%) cases were not recovered 
in 2015.  The adverse events of chronic pain may represent 
functional disorders, rather than organic disorders.  
Regardless of the cause, establishing a system for treatment 
is important for patients with an adverse event after injec-
tion of HPV vaccine.
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In July 2016, a representative of an organization of 
people affected by HPV vaccine reported that sixty-three 
girls had filed lawsuits against the Japanese Government 
and two vaccine companies.  To date, the Japanese 
Government has not reinstated a proactive recommendation 
for use of HPV vaccine.  The risks of the vaccine are easily 
understood, whereas the merits of the vaccine are not easily 
understood.  Therefore, we examined the short-term effects 
of HPV vaccine in Japan by investigating vaccination rates 
and the incidence of abnormal cytology.

Subjects and Methods
The subjects were women aged 20 to 24 years who underwent 

uterine cervical cancer screening in Miyagi Prefecture in the fiscal 
year (FY) 2014 (April 2014-March 2015).  We asked each subject to 
report her history of vaccination in a questionnaire.  Cervical cytol-
ogy and history of vaccination were also examined using data of the 
Miyagi Cancer Society.  Statistical analysis was performed using the 
χ2 test.

The present study and the questionnaire were discussed by the 
Gynecological Exam Committee of Miyagi Cancer Society and were 
approved by individual municipal governments.  This study was 
approved by the ethics committee of Miyagi Cancer Society 
(approved number 1508).

Results
Among the 3,272 women aged 20-24 years who under-

went a health check in FY2014, 332 (10.2%) had received a 
HPV vaccination (Table 1).  The rates of vaccination were 
42.3%, 10.0%, 17.5%, 3.8%, and 4.0% in those aged 20, 
21, 22, 23, and 24 years, respectively (Table 1).

The effect of HPV vaccination was evaluated, based 
on the Bethesda System for cervical cytology (Fig. 1).  The 
overall results of cervical cytology are summarized in Table 
2.  Cases of atypical squamous cells of undetermined sig-
nificance (ASC-US) or worse include all categories, except 
for negative for intraepithelial lesion or malignancy 
(NILM).  ASC-US cases were subjected to HPV DNA tests 
and further colposcopic examinations, whereas there was 
no need to do further examinations for cases of NILM.  The 
rates of ASC-US or worse were 2.41% (8/332) in women 

with HPV vaccination and 5.03% (148/2,940) in cases 
without HPV vaccination (Table 3).  These results indicate 
that vaccination resulted in a significant decrease in the rate 
of ASC-US or worse (p = 0.03).  The extent of the reduc-
tion was 52.1%.

Table 4 summarizes the cases of high grade squamous 
intraepithelial lesion (HSIL) or worse and cases of low 
grade squamous intraepithelial lesion (LSIL) or better.  
Cases of HSIL or worse include HSIL, squamous cell carci-
noma (SCC), atypical glandular cells (AGC), adenocarci-
noma in situ (AIS), adenocarcinoma, and other malignancy, 
while cases of LSIL or better include all categories, except 
for HSIL, SCC, AGC, AIS, adenocarcinoma and other 
malignancy (see Fig. 1).  The cases of HSIL or worse were 
likely to be treated after colposcope.  In contrast, most cases 
of LSIL or better were not necessarily treated.  The rates of 
HSIL or worse were 0.30% (1/332) in vaccinated women 
and 0.82% (24/2,940) in those without HPV vaccination 
(Table 5).  The rate of HSIL or worse was lower in vacci-
nated subjects, although the degree of the decline was not 
statistically significant (p = 0.3).  The extent of the reduc-
tion was 63.4%.

Discussion
The vaccination rate of women aged 20 years who 

underwent uterine cervical cancer screening was 42.3% in 
FY2014.  It is likely that women who undergo vaccination 
will receive uterine cervical cancer screening in the coming 
years.  In addition, the beneficial effects of vaccination may 
become more apparent over time.  In this study, we com-
pared the results of cervical cytology in women aged 20 to 
24 years with and those without vaccination.  The rate of 
ASC-US or worse was significantly lower and the rate of 
HSIL or worse tended to be lower in women who had 
undergone HPV vaccination.

Several clinical trials have shown the effects of quadri-
valent HPV vaccine (Villa et al. 2007) and bivalent HPV 
vaccine (Paavonen et al. 2009).  In Australia, Crowe et al. 
(2014) showed a 43% decrease in the rate of atypical cells 
and a 62% decrease of HSIL in women aged 22-25 years 

20 y.o. 21 y.o. 22 y.o. 23 y.o. 24 y.o. Total 
cases

HPV 
vaccination (+) 112 78 75 29 38 332

HPV 
vaccination (-) 153 720 428 728 911 2,940

Total cases 265 798 503 757 949 3,272

Rate 42.3% 10.0% 17.5% 3.8% 4.0% 10.2%

Table 1.	 Rates of vaccination for HPV among the women who underwent 
cervical cancer screening in FY2014.
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with three vaccinations (after a lapse of 7 years).  A report 
in Denmark (Baldur-Felskov et al. 2014) on uterine cervical 
cancer screening for women aged 20-21 years showed that 
the rates of atypical cells, cervical intraepithelial neoplasia 
(CIN) 2 and CIN3 decreased by about 60%, 73% and 80%, 
respectively.  Likewise, in Scotland, Pollock et al. (2014) 
showed that the rate of CIN3 decreased by about 55% after 
vaccination.

The subjects in Miyagi Prefecture in Japan were exam-

ined only a few years after the start of HPV vaccination.  
We thus found that the rate of ASC-US or worse was signif-
icantly lower in vaccinated women and the rate of HSIL or 
worse was marginally lower in those who were vaccinated.  
These data are consistent with the findings in Australia, 
Demark and Scotland.  However, in Japan, due to the poten-
tial adverse effects, such as chronic pain, the recommenda-
tion for HPV vaccination has been suspended since 2013.

Only five years have passed since commencement of 

2. ASC-US
3. ASC-H
4. LSIL
 7. AGC     8. AIS

9. Adenocarcinoma
10. Other malignancy

1. NILM

malignant 

Benign 

ASC-US 
 or worse 

HSIL 
or worse 

LSIL  
or better 

5. HSIL
6. SCC

Fig. 1.  The Bethesda System for reporting cervical cytology.
	 The morphologic findings are categorized, as shown below.
	 NILM, negative for intraepithelial lesion or malignancy; ASC-US, atypical squamous cells of undetermined signifi-

cance; ASC-H, atypical squamous cells, cannot exclude HSIL; LSIL, low grade squamous intraepithelial lesion; HSIL, 
high grade squamous intraepithelial lesion; SCC, squamous cell carcinoma; AGC, atypical glandular cells; AIS, adeno-
carcinoma in situ.

ASC-US or worse NILM Total cases 

HPV vaccination (+) 8 324 332 

HPV vaccination (-) 148 2,792 2,940 

Total cases 156 3,116 3,272 

Table 2.	 Cases of ASC-US or worse and NILM among the women with and without 
HPV vaccination.

ASC-US, atypical squamous cells of undetermined significance; NILM, negative for
intraepithelial lesion or malignancy.
ASC-US or worse includes all categories except for NILM.

20 y.o. 21 y.o. 22 y.o. 23 y.o. 24 y.o. Total 
cases

Total 
cases/ 

screened 
population

rate
％ 

Reduction 
rate 
％ 

HPV 
vaccination

(+)
2 2 2 1 1 8 8/332 2.41* 52.1

HPV 
vaccination

(-)
13 36 26 32 41 148 148/2,940 5.03

Table 3.  Rates of ASC-US or worse among the women with and without HPV vaccination.

*P: 0.03.
ASC-US, atypical squamous cells of undetermined significance.
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HPV vaccination in Japan.  The incidence of abnormal 
cytology found in uterine cervical cancer screening showed 
a noticeable difference between women with and those 
without a history of HPV vaccination.  HPV vaccination is 
associated with a significant reduction in the incidence of 
ASC-US or worse.  Therefore, further follow-up studies of 
HPV vaccination and cervical abnormalities are required in 
Japan.  There is also a need to establish a system for treat-
ment of patients with adverse events after injection of HPV 
vaccine.
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