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Abstract

Background/Objectives: The HPV vaccine is highly effective and safe in preventing HPV
infection. This study explored the relationship between HPV vaccination, HPV knowledge
and awareness, and oral HPV infection prevalence among Indigenous Australian adults.
Methods: Data were collected from a large convenience sample in South Australia in
2018-19, with annual follow-ups through 2022-23. The primary outcome was oral infection
with HPV types 6, 11, 16, 18, 31, 33, 45, 52, or 58. The main exposure was HPV vaccination
uptake status, which was categorised as unvaccinated, partially vaccinated (1-2 doses),
or fully vaccinated (3 doses). Covariates included sociodemographic factors, general and
sexual health behaviours, and HPV knowledge scores (HPV-KT). Risk ratios (RRs) for
oral HPV infection were estimated using Poisson regression models. Results: Among
the 1006 participants who completed at least one questionnaire and oral HPV test by
24 months, 81% were unvaccinated, 13% partially vaccinated, and 7% fully vaccinated.
Fully vaccinated individuals had the highest HPV-KT scores (mean: 3.4) and the lowest
oral HPV prevalence (5%). After adjusting for covariates, unvaccinated participants had
a 1.08 times higher risk of oral HPV infection (95% CI: 1.00-3.11) compared to those fully
vaccinated. Conclusions: Full HPV vaccination (three doses) is associated with lower oral
HPYV infection and greater HPV knowledge. The protective effect appears stronger than for
partial vaccination or no vaccination, underscoring the importance of completing the full
vaccine series to reduce oral HPV burden.

Keywords: Human Papilloma Virus; Indigenous Australian; knowledge and awareness;
HPYV vaccine

1. Introduction

In recent years, oral Human Papillomavirus (HPV) infection has been the main cause
of oropharyngeal cancer (OPC) in Western developed countries [1-4]. HPV genotypes are
classified into two main categories: low risk (Ir-HPV) and high risk (hr-HPV) based on
their oncogenic potential [5]. HPV 6 and HPV 11 are Ir-HPV that are primarily linked to
Recurrent Respiratory Papillomatosis (RRP), a serious condition characterised by wart-
like growths in the respiratory tract that can impair voice and obstruct the airway [6,7].
High-risk types, particularly HPV-16 and HPV-18, are strongly associated with various
cancers, including oral and oropharyngeal cancers (OPCs) [8,9], such as approximately
95% of HPV-positive oropharyngeal tumours in the United States [10], and in 94% of such
tumours among males in Australia [11]. Worldwide, due to systemic health inequalities
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and disparities in access to healthcare services [12], the incidence of OPCs for Indigenous
populations is higher than that for non-Indigenous populations. In Australia, Aboriginal
and Torres Strait Islander peoples (hereafter respectfully referred to as ‘Indigenous’), who
make up 3.3% of the population [13], have a higher prevalence of oral HPV infection
compared to non-Indigenous Australians.

The HPV vaccine is highly effective and safe in preventing HPV infection if one has
not been exposed to HPV infection [14]. The most common one currently is the nine-valent
HPV vaccination (a Gardasil®9 vaccination) [15], which prevents infection caused by HPV
types 6, 11, 16, 18, 31, 33, 45, 52, and 58. Australia was the first country to use the HPV
vaccine, beginning it for girls in 2007 and extending it to boys in 2013. The program
is mainly delivered through schools, targeting Year 7 students aged 12-13 years. Those
who miss the school-based single-dose vaccination are eligible to receive the vaccine free
of charge up to age 26 years, with a three-dose schedule [15,16]. In 2016, national HPV
vaccination coverage among Indigenous Australian adolescents was high, with over 80%
of both girls and boys receiving at least one dose. However, completion rates for the full
vaccination course remained low [17].

The HPV vaccine is effective in preventing genital HPV infections [18,19]; however,
limited research has explored the association between HPV vaccination and oral HPV
infection [20]. This study aimed to examine the interrelationship between HPV vaccination,
knowledge and awareness of HPV, and the prevalence of oral HPV infection. Additionally,
it sought to estimate the potential impact of HPV vaccination on oral HPV infection.
We hypothesised that HPV vaccination reduces the risk of oral HPV infection among
Indigenous Australian adults.

2. Materials and Methods

This study followed the STROBE (Strengthening the Reporting of Observational
Studies in Epidemiology) guidelines for transparent and comprehensive reporting.

2.1. Study Design and Data Collection

A longitudinal cohort study was conducted using data from a large convenience
sample of Indigenous Australian adults in South Australia. The initial data collection
took place in 2018-19 (n = 1011), with follow-up data collected from the same participants
in 2020-21 (n = 743) and 2022-23 (n = 803). This study had the oversight of Aboriginal
Community Controlled Health Organisations (ACCHOs) and an Indigenous Reference
Group (IRG), and participants aged 18+ years were recruited through both ACCHOs
and the IRG. Loss to follow-up included participants who had travelled interstate, were
incarcerated, withdrew from the study (due to COVID-19 restrictions or other reasons), or
had passed away [21].

2.2. Ethics Approval and Consent to Participate
The study received ethical approval from the University of Adelaide Human Research

Ethics Committee (H-2016-246) and the Aboriginal Health Council of South Australia
(04-17-729). All participants provided written informed consent.

2.3. Variables
2.3.1. Outcome

The outcome variable was the prevalence of oral HPV infections, which was divided
into the four subgroups: (1) non-vaccine types of oral HPV infections (including 44 identi-
fied HPV types: 3, 7, 10, 13, 26, 30, 32, 34, 35, 39, 40, 42, 44, 51, 53, 54, 56, 59, 62, 66, 67, 68, 69,
72,73,76,81, 82, 84,87, 89,90, 103, 106, 107, and 182) [21]; (2) hr-HPV infection (including
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18 identified hr-HPV types 16, 18, 26. 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73,
and 82); (3) nine-valent vaccine type oral HPV infection (Gardasil®9 vaccination-related
HPV infection: HPV types 6, 11, 16, 18, 31, 33, 45, 52, and 58); and (4) HPV types 16 and
18 infection.

HPV types were detected through DNA analysis of saliva samples collected at baseline,
and at 12- and 24-month follow-up. Details have been reported in our previous publica-
tions [21,22]. Briefly, all saliva samples underwent 3-globin PCR testing using PCO3/4
primers to confirm adequate human cellular content and to exclude the presence of PCR
inhibitors. Samples with 3-globin negative were considered invalid. HPV detection was
performed using a nested PCR method with MY09/11 and GP5+/6+ primers, enabling the
identification of a wide range of mucosal HPV types. This included high-risk genotypes
such as HPV-16 and HPV-18, which are known for their oncogenic potential in mucosal
tissues [22].

2.3.2. Exposure

The exposure variable was HPV vaccination uptake status. This variable combined the
baseline and 12-month follow-up questions. At baseline, this variable was assessed by the
question ‘Have you ever received a vaccination for HPV?’; and at 12-month follow-up, this
study was identified from responses to ‘Which of the following statements best describes
whether you have had the HPV vaccine: (1) Yes, I had 1, 2, or 3 dose(s) of the HPV vaccine;
(2) Yes, I have, but I am not sure how many doses I received, (3) No, I was offered the HPV
vaccine, but I did not have it, (4) No, I have never been offered the HPV vaccine’. Then,
HPV vaccination uptake status was categorised as “Had, one or two dose(s)’, "Had, three
doses’, or ‘No’.

2.3.3. Covariates

Covariates included social demographic characteristics, health and health-related
behaviours, sexual behaviours, and HPV knowledge tool (HPV-KT) scores.

Sociodemographic characteristics included age, sex, residential location, highest ed-
ucational level, and household income. Health and health-related behaviours included
self-rated general and oral health (“Excellent/Very good/Good’ or ‘Fair/Poor’), tobacco
smoking statuses (‘Current smoker’, ‘Ex-smoker” and ‘Never smoked’), and recreational
drug use (‘Currently use’, ‘Don’t know but used to’ and ‘Never used’). Sexual behaviours
included had passionately kissed (‘>4 vs. ‘<4’), ever given/received oral sex (‘Yes’ vs.
‘No’), given/received oral sex age (‘<16” vs. “>16’), number of oral sex given/received
(">3 vs. “<3’), had sexual intercourse (‘Yes’ vs. ‘No’), had sexual intercourse age (‘<16 vs.
‘>16"), number of sexual intercourse (‘>4 vs. ‘<4’), and current relationship status (‘Stable
and long’, ‘Short-term’, or ‘Single’). The HPV-KT assessed three domains, which included
(1) general knowledge about HPV, (2) knowledge of HPV testing, and (3) knowledge of
HPV vaccination [23]. HPV knowledge was assessed using the 7-item HPV-KT scale, with
scores ranging from 0 to 7; higher scores reflected greater knowledge.

2.4. Statistical Analysis

Statistical analysis involved both descriptive and multivariate approaches.

The analysis began with univariate statistics to summarise exposure and covariates
distributions, the prevalence of oral HPV infection, and mean HPV-KT scores, including
95% confidence intervals (Cls), stratified by HPV vaccination status. For multivariate
analysis, logistic regression models using Poisson distribution estimates were used to
assess unadjusted and adjusted risk ratios (RRs) and 95% Cis. Exposure and covariates
were added to the multivariable models in four stages: Model 1 was a crude model
for exposure; Model 2 included sociodemographic factors; Model 3 added health sta-
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tus and health-related behaviours; and Model 4 (the full model) incorporated sexual
behaviour variables.

The data were analysed using the SAS software version 9.4 (SAS 9.4, SAS Institute Inc.,
Cary, NC, USA).

3. Results

The analyses included the 1006 Indigenous Australian adults who completed ques-
tionnaires at baseline and/or at the 12-month follow-up and who had at least one oral HPV
test by the 24-month follow-up.

3.1. Sample Characteristics

Table 1 presents the sample characteristics and their associations with HPV vaccine
status among Indigenous Australian adults. A greater proportion of participants were
over 37 years of age (52%), female (67%), residing in non-metropolitan areas (63%), had
a highest education level of high school or less (68%), received income from Centrelink
(76%), currently smoked tobacco (69%), had never used non-tobacco smoking products
(69%), and had never used recreational drugs (46%). Over 85% of participants did not have
tonsillectomy, and more than 75% and 65% rated their general and oral health as ‘excellent,’
‘very good,” or ‘good.” Approximately 65% of participants had passionately kissed more
than four people, and around 70% had given and/or received oral sex. A majority of
participants reported engaging in oral sex at age 16 years or older (approximately 70%),
with over half (51%) having had more than three sexual partners. Additionally, 95% had
experienced sexual intercourse, 59% had their first sexual intercourse at age 16 years or
older, and 63% reported having had sexual intercourse more than four times. Just over half
(51%) indicated that their current relationship status was stable and long-term.

Table 1. Sample characteristics and their associations with HPV vaccine status among Indigenous
Australian adults.

HPV Vaccines
Nonvaccinated One/Two Doses Three Doses
(n =812) (n =129) (n =65)
N (%) % (95% CI) % (95% CI) % (95% CI)
Total 1006 (100) 80.7 (78.3-83.2) 12.8 (10.8-14.9) 6.5 (4.9-8.0)
Sociodemographic characteristics

Age group (Years) >37 526 (52.3) 94.5 (92.5-96.4) 49 (3.1-6.8) 0.6 (0.0-1.2)
<37 480 (47.7) 65.6 (61.4-69.9) 21.5(17.8-25.1) 12.9 (9.9-15.9)

Gender Male 336 (33.4) 91.1 (88.0-94.1) 7.1 (4.4-9.9) 1.8 (0.4-3.2)
Female 670 (66.6) 75.5 (72.3-78.8) 15.7 (12.9-18.4) 8.8 (6.7-11.0)

Location Non-metropolitan 630 (62.7) 79.7 (76.5-82.8) 14.4 (11.7-17.2) 5.9 (4.0-7.7)
Metropolitan 374 (37.3) 82.4 (78.5-86.2) 10.2 (7.1-13.2) 7.5 (4.8-10.2)

Education Level High school or less 676 (68.1) 79.9 (76.9-82.9) 14.1 (11.4-16.7) 6.1 (4.3-7.9)

TAFE !/Trade or over 316 (31.9) 82.9 (78.8-87.1) 10.1 (6.8-13.5) 7.0 (4.2-9.8)

Income Centrelink 2 754 (76.0) 80.1 (77.3-83.0) 13.1 (10.7-15.5) 6.8 (5.0-8.6)

Job 238 (24.0) 82.4 (77.5-87.2) 12.6 (8.4-16.8) 5.0 (2.3-7.8)

Health and related behaviours

Smoking status Current Smoker 566 (59.5) 80.7 (77.5-84.0) 14.0 (11.1-16.8) 5.3 (3.5-7.1)

Ex-smoker 113 (11.9) 81.4 (74.2-88.6) 13.3 (7.0-19.5) 5.3 (1.2-9.5)

Never smoker 272 (28.6) 80.1 (75.4-84.9) 11.4 (7.6-15.2) 8.5 (5.1-11.8)
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Table 1. Cont.

HPYV Vaccines
Nonvaccinated One/Two Doses Three Doses
(n = 812) (n =129) (n = 65)

N (%) % (95% CI) % (95% CI) % (95% CI)

Non-tobacco Smoking Currently 116 (12.2) 81.9 (74.9-88.9) 12.1 (6.1-18.0) 6.0 (1.7-10.4)
Used 182 (19.1) 769 (70.8-83.1) 165 (11.1-21.9) 6.6 (3.0-10.2)

Never 655 (68.7) 81.1 (78.1-84.1) 12.2 (9.7-14.7) 6.7 (4.8-8.6)

Recreational Drug Use Currently 207 (20.9) 78.7 (73.2-84.3) 15.9 (10.9-20.9) 5.3 (2.3-8.4)

Used 332 (33.5) 78.0 (73.5-82.5)  15.4 (11.5-19.2) 6.6 (3.9-9.3)

Never 453 (45.7) 83.4 (80.0-86.9) 9.7 (7.0-12.4) 6.8 (4.5-9.2)

Ever had tonsils out No 804 (86.6) 79.7 (76.9-82.5) 13.6 (11.2-15.9) 6.7 (5.0-8.4)
Yes 124 (13.4) 79.8 (72.8-86.9) 13.7 (7.6-19.8) 6.5 (2.1-10.8)

Self-rated general health Fair/poor 221 (22.4) 85.5 (80.9-90.2) 10.4 (6.4-14.4) 41 (1.5-6.7)

Excellent/very
sood/good 767 (77.6) 793 (764-82.1)  13.6 (11.1-16.0) 7.2 (5.3-9.0)
Self-rated oral health Fair/poor 329 (33.6) 80.5 (76.3-84.8) 12.8 (9.2-16.4) 6.7 (4.0-94)
Excellent/very
so0d/good 650 (66.4) 80.8 (77.7-83.8)  12.8 (10.2-15.3) 6.5 (4.6-8.4)
Sexual behaviours

Had kissed passionately >4 590 (65.0) 78.6 (75.3-82.0) 13.6 (10.8-16.3) 7.8 (5.6-10.0)
<4 317 (35.0) 83.0 (78.8-87.1) 12.0 (8.4-15.6) 5.0 (2.6-7.5)

Ever g;\;ealilg ;ice“’ed Yes 629 (69.4) 785 (75.3-81.8)  13.7 (11.0-16.4) 7.8 (5.7-9.9)
No 277 (30.6) 83.8 (79.4-88.1) 11.6 (7.8-15.3) 4.7 (2.2-7.2)

lee“/s Ziczgfd oral <16 192 (30.9) 80.7 (75.1-86.3) 115 (6.9-16.0) 7.8 (4.0-11.6)
>16 430 (69.1) 774 (73.5-814) 149 (11.5-18.3) 7.7 (5.2-10.2)

Number of oral sex >3 317 (50.8) 78.2 (73.7-82.8) 13.6 (9.8-17.3) 8.2 (5.2-11.2)
given/received <3 307 (49.2) 78.5(73.9-83.1)  14.0 (10.1-17.9) 7.5 (4.5-10.4)
Had sexual intercourse Yes 848 (94.7) 80.5 (77.9-83.2) 12.6 (10.4-14.9) 6.8 (5.1-8.5)
No 47 (5.3) 72.3 (59.5-852)  19.1 (7.9-30.4) 8.5 (0.5-16.5)

Had Sex‘;?lag‘gercourse <16 345 (41.1) 80.9 (76.7-85.0)  12.8 (9.2-16.2) 6.4 (3.8-9.0)
>16 494 (58.9) 80.4 (76.9-83.9) 12.6 (9.6-15.5) 7.1 (4.8-9.4)

Number of sexual >4 529 (63.4) 80.5 (77.1-83.9) 12.3 (9.5-15.1) 7.2 (5.0-9.4)
intercourse <4 306 (36.6) 80.1 (75.6-84.6)  13.4(9.6-17.2) 6.5 (3.8-9.3)
Curreng trjtlisonsmp Stable and long 458 (50.7) 80.3 (76.7-84.0)  13.8 (10.6-16.9) 5.9 (3.7-8.1)
Short-term 48 (5.3) 70.8 (58.0-83.7) 18.8 (7.7-29.8) 10.4 (1.8-19.1)

Single 398 (44.0) 81.7 (77.8-85.5) 11.1 (8.0-14.1) 7.3 (4.7-9.8)

Notes: !: Technical and Further Education, which provides training for vocational occupations; 2. Welfare

support payments.

3.2. HPV Vaccine Status
A total of 81% of participants had never received the HPV vaccine, while 13% had

received one to two doses, and 7% had completed all three doses. Similar trends were

noted across all covariates and their corresponding subgroups. The highest percentage of

individuals who had not received the HPV vaccine was observed in the older age group
(>37 years), at 95%. The highest percentage of individuals who had received one or two
doses of the HPV vaccine (22%) and those who had completed all three doses (13%) were
observed in the younger age group (<37 years).
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3.3. HPV Vaccination Status and Oral HPV Infection

Figure 1 illustrates the association between HPV vaccination status and oral HPV
infection. For non-vaccine types of oral HPV infections, prevalence was the highest among
individuals who had received one or two vaccine doses (47%), followed by those who had
completed all three doses (45%), with the lowest prevalence observed among those who
were unvaccinated (43%). In contrast, for oral high-risk HPV (hr-HPV) infection, the highest
prevalence was seen in individuals who had received all three doses (12%), followed by
the unvaccinated group (11%), while the lowest prevalence occurred among those with
one or two doses (10%). A consistent pattern was observed for vaccine-related oral HPV
infections and hr-HPV 16/18 infections: the highest prevalence was among individuals
who had never received the HPV vaccine (7% and 5%, respectively), followed by those who
had received one or two doses (6% and 4%), with the lowest prevalence among those who
had completed all three doses (5% and 3%). These findings support the effectiveness of
HPYV vaccination.

% of oral HPV infection
70

60 Nonvaccinated = One or Two Doses = Three Doses
46.5
50 43.4 I 446
T
o B J
30
20
106 _ 101, 493
6.9
.2
10 & 4 62 s 47 a9 4,
4 of: 3.
pls e 1
0 1
Nonvaccine type HR-HPV Nine-valentvaccine 1618-HPV
HPV type HPV

Oral HPV infection

Figure 1. Oral HPV infection by HPV vaccine status.

3.4. HPV Vaccination Status and HPV-KT Scores

Figure 2 presents the relationship between HPV-KT scores and HPV vaccination status.
The mean HPV-KT score was the highest among individuals who had received all three
doses of the HPV vaccine (3.4), followed by those with one or two doses (3.0), and the
lowest among those who had not received the vaccine (2.1).

Mean Scores and 95% CI

45

4.0 a4
35 3.0 %

3.0 {

2.5 2.1

2.0 A

1.5

1.0

0.5

0.0
Nonvaccinated One or Two Doses Three Doses

HPV Vaccine Status

Figure 2. Mean scores and 95% CI of HPV-KT by HPV vaccine status.
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3.5. Risk Ratios (RRs) for Oral HPV Infection

Table 2 presents the association between oral HPV infection related to the nine-valent
vaccine and HPV vaccination status, along with other risk factors. Participants who had
not received the HPV vaccine or had received only one or two doses had approximately
1.4 times (RR = 1.39, 95% CI: 1.01-4.51) and 1.3 times (RR = 1.34, 95% CI: 1.02-5.06) higher
risk, respectively, of having oral HPV infection compared to those who had completed
all three doses of the HPV vaccine (Model 1). After adjusting for sociodemographic
characteristics, health-related behaviours, and sexual behaviours (Model 4), participants
who had not received the HPV vaccine had approximately 1.1 times higher risk of having
oral HPV infection (RR = 1.08, 95% CI: 1.00-3.11) compared to those who had completed
all three doses of the vaccine. Although the difference between receiving one or two doses
and receiving three doses was not statistically significant (RR = 1.06, 95% CI: 0.89-3.83), the
wide confidence interval indicates uncertainty, and the potential effect of completing all
three doses cannot be ruled out.

Table 2. Models for nine-valent vaccine-related oral HPV infection (RRs and 95% CI).

Model 1 Model 2 Model 3 Model 4
RR (% CI) PR (% CI) RR (% CI) RR (% CI)
Nonvaccinated ~ 1.39 (1.01-4.51)  1.39 (1.02-4.68)  1.19(1.02-4.15)  1.08 (1.00-3.11)
HPV vaccination status O‘;Z/s Z;"O 134 (1.02-5.06) 159 (1.04-6.03) 117 (0.98-4.81)  1.06 (0.89-3.83)
Three doses ref ref ref ref
Sociodemographic
characteristics
>37 097 (0.58-1.63)  1.10(0.60-2.01)  1.39 (0.66-2.93)
Age group (Years) <37 ref ref ref
Male 137 (0.82-229)  1.41(0.78-255)  1.52(0.71-3.27)
Gender
Female ref ref ref
. Non-Metropolitan 029 (0.17-0.48) 028 (0.16-0.52)  0.27 (0.12-0.59)
Location .
Metropolitan ref ref ref
Education Level High school or less 0.68 (0.41-1.15) 0.60 (0.34-1.07) 0.54 (0.27-1.09)
Trade or over ref ref ref
Income Centrelink 1.51 (0.81-2.79) 1.44 (0.74-2.81) 1.42 (0.66-3.07)
b ref ref ref
Health and related behaviours
Current 0.72 (0.36-1.42)  0.75(0.32-1.78)
Smoking status Smoker
Ex-smoker 1.14 (0.49-2.64)  0.83 (0.29-2.41)
Never smoker ref ref
Currently 1.14 (0.59-3.37)  1.11(0.36-3.44)
Non-tobacco Smoking Used 1.40 (0.71-2.75) 1.43 (0.67-3.07)
Never ref ref
Currently 0.87 (0.36-2.09)  1.07 (0.36-3.21)
Recreational Drug Use Used 1.28 (0.66-2.50) 1.45 (0.62-3.40)
Never ref ref
.82 (0.40-1.71 .67 (0.29-1.52
Ever had tonsils out No 082 (040 ) 067 (0-29-1.52)
Yes ref ref
) Fair/poor 1.31(0.64-2.68)  1.60 (0.67-3.86)
Self-rated general health Excellent/very good/good ref ref
Fair/poor 0.89 (0.48-1.65) 0.80 (0.39-1.65)
Self-rated oral health Excellent/very good/good ref ref
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Table 2. Cont.
Model 1 Model 2 Model 3 Model 4
RR (% CI) PR (% CI) RR (% CI) RR (% CI)
Sexual behaviours

. . >4 1.57 (0.45-5.45)
Had kissed passionately < rof

Ever given/received oral sex Yes 1.07(0.40-2.83)
No ref

. . <16 1.30 (0.51-3.31)
Given/received oral sex age >16 rof

No of oral sex given/received >3 0.94 (0.37-2.41)
<3 ref

Ye 0.78 (0.28-2.15

Had sexual intercourse es ( )
No ref

. <16 0.85 (0.50-1.47)
Had sexual intercourse at age >16 rof

>4 1.90 (1.02-3.54

No. of sexual intercourse with - 90 (1.02-3.54)
<4 ref

Stable and long 0.83 (0.25-2.67)

Current relationship status Short-term 0.64 (0.14-2.99)
Single ref

Notes: RR: risk ratio; Model 1: crude model; Model 2: HPV vaccine status plus adjusting for sample characteristics;
Model 3: Model 2 plus adjusting for health and health-related behaviours; Model 4: full model—Model 3 plus
adjusting for sexual behaviours.

As the associations between other subgroups of oral HPV infection and HPV vaccina-
tion status were not statistically significant, they are not reported in this paper.

4. Discussion

Our findings support the hypothesis that HPV vaccination lowers the risk of oral HPV
infection among Indigenous Australian adults. The vaccine was most effective among those
who received all three doses, showing a stronger protective effect compared to individuals
who received only one or two doses or were unvaccinated. Additionally, higher HPV
knowledge scores and a lower prevalence of oral HPV infection were observed in this
population. The data also indicate that a higher proportion of younger (<37 years) and
female Indigenous Australian adults had received at least one dose of the HPV vaccine.

Our findings align with previous studies [24], showing that the prevalence of oral
HPYV types 6,11, 16, 18, 31, 33, 45, 52, and/ or 58 was significantly lower among individuals
who received all three vaccine doses compared to those who were unvaccinated (5% vs.
7%). This difference was particularly notable for HPV types 16 and 18, with a prevalence of
3% among vaccinated individuals versus 5% among the unvaccinated. These results are
especially important as they demonstrate the effectiveness of the HPV vaccine in reducing
the risk of cancers, especially for oropharyngeal cancers (OPCs). At the same time, the
potential protective effect of receiving one or two doses of the HPV vaccine should not
be overlooked, as the prevalence of infection in this group was also lower than among
unvaccinated individuals, although the difference was not statistically significant.

Our study found that three-dose HPV vaccine coverage among Indigenous Australian
adults was well below the globally recommended threshold of 90% [25], with coverage
as low as 0.6% among the older age group (>37 years) and 13% among the younger age
group (<37 years). Possible reasons included: (1) older individuals were not eligible for the
HPV vaccine during their youth, as the national HPV vaccination program in Australia
did not commence until 2007; (2) Australia’s HPV vaccination program is school-based,
and evidence indicates lower school attendance rates among Indigenous students [16]; and
(3) a lack of culturally appropriate delivery of vaccination information and services [26].
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Strengths and Limitations

The strengths of this study include: (1) a large and representative sample of the broader
South Australian Indigenous population (n = 1006), with findings that may be relevant
to other Indigenous communities in comparable socio-economic contexts globally; and
(2) meaningful engagement with Indigenous Australian communities through established
partnerships and the active involvement of the study’s Indigenous Reference Group. The
limitations of this study include: (1) potential lack of representativeness, as the sample
had a higher proportion of females, individuals residing in non-metropolitan areas, those
with welfare-based income, and current smokers compared to the broader Indigenous
population [27]; (2) loss to follow-up at the 12- and 24-month time points, which may
have introduced bias in the estimates; (3) the combination of reported sexual behaviours
(i.e., giving and receiving oral sex) may limit accuracy, as previous research has indicated
that the highest risk of oral HPV infection may be associated specifically with giving cun-
nilingus [28]; (4) our study lacked data on the precise timing of vaccine doses, limiting
our ability to evaluate schedule-specific effects on immunogenicity and protection. Future
research should incorporate more detailed vaccination timing data to enable such assess-
ments; and (5) some detected HPV DNA may represent transient deposition rather than
established productive infections. However, we employed validated HPV DNA detection
methods with high sensitivity and specificity, which reduce the likelihood of contamina-
tion. Moreover, we did not assess markers of viral transcription or replication (e.g., E6/E7
mRNA). Future studies incorporating biomarkers of viral activity could help distinguish
between transient deposition and true infection.

Despite these limitations, our findings provide further evidence that HPV vaccination
coverage remains extremely low and highlight the need for policymakers to implement cul-
turally safe educational strategies alongside a comprehensive vaccination program to increase
coverage among Indigenous Australians and reduce the burden of HPV-related cancers.

5. Conclusions

Our findings indicate that people who received all three doses HPV vaccination had a
stronger effect in reducing oral HPV infection compared to individuals who received only
one or two doses or were unvaccinated. Additionally, higher HPV knowledge scores and a
lower prevalence of oral HPV infection were observed in this population.
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hr-HPV High-risk Human Papillomavirus

IRG Indigenous Reference Group
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PCR Polymerase Chain Reaction

RRs Risk Ratios

References

1. WHO. Human Papillomavirus and Cancer. 2024. Available online: https://www.who.int/news-room/fact-sheets/detail /
human-papilloma-virus-and-cancer (accessed on 6 May 2025).

2. deSouza, M.M.A; Hartel, G.; Olsen, C.M.; Whiteman, D.C.; Antonsson, A. Oral human papillomavirus (HPV) infection and HPV
vaccination in an Australian cohort. Int. |. Cancer 2023, 153, 417-426. [CrossRef] [PubMed]

3. Chesson, HW.; Dunne, E.F.,; Hariri, S.; Markowitz, L.E. The estimated lifetime probability of acquiring human papillomavirus in
the United States. Sex. Transm. Dis. 2014, 41, 660—-664. [CrossRef] [PubMed]

4. Marur, S,; D'Souza, G.; Westra, W.H.; Forastiere, A.A. HPV-associated head and neck cancer: A virus-related cancer epidemic.
Lancet Oncol. 2010, 11, 781-789. [CrossRef]

5. Martins, T.R.; de Oliveira, C.M.; Rosa, L.R.; de Campos Centrone, C.; Rodrigues, C.L.R,; Villa, L.L.; Levi, ].E. HPV genotype
distribution in Brazilian women with and without cervical lesions: Correlation to cytological data. Virol. . 2016, 13, 138. [CrossRef]

6.  Bertino, G.; Pedretti, F.; Mauramati, S.; Filauro, M.; Vallin, A.; Mora, E.; Crosett, E.; Succo, G.; Peretti, G.; Benazzo, M. Recurrent
laryngeal papillomatosis: Multimodal therapeutic strategies. Literature review and multicentre retrospective study. Acta
Otorhinolaryngol. Ital. 2023, 43 (Suppl. 1), S111-5122. [CrossRef] [PubMed]

7. Ouda, A M,; Elsabagh, A.A_; Elmakaty, LM.; Gupta, I; Vranic, S.; Al-Thawadi, H.; Moustafa, A.A. HPV and Recurrent Respiratory
Papillomatosis: A Brief Review. Life 2021, 11, 1279. [CrossRef]

8.  Froberg, M.; Ostensson, E.; Belkic, K.; Ostrbenk, A.; Poljak, M.; Mints, M.; Arbyn, M.; Andersson, S. Impact of the human
papillomavirus status on the development of high-grade cervical intraepithelial neoplasia in women negative for intraepithelial
lesions or malignancy at the baseline: A 9-year Swedish nested case-control follow-up study. Cancer 2019, 125, 239-248. [CrossRef]

9. Wolf, J.; Kist, L.E; Pereira, S.B.; Quessada, M.A ; Petek, H.; Pille, A.; Maccari, ].G.; Mutlaq, M.P,; Nasi, L.A. Human papillomavirus
infection: Epidemiology, biology, host interactions, cancer development, prevention, and therapeutics. Rev. Med. Virol. 2024,
34, €2537. [CrossRef]

10. Cleveland, J.L.; Junger, M.L.; Saraiya, M.; Markowitz, L.E.; Dunne, E.EF,; Epstein, ].B. The connection between human papillo-
mavirus and oropharyngeal squamous cell carcinomas in the United States: Implications for dentistry. J. Am. Dent. Assoc. 2011,
142,915-924. [CrossRef]

11. Mehanna, H.; Beech, T.; Nicholson, T.; EI-Hariry, I.; McConkey, C.; Paleri, V.; Roberts, S. Prevalence of human papillomavirus in

oropharyngeal and nonoropharyngeal head and neck cancer--systematic review and meta-analysis of trends by time and region.
Head Neck 2013, 35, 747-755. [CrossRef]


https://www.who.int/news-room/fact-sheets/detail/human-papilloma-virus-and-cancer
https://www.who.int/news-room/fact-sheets/detail/human-papilloma-virus-and-cancer
https://doi.org/10.1002/ijc.34517
https://www.ncbi.nlm.nih.gov/pubmed/36943030
https://doi.org/10.1097/OLQ.0000000000000193
https://www.ncbi.nlm.nih.gov/pubmed/25299412
https://doi.org/10.1016/S1470-2045(10)70017-6
https://doi.org/10.1186/s12985-016-0594-3
https://doi.org/10.14639/0392-100X-suppl.1-43-2023-14
https://www.ncbi.nlm.nih.gov/pubmed/37698108
https://doi.org/10.3390/life11111279
https://doi.org/10.1002/cncr.31788
https://doi.org/10.1002/rmv.2537
https://doi.org/10.14219/jada.archive.2011.0298
https://doi.org/10.1002/hed.22015

Vaccines 2025, 13, 685 11 of 11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.
28.

Ju, X;; Canfell, K.; Smith, M.; Sethi, S.; Garvey, G.; Hedges, J.; Logan, R.M.; Antonsson, A.; Jamieson, L.M. High-Risk Human
Papillomavirus-Related Oropharyngeal Squamous Cell Carcinoma Among Non-Indigenous and Indigenous Populations: A
Systematic Review. Otolaryngol. Head Neck Surg. 2021, 165, 23-32. [CrossRef]

ABS. National Aboriginal and Torres Strait Islander Social Survey, 2014-2015; Australian Bureau of Statistics: Canberra, Australian, 2019.
Brotherton, ].M.L.; Bloem, P.N. Population-based HPV vaccination programmes are safe and effective: 2017 update and the
impetus for achieving better global coverage. Best. Pract. Res. Clin. Obstet. Gynaecol. 2018, 47, 42-58. [CrossRef] [PubMed]

Care DoHaA. Overview of Human Papillomavirus (HPV). 2023. Available online: https://immunisationhandbook.health.gov.
au/contents/vaccine-preventable-diseases /human-papillomavirus-hpv#overview (accessed on 6 May 2025).

Sisnowski, J.; Vujovich-Dunn, C.; Gidding, H.; Brotherton, J.; Wand, H.; Lorch, R.; Veitch, M.; Sheppeard, V.; Effler, P;
Skiinner, S.R.; et al. Differences in school factors associated with adolescent HPV vaccination initiation and completion coverage
in three Australian states. Vaccine 2021, 39, 6117-6126. [CrossRef] [PubMed]

Brotherton, ].M.; Winch, K.L.; Chappell, G.; Bank, C.; Meijer, D.; Ennis, S.; Peterson, K.; Webby, R.; Whop, L. HPV vaccination
coverage and course completion rates for Indigenous Australian adolescents, 2015. Med. J. Aust. 2019, 211, 31-36. [CrossRef]
[PubMed]

Conageski, C. Human Papillomavirus Vaccines. Clin. Obstet. Gynecol. 2023, 66, 433-447. [CrossRef]

Maldonado, I.; Plata, M.; Gonzalez, M.; Correa, A.; Nossa, C.; Giuliano, A.R,; Joura, E.A.; Ferenczy, A.; Ronnett, B.M,;
Stoler, M.H.; et al. Effectiveness, immunogenicity, and safety of the quadrivalent HPV vaccine in women and men aged
27-45 years. Hum. Vaccines Immunother. 2022, 18, 2078626. [CrossRef]

Abel, M.K.; Mann, A.K.; Sonawane, K.; Kapp, D.S.; Deshmukh, A.A.; Chan, J.K. Prevalence of Oral Human Papillomavirus
Infection by Number of Vaccine Doses Among US Adults. [NCI Cancer Spectr. 2021, 5, pkab086. [CrossRef]

Ju, X,; Sethi, S.; Antonsson, A.; Hedges, ].; Canfell, K.; Garvey, G.; Logan, R.M.; Jamieson, L.M. Natural History of Oral HPV
Infection among Indigenous South Australians. Viruses 2023, 15, 1573. [CrossRef]

Jamieson, L.M.; Antonsson, A.; Garvey, G.; Ju, X.; Smith, M.; Logan, R.M.; Johnson, N.W.; Hedges, |.; Sethi, S.; Dunbar, T.; et al.
Prevalence of Oral Human Papillomavirus Infection Among Australian Indigenous Adults. JAMA Netw. Open 2020, 3, e204951.
[CrossRef]

Lockwood, L.; Ju, X.; Sethi, S.; Hedges, J.; Jamieson, L. Knowledge and Awareness of HPV, the HPV Vaccine and Cancer-Related
HPV Types among Indigenous Australians. Int. J. Environ. Res. Public. Health 2024, 21, 307. [CrossRef]

de Sanjosé, S.; Serrano, B.; Tous, S.; Alejo, M.; Lloveras, B.; Quiros, B.; Clavero, O.; Vidal, A.; Ferrandiz-Pulido, C.;
Pavon, M.A; et al. Burden of Human Papillomavirus (HPV)-Related Cancers Attributable to HPVs 6/11/16/18/31/33/45/52
and 58. [NCI Cancer Spectr. 2018, 2, pky045. [CrossRef] [PubMed]

Canfell, K. Towards the global elimination of cervical cancer. Papillomavirus Res. 2019, 8, 100170. [CrossRef] [PubMed]
Prokopovich, K.; Phillipson, L.; Pitts, L.W.; Stanoevska, B.; Street, J.; Braunack-Mayer, A. Using World Cafés to engage an
Australian culturally and linguistically diverse community around human papillomavirus vaccination. Health Expect. 2023, 26,
1039-1051. [CrossRef] [PubMed]

ABS. Census: Aboriginal and Torres Strait Islander Population; Australian Bureau of Statistics (ABS): Canberra, Australian, 2016.
D’Souza, G.; Kluz, N.; Wentz, A.; Youngfellow, R M.; Griffioen, A.; Stammer, E.; Xiao, W.; Gillison, M.L. Oral Human Papillo-
mavirus (HPV) Infection among Unvaccinated High-Risk Young Adults. Cancers 2014, 6, 1691-1704. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1177/0194599820975042
https://doi.org/10.1016/j.bpobgyn.2017.08.010
https://www.ncbi.nlm.nih.gov/pubmed/28986092
https://immunisationhandbook.health.gov.au/contents/vaccine-preventable-diseases/human-papillomavirus-hpv#overview
https://immunisationhandbook.health.gov.au/contents/vaccine-preventable-diseases/human-papillomavirus-hpv#overview
https://doi.org/10.1016/j.vaccine.2021.08.076
https://www.ncbi.nlm.nih.gov/pubmed/34493408
https://doi.org/10.5694/mja2.50221
https://www.ncbi.nlm.nih.gov/pubmed/31179546
https://doi.org/10.1097/GRF.0000000000000788
https://doi.org/10.1080/21645515.2022.2078626
https://doi.org/10.1093/jncics/pkab086
https://doi.org/10.3390/v15071573
https://doi.org/10.1001/jamanetworkopen.2020.4951
https://doi.org/10.3390/ijerph21030307
https://doi.org/10.1093/jncics/pky045
https://www.ncbi.nlm.nih.gov/pubmed/31360870
https://doi.org/10.1016/j.pvr.2019.100170
https://www.ncbi.nlm.nih.gov/pubmed/31176807
https://doi.org/10.1111/hex.13703
https://www.ncbi.nlm.nih.gov/pubmed/36798035
https://doi.org/10.3390/cancers6031691

	Introduction 
	Materials and Methods 
	Study Design and Data Collection 
	Ethics Approval and Consent to Participate 
	Variables 
	Outcome 
	Exposure 
	Covariates 

	Statistical Analysis 

	Results 
	Sample Characteristics 
	HPV Vaccine Status 
	HPV Vaccination Status and Oral HPV Infection 
	HPV Vaccination Status and HPV-KT Scores 
	Risk Ratios (RRs) for Oral HPV Infection 

	Discussion 
	Conclusions 
	References

