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Article history: Background: Schools are the primary setting for the delivery of adolescent HPV vaccination in Australia.
Received 14 April 2021 Although this strategy has achieved generally high vaccination coverage, gaps persist for reasons that are
Received in revised form 19 August 2021 mostly unknown. This study sought to identify school-level correlates of low vaccination course initiation
Acc?pted 20 AugUSt 2021 and completion in New South Wales, Tasmania, and Western Australia to inform initiatives to increase
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Methods: Initiation was defined as the number of first doses given in a school in 2016 divided by vaccine-
eligible student enrolments. Completion was the number of third doses given in a school in 2015-2016
divided by the number of first doses. Low initiation and completion were defined as coverage < 25th per-
centile of all reporting schools. We investigated correlations between covariates using Spearman’s rank
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correlation coefficients. Due to multicollinearity, we used univariable logistic regression to investigate
associations between school characteristics and low coverage.

Results: Median initiation was 84.7% (IQR: 75.0%-90.4%) across 1,286 schools and median completion was
93.8% (IQR: 86.0%-97.3%) across 1,295 schools. There were strong correlations between a number of
school characteristics, particularly higher Indigenous student enrolments and lower attendance, increas-
ing remoteness, higher postcode socioeconomic disadvantage, and smaller school size. Characteristics
most strongly associated with low initiation in univariate analyses were small school size, location in
Tasmania, and schools catering for special educational needs. Low completion was most strongly associ-
ated with schools in Tasmania and Western Australia, remote location, small size, high proportion of
Indigenous student enrolments, and low attendance rates.

Conclusion: This study provides indicative evidence that characteristics of schools and school populations
are associated with the likelihood of low initiation and completion of the HPV vaccination course. The
findings will guide further research and help target initiatives to improve vaccination uptake in schools
with profiles associated with lower coverage.

© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CCBY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Human papillomavirus (HPV) infection is the primary cause of
cervical cancer and genital warts. HPV is also associated with the
development of vulvar, vaginal, penile, anal, and oropharyngeal
cancers [1]. Estimates from the pre-vaccination era indicate that
up to 79% of women are infected with HPV of any type during their
lifetime [2], with incidence highest in young women in the first
few years after becoming sexually active [3]. HPV-related cancers
and genital warts carry a considerable health and economic burden
[4-8].

Australia was the first country globally to implement a fully
funded National HPV Vaccination Program, delivered primarily
through school-based vaccination programs. From 2007 until its
replacement in 2018 by a 2-dose nonavalent vaccine, the 3-dose
quadrivalent Gardasil® vaccine (targeting the oncogenic HPV types
16, 18 and the wart-causing types 6, 11) was offered to adolescent
girls and, from 2013, to adolescent boys. The HPV school vaccina-
tion programs operate at the beginning of secondary school. For
the school years covered in this study, the program was delivered
in Year 7 at ages 12 to 13 years in all Australian jurisdictions other
than South Australia and Western Australia where it was delivered
in Year 8 at ages 13-14 years. Program delivery varies between
states and territories. The impact of the National HPV Vaccination
Program was first observed through rapid and substantial reduc-
tions in diagnosis rates of genital warts [9,10] and related hospital
admissions [11]. This was followed by a decline in HPV infection
prevalence for vaccine-targeted HPV types [12] and substantial
reductions in the detection of high-grade cervical abnormalities
(precancerous changes) [13]. Similar impacts have been demon-
strated internationally, with greater effects in programs with high
vaccination coverage for multiple cohorts [14].

At the national level, Australia is under the global elimination
threshold of 90% coverage [15] with 3-dose vaccination coverage
of 75.9% for males and 80.2% for females turning 15 years of age
in 2017 [16,17] with considerable variation between states and
territories [16,17] and even greater disparities at smaller geo-
graphical levels [18]. Lower coverage for girls has been docu-
mented in areas with the lowest socioeconomic status, in remote
areas, and in certain school types [19,20]. In other high-income
countries with primarily school-based delivery such as Canada
and the United Kingdom, studies have shown negative associations
between some ethnicities and vaccination initiation, but not course
completion, and mixed results regarding associations between
area-based socioeconomic status and vaccination coverage
[21-25]. These studies also indicate the reasons for not initiating
the course may be different to barriers to completing the course
[21-25].
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To our knowledge, no study has compared school-level corre-
lates of low HPV vaccination initiation and completion coverage
in school-based programs in Australia. Internationally, there have
other school-level studies conducted in the UK: one of these did
not distinguish between correlates of initiation and completion
[26], and the second study used vaccination cohorts as the unit
of analysis with both school-level and individual-level characteris-
tics included [25]. Schools are the primary setting for the delivery
of HPV vaccination in Australia, it is important to identify schools
that could benefit from targeted initiatives to improve vaccination
initiation and completion coverage and ensure equitability across
geographical areas and populations. We aimed to identify school-
level factors associated with low initiation and completion of
school-based HPV vaccination in three Australian states to help
target further research and inform future programming.

2. Methods
2.1. Study design

This study took an exploratory approach to generate hypotheses
regarding relationships between school characteristics and vacci-
nation coverage. We undertook an ecological study based on rou-
tinely collected administrative data at the school level to
investigate associations between school characteristics and HPV
vaccination initiation and completion.

2.2. Setting

The study was conducted in three Australian states, New South
Wales, Tasmania, and Western Australia, which collectively repre-
sent approximately 45% of the Australian population.

2.3. Vaccine delivery

In Australia, health service delivery is the responsibility of state
and territory governments and is implemented in a variety of
ways. Tasmania operates school vaccination teams primarily
through local councils (i.e., municipalities, the lowest level of
elected government in Australia), New South Wales uses local
health districts (i.e., regional divisions of the jurisdictional health
department), and Western Australia uses a combination of local
councils and area health services depending on location. The
arrangements for catch-up doses for students who missed doses
on the scheduled delivery days also differ among states, with
New South Wales offering in-school catch-up visits in the follow-
ing year and the other two states referring students to primary care
providers or other external clinics.
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2.4. Study population

We included all secondary schools in the three states for which
both student enrolment numbers and delivered HPV vaccination
doses were available for 2015 and 2016.

2.5. Data sources

From 2007 to 2018, all HPV vaccination doses delivered in Aus-
tralia under the National Immunisation Program were required to
be reported, by name, and the setting in which vaccination took
place, to the National HPV Vaccination Program Register (NHPVR).
For this study, the NHPVR provided counts of all HPV doses given
by school, calendar year of eligibility (coinciding with school year),
and sex, aggregated from individual-level records for doses deter-
mined by the NHPVR to meet The Australian Immunisation Hand-
book requirements current at the time (i.e., excess doses and
doses not meeting minimum intervals where not counted).

Jurisdictional health departments provided 2015 and 2016
school enrolment data for the specific school grade of program
administration (Year 7 in two jurisdictions, Year 8 in one jurisdic-
tion), collated from local immunisation providers which collect
these data for vaccination program planning.

Data on the school-specific characteristics included in the anal-
yses were obtained from the Australian Curriculum, Assessment
and Reporting Authority (ACARA) and the Australian Bureau of
Statistics (ABS). ACARA collects information on school location
according to the ABS remoteness classification, total school size;
special education status (i.e. schools catering for special educa-
tional needs or mainstream schools); the percentage of enrolments
of students identified as Aboriginal and/or Torres Strait Islander
(referred to hereafter respectfully as Indigenous students); the per-
centage of enrolments of students with a language background
other than English; and the school attendance rate defined as
actual student days attended over total possible student days. Con-
tinuous variables were categorised into tertiles across all schools.
We also classified schools based on receiving only government
funding or a mix of private and government funding, as well as reli-
gious or ideological affiliation using ACARA classifications and
school databases in each jurisdiction [27-29]. To maintain
anonynimity of affiliation, coverage and correlates by school type
and affiliation are not reported publicly but these results were pro-
vided confidentially to program managers. Total reported enrol-
ments by sex were used to infer co-educational versus single-sex
school status; and the postcode of the school was used to obtain
its level of socioeconomic disadvantage as defined by the 2016
Australian Bureau of Statistics’ Index of Relative Socioeconomic
Disadvantage [30]. Australian postcodes are not standardised to
cover a particular population size or geographical area.

The NHPVR, ACARA, and the three jurisdictions each use differ-
ent unique school identifiers. For school records from different
sources, direct merges based on school name and school postcode
were attempted first, followed by probabilistic matching of the
remaining records on a combined school name and postcode
matching variable using the STATA reclink command [31]. Results
were reviewed manually. Records that were unable to be linked
probabilistically or appeared to be false matches on manual review
were checked. Plausible matches were added to the combined
datasets, and implausible ones deleted.

2.6. Study outcomes

We calculated the proportion of adolescents in each school who
initiated the HPV vaccination course, and the proportion who com-
pleted the course once initiated, for males and females separately.
Only doses recorded by the NHPVR as having been delivered in
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school which could be attributed to a school and year level were
included in the analysis. Doses given outside the school setting
or in ungraded schools, i.e., schools not organised into year levels,
were excluded. To assess completion coverage, schools without
dose 1 vaccination records were excluded (see below).

Initiation for a school was the number of dose 1 vaccinations
reported to the NHPVR divided by the student enrolment number
for the year level of program delivery. Completion was the number
of dose 3 vaccinations divided by the number of dose 1 vaccina-
tions. We chose this completion definition, as compared to abso-
lute completion (dose 3 divided by enrolments), to fully
differentiate its school-related correlates from those associated
with initiation. Both initiation (program year 2016) and comple-
tion (program year 2015) were assessed at the end of 2016 to
account for catch-up doses. Where the calculation of initiation or
completion coverage yielded a figure in excess of 100%, it was set
to 100%.

2.7. Statistical analysis

Descriptive analyses of school-level initiation and completion
across the three jurisdictions involved calculation of means, stan-
dard deviations, medians, ranges and interquartile ranges (IQR).
The Wilcoxon rank sum test was used to compare coverage by
sex. The 25th percentile across all schools for males and females
combined was used as the cut-off for binary categorisation of ini-
tiation and completion into high and low coverage. We explored
correlations between ordinal covariates using Spearman’s rank
correlation coefficients. We then conducted univariable logistic
regression analyses to determine characteristics associated with
low coverage, with the school as unit of analysis. Given strong pair-
wise correlations between several key covariates (see results sec-
tion), we do not report multivariable analyses. To assess the
sensitivity of our findings to coverage estimates based on small
numbers, we repeated the analyses for males and females com-
bined, restricted to schools with vaccine-eligible enrolment num-
bers > 10 students. All analyses were conducted using STATA IC
v14.2 (StataCorp, College Station, Texas).

2.8. Ethical approval

Ethical approval was provided by the Human Research Ethics
Committees of the University of New South Wales (HC17632),
the Australian National University (2017/516), the University of
Tasmania (1320/17), the Aboriginal Health & Medical Research
Council of New South Wales (1320/17), the Aboriginal Health
Council of Western Australia (818), and the Department of Health
of Western Australia (RGS0000000456).

3. Results

After exclusions, there were 1,286 schools in the program year
2016 available for analysis of initiation and 1,295 schools in the
program year 2015 for completion (see flowcharts in Figs. 1
and 2). Both initiation (program year 2016) and completion (pro-
gram year 2015) were assessed at the end of 2016 to account for
catch-up doses. Overall, 33 schools with 2015 enrolment data
and 39 schools with 2016 enrolment data were excluded, two
due to their location in an Australian external territory rather than
one of the participating jurisdictions, and the remainder because
they could not be conclusively matched to a school recoded in
the NHPVR. A further 10 schools in the 2015 program year for
which the NHPVR reported dose 3 vaccinations did not have any
dose 1 vaccinations recorded and were also excluded. Doses given
outside the school setting represented 3.9% of dose 1 vaccinations
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Program year 2016 (initiation)

Schools with
enrolment data

available (n=1,325)

Dose 1 events reported to the

NHPVR* (n=110,464)

v

Schools with enrolment data
without matching school with
dose 1 events (n=39)

A

A

Doses received outside school
setting (n=4,253)
"School" doses without school
attribution (n=48)
"School" doses attributed to
home school (n=15)

(n=1,286)

Schools with enrolment data
and vaccination records

School doses attributed to
primary school (n=2)

*For schools identified as being located in New South Wales, Tasmania, or Western Australia and persons
resident in these states without a school name recorded

Fig. 1. Flowchart of vaccination and enrolment data by school for program year 2016 to assess HPV vaccination initiation.

Program year 2015 (completion)

Schools with
enrolment data

available (n=1,338)

Dose 3 events
reported to the
NHPVR* (n=99,387)

Schools with dose 3 events,

]

Doses received outside school
setting (n=2,522)
"School" doses without school

but no dose 1 events (n=10)

Schools with enrolment data

attribution (n=60)
"School" doses attributed to

home school (n=1)
School doses attributed to

without matching school with
dose 1 and 3 events (n=33)

primary school (n=12)

A4

Schools with enrolment data
and vaccination records
(n=1,295)

*For schools identified as being located in New South Wales, Tasmania, or Western Australia and
persons resident in these states without a school name recorded

Fig. 2. Flowchart of vaccination and enrolment data by school for program year 2015 to assess HPV vaccination completion following initiation.

in the target age group reported to the NHPVR for 2016 and 2.5% of
dose 3 vaccinations for 2015. Doses reported as in-school doses
that were given to those in the target group who were home-
schooled or whose school name was not recorded accounted
for < 0.001% of dose 1 vaccinations for 2016 and a similarly negli-
gible proportion of dose 3 vaccinations for 2015. The HPV coverage
was in excess of 100% in 31 schools (2.4%). Of those 31 schools, 71%
were small schools with lower enrolment numbers.

Table 1 summarises the characteristics of schools in the 2016
program year by jurisdiction. Note that Tasmania does not have
an area classified as a major city. The state also had a higher per-
centage of schools in disadvantaged areas, and lower percentages
of Indigenous students and students with a language background
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other than English. Western Australia had a higher percentage of
schools located in remote and very remote areas. An analysis of
correlations between school characteristics (Table 2) showed
important overlaps between several of these variables. For contin-
uous variables categorised into groups for this analysis, correla-
tions were stronger when measured on the original continuous
scale (see Table 1, supplemental materials). For instance, higher
relative Indigenous student enrolments were highly correlated
with lower attendance and moderately correlated with increasing
remoteness, higher postcode socioeconomic disadvantage, and
smaller school size. On the continuous scale, correlation
coefficients increased up to ten points (e.g., from - 0.61 to —0.71
for attendance), suggesting that the real-world overlap between
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Table 1
Summary of school characteristics by jurisdiction, 2016 program year":
New South Wales Tasmania Western Australia Total
(n = 880) (n=80) (n =326) (n=1,286)
Remoteness area
Major cities 565 (64%) O NA 186 (57%) 751 (58%)
Inner Regional 208 (24%) 45 (56%) 35 (11%) 288 (22%)
Outer Regional 92 (10%) 31 (39%) 46 (14%) 169 (13%)
Remote & very remote 11 (1%) 3 (4%) 59 (18%) 73 (6%)
Missing data 4 (0.5%) 1 (1%) 0 NA 5 (0.4%)
School size (total school enrolments)
Small (11-383) 255 (29%) 35 (44%) 129 (40%) 419 (33%)
Medium (384-844) 308 (35%) 31 (39%) 81 (25%) 420 (33%)
Large (845-2,735) 297 (34%) 8 (10%) 112 (34%) 417 (32%)
Missing data 20 (2%) 6 8%) 4 (1%) 30 (2%)
Co-educational status
Co-educational school 732 (83%) 68 (85%) 305 (94%) 1,105 (86%)
Single sex school 128 (15%) 6 8%) 17 (5%) 151 (12%)
Missing data 20 (2%) 6 8%) 4 (1%) 30 (2%)
Special education status
Mainstream school 801 (91%) 78 (98%) 299 (92%) 1,178 (92%)
Special education school 75 (9%) 1 (a%) 27 (8%) 103 (8%)
Missing data 4 (0.5%) 1 (1%) 0 NA 5 (0.4%)
% Indigenous student enrolments
Low (0%-2%) 330 (38%) 8 (10%) 114 (35%) 452 (35%)
Medium (3%-8%) 231 (26%) 27 (34%) 85 (26%) 343 (27%)
High (9%-100%) 249 (28%) 38 (48%) 107 (33%) 394 (31%)
Missing data 70 (8%) 7 (9%) 20 (6%) 97 (8%)
% Language-background-other-than-English student enrolments
Low (0%-6%) 302 (34%) 59 (74%) 94 (29%) 455 (35%)
Medium (7%-22%) 232 (26%) 13 (16%) 135 (41%) 380 (30%)
High (23%-100%) 325 (37%) 2 (3%) 88 (27%) 415 (32%)
Missing data 21 (2%) 6 (8%) 9 (3%) 36 (3%)
School postcode Relative Socioeconomic Disadvantage score
Most disadvantaged (604-967) 296 (34%) 43 (54%) 89 (27%) 428 (33%)
Less disadvantaged (698-1,016) 293 (33%) 22 (28%) 113 (35%) 428 (33%)
Least disadvantaged (1,017-1,128) 291 (33%) 9 (11%) 124 (38%) 424 (33%)
Missing data 0 NA 6 (8%) 0 NA 6 (0.5%)
Attendance rate (% of all possible school days
attended)
Low (29%-87%) 276 (31%) 29 (36%) 146 (45%) 451 (35%)
Medium (88%-91%) 294 (33%) 30 (38%) 96 (29%) 420 (33%)
High (92%-97%) 203 (23%) 10 (13%) 60 (18%) 273 (21%)
Missing data 107 (12%) 11 (14%) 24 (7%) 142 (11%)

! School characteristics are presented for schools in the 2016 program year only. Characteristics and category cut points for continuous variables were similar across years.

Table 2

Correlations between continuous covariates categorised into tertiles and ordinal categorical covariates (Spearman’s rank correlation coefficients), schools in 2016 HPV vaccination

program year.

Indigenous Language-background- School postcode  School Attendance  Remoteness
student other-than-English student  SEIFA IRSD size rate (1-3) (1, major cities-4,
enrolments (1-3)  enrolments (1-3) score (1-3) (1-3) remote)

Indigenous student enrolments (1-3)

Language-background-other-than-English ~ —0.4455

student enrolments (1-3)

School postcode SEIFA IRSD score (1-3) —0.5036 0.3211

School size (1-3) —0.4698 0312 0.3849

Attendance rate (1-3) -0.6125 0.2821 0.3975 0.3458

Remoteness (1, major cities-4, remote) 0.5629 —0.5686 —0.494 —0.5335  -0.3068

school characteristics is even more pronounced than reflected in
the simplified model wused in the analysis to improve
interpretability. Of the schools with the highest relative Indigenous
student enrolments, 80% had low attendance compared to 12% of
schools with the lowest Indigenous student enrolments, 63% were
located in the most socioeconomically disadvantaged postcodes
compared to 15% of schools with the lowest Indigenous student
enrolments, 56% were small schools compared to 14% of schools
with the lowest Indigenous student enrolments, and 16% were in
remote and very remote areas compared to 0.5% of schools with
low Indigenous student enrolments.

3.1. Initiation and completion estimates

Median in-school initiation was 84.7% (IQR: 75.0%-90.4%), with
327 schools classified as having low initiation at < 75% coverage.
Initiation was lower for males compared to females, with a median
of 85.5% (IQR: 75.8%-92.3%) for females and 83.7% (IQR: 73.3%-
91.0%) for males (p = 0.003). Median completion was 93.8% (IQR:
86.0%-97.3%), with 323 schools classified as having low completion
at < 86% coverage. Completion was similar for both sexes at 94.0%
(IQR: 86.1%-99.0%) for females and 93.8% (IQR: 85.7%-98.9%) for
males (p = 0.888).
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3.2. Associations between school characteristics and low initiation

The percentage of schools classified as having low initiation var-
ied significantly by all school characteristics investigated, for both
females and males (Table 3). Low initiation was associated with
small schools compared to large schools (females: OR = 8.2, 95%
CI = 5.3-12.7; males: OR = 4.1, 95% CI = 2.9-5.8), schools catering
for special educational needs compared to mainstream schools (fe-
males: OR = 4.1, 95% CI = 2.5-6.6; males: OR = 3.8, 95% CI = 2.5-5.
8), and for schools in Tasmania compared to New South Wales (fe-
males: OR = 4.5, 95% CI = 2.8-7.2; males: OR = 2.5, 95% CI = 1.5-4.
0). In addition, there were strong associations between low initia-
tion and a number of school types and affiliations (highest OR for
females: 5.1, 95% CI = 2.9-9.1; highest OR for males 3.8, 95%
Cl 2.3-6.4; data not shown in Table 3). Of the socio-
demographic variables describing school populations rather than
schools, high Indigenous student enrolments were most strongly
associated with low initiation (females: OR = 2.4, 95% CI = 1.7-
3.4; males: OR = 2.4, 95% CI = 1.7-3.3).

3.3. Associations between school characteristics and low completion

Similar to initiation, all school characteristics included in the
analysis showed associations with low completion, with the excep-
tion of language background. For both males and females, the fol-
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lowing characteristics had some of the strongest associations with
low completion: school location in Tasmania (females: OR = 8.4,
95% Cl = 5.1-13.7; males: OR = 7.6,95% Cl = 4.7-12.4) and Western
Australia (females: OR = 5.3, 95% CI = 3.9-7.2; males: OR = 5.1, 95%
CI = 3.8-6.9); small schools (females: OR = 4.9, 95% CI = 3.3-7.2;
males: OR = 3.8, 95% CI = 2.7-5.5); school location in remote areas
compared to location in major city areas (females: OR = 4.0, 95%
CI = 2.5-6.4; males: OR = 5.4, 95% CI = 3.3-9.0); schools with high
Indigenous student enrolments compared to those with low
Indigenous student enrolments (females: OR = 4.0, 95% CI = 2.8-
5.9; males: OR = 4.0, 95% CI = 2.7-5.5); and schools with low atten-
dance rates compared to those with the highest attendance rates
(females: OR = 3.2, 95% CI = 2.2-4.6; males: OR = 3.1, 95% CI = 2.
1-4.5). In addition, for females in particular, co-educational
schools had multiple times the odds of low completion of single-
sex schools (females: OR 9.4, 95% CI 2.9-30.0; males:
OR = 3.2, 95% CI = 1.5-7.4). Some associations seen for initiation
were less pronounced for completion, including higher odds of
low completion in special schools (females: OR 2.5, 95%
Cl=1.5-4.1; males: OR = 3.1, 95% CI = 2.0-4.7). In addition, the pat-
tern of association between low coverage and certain school types
and affiliations remained the same as in the initiation analysis but
was less marked in the completion analysis (highest OR for
females: 3.0, 95% CI = 1.7-5.3; highest OR for males: 3.6, 95%
CI = 2.1-6.2; data not shown in Table 4).

Table 3
Associations between school characteristics and low in-school HPV vaccination initiation by sex, 2016 program year.
Females Males
Variable Low initiation' N (%)  Univariable analysis Low initiation' N (%)  Univariable analysis
OR (95% CI) p-value® OR (95% CI) p-value?

State <0.001 <0.001
New South Wales 171 (22%) reference 229 (29%) reference
Tasmania 42 (55%) 4.5 (2.8-7.2) <0.001 37 (50%) 2.5 (1.5-4.0) <0.001
Western Australia 75 (24%) 1.2 (0.8-1.6) 0.367 82 (27%) 0.9 (0.7-1.2) 0514
Remoteness area 0.001 0.006
Major cities 132 (20%) reference 170 (27%) reference
Inner Regional 81 (29%) 1.7 (1.2-2.3) 0.002 100 (36%) 1.7 (1.2-2.2) 0.001
Outer Regional 49 (30%) 1.7 (1.1-2.5) 0.008 50 (30%) 1.3 (0.9-1.8) 0.226
Remote & very remote 23 (34%) 2.0 (1.2-3.5) 0.009 25 (36%) 1.7 (1.0-2.8) 0.056
School size (total school enrolments) <0.001 <0.001
Small (11-383) 150 (40%) 8.2 (5.3-12.7) <0.001 168 (42%) 4.1 (2.9-5.8) <0.001
Medium (384-844) 97 (25%) 4.1 (2.6-6.4) <0.001 114 (29%) 2.3 (1.6-3.3) <0.001
Large (845-2,735) 28 (7%) reference 53 (15%) reference
Co-educational status
Co-educational school 267 (25%) 3.1 (1.5-6.6) 0.003 324 (30%) 2.3 (1.2-44) 0.014
Single sex school 8 (10%) reference 11 (16%) reference
Special education status
Mainstream school 244 (22%) reference 287 (27%) reference
Special education school 41 (54%) 4.1 (2.5-6.6) <0.001 58 (58%) 3.8 (2.5-5.8) <0.001
% Indigenous student enrolments
Low (0%-2%) 63 (16%) reference 81 (21%) reference <0.001
Medium (3%-8%) 76 (23%) 1.6 (1.1-2.3) 0.013 79 (24%) 1.2 (0.8-1.7) 0.388
High (9%-100%) 116 (32%) 24 (1.7-34) <0.001 152 (39%) 2.4 (1.7-3.3) <0.001
% Language-background-other-than-English  0.014 0.039

student enrolments
Low (0%-6%) 123 (28%) 1.6 (1.1-2.2) 0.008 145 (33%) 1.3 (0.9-1.7) 0.112
Medium (7%-22%) 76 (22%) 1.1 (0.8-1.6) 0.625 87 (25%) 0.9 (0.6-1.2) 0.381
High (23%-100%) 73 (20%) reference 101 (28%) reference
School postcode Relative Socioeconomic 0.005 <0.001

Disadvantage score
Most disadvantaged (604-967) 110 (27%) 1.7 (1.2-2.3) 0.003 142 (34%) 1.9 (1.4-2.6) <0.001
Less disadvantaged (698-1,016) 107 (27%) 1.6 (1.2-2.3) 0.004 126 (31%) 1.6 (1.2-2.3) 0.003
Least disadvantaged (1,017-1,128) 69 (18%) reference 77 (22%) reference
Attendance rate (% of all possible school 0.002 <0.001

days attended)
Low (29%-87%) 119 (27%) 1.8 (1.2-2.7) 0.003 157 (36%) 1.9 (1.4-2.6) <0.001
Medium (88%-91%) 75 (19%) 1.1 (0.8-1.8) 0.515 91 (23%) 1.6 (1.2-2.3) 0.003
High (92%-97%) 41 (17%) reference 45 (20%) reference

! Low initiation is defined as initiation (dose 1 events/enrolments at the school level) < 25th percentile of the data distribution for both sexes.

2 The overall p-value is based on the test for heterogeneity.
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Table 4
Associations between school characteristics and low in-school HPV vaccination completion following initiation by sex, 2015 program year.
Females Males
Variable Low Univariable Low Univariable
completion' N (%) analysis completion’ N (%) analysis
OR (95% CI) p-value® OR (95% CI) p-value?

State <0.001 <0.001
New South Wales 55 (13%) Reference 116 (15%) reference
Tasmania 51 (57%) 8.4 (5.1-13.7) <0.001 45 (57%) 7.6 (4.7-12.4) <0.001
Western Australia 42 (45%) 53(3.9-7.2) <0.001 145 (47%) 5.1 (3.8-6.9) <0.001
Remoteness area <0.001 <0.001
Major cities 136 (22%) Reference 149 (23%) reference
Inner Regional 55 (20%) 0.9 (0.6-1.3) 0.629 60 (22%) 0.9 (0.7-1.3) 0.696
Outer Regional 51 (30%) 1.6 (1.1-2.3) 0.019 48 (28%) 1.3 (0.9-1.9) 0.192
Remote & very remote 42 (53%) 4.0 (2.5-6.4) <0.001 46 (62%) 5.4 (3.3-9.0) <0.001
School size (total school enrolments) <0.001 <0.001
Small (7-376) 135 (38%) 4.9 (3.3-7.2) <0.001 148 (38%) 3.8 (2.7-5.5) <0.001
Medium (377-838) 101 (26%) 2.8 (1.9-4.1) <0.001 102 (26%) 22 (1.5-3.2) <0.001
Large (839-2,530) 42 (11%) Reference 49 (14%) reference
Co-educational status
Co-educational school 275 (27%) 9.4 (2.9-30.0) <0.001 292 (27%) 3.4 (1.5-74) 0.003
Single sex school 3 (4%) Reference 7 (10%) reference
Special education status
Mainstream school 254 (24%) Reference 256 (24%) reference
Special education school 30 (43%) 2.5(1.5-4.1) <0.001 48 (49%) 3.1 (2.0-4.7) <0.001
% Indigenous student enrolments <0.001 <0.001
Low (0-2%) 47 (13%) Reference 49 (14%) reference
Medium (3%-9%) 94 (27%) 2.5(1.7-3.7) <0.001 102 (28%) 2.4 (1.7-3.5) <0.001
High (10%-100%) 122 (37%) 4.0 (2.8-5.9) <0.001 135 (39%) 4.0 (2.7-5.7) <0.001
% Language-background-other-than-English 0.516 0.233

student enrolments
Low (0-5%) 94 (25%) 1.2 (0.9-1.7) 0.281 109 (28%) 1.3 (0.9-1.8) 0.138
Medium (6%-22%) 91 (25%) 1.2 (0.8-1.7) 0.351 87 (24%) 1.0 (0.7-1.4) 0911
High (23%-100%) 70 (22%) Reference 77 (23%) reference
School postcode Relative Socioeconomic 0.009 0.007

Disadvantage score
Most disadvantaged (604-965) 115 (29%) 1.7 (1.2-2.4) 0.002 128 (31%) 1.7 (1.2-2.3) 0.002
Less disadvantaged (966-1,016) 102 (26%) 1.5 (1.0-2.1) 0.030 101 (25%) 1.2 (0.9-1.7) 0.228
Least disadvantaged (1,017-1,128) 68 (19%) Reference 73 (21%) reference
Attendance rate (% of all possible school <0.001 <0.001

days attended)
Low (32%-87%) 156 (35%) 3.2 (2.2-4.6) <0.001 161 (35%) 3.1(2.1-4.5) <0.001
Medium (88%-90%) 61 (21%) 1.6 (1.0-2.4) 0.037 58 (19%) 1.4 (0.9-2.1) 0.134
High (91%-100%) 46 (14%) reference 44 (15%) reference

! Low completion is defined as completion following initiation (dose 3 events/dose 1 events at the school level) < 25th percentile of the data distribution for both sexes.

2 The overall p-value is based on the test for heterogeneity.

3.4. Sensitivity analyses

Sensitivity analyses of results for both sexes combined indicate
that the above results are generally robust to the influence of small
numbers (see Tables 2-5, supplemental materials). Coverage esti-
mates for very small schools would be disproportionately affected
by misattribution of enrolments or doses and student movement
after the enrolment census. However, the odds ratios were very
similar between the full dataset and a reduced dataset excluding
schools with<10 vaccine-eligible students. The odds ratios for
small schools decreased slightly and increases were seen in the
odds ratio for some of the variables most correlated with school
size, including special education status and jurisdiction for initia-
tion and completion, postcode socioeconomic status for initiation,
and remoteness and Indigenous student enrolments for
completion.

4. Discussion

This analysis demonstrated differences in the initiation and
completion of the HPV vaccination course at the school level, with
both coverage measures varying by school characteristics. For both
sexes, particularly strong associations between school characteris-

6123

tics and low initiation were seen in schools which were smaller,
located in Tasmania, had particular school affiliations, and catered
for adolescents with special educational needs. Whereas low com-
pletion, for both sexes, was most strongly associated with schools
in Tasmania and Western Australia, schools located in remote
areas, smaller schools, and schools that had high Indigenous stu-
dent enrolments and low attendance rates. Additionally, schools
that were co-educational showed strong associations with low
completion for females.

Special education schools, which were very small in size, had
much lower initiation and completion than mainstream schools.
It is important to note that ungraded special schools were unable
to be included in this study due to the unavailability of year-
specific enrolment data. As a result, the sub-set of specials schools
captured in the analysis is unlikely to reflect the school sector as a
whole. A similar association of attendance of non-mainstream
schools with lower vaccination coverage was reported among girls
in the UK [23], and one study in Australia found low coverage in a
small cohort of 375 students from 27 special education schools in
Victoria [32]. The study in Victoria found the most frequent rea-
sons for non-vaccination in special school settings to be student
absence on immunisation day, missing or declined parental con-
sent, and student behaviour on vaccination day[32]. This study
was based on a survey of immunisation providers. Another study
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from the US, which involved interviews with parents of special
needs students found that sexual health, including consideration
of HPV vaccination, is a topic that is often neglected in adolescents
with disabilities, despite evidence that their sexual health needs
are often similar to or greater than those of their typically develop-
ing peers[33].

We found school size was associated with lower HPV initiation
and completion coverage, similar to the study from the UK [26]. It
is currently not known why small schools have lower HPV initia-
tion and completion compared to other schools. It may be that
smaller schools have different resource levels or vaccination pro-
gram organisation systems.

There were a number of specific characteristics of school pop-
ulations that were more strongly associated with completion than
initiation. For example, schools with lower attendance rates were
considerably more likely to have low completion rates. Two other
Australian studies in recent years have also shown absenteeism to
influence HPV vaccination completion rates [19,34]. High absen-
teeism rates reduce collective opportunities to initiate and com-
plete the vaccination course in school, particularly for
completion if subsequent vaccination days are used to catch up
dose 1.

Schools with the highest Indigenous student enrolments
were also considerably more likely to have low initiation and
completion, with the association stronger for completion.
Indigenous adolescents continue to experience considerable
socioeconomic disadvantage compared to non-Indigenous people
[35], and lower school attendance rates [36] which, if combined
with a lack of culturally appropriate delivery of vaccination
information and services, may present considerable barriers to
initiation and completion of school-based HPV vaccination.
Addressing these gaps is crucial considering there are important
disparities in the burden of disease from cervical cancer in
Indigenous women [4,5].

Lower HPV coverage has previously been reported among inde-
pendent schools in Western Australia, [20] potentially a marker of
religious or philosophical beliefs held by the schools or the parents
of the adolescents attending the schools, including greater vaccine
hesitancy, specific reservations towards vaccination against HPV as
a sexually transmissible infection [37], or other factors. In other
studies, which were predominately located in the United States,
frequent participation in any organised religion and belonging to
particular religions or Christian denominations has been shown
to be correlated with vaccine acceptability or coverage in some
studies [26,38-42].

Unmeasured factors related to vaccination delivery and other
organisational differences between jurisdictions are likely to
account at least partially for the strong associations with state
of school location. In the UK, at least two studies found differ-
ences in vaccination coverage between Primary Care Trust areas,
suggesting that unmeasured process factors are likely to con-
tribute to vaccination outcomes [22,23]. In our study, the odds
ratio was much larger for completion than for initiation which
may partially be explained by New South Wales organising reg-
ular in-school catch-up vaccination in the second year when
most students would have initiated the vaccination course but
may not have completed it. As vaccine providers differ across
states, it is likely that there is additional process variation
between jurisdictions, such as different approaches to obtaining
parental consent.

This study had two main strengths. First, it uses a compre-
hensive dataset built from multiple sources of routine data and
comprising all schools in three Australian states for which HPV
initiation and completion could be calculated. Second, undertak-
ing the analysis at the school level provided new information
about the main setting in which adolescent HPV vaccination in
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Australia is currently delivered. Knowledge about school charac-
teristics associated with an increased likelihood of low initiation
and completion provides an opportunity to prioritise schools
with specific profiles for interventions aimed at improving vacci-
nation coverage. This is important as differences in vaccination
coverage between geographical areas and population groups
could reduce the anticipated population impact if coverage is
lower in groups with higher levels of future sexual activity
[43]. Also, if coverage is lower in smaller communities with pre-
dominantly local sexual contact such as geographically remote or
culturally closed communities, this would reduce the vaccination
impact within these communities and potentially fail to mitigate
relative inequalities in the incidence of cervical and other HPV-
related cancers [44,45].

Conversely, there are known limitations of using ecological
study designs which should be mentioned, including that associa-
tions found at the school level may not hold at the individual level.
Also, due to the strong correlations between characteristics of
schools and school populations, we were unable to develop multi-
variable models without introducing bias of unpredictable direc-
tion and magnitude due to multicollinearity. We considered
using composite variables or a priori elimination of the most highly
correlated variables to address the issue of multicollinearity. How-
ever, both options would have necessitated a reduction of complex
social factors without clear directionality into one indicator and led
to a loss of contextual information. We therefore concluded that
the presentation of univariate models was more suitable to inform
the formulation of potential policy and programmatic interven-
tions. Also, some categories, such as language background, could
mask associations between low coverage and specific cultural
backgrounds. Consistent with an exploratory approach intended
to generate hypothesis in the context of limited prior research at
the school level, we chose to focus on understanding potential rela-
tionships between school characteristics and vaccination overage,
as well as relationships between different school factors. Evidence
of associations between multiple school characteristics and the
likelihood of low coverage may inform decisions about the priori-
tisation of resources to schools that fit a certain profile for inter-
ventions to increase HPV vaccination coverage.

In conclusion, this study has shown considerable variation in
HPV vaccination initiation and completion in the school-based
programs, between the three Australian jurisdictions, as well as
within subgroups in each jurisdiction. New evidence of associa-
tions between key characteristics of schools and school popula-
tions and the likelihood of low initiation and completion can
help guide programs designed to improve coverage. Further
research is needed to investigate the pathways contributing to
associations with low coverage. This includes delineation of fac-
tors linked to school types and the populations they serve such
as lower and completion initiation rates in smaller schools, and
investigation of differences specific to course completion such
as lower completion rates for girls in co-ed schools. Research
approaches may include a review and comparison of organisa-
tional factors in schools with particularly high and low coverage,
and surveys and qualitative research engaging those involved in
program planning and roll-out as well as parents and students
as consumers. Future research should be conducted in tandem
with the development of targeted interventions to improve initi-
ation and completion of the HPV vaccination course in the school
setting.
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