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Background. To understand real-world human papillomavirus (HPV) vaccine impact, continuous evaluation using population-
based data is critical. We evaluated the early impact of the school-based HPV immunization program on cervical dysplasia in women 
in British Columbia, Canada.

Methods. Data linkage was performed using records from provincial cervical screening and immunization registries. 
Precancerous outcomes were compared between unvaccinated and HPV-vaccinated women born 1994–2005. Incidence rate, relative 
rate (RR), and vaccine effectiveness (VE), using unadjusted and adjusted Poisson regression of cytology (HSIL) and histopathology 
(CIN2, CIN3, and CIN2+) outcomes, were compared across vaccination status groups.

Results. Women who received a complete series of vaccine on schedule between age 9 and 14 years had an adjusted RR = 0.42 
(95% confidence interval [CI], 0.31–0.57) for CIN2+ over 7 years of follow-up compared to unvaccinated women, resulting in a VE of 
57.9% (95% CI, 43.2%–69.0%). Adjusted RR for HSIL was 0.53 (95% CI, .43–.64), resulting in a VE of 47.1% (95% CI, 35.6%–56.7%).

Conclusion. Women vaccinated against HPV have a lower incidence of cervical dysplasia compared to unvaccinated women. 
Immunization between 9 and 14 years of age should be encouraged. Continued program evaluation is important for measuring 
long-term population impact.

Keywords. human papillomavirus; papillomavirus vaccines; vaccine effectiveness; cervical intraepithelial neoplasia; immuni-
zation programs.

Randomized controlled trials have demonstrated that human 
papillomavirus (HPV) vaccines are highly efficacious for the 
prevention of HPV infections and precancerous lesions [1–6]. 
However, progression of an HPV infection to cervical cancer 
takes decades, thus continuous evaluation using population-
based data offers early and critical insight into the real-world 
impact of vaccination. In countries with cervical cancer 
screening and HPV vaccination programs, women vaccinated 

in adolescence are now becoming age eligible for routine cer-
vical cancer screening. Various countries that have implemented 
population-based vaccination programs have reported de-
creases in HPV infection prevalence, genital warts, and pre-
cancerous lesions, even in localities with lower HPV vaccine 
uptake [7–15]. However, very few studies have documented the 
population-level impact of HPV vaccination in young women 
on precancerous lesions as they enter cervical cancer screening 
programs.

The province of British Columbia (BC), Canada, imple-
mented a voluntary school-based HPV immunization program 
in 2008 with the quadrivalent HPV vaccine, providing protec-
tion against HPV 6, 11, 16, and 18. The BC HPV immuniza-
tion program’s evaluation framework includes annual vaccine 
uptake rates, an ongoing province-wide HPV prevalence study, 
and ecological vaccine impact studies [16–19]. Since intro-
duction of the BC HPV immunization program, vaccine up-
take has remained below the Canadian program target of 90% 
[20], with only 66.9% of eligible grade 6 girls having completed 
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HPV vaccination in 2017–2018 [16]. Despite suboptimal up-
take across BC, ecological analysis revealed rates of cervical 
intraepithelial neoplasia (CIN) have significantly declined in 
young women after the introduction of HPV vaccine [19].

In BC, HPV vaccination status for all girls in the province is 
maintained in 2 electronic immunization registries. Since 1960, 
cervical cancer screening in BC has been centrally coordinated 
by the BC Cancer Cervix Screening Program, which conducts 
and records information on every cervical screen done in the 
province. By using data from the comprehensive provincial 
HPV vaccine and cervical screening registries, BC is uniquely 
able to evaluate long-term population impact of the HPV vac-
cine using linkage on an individual level.

The results of a province-wide data linkage between the 
BC Cancer Cervix Screening Program’s registry and re-
cords from the immunization registries are presented here. 
As the first cohort of women receiving HPV vaccination in 
the school-based immunization program enter eligibility for 
the Cervix Screening Program, the early impact of the HPV 
immunization program on individual outcomes for cervical 
cancer prevention can be evaluated. Cytological (high-grade 
squamous intraepithelial lesion [HSIL]) and histological 
(CIN2, CIN3, and CIN2+) outcomes in a screening cohort of 
women born in 1994 through 2005 were compared between 
those who were vaccinated against HPV and those who were 
unvaccinated.

METHODS

BC HPV Vaccination Program and Cervix Screening Program

The BC school-based HPV immunization program was intro-
duced in 2008 for grade 6 girls (11 years old, birth year 1997), 
which included a 3-year catch-up program for grade 9 girls 
(14 years old, birth year 1994) until June 2011 (birth year 1996), 
although several health authorities have since continued to offer 
HPV vaccine in grade 9 to unimmunized eligible students. In 
2014–2015, the vaccine schedule was changed from a 3-dose to 
a 2-dose schedule based on results from a Canadian immuno-
genicity trial [21, 22].

Two electronic registries (Panorama and Primary Access 
Regional Information System) capture all school-based HPV 
immunizations in BC. The registries capture individual date 
of birth, number and timing of vaccine doses, immunization 
dates, consent, and adverse events. Both registries were used in 
this data linkage analysis to provide immunization coverage in-
formation for the province.

In BC, cervical cancer screening is performed with the 
Papanicolaou (Pap) smear (conventional cytology). All provin-
cial cervical cytology specimens are processed and interpreted 
at 1 centralized laboratory and results maintained in 1 data-
base, which contains complete cytology, colposcopic treatment, 
and histopathology results, including disease outcomes, for all 
women participating in cervix screening in BC.

Between 2011 and 2016, provincial cervical cancer screening 
guidelines recommended biennial cytology-based screening 
commencing at age 21  years or 3  years after sexual debut. 
In June 2016, the Cervix Screening Program updated the 
guidelines to recommend women 25–69  years of age receive 
cytology-based cervical screening every 3 years, regardless of 
age of sexual debut [23].

HPV Vaccination Status Cohort

For this analysis, the vaccine cohort was restricted to women 
who received the HPV vaccine at the age of 9 or later. Vaccination 
status was defined based on age at the first dose and the number 
of doses received relative to the recommended HPV immuni-
zation schedule for a given birth cohort at the time of eligibility 
for vaccination. Specific vaccine status definitions and sub-
groups are described in Figure 1.

For this analysis, we included the following groups: unvacci-
nated, vaccinated with at least 1 dose at 9–14 years old or 15+ 
years old, complete series and on-schedule doses at 9–14 years 
old or 15+ years old, and incomplete series or off-schedule 
doses at 9–14 years old or 15+ years old. Vaccination status cri-
teria for women varied by birth cohort due to changes in HPV 
vaccine schedule over time (Supplementary Figure 1). Women 
with cervical dysplasia were defined as vaccinated only if any 
dose of the HPV vaccine was administered at least 6  months 
prior to diagnosis.

Cervix Screening Program Cohort

We used the screening cohort of women from the Cervix 
Screening Program’s registry born in 1994 through 2005 who 
had ≥1 Pap smear taken on or after age 13 years, up to 31 July 
2018. Records were excluded from the analysis if the prior 
screening result was not available for a pathology diagnosis or 
if a pathology diagnosis was received prior to a screening re-
sult due to a data error (Figure 2). Pathology diagnoses of high-
grade histological outcomes CIN2, CIN3, CIN2+ (combination 
of CIN2 and CIN3), and the cytology outcome HSIL from a 
screening result, were selected as analysis end points, as these 
are well-established markers for progression to invasive cancer 
[24].

Data Linkage

In BC, health care is publicly funded and all citizens, permanent 
residents, and long-term visa holders are provided a unique 
Personal Health Number (PHN) used for accessing universal 
health care, which includes the cost of cervical cancer screening 
and adolescent HPV vaccination. The Cervix Screening 
Program and immunization registries were linked using PHNs. 
All women with an HPV vaccine record who were born in 1994 
through 2005 were linked to the Cervix Screening Program’s 
registry to create the vaccinated cohort, covering people who 
have received at least 1 dose of the HPV vaccine (n = 24 191). 
The remainder of the women in the Cervix Screening Program’s 
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registry born in 1994 through 2005 with ≥1 Pap smear taken 
on or after age 13  years, up to 31 July 2018, were defined as 
the unvaccinated cohort. Once linkage occurred, all personal 
identifiers were removed and the dataset was provided to the 
study analyst. Individual informed consent was not required 
for this study. Ethics approval was obtained from University of 
British Columbia Clinical Research Ethics Board (H16-01466). 
The study was conducted in adherence with the Declaration of 
Helsinki.

Statistical Analysis
Incidence Rates
Incidence rates (IRs) and 95% confidence intervals (CIs) for 
HSIL, CIN2, CIN3, and CIN2+ were calculated for unvaccinated 
and the vaccination status groups (at least 1 dose 9–14 years old 
or 15+ years, incomplete or off schedule 9–14 years old or 15+ 
years, complete and on schedule 9–14 years old and 15+ years 
old). IRs were calculated based on 1000 person-years, with 
the individual years at risk for HPV acquisition based on age 
at which first vaccination was given and the number of years 
between the first screening visit minus 3 years and/or the date 

of the most severe pathology result, or 31 July 2018, whichever 
came first. First screening date minus 3 years was chosen as the 
best approximate age of sexual debut, as program recommenda-
tions up until 2016 were to begin screening at age 21 or 3 years 
after sexual debut. In cases with multiple pathology results, the 
most severe pathology was included in the analysis. In cases 
with more than 1 equivalent cytology result, the date of the first 
result was included in the analysis.

Relative Rate
Relative incidence rate (RR) and 95% CIs for each of HSIL, 
CIN2, CIN3, and CIN2+ were calculated using (un)adjusted 
Poisson regression models. Model adjustment included birth 
year and age at first screening test less 3  years. Women vac-
cinated at 9–14  years of age were compared to unvaccinated 
women. Women vaccinated at 9–14 years with complete series 
and on-schedule doses were selected as the main comparison 
group, for comparison with those 15+ years, as this younger age 
group is the target age group of the BC HPV immunization pro-
gram, and was therefore deemed the most relevant comparator 
for public health practice.

All women born 1994-2005 with a recorded screening history in the
cervical cancer screening registry in BC, inclusive of  31 July 2018. HPV

vaccine status was assigned as follows:

At least 1 dose of  HPV vaccine, All: All women born 1994-2005
with at least one dose of  HPV vaccine on their immunization record, with

vaccine recorded at least 6 mo prior to any CIN/HSIL diagnosis.

At least one dose, 9–14 years old: All women with at
least one dose of  HPV vaccine received at 9-14

years of  age, which includes both complete series and
on-schedule doses and incomplete series or o�-

schedule doses.

Complete series and
on-schedule doses,
9–14 years old: Full
series of  doses (either 2
or 3 doses based on
birth cohort), on-
schedule, with first dose
received at 9-14
years of  age

Incomplete series or
o� schedule doses,
9–14 years old: at least
one dose of  HPV
vaccine received at 9-
14 years of  age, but
less than full series, or
was o�-schedule,
based on birth cohort.

Complete series and
on-schedule doses, 15+
years: 3 doses, on-
schedule, with 1st dose
at 15 years of  age or
older.

Incomplete series or o�
schedule doses, 15+
years: 1st dose of  HPV
vaccine received at 15
years or older, but less
than full series (only 1 or
2 doses received), or was
o�-schedule.

At least one dose, 15+ years: All women who
received at least one dose of  HPV vaccine at 15

years or older, which includes both complete
series of  on-schedule doses and incomplete

series.

Unvaccinated: No doses of  HPV vaccine on immunization record,
or 1st dose of  HPV vaccine was recorded after, or up to 6 months

prior, to CIN/HSIL diagnosis, for all women born 1994-2005.

Figure 1. Definitions of vaccination status and subgroups, based on age of first dose of human papillomavirus (HPV) vaccine and number of doses received relative to HPV 
immunization schedule for given birth cohort at time of eligibility for vaccination. Abbreviations: BC, British Columbia; CIN, cervical intraepithelial neoplasia; HSIL, high-grade 
squamous intraepithelial lesion.
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Vaccine Effectiveness
RR, adjusted for birth year and age at first cervical screen, was 
used to estimate relative vaccine effectiveness (VE), calculated 
as VE = (1 − RR) × 100%. VE was estimated for complete series 
and on schedule and incomplete series/off schedule, and then 
compared to unvaccinated women.

RESULTS

Vaccine Cohort

There were 192 659 women in the vaccine registry born in 1994 
through 2005 who received their first dose of HPV vaccine at 
age 9 or later, with the mean age of first vaccine at 12.2 years 

At least 1 dose HPV vaccine
n = 24 191

Received HPV vaccine in registry
(Panorama and PARIS):

birth y 1994-2005
n = 192 659

Linked

Combined data of  women with screening history: born1994-2005
n = 38 304

Cervical Cancer screening registry:
birth y 1994 to 2005

n = 38 367

Excluded (n = 63)
Screening/pathology <13 y of  age (37)
Pathology results with  no linked screening
results (26)

Reclassified as unvaccinated because CIN2+
results prior to vaccine (n = 17)

At least 1 dose of  HPV vaccine
n = 24 174

At least 1 dose of  HPV vaccine, 9-14 y
 old

n = 20 738

Complete, on schedule doses,
9–14 y old
n = 18 975

Incomplete or o� schedule
doses, 9–14 y old

n = 1763

Complete, on schedule doses,
15+ y old
n = 1997

Incomplete or o� schedule doses,
15+ y old
n = 1439

At least 1 dose of  HPV vaccine, 15+ y
old

n = 3436

Unvaccinated
n = 14 113

Unvaccinated
n = 14 130

Figure 2. Flow chart of the data process between the British Columbia (BC) cervical cancer screening registry and the BC Panorama and Primary Access Regional 
Information System (PARIS) immunization registries, inclusive to 31 July 2018. Abbreviations: CIN, cervical intraepithelial neoplasia; HPV, human papillomavirus; y, years.
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(SD ± 1.8) (Supplementary Table 1). The majority (92.6%) re-
ceived the HPV vaccine (at least 1 dose) through the school-
based immunization targeted age range of 9–14  years of age. 
The 7.4% who initiated the HPV vaccine series at 15 years of 
age or later would have done so outside the school-based HPV 
immunization program.

Screening Cohort

There were 38  367 women born in 1994 through 2005 with 
at least 1 Pap smear recorded through 31 July 2018. The anal-
ysis excluded 63 (0.2%) women due to inconsistencies in their 
screening or pathology record (Figure 2). Of the 38 304 women 
who were screened, 24 174 (63.1%) of them received at least 1 
dose of HPV vaccine at least 6 months prior to pathology re-
sults. Of the 24  174 women, 20  738 (85.8%) received at least 
1 dose at 9–14 years old, of which 18 975 had complete series 
and on-schedule dosing at 9–14  years old and 1763 had in-
complete series at 9–14  years old. Fourteen percent (3436 of 
24  174 women) received at least 1 dose at 15  years or older, 
of which 1997 had complete series and on-schedule dosing at 

15 + years and 1439 received incomplete series or off-schedule 
doses starting at 15+ years of age. The number of unvaccinated 
women was 14 130. Among the 38 304 women with a cervical 
screening history, 258 (1.4%) had at least 1 colposcopy and re-
ceived the complete vaccination series at 9–14 years, compared 
to 28 (1.8%) women with at least 1 colposcopy and received 
an incomplete vaccination series. In addition, there were 304 
(2.2%) women with at least 1 colposcopy and were unvacci-
nated. The mean age of first screening visit was 18.7 (SD ± 2.2) 
years overall, and differed significantly between vaccinated 
and unvaccinated women (P < .0001); furthermore, vaccinated 
women had on average more screening visits compared to those 
unvaccinated (Table 1).

Incidence Rates and Relative Rates for Cervical Pathology
At Least 1 HPV Dose, 9–14 Years of Age, Including Complete and 
Incomplete Series
Unvaccinated women had an IR for CIN2+ of 1.20 per 1000 
person-years (95% CI, 1.00–1.42) and for CIN3 of 0.62 per 1000 
person-years (95% CI, .48–.79). Women with at least 1 dose of 

Table 1. Description of the Screening Cohort Overall and Stratified by HPV Vaccine Status

Characteristic Total (N = 38 304)

HPV Vaccine Status

Unvaccinated (n = 14 130) Vaccinatedb (n = 24 174)

Age at first screening, mean (SD) 18.7 (± 2.2) 19.1 (± 2.2) 18.5 (± 2.1)

Number of screening visits, median (IQR) 2.0 (1.0–3.0) 1.0 (1.0–3.0) 2.0 (1.0–3.0)

Age at first vaccine, mean (SD) 8.7 (± 6.8) 0.0 (± 0.0) 13.8 (± 1.7)

Age at first vaccine, No. (%)  

 Unvaccinated 14 130 (36.9) 14 130 (100) 0 (0)

 9–14 y 20 738 (54.1) 0 (0) 20 738 (85.8)

 15–17 y 2537 (6.6) 0 (0) 2537 (10.5)

 18 y or older 899 (2.3) 0 (0) 899 (3.7)

Birth cohort,a No. (%)  

 1994 14 127 (36.9) 5685 (40.2) 8442 (34.9)

 1995 10 253 (26.8) 3872 (27.4) 6381 (26.4)

 1996 6559 (17.1) 2227 (15.8) 4332 (17.9)

 1997 3887 (10.1) 1299 (9.2) 2588 (10.7)

 1998 2019 (5.3) 628 (4.4) 1391 (5.8)

 1999 905 (2.4) 259 (1.8) 646 (2.7)

 2000 375 (1.0) 110 (0.8) 265 (1.1)

 2001 135 (0.4) 37 (0.3) 98 (0.4)

Cytology,c No. (%)  

 No abnormal cytology 33 898 (88.5) 12 301 (87.1) 21 380 (88.4)

 ASCUS/LSIL 3918 (10.2) 1499 (10.6) 2419 (10.0)

 HSIL 488 (1.3) 229 (1.6) 259 (1.1)

Pathology,c No. (%)  

 No CIN2+ 38 087 (99.4) 14 015 (99.2) 24 072 (99.6)

 CIN2 120 (0.3) 55 (0.4) 65 (0.3)

 CIN3 97 (0.3) 60 (0.4) 37 (0.2)

 CIN2+ d 217 (0.6) 115 (0.8) 102 (0.4)

Abbreviations: ASCUS, atypical squamous cells of undetermined significance; CIN, cervical intraepithelial neoplasia (grade 2, 3, or combined 2+); HPV, human papillomavirus; HSIL, high-
grade squamous intraepithelial lesion; IQR, interquartile range; LSIL, low-grade squamous intraepithelial lesion; y, years.
a2002–2005 inclusive, not reported due to small numbers.
bVaccinated: at least 1 dose of HPV vaccine on immunization record, at least 6 months prior to any CIN/HSIL diagnosis, for all women born in 1994–2005.
cOnly reported the highest cytology and pathology outcome for each individual.
dCIN2 and CIN3 outcomes combined.
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HPV vaccine administered at 9–14 years of age had an IR for 
CIN2+ of 0.52 per 1000 person-years (95% CI, .42–.64) and the 
IR for CIN3 was 0.17 per 1000 person-years (95% CI, .12–.24) 
(Supplementary Figure 2; Table 2). Overall, a significant reduc-
tion in the RR of HSIL, CIN2, CIN3, and CIN2+ in both unad-
justed and adjusted models was observed for those with at least 
1 HPV vaccine dose administered at 9–14  years of age com-
pared to those who were unvaccinated (Table 3). The adjusted 
RR for CIN2+ for women with at least 1 dose of HPV vaccine 
administered at 9–14 years of age was 0.43 (95% CI, .32–.58) 
compared to unvaccinated women.

Complete Series and On-schedule HPV Vaccine Doses, 9–14 Years 
of Age
The IR for CIN2+ for women with complete series and 
on-schedule vaccination administered at 9–14 years of age was 
0.50 per 1000 person-years (95% CI, .40–.63) and for CIN3 the 
IR was 0.16 (95% CI, .11–.24) (Table 2). There was a significant 
reduction in the RR of HSIL, CIN2, CIN3, and CIN2+ in both 
unadjusted and adjusted models for 9–14 old girls with com-
plete series and on-schedule vaccination compared to unvacci-
nated. Women who received complete series and on-schedule 
HPV dosing administered at 9–14 years of age had a significant 
adjusted RR for CIN2+ of 0.42 (95% CI, .31–.57) compared to 
unvaccinated women and of 0.26 (95% CI, .16–.42) for CIN3 
(Table 3). The adjusted RR for CIN3 among women with in-
complete series/off-schedule doses administered at 9–14 years 
of age was 0.36 (95% CI, .09–.98) compared to unvaccinated 
women (Table 3).

Complete Series and On-schedule HPV Vaccine Doses Administered 
at 9–14 Years Old Compared to HPV Vaccine Doses Administered at 
15 Years or Older
Given the low number of women vaccinated at 15 years or older 
in our study, these findings should be interpreted with caution. 
Women vaccinated at age 15 or older with complete on-schedule 
doses had an IR of CIN2+ at 0.87 per 1000 person-years (95% 
CI, .51–1.40) and for CIN3 of 0.33 per 1000 person-years (95% 

CI, .27–.96). In women vaccinated at age 15 or older with at least 
1 dose of vaccine the IR for CIN2+ was 1.00 per 1000 person-
years (95% CI, .66–1.47) and for CIN3 the IR was 0.46 per 1000 
person-years (95% CI, .24–.81) (Table 2). Overall, there was a 
trend for increased observed cervical lesions in women who re-
ceived their first dose of HPV vaccine at 15 years or older com-
pared to those who initiated HPV vaccination at 9–14 years of 
age amongst those vaccinated with complete, on-series sched-
ules. A  significant increase in adjusted RR of HSIL was esti-
mated (RR = 1.56; 95% CI, 1.05–2.24); however, the adjusted 
RR for the combined outcome of CIN2+ (RR = 1.53; 95% CI, 
.81–2.69) did not reach significance when compared to those 
who were completely vaccinated at 9–14 years of age (Table 4).

Vaccine Effectiveness
VE against CIN2+ for women with at least 1 dose of HPV vac-
cine at 9–14 years old was estimated at 56.6% (95% CI, 42.1%–
67.7%) compared to those who were unvaccinated (Table 5). 
Complete series and on-schedule vaccine doses received at 
9–14 years of age resulted in an estimated VE against CIN2+ 
of 57.9% (95% CI, 43.2%–69.0%) compared to those who were 
unvaccinated. The VE for complete series and on-schedule vac-
cine doses at 15 years or older was 36.8% (95% CI, 0%–66.1%) 
for CIN2+ compared to unvaccinated.

DISCUSSION

This analysis presents findings from the first population-level im-
pact evaluation of the BC school-based quadrivalent HPV vaccine 
program. Findings indicate the school-based HPV immunization 
program for girls has led to significant declines in cervical dys-
plasia and precancerous lesions in BC. Women who received at 
least 1 dose of the HPV vaccine between 9 and 14 years old had 
a 57% reduction in the incidence of CIN2+ and a 73% reduction 
in the incidence of CIN3, the outcome most likely to be associ-
ated with HPV 16/18 [25]. It is important to note that our VE 
estimates are for CIN regardless of HPV type; however, HPV 16 
and 18 historically have been attributed to 70% of cervical cancer 
cases [26]. Although less evident than the bivalent HPV vaccine, 

Table 2. Incidence Rates Adjusted for Person Time at Risk and Stratified by Dosage and Age at First Vaccine

Vaccine Status (n)
HSIL, IR  
(95% CI)

No. of 
HSIL

CIN 2, IR 
(95% CI)

No. of 
CIN2

CIN 3, IR 
(95% CI)

No. of 
CIN3

CIN 2+, IR 
(95% CI)

No. of 
CIN 2+

Unvaccinated (14 130) 2.96 (2.60–3.36) 229 0.57 (.44–.73) 55 0.62 (.48–.79) 60 1.20 (1.00–1.42) 115

At least 1 dose of vaccine 9–14 y (20 738) 1.61 (1.40–1.84) 191 0.35 (.27–.45) 51 0.17 (.12–.24) 25 0.52 (.42–.64) 76

Incomplete series or off schedule 9–14 y (1763) 1.88 (1.22–2.79) 20 0.46 (.22–.90) 6 0.23 (.08–.56) <5a 0.69 (.37–1.22) 9

Complete series on schedule 9–14 y (18 975) 1.58 (1.36–1.83) 171 0.34 (.26–.44) 45 0.16 (.11–.24) 22 0.50 (.40–.63) 67

At least 1 dose of vaccine 15 y and older (3436) 2.62 (2.04–3.33) 68 0.54 (.29–.91) 14 0.46 (.24–.81) 12 1.00 (.66–1.47) 26

Incomplete series or off schedule 15 y and 
older (1439)

3.32 (2.32–4.59) 36 0.55 (.20–1.20) 6 0.64 (.26–1.33) 7 1.20 (.64–2.05) 13

Complete series, on schedule 15 y and older 
(1997)

2.59 (1.84–3.57) 32 0.53 (.27–.96) 8 0.33 (.15–.68) 5 0.87 (.51–1.40) 13

Abbreviations: CI, confidence interval; CIN, cervical intraepithelial neoplasia; HSIL, high-grade squamous intraepithelial lesion; IR, incidence rate per 1000 person-years. 
aSuppressed due to small numbers.

http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiz422#supplementary-data
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the quadrivalent HPV vaccine might result in cross-protection to 
other oncogenic HPV types [8, 27, 28].

The observed decline in cytological abnormalities for those 
vaccinated against HPV is similar to other data linkage studies 
[9, 11, 13]. In Australia, Gertig et al. [10] estimated VE at 36.4% 
against CIN3 with at least 1 dose of HPV vaccine and 47.5% 
with 3 doses; however, their cohort was predominately com-
prised of women vaccinated as part of a catch-up program (up 
to age 26). The higher VE estimated in the BC cohort is likely 
due to the younger age at vaccination, thus girls were less likely 
to have been exposed to HPV prior to vaccination.

In a Swedish cohort of females 13–30 years of age, a higher 
VE of 75% for CIN2+ was observed among girls vaccinated 
before age 17. However, prior to 2012, HPV vaccination and 
most screening in this cohort was opportunistic and likely not 
representative of an organized vaccination and screening pro-
gram [29].

Our analysis focused on girls vaccinated as part of the school-
based HPV immunization program, with the primary offering at 
age 11 (grade 6), where the Australian and Swedish study’s co-
horts comprised predominately of women who received vacci-
nation in late adolescence as part of a national catch-up program.

In regard to the estimated population-level effectiveness of 
the bivalent HPV vaccine, a similar VE estimate of 55% against 
CIN3 was observed in a preliminary population analysis [30].

A decline in CIN2+ was observed in this analysis for women 
with incomplete HPV series at 9–14 years of age compared to 
those who were unvaccinated; however, it did not reach signif-
icance likely due to low power, as 90% of women who received 
vaccine at 9–14 years of age had complete series and on-schedule 
vaccine doses recorded. The observed nonsignificant decline in 
high-grade histological outcomes for women with incomplete 
vaccine series was also observed in an impact evaluation of the 
school HPV immunization program in Victoria, Australia [10].

While women who received complete series and on-schedule 
HPV vaccination at 15+ years old showed a VE of 36.8% com-
pared to unvaccinated women, they had a trend for increased 
risk for CIN2+ compared to women vaccinated completely and 
on schedule at 9–14 years of age. These findings validate current 
BC recommendations to receive the vaccine before the age of 
15. Because few women were vaccinated after age 15 and wide 
confidence intervals were observed, these results should be in-
terpreted with caution. The lower RR reduction in women who 
received HPV vaccine at an older age is possibly due to the higher 
prevalence of prevaccination exposure to HPV and a higher like-
lihood for cervical cancer screening [15], with only 7% of young 
people in BC reporting first sexual intercourse before the age 
of 15 [31]. These findings validate that the current BC recom-
mendations for HPV vaccine receipt before the age of 15, with 
the primary offering at grade 6 (age 11 years) [32], is prudent.

Our analysis has numerous strengths, including robust de-
terministic data linkage between comprehensive population Ta
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registries for the HPV immunization program and cervical 
screening program, which represents the entire provincial pop-
ulation. There was a 7-year average length of follow-up in our 
cohort of women who predominately received HPV vaccination 
as part of an organized school-based immunization program. 
Finally, the outcome selection method used the most severe 
abnormal result end point, allowing for VE estimates of high-
grade histopathological outcomes most likely to progress to in-
vasive cervical cancer.

The analysis is not without limitations. There is the potential for 
misclassification bias, as women may have been classified as un-
vaccinated who had a Pap smear recorded in the cervical screening 
registry but may have received HPV vaccine outside the publicly 
funded program or out of province and were subsequently not cap-
tured in the immunization registries. Similarly, women classified 
as receiving incomplete doses may have received additional doses 
outside of the publicly funded program or out of province. The po-
tential misclassifications may have resulted in underestimating the 
effect of HPV vaccine on cervical lesion development.

Another limitation is that we could not adress potential 
confounders in relation to socio-demographics and therefore 
not estimate the impact on screening participation and out-
comes. A previous study indicated that girls being vaccinated 
for HPV were more likely to have received all childhood vac-
cines compared to HPV unvaccinated adolescents. In addition, 
parents with higher education levels were less likely to have 
their adolescent girl vaccinated against HPV [33]. Our model 
adjustment included first screening date less 3  years, which 
was used as a proxy for sexual debut based on the 2011 Cervix 
Screening Program guidelines, to control for women who were 
at a higher risk of developing abnormal cervical outcomes due 
to earlier sexual debut or behavioral differences in the cohort 
over time. However, further adjustment was not undertaken for 
socioeconomic, geographical, or immigration variables due to a 
lack of availability in the registry data.

The introduction of a school-based HPV immunization pro-
gram has significantly reduced high-grade cervical lesions by 
a half in women who receive HPV vaccination compared to 
those who do not. BC’s centralized immunization and cervical 
screening registries allow for robust data linkage to evaluate 
the impact of HPV vaccine across the whole population. As the 
first cohorts of women vaccinated against HPV become age eli-
gible for cervical cancer screening, continued evaluation of the 
long-term public health impact of the HPV vaccine on cervical 
cancer and HPV-related diseases is needed. However, our initial 
findings contribute to the growing body of evidence illustrating 
the positive population impact HPV vaccination has had on 
rates of cervical dysplasia.

Supplementary Data

Supplementary materials are available at The Journal of Infectious 
Diseases online. Consisting of data provided by the authors to 

benefit the reader, the posted materials are not copyedited and 
are the sole responsibility of the authors, so questions or com-
ments should be addressed to the corresponding author.
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