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A B S T R A C T   

Australia’s cervical screening program transitioned from cytology to HPV-testing with genotyping for HPV16/18 
in Dec’2017. We investigated whether program data could be used to monitor HPV vaccination program impact 
(commenced in 2007) on HPV16/18 prevalence and compared estimates with pre-vaccination benchmark 
prevalence. Pre-vaccination samples (2005–2008) (n = 1933; WHINURS), from 25 to 64-year-old women had 
been previously analysed with Linear Array (LA). Post-vaccination samples (2013-2014) (n = 2989; Compass 
pilot), from 25 to 64-year-old women, were analysed by cobas 4800 (cobas), and by LA for historical compa-
rability. Age standardised pre-vaccination HPV16/18 prevalence was 4.85% (95%CI:3.81–5.89) by LA; post- 
vaccination estimates were 1.67% (95%CI:1.21–2.13%) by LA, 1.49% (95%CI:1.05–1.93%) by cobas, and 
1.63% (95%CI:1.17–2.08%) for cobas and LA testing of non-16/18 cobas positives (cobas/LA). Age-standardised 
pre-vaccination oncogenic HPV prevalence was 15.70% (95%CI:13.79–17.60%) by LA; post-vaccination esti-
mates were 9.06% (95%CI:8.02–10.09%) by LA, 8.47% (95%CI:7.47–9.47%) by cobas and cobas/LA. Stand-
ardised rate ratios between post-vs. pre-vaccination rates were significantly different for HPV16/18, non-16/18 
HPV and oncogenic HPV: 0.34 (95%CI:0.23–0.50), 0.68 (95%CI:0.55–0.84) and 0.58 (95%CI:0.48–0.69), 
respectively. Additional strategies (LA for all cobas positives; combined cobas and LA results on all samples) had 
similar results. If a single method is applied consistently, it will provide important data on relative changes in 
HPV prevalence following vaccination.   
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1. Introduction 

Australia implemented a fully government-funded National HPV 
Vaccination Program, routinely offering the quadrivalent HPV vaccine 
through schools, to girls aged 12–13 years since 2007 (plus a 2-year 
catch-up 2007–2009 for women up to 26 years) and to boys aged 
12–13 years since 2013. In 2018, 2 doses of the nonavalent HPV vaccine 
replaced the 3-dose quadrivalent vaccine schedule. The program has 
achieved high coverage in young girls and modest coverage among 
young women in the catch-up (80% nationally for 3-doses in 15-year- 
olds in 2017 [1], 59–68% in 18–19 year-olds and 30–39% in 20–26 
year-olds in 2009 [2]). Substantial reductions in anogenital warts and 
incidence of high-grade cervical abnormalities [3,4] have been reported 
in women age-eligible for vaccination [5] as well as a drop of 92% in the 
prevalence of vaccine-targeted HPV types among 18–35-year-old 
women (in 2015) compared to pre-vaccination [6]. Due to the change in 
vaccine type and dose schedule in 2018, and as Australia monitors its 
progress towards cervical cancer elimination [7], there is a need for 
continuous and systematic monitoring of the cervical cancer control 
program, including surveillance of type-specific HPV prevalence within 
the population. 

In December 2017, Australia’s National Cervical Screening Program 
(NCSP) transitioned from 2-yearly cytology-based screening to 5-yearly 
primary HPV nucleic acid screening with partial genotyping for women 
aged 25–74 years [8]. To support partial genotyping for screening, 
clinical assays calibrated to detect oncogenic HPV genomes (types 16, 
18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68 with or without HPV66 
as per Australian NCSP) at a clinical threshold that correlate with cer-
vical disease have been approved for use. Most regulatory-approved 
assays for clinical use distinguish between a small number of individ-
ual oncogenic HPV types, while generating a pooled result for other 
oncotypes. In contrast, assays used in epidemiological studies detect 
individual oncogenic and non-oncogenic (‘low risk types’) HPV types 
with higher analytic sensitivity [9]. HPV-based cervical screening now 
offers the potential for routinely collected high-volume data for moni-
toring the impact of HPV vaccination, with the major caveat being that 
HPV detection for screening purposes doesn’t aim to detect all HPV 
present, only oncogenic HPV at levels correlated with the presence of 
disease. Thus, a major question is whether these data can provide suf-
ficient sensitivity to detect vaccine-relevant epidemiological changes 
over time. 

We used post-vaccination cervical samples from the Compass pilot 
trial to compare all-age and age-specific oncogenic HPV prevalence es-
timates for various HPV groupings, based on the cobas 4800 HPV assay 
(cobas), a clinical assay used in the current NCSP in Australia. We also 
compared post-vaccination estimates to pre-vaccination benchmarking 
prevalence based on data from the WHINURS study, using the Linear 
Array® (LA) HPV genotyping test (Roche Molecular Diagnostics, 
Pleasnaton, CA, USA) for historical comparability, to confirm the impact 
of the HPV vaccination program. Furthermore, we assessed prevalence 
estimates based on combined testing of LA and cobas (in 3 different 
algorithms) to exemplify the potential use of additional typing data from 
routinely collected samples from the NCSP for long-term surveillance of 
infection prevalence in Australia. Finally, we determined all-age and 
age-specific prevalence of individual oncogenic HPV types in post- 
vaccination samples. 

2. Materials and methods 

2.1. Study populations 

For the pre-vaccination era, we used data from WHINURS (Women’s 
HPV Indigenous Non-Indigenous Urban Rural Study), a cross-sectional 
study with adequate representation of women from more remote loca-
tions and from Indigenous women which has been described previously 
[10,11]. 2620 women presenting for routine Pap smear cytology, aged 

18–66 years, were recruited from 34 sites across all states and the 
Northern Territory of Australia between April 2005 and February 2008. 
Cervical specimens were collected by clinicians into PreservCyt for 
ThinPrep cytology. Prevalence data used for the current study are based 
on the analysis of 1933 unvaccinated women aged 25–64 years by LA. 
WHINURS was approved by 34 site ethics committees and all partici-
pants provided informed consent. 

For the post-vaccination era, cervical samples were obtained from 
Compass pilot, the first phase of a large randomised controlled trial of 5- 
yearly HPV screening versus 2.5-yearly liquid-based cytology (LBC) 
screening, acting as a sentinel experience for the primary HPV screening 
program [12]. Briefly, consenting women aged 25–64 years presenting 
for routine screening at 47 primary practices in Victoria, Australia, 
provided a cervical sample (collected by a healthcare professional) and 
were randomised at VCS Pathology at a 1:2:2 allocation to (i) 
image-read LBC screening with HPV triage of low-grade cytology, (ii) 
HPV screening, with those HPV16/18 positive referred to colposcopy 
and with LBC triage for non-16/18 oncogenic types, or (iii) HPV 
screening with those HPV16/18 positive referred to colposcopy and 
with dual-stained cytology triage for non-16/18 HPV types. A total of 
5006 eligible women were recruited from October 2013 to November 
2014. LBC samples were collected in ThinPrep media (Hologic, Marl-
borough, MA, US). The current study includes 3101 samples from the 
HPV arms of the pilot. Of note, samples from vaccinated participants 
would have received the quadrivalent HPV vaccine. Approval for the 
conduct of this study was obtained from Bellberry human research ethics 
committee (HREC) (ethics reference ID: 2015-08-579), a national, un-
affiliated, non-institution-based HREC, and the Royal Australian College 
of General Practitioners National Research and Evaluation Ethics Com-
mittee (ethics reference: NREEC 13–005). All participants provided 
written informed consent. 

2.2. Laboratory procedures 

For WHINURS, sample analysis was conducted as part of other 
studies with laboratory methods described elsewhere [10,11]; only the 
resulting HPV prevalence data were used for the current study. Briefly in 
terms of lab methods, HPV positive samples identified either by the 
AMPLICOR DNA test (Roche Molecular Systems) or by an “in-house” 
PGMY09/11-based HPV consensus PCR/ELISA, were genotyped using 
LA with previously reported modifications [13,14]. Samples were ana-
lysed at the World Health Organization Regional HPV Reference Labo-
ratory, Melbourne, Australia. 

For Compass pilot, samples were tested with cobas 4800 HPV assay 
(cobas) (Roche Molecular Diagnostics, Pleasanton, CA, USA) on the 
same or subsequent day after laboratory receipt in 2013/2014 according 
to manufacturer’s instructions. The cobas 4800 HPV assay is a real-time 
PCR assay that detects 14 oncogenic HPV types: HPV 16 and HPV 18 
individually and a pool of 12 other HPV types (HPV 31, 33, 35, 39, 45, 
51, 52, 56, 58, 59, 66 and 68). The remaining sample was concentrated 
and stored at – 80 ◦C until use. 

In 2019, frozen samples were thawed and resuspended in ThinPrep 
medium to its original sample volume. This sample was then re-tested by 
cobas 4800 HPV assay to confirm reproducibility of the original results 
obtained in 2013/2014. 

The leftover extracted material was then analysed by LA to enable 
comparison between WHINURS pre-vaccination prevalence data (ana-
lysed by LA) and Compass data. Samples were treated with the LA buffer 
with the addition of 10 μL of a 1 M Tris-HCL pH 7.4 solution (Thermo-
Fisher, MA, US) containing 0.09% sodium azide (Sigma-Aldrich, MI, US) 
[14]. Extracted DNA from all samples was then genotyped according to 
manufacturer’s instructions using LA. Briefly, PCR was performed in a 
100 μL volume, using 50 μL of the LA-HPV master mix and 50 μL of the 
extracted sample from the cobas 4800 system (x 480 module) as the 
DNA template. The BeeBlot (Bee Robotics Ltd., Gwynedd, United 
Kingdom), an automated platform for the washing and hybridization 
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steps required for strip-based assays, was used for the hybridization 
component of the LA assay [13]. Laboratory analyses were conducted at 
VCS Pathology (Australian Centre for the Prevention of Cervical Cancer, 
Melbourne, Victoria). It should be noted that LA was assessed against the 
WHO LabNet Proficiency Panel 2017 and was found to perform above 
expectations based on the manufacturers limits of detection, with no 
false positive results. 

2.3. Statistical analysis 

Pre-vaccination HPV prevalence in 10-year age groups (25–34, 
35–44, 45–54, and 55–64 years) and overall were determined based on 
LA. Post-vaccination HPV prevalence for the same age groups and 
overall were determined based on: (i) LA testing, (ii) cobas testing; (iii) 
cobas testing of all samples followed by retesting by LA of samples 
returning a cobas non-16/18 HPV positive result (Table 1). 

Type-specific prevalence was determined in a hierarchical manner 
for the following oncogenic HPV groupings, where possible, as follows: 
(a) HPV 16 (with or without the inclusion of other oncogenic HPV 
types); (b) HPV 16/18 (samples testing positive for HPV16 and/or 
HPV18, with or without the inclusion of other oncogenic HPV types); (c) 
non-16/18 HPV types (samples testing positive for one or more of the 
oncogenic HPV genotypes HPV 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 
and 68, excluding HPV 16 and 18); (d) seven oncogenic HPV types in the 
nonavalent vaccine (samples testing positive for one or more HPV ge-
notypes 16,18, 31, 33, 45, 52, and 58); (e) five oncogenic non-16/18 
HPV types in the nonavalent vaccine (samples testing positive for HPV 
31, 35, 45, 52 and 58); and (f) all oncogenic HPV types (samples testing 
positive for oncogenic HPV types including 16 or 18 as detected by 
cobas). Prevalence for HPV types included in the nonavalent vaccine 
could not be determined for WHINURS due to pooled data for non-16/18 
HPV types; similarly, for cobas, positivity for non-16/18 HPV positive 
samples is pooled and cannot distinguish between individual HPV types. 

As mentioned earlier, LA was used to enable comparison between 
WHINURS pre-vaccination prevalence data (analysed by LA) and Com-
pass data. As LA is no longer manufactured (commercially unavailable 
since January 01, 2020), for the purpose of this study the use of LA 
should be viewed as an example of an assay that provides additional 
genotyping information. From the combined testing, an LA positive 
result of HPV16/18 for a cobas positive non-16/18 sample would 

replace the cobas result due to LA’s lower limit of detection for HPV16 
[16–18] and the hierarchical manner by which type-specific prevalence 
was determined (see above). Two additional monitoring strategies 
combining cobas/LA testing were also considered in order to explore 
comparability of results across the various testing approaches. Results 
for these strategies are presented in supplementary materials as they are 
unlikely to be used in common practice due to the additional costs 
involved. Algorithm A involves testing of all samples by cobas and LA, 
and oncogenic HPV prevalence determined by results from either tech-
nology, while algorithm B assumes cobas testing of all samples followed 
by retesting with LA of all samples returning any cobas HPV positive 
result (see Appendix, Table S1). 

Prevalence estimates presented in the results are based on analyses of 
samples conducted in 2019 only. Cobas results obtained in 2014 on the 
same samples analysed in 2019, are presented in the appendix with a 
comparison to the 2019 results and relevant commentary. 

To enable comparison between pre-vaccination prevalence estimates 
derived from WHINURS and post-vaccination estimates based on Com-
pass data, we age standardised them using the Australian Standard 
Population of June 30, 2001 according to the recommendation by the 
Australian Bureau of Statistics [15] and for consistency with method-
ology used in the Australian Cervical Screening Monitoring Reports by 
the Australian Institute of Health and Welfare [16]. The 
age-standardised prevalence rates (aPRs) were then used to calculate the 
standardised rate ratio (SRR) within HPV groupings. SRRs were also 
used for comparing post-vaccination estimates between LA and the other 
strategies. Cohen’s kappa statistic was used to estimate agreement be-
tween cobas results and LA results for all samples analysed. We also 
investigated the agreement between cobas results from 2013/14 vs. 
results from 2019 (see supplementary materials). All analyses were 
conducted using Stata software, version 17.0 (Stata Corp, College Sta-
tion, Tx, USA). 

3. Results 

Pre-vaccination HPV prevalence in 10-year age groups determined 
by LA, based on 1933 samples (WHINURS), is presented in Table 2. 
Highest HPV16/18 prevalence is observed in the youngest age group 
(25–34 years), decreasing in older age groups; the most noticeable 
decrease in prevalence is observed between the 25–34 and the 35–44 
year age groups. Similar observations can be made for all oncogenic HPV 
and other HPV groupings. The aPR for all-age HPV16/18 was 4.85% 
(95%CI 3.81–5.89), for non-16/18 HPV types was 10.85% (95%CI 
9.17–12.52), and for oncogenic HPV was 15.70% (95%CI 13.79–17.60). 

There were 3101 post-vaccination samples (Compass pilot) available 
for HPV testing. 112 samples were subsequently excluded (see Appendix 
for details) leaving 2898 samples with results for cobas and LA. Onco-
genic HPV was detected in 243 (8.39%) samples by cobas, and in 262 
(9.04%) samples by LA. There was substantial agreement (97%, κ =
0.79) between cobas and LA for oncogenic HPV detection (see appendix, 
Table S2). 

Table 2 presents age-specific and all-age post-vaccination HPV 
prevalence based on LA, cobas and cobas/LA, for various HPV group-
ings. Post-vaccination LA-determined HPV16/18 crude prevalence was 
low (1.79%) in 25–34-year-olds and comparable to prevalence in 35–44- 
year-olds (2.25%). Decreasing prevalence was observed among the older 
age groups (Fig. 1). For non-16/18 HPV types, and all oncogenic HPV 
types, age-specific HPV prevalence estimates indicate a decreasing 
number of infections with increasing age (Fig. 1). Similar trends in 
prevalence by age group were also observed for cobas, cobas/LA and 
algorithms A and B. 

Post-vaccination LA-determined aPR for HPV16/18 was 1.67% (95% 
CI 1.21–2.13), 7.39% (95%CI 6.45–8.34) for non-16/18 HPV types and 
9.06% (95%CI 8.02–10.09) for oncogenic HPV. SRRs of post-vs. pre- 
vaccination aPRs for HPV16/18, non-16/18 HPV and for oncogenic HPV 
were 0.34 (95%CI 0.23–0.50), 0.68 (95%CI 0.55–0.84) and 0.58 (95%CI 

Table 1 
Testing methods used to determine HPV prevalence in the Compass pilot study 
samples.a  

Monitoring 
Strategy 

Technology Samples included in 
HPV prevalence 
estimation 

Comments 

LA LA All LA oncogenic 
positive samples  

cobas cobas All cobas positive 
samples  

cobas/LA cobas All cobas positive 
samples counted as 
HPV positive 

Only samples testing 
non-16/18 HPV positive 
with cobas are re-tested 
by LA. If LA returns a 
HPV16 or/and 18 result 
then the cobas non-16/ 
18 HPV positive sample 
contributes to HPV16 or 
16/18 prevalence.  

AND Samples testing cobas 
non-16/18 HPV positive 
and LA negative 
contribute towards non- 
16/18 HPV prevalence 

LA Samples with cobas 
result of non-16/18 
HPV positive are 
counted as HPV16/18 
if LA returns a HPV16/ 
18 result  

a Additional combined testing strategies were also explored (Algorithm A and 
B) as presented in appendix Table S1. 
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0.48–0.69), respectively, indicating statistically significant differences 
between estimates from these two time points (Table 3). 

The post-vaccination aPR for HPV16/18 by LA [1.67 (95% 
CI1.21–2.13)] was similar to estimates by cobas [aPR: 1.49 (95%CI 
1.05–1.93)], and cobas/LA [aPR: 1.63 (1.17–2.08)]. The aPR for onco-
genic HPV by LA [aPR: 9.06 (95%CI 8.02–10.09)] was also comparable 
to the aPR by cobas and cobas/LA [aPR: 8.47 (95%CI 7.47–9.47)]]. 
Comparable results were also obtained for oncogenic types in the non-
avalent vaccine [cobas/LA vs. LA: SRR = 0.88 (0.70–1.10)] and non-16/ 
18 HPV types in the nonavalent vaccine [cobas/LA vs LA: SRR = 0.83 

(0.62–1.11)]. Estimates obtained for algorithms A and B were also in 
line with the results above (Appendix, Table S3). 

All-age and age-specific HPV prevalence estimates among HPV 
groupings determined by LA tended to be higher compared to estimates by 
cobas and cobas/LA, indicated by the ratio of estimates being over 1 
(Appendix, Table S4). Overall, ratios tended to increase with age, being 
highest for 45–54 or 55-64-year-olds, depending on the monitoring strat-
egy, driven by the lower detection of HPV16/18 by cobas compared to LA. 

Post-vaccination, the highest type-specific HPV prevalence for non- 
16/18 HPV types detected by LA was HPV39 in 25–34 year-olds (26/ 

Table 2 
Pre-vaccination HPV prevalence (WHINURS) by LA and post-vaccination prevalence (Compass pilot) by 10-year age groups as determined by LA, cobas and cobas/LA.ⱡ  

HPV type Age Pre-vaccination Post-vaccination 

LA LA cobas (2019) cobas/LAa 

+ve/N Pr N +ve Pr (95%CI) +ve Pr (95%CI) +ve Pr (95%CI) 

HPV16 25–34 77/1010 7.62% (6.06–9.44) 727 8 1.10% (0.48–2.16) 8 1.10% (0.48–2.16) 9 1.24% (0.57–2.34) 
35–44 11/578 1.90% (0.95–3.38) 935 13 1.39% (0.74–2.37) 11 1.18% (0.59–2.10) 13 1.39% (0.74–2.37) 
45–54 5/270 1.85% (0.60–4.27) 794 8 1.01% (0.44–1.98) 6 0.76% (0.28–1.64) 6 0.76% (0.28–1.64) 
55–64 1/75 1.33% (0.03–7.21) 533 5 0.94% (0.31–2.18) 3 0.56% (0.12–1.64) 4 0.75% (0.20–1.91) 
Total 94/1933 4.86% (3.95–5.92) 2989 34 1.14% (0.79–1.59) 28 0.94% (0.62–1.35) 32 1.07% (0.73–1.51) 
aPR 3.38% (95%CI 2.55–4.32), SE (aPR): 
0.42% 

aPR 1.13% (95%CI 0.75–1.51), SE 
(aPR): 0.19% 

aPR 0.94% (95%CI 
0.59–1.29), SE (aPR): 0.18% 

aPR 1.07% (95%CI -.70-1.51) 
SE (aPR): 0.19% 

HPV16/18 25–34 104/ 
1010 

10.30% (8.49–12.34) 727 13 1.79% (0.96–3.04) 16 2.20% (1.26–3.55) 17 2.34% (1.37–3.72) 

35–44 17/578 2.94% (1.72–4.67) 935 21 2.25% (1.40–3.41) 17 1.82% (1.06–2.90) 19 2.03% (1.23–3.16) 
45–54 7/270 2.59% (1.05–5.27) 794 10 1.26% (0.61–2.30) 8 1.01% (0.44–1.98) 8 1.01% (0.44–1.98) 
55–64 2/75 2.67% (0.32–9.30 533 6 1.13% (0.41–2.43) 3 0.56% (0.12–1.64) 4 0.75% (0.20–1.91) 
Total 130/ 

1933 
6.73% (5.65–7.93) 2989 50 1.67% (1.24–2.20) 44 1.47% (1.07–1.97) 48 1.61% (1.19–2.12) 

aPR 4.85% (95%CI 3.81–5.89), SE (aPR): 
0.53% 

aPR 1.67% (95%CI 1.21–2.13), SE 
(aPR): 1.21% 

aPR 1.49% (95%CI 
1.05–1.93), SE (aPR): 0.22% 

aPR 1.63% (95%CI 
1.17–2.08), SE (aPR): 0.23% 

Non-16/18 HPV 
types 

25–34 172/ 
1010 

17.03% 
(14.76–19.49) 

727 105 14.44% 
(11.97–17.21) 

105 14.44% 
(11.97–17.21) 

104 14.31% 
(11.84–17.06) 

35–44 59/578 10.21% (7.86–12.97) 935 62 6.63% (5.12–8.42) 59 6.31% (4.84–8.06) 57 6.10% (4.65–7.83) 
45–54 16/270 5.93% (3.42–9.45) 794 32 4.03% (2.77–5.64) 23 2.90% (1.84–4.31) 23 2.90% (1.84–4.31) 
55–64 7/75 9.33% (3.84–18.29) 533 13 2.44% (1.30–4.13) 12 2.25% (1.17–3.90) 11 2.06% (1.03–3.66) 
Total 254/ 

1933 
13.14% 
(11.67–14.73) 

2989 212 7.09% (6.20–8.07) 199 6.66% (5.79–7.61) 195 6.52% (5.66–7.47) 

aPR 10.85% (95%CI 9.17–12.52), SE (aPR): 
0.85% 

aPR 7.39% (95%CI 6.45–8.34), SE 
(aPR): 0.48% 

aPR 6.97% (95%CI 
6.05–7.90), SE (aPR): 0.47% 

aPR 6.84% (95%CI 
5.93–7.75), SE (aPR): 0.47% 

HPV types in 9V 
vaccine (16,18, 
31, 33, 45, 52, 58) 

25–34   727 59 8.12% (6.24–10.34)   57 7.84% (5.99–10.04) 
35–44   935 55 5.88% (4.46–7.59)   47 5.03% (3.72–6.63) 
45–54  Not applicableb 794 22 2.77% (1.74–4.17)  Not applicableb 16 2.02% (1.16–3.25) 
55–64   533 13 2.44% (1.30–4.13)   10 1.88% (0.90–3.42) 
Total   2989 149 4.98% (4.23–5.83)   130 4.35% (3.65–5.14)    

aPR 5.09% (95%CI 4.30–5.89), SE 
(aPR): 0.41%   

aPR 4.48% (95%CI 
3.73–5.23), SE (aPR): 0.38% 

Non-16/18 HPV in 
9V vac(31,33, 
45,52,58) 

25–34   727 46 6.33% (4.67–8.35)   40 5.50 (3.96–7.42) 
35–44  Not applicableb 935 34 3.64% (2.53–5.04)  Not applicableb 28 2.99 (2.00–4.30) 
45–54   794 12 1.51% (0.78–2.63)   8 1.01 (0.44–1.98) 
55–64   533 7 1.31% (0.53–2.69)   6 1.13 (0.41–2.43) 
Total   2989 99 3.31% (2.70–4.02)   82 2.74 (2.13–3.39)    

aPR 3.43% (95%CI 2.76–4.09), SE 
(aPR): 0.34%   

aPR 2.85% (95%CI 
2.24–3.46), SE (aPR): 0.31% 

All onco-genic HPV 25–34 276/ 
1010 

27.33% 
(24.60–30.19) 

727 118 16.23% 
(13.62–19.12) 

121 16.64% 
(14.01–19.55) 

121 16.64% 
(14.01–19.55) 

35–44 76/578 13.15% 
(10.50–16.18) 

935 83 8.88% (7.13–10.89) 76 8.13% (6.46–10.07) 76 8.13% (6.46–10.07) 

45–54 23/270 8.52% (5.48–12.51) 794 42 5.29% (3.84–7.08) 31 3.90% (2.67–5.50) 31 3.90% (2.67–5.50) 
55–64 9/75 12.00% (5.64–21.56) 533 19 3.56% (2.16–5.51) 15 2.81% (1.58–4.60) 15 2.81% (1.58–4.60) 
Total 384/ 

1933 
19.87% 
(18.11–21.72) 

2989 262 8.77% (7.78–9.84) 243 8.13% (7.17–9.17) 243 8.13% (7.17–9.17) 

aPR 15.70% (95%CI 13.79–17.60), SE (aPR): 
0.97% 

aPR 9.06% (95%CI 8.02–10.09), SE 
(aPR): 0.53% 

aPR 8.47% (95%CI 
7.47–9.47), SE (aPR): 0.51% 

aPR 8.47% (95%CI 
7.47–9.47), SE (aPR): 0.51% 

aPR: age-standardised prevalence rate; LA: linear array; N: number; Pr: prevalence; SE: standard error; +ve: positive; 9V: nonavalent. 
HPV types for cobas; similarly, results provided by WHINURS for non-16/18 types were pooled. 
ⱡ Results for algorithms A and B are presented in Supplementary Table S3. 

a Cobas/LA: cobas all samples/LA for cobas positive non-16/18HPV samples only. 
b Prevalence for HPV types included in the nonavalent vaccine could not be determined as positivity for non-16/18 HPV positive samples is pooled and cannot 

distinguish between individual. 
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727), HPV66 in 35–44 (15/936) and 45-54 year-olds (11/795), and 
HPV33/52 (3/533) in 55–64 year-olds (Table 4). The highest type- 
specific HPV prevalence by cobas/LA, was HPV39 (25/727), HPV31 
(13/935), HPV 66 (8/794) and HPV 52 (3/533) for 25–34, 35–44, 45–54 
and 55-64 year-olds, respectively (Table 4; full list of type-specific 
prevalence by LA see Table S5 in Appendix). Comparing LA to cobas/ 
LA, and considering the within-age strata, the three most prevalent non- 
16/18 HPV types were similar among participants. 

4. Discussion 

In this study we found consistency of HPV positivity results between 
LA, cobas and combined cobas/LA monitoring strategies when analysing 
post-vaccination cervical samples. Age-specific HPV prevalence patterns 
were consistent between strategies; total oncogenic HPV prevalence and 
non-16/18 oncogenic HPV prevalence decreased with increasing age 
whereas HPV16/18 prevalence was comparable between 25-34 and 35- 
44 year-olds (accounting for the wide confidence intervals) in Compass 
pilot, decreasing in older age groups. The fall in detection of HPV16/18 

in the younger age group was not observed in pre-vaccination data 
which showed higher rates of HPV 16/18 detection in 25–34-year olds. 
Individual prevalence estimates for oncogenic HPV prevalence, HPV16/ 
18 and non-16/18 HPV types were overall higher by LA compared to 
cobas, and cobas/LA as confirmed by their ratio. This ratio increased 
with increasing age, with the highest ratio observed in women aged 
45–64 years, which was driven by lower detection of HPV by cobas. 

Comparable age-specific HPV prevalence patterns between LA, cobas 
and combined testing monitoring strategies support the potential use-
fulness of routinely collected cobas test results from primary HPV 
screening for additional examination of extended typing information to 
monitor vaccine impact. Previous studies have reported good agreement 
between LA and cobas technologies for the detection of HPV16/18 and 
other oncogenic HPV genotypes (≥90% agreement) [17,18]. However, a 
comparison of prevalence estimates for population surveillance using 
cervical screening samples has not been previously assessed. In a na-
tional US study, type-specific HPV prevalence by LA was compared to 
type-specific prevalence by LA on samples that first tested positive with 
the Digene Hybrid Capture 2 (HC-2) clinical test [9]. The relative 

Fig. 1. Prevalence estimates by 10-year age groups based on Linear Array, cobas 4800, cobas/LA and (algorithms A and B) for 1) HPV 16/18, 2) non-16/18 HPV 
types, 3) non-16/18 HPV types in 9 V vaccine and 4) any oncogenic HPV type. 

Table 3 
Standardised rate ratios based on age-standardised prevalence rates comparing pre- and post-vaccination LA estimates and post-vaccination estimates between LA, 
cobas and other monitoring strategies.  

HPV type Standardised Rate Ratios 

LA (post-vaccination) vs. WHINURS LA (pre- 
vaccination) (95%CI) 

cobas vs. LA (95% 
CI) 

cobas/LA vs. LA 
(95%CI) 

Alg. A vs LA (95% 
CI) 

Alg. B vs. LA (95% 
CI) 

HPV16 0.33 (0.21–0.52) 0.83 (0.50–1.34) 0.95 (0.59–1.53) 1.15 (0.73–1.83) 0.79 (0.48–1.31) 
HPV16/18 0.34 (0.23–0.59) 0.90 (0.60–1.34) 0.98 (0.66–1.45) 1.17 (0.81–1.71) 0.80 (0.53–1.21) 
Non-16/18 HPV types 0.68 (0.55–0.84) 0.94 (0.79–1.13) 0.93 (0.77–1.11) 1.14 (0.96–1.35) 0.79 (0.65–0.96) 
HPV types in 9V vaccine (16,18, 31, 

33, 45, 52, 58) 
Not applicable* Not applicable * 0.88 (0.70–1.10) Not applicable * 0.60 (0.47–0.77) 

Non-16/18 HPV in 9V vaccine 
(31,33, 45,52,58) 

Not applicable* Not applicable * 0.83 (0.62–1.11) Not applicable * 0.84 (0.63–1.12) 

All oncogenic HPV 0.58 (0.48–0.69) 0.93 (0.79–1.10) 0.93 (0.79–1.10) 1.14 (0.98–1.34) 0.79 (0.67–0.94) 

*Prevalence for HPV types included in the nonavalent vaccine could not be determined as positivity for non-16/18 HPV positive samples is pooled and cannot 
distinguish between individual HPV types for cobas; similarly, results provided by WHINURS for non-16/18 types were pooled. 
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prevalence of individual HPV types was reported to be similar for both 
approaches, but absolute prevalence estimates varied widely 
[HPV16/18 prevalence: 6.2% (LA) vs 2.4% (HC-2/LA); oncogenic HPV: 
23.7% (LA) vs 7.3% (HC-2/LA)]. This could be due to the use of HC-2 
which is a non-PCR HPV test and the analysis of self-collected cervi-
co-vaginal specimens instead of clinician-collected samples. A 
meta-analysis found that HPV testing of self-collected samples using 
signal-based assays is less sensitive than testing clinician-collected 
samples whereas PCR-based HPV assays show comparable sensitivity 
on self-collected and clinician-collected samples [19]. 

We evaluated re-testing of cobas non-16/18 positive samples by LA 
and found that post-vaccination prevalence estimates were comparable 
to estimates by cobas (and LA) for all HPV groupings, with no evidence 
of substantial difference as indicated by overlapping confidence in-
tervals. We present this combined cobas/LA monitoring strategy as an 
example of how additional genotyping information from samples used in 
routine screening could be sensitive enough to show trends in HPV 
prevalence over time. LA was used for historical comparability with pre- 
vaccination prevalence data which is important for benchmarking. In 
terms of cobas, although the cobas 4800 system was used in our study, 
results would be generalisable to cobas 6800 and 8800 systems. We 
previously undertook a clinical validation of the Roche cobas HPV test 
used on the above mentioned high-throughput systems compared to the 
reference Roche cobas 4800 HPV assay [20]. Results indicated that the 
cobas HPV test is of equivalent performance (statistically non-inferior) 
for the purpose of detection of clinically relevant HPV infection as the 
cobas 4800 HPV assay, although there may be a possibility for the cobas 
HPV test to be more sensitive for the detection of HPV16 based on data 
in that study and a comparison of the limits of detection of the two as-
says. In Australia, assays other than cobas have been approved for 
nucleic acid amplification testing of samples within the screening pro-
gram as long as they meet the National Pathology Accreditation Advi-
sory Council requirements [21]. Examples of approved assays which can 
provide more detailed identification of individual oncogenic genotypes 
include the Abbott Alinity m HPV test, the BD Onclarity HPV assay and 
the Seegene Anyplex II HR HPV assay. 

We observed that the ratio of LA over cobas HPV 16/18 prevalence 
increased with age, driven by an apparent lower detection of HPV types 
by cobas compared to LA. The highest ratio was observed in women aged 
45–64 years. Intermittently detected persistent infections with low viral 
loads have previously been reported in older women [22] without 
cytological presentations of precancer or cancer [23]. As LA has a higher 
sensitivity, detecting copies of viral DNA at a lower threshold than 
cobas, higher prevalence maybe due to LA detecting non-clinically sig-
nificant infections. Indeed, the assays have different limits of detection, 
defined as the level of HPV DNA in the sample that yields positive test 
results in ≥95% of the replicates; for example LA has a limit of detection 
of 200 copies/mL and 1200 copies/mL for HPV16 and 18, respectively 
whereas cobas 4800 corresponding limits of detection are 600 
copies/mL for HPV16 and 18 [24–26]. LA was selected as a genotyping 
test for historical comparability because it was used in WHINURS, from 
which our pre-vaccination data was obtained, as well as other vaccine 
effectiveness studies for HPV genotype prevalence surveillance [27–29]. 

Consistent with previous evidence from Australia [6,30], compared 
to pre-vaccination estimates, we observed a decrease in HPV 16/18 
prevalence post-vaccination among vaccine-eligible 25–34-year-olds 
demonstrating the significant impact of the HPV vaccine on targeted 
HPV infections. Prevalence in this age group was low (crude PR: 
1.65–2.48%) and comparable to prevalence in the unvaccinated 35–44 
age group (crude PR: 1.82–2.35%). These findings are in agreement with 
previous results from a post-vaccination Australian study [31] con-
firming the effects of vaccination in driving HPV16/18 infections down. 
In contrast, non-16/18 HPV type prevalence in our study was higher in 
25–34 than the 35-44-year-olds, as shown previously [31]. In addition, 
we also observed a drop in SRR between pre- and post-vaccination aPRs 
in non-HPV16/18 types, with confidence intervals less than unity. A Ta
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cross-protective effect of the quadrivalent vaccine against other HPV 
types could be a possible explanation. A systematic review of rando-
mised controlled trials and observational studies reported consistent 
effectiveness of the quadrivalent vaccine against HPV 31 and 45 [32]. 

As expected, post-vaccination prevalence of non-16/18 HPV types is 
high, especially among women aged 25–34 yeas [crude PR:12.10%– 
16.64% (including algorithm A and B data)], including prevalence of 
non-16/18 HPV types in the nonavalent vaccine (crude PR: 5.50%– 
6.33% in 25–34 year olds). With vaccination of successive cohorts with 
the nonavalent vaccine, prevalence of targeted non-16/18 HPV types is 
expected to decrease gradually, however, there will still be a risk of 
cervical abnormalities developing from infections with (less) oncogenic 
HPV types not included in the vaccine. We found that non-vaccine tar-
geted HPV types 39, 51 and 66 ranked among the most prevalent 
oncogenic types in women of all ages. Caution is needed in interpreting 
the ranking results, due to the low numbers of positive cases, small 
sample sizes within specific-type groups and consequent uncertainty. 

Our study is subject to potential limitations. We compared pre- 
vaccination prevalence estimates from WHINURS to post-vaccination 
estimates from Compass pilot. Although both studies were conducted 
in Australia, WHINURS recruited women attending health clinics across 
Australia, whereas Compass pilot participants were recruited only from 
the state of Victoria. Differences in population sampling between studies 
may have contributed to differences between pre- and post-vaccination 
prevalence estimates. It should also be noted that prevalence estimates 
for the WHINURS cohort in this study cannot be directly compared with 
estimates from previous WHINURS publications due to different age 
groups and age ranges used between analyses. Secondly, post- 
vaccination prevalence estimates from Compass pilot samples may not 
be generalisable nationally. However, HPV vaccine coverage in Victo-
rian females aged 18–26 years during the catch-up (2007–2009) was 
comparable to the national average [33]. Also, we didn’t know the HPV 
vaccination status of Compass participants which would have enabled 
stratification of results by vaccination status. Linkage between Compass 
and the Australian Immunisation Register has been initiated and will be 
completed in due course. Thirdly, in this study we used 
clinician-collected samples though universal access to self-collection is 
now an option for all screening participants (since July 2022) [34]. 
Differences in sampling methods may impact prevalence surveys and 
should be considered in any future studies for population surveillance. 
In a previous study, we found high observed agreement in HPV16/18 
results and good agreement for non-16/18 HPV oncogenic results be-
tween self-collected and practitioner-collected specimens using six 
PCR-based HPV assays [35]. 

In conclusion, population surveillance of type-specific HPV preva-
lence could be used to monitor long-term effects of HPV vaccination 
including declines in targeted types, herd effects, impact of program 
features (e.g. catch-ups programs), changes in vaccine schedule/or type, 
addition of male vaccination, and monitoring for possible type- 
replacement effects. We evaluated cobas, LA and 3 monitoring strate-
gies combining the two technologies, demonstrating similar age-specific 
prevalence patterns for all oncogenic HPV types, HPV 16/18, and non- 
16/18 HPV types and prevalence ratios of LA over cobas and com-
bined testing strategies. Findings from this study support the use of 
routinely collected data from primary HPV-based screening programs 
for long-term monitoring of HPV infection prevalence in screened 
populations. 
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