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Supplementary Information Part 1:  

Development of the proposed control and elimination thresholds for the Delphi 

Workshop 

 

FACTORS TAKEN INTO CONSIDERATION IN DEVELOPING THE PROPOSED THRESHOLDS 

FOR PHASE-2 OF THE STUDY, THE DELPHI WORKSHOP: 

In developing the proposed control and elimination thresholds, we considered some essential parameters around 

genital warts acquisition in heterosexual Australian residents, Australian men who have sex with men (MSM) and 

international travellers entering Australia. A brief account of these parameters is outlined below. 

Populations: 

Australian residents: We defined Australian residents as people who reside in Australia and have permission to 

remain permanently, either because they are: an Australian citizen, or the holder of a permanent visa. We further 

divided the Australian population into two sub-groups based on sexual orientation: i) heterosexual residents, and 

ii) MSM residents (including HIV positive MSM). 

International travellers: We factored in importation of genital warts in Australia by incorporating cases related to 

international travellers. For our calculations, we considered sub-groups of international travellers, such as: i) 

backpackers, ii) newly commencing international students, iii) recently arriving immigrants and iv) recently 

arriving international female sex workers (FSW).  

We defined ‘recently arriving’ as a traveller who has arrived within one year of their first visit to a clinic for a 

genital wart consult; and a ‘new commencement’ as a new international student enrolment in a particular course 

at a particular institution. For immigrants and international students that have been residing in Australia for more 

than one year, we assumed that they would most probably have genital warts prevalence similar to that observed 

in the Australian residents, and therefore are not included in our calculations. 

Mathematical models for estimation of relative reduction in genital warts in each population: 

We used three models for approximating relative reductions in the burden of genital warts in our three sub-sets of 

populations: 

Heterosexual Australian residents: Model-based estimates of relative reduction in genital warts incidence in the 

heterosexual Australian population were calculated based on Korostil et al 2013 model.1 

Australian MSM: Model-based estimates of relative reduction in incidence of HPV 6 and 11 in Australian MSM 

were calculated based on Zhang et al 2017 model.2 

International travellers: Model-based estimates of relative reduction in prevalence of HPV 6 and 11 in 

international travellers were calculated based on Brisson et al 2016 pooled analysis.3 

Population size: 
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Australian residents: For values of the baseline Australian population (heterosexual and MSM) and population 

projections for year 2021, 2030 and 2060, see Supplementary Table 1. Of note, for HIV-positive MSM, the 

population size and growth are based on the Australian HIV diagnosis and care cascade calculations.4 We 

estimated rough population projections by assuming that the new diagnoses attributed to MSM is constant and 

equal to year 2016. We then assumed that the death rate, immigration rate and other calculation values stay the 

same as year 2016 values, and then projected them into the future. Based on these assumptions, we estimated the 

number of MSM living with diagnosed HIV (rounded to nearest 100) to be 12,000, 21,700, 28,000 and 45,700 for 

the years 2006, 2021, 2030 and 2060, respectively. 

International travellers: For values of baseline population and projections of each sub-group of international 

travellers, see Supplementary Table 2.  

Distribution of international travellers, by groups of home countries: 

We assigned the international travellers entering Australia in two categories of countries (Supplementary tables 

3–6): (a) from countries that have a quadrivalent HPV vaccination program (qHPV) (hereafter referred to as 

group-1 countries); and (b) from countries that either have a bivalent HPV vaccination program (bHPV), or no 

program (hereafter referred to as group-2 countries) 

We assumed that these subgroups of international travellers were included in the estimated genital warts incidence 

at baseline (2006) in Australia,5 and therefore, are not a part of the proposed relative reduction of genital warts 

incidence by Korostil et al,1 which only included heterosexual Australian resident population. We thus expected 

that these subgroups will follow a different trajectory of reduction in genital warts incidence as compared to the 

heterosexual Australian residents depending on the vaccination coverage in the home country and their sexual 

mixing patterns in Australia. 

Vaccination coverage and estimates of temporal relative reductions (RR) 

(where information was not available for RR of genital warts incidence, RR of genital warts prevalence or HPV 

6 and 11 prevalence or incidence estimates were used as proxies for RR of genital warts incidence) 

Australian residents: For our calculations, the relative reduction in genital warts incidence in the heterosexual 

Australians was based on Korostil et al model’s predictions1 (Supplementary Table 1). Korostil et al predicted 

these reductions based on an assumption that 80% coverage for ongoing 2-dose vaccination in both sexes has been 

achieved. We applied the relative reduction in HPV 6 and 11 incidence in the Australian MSM population based 

on Zhang et al model’s predictions2 (Supplementary Table 1). Zhang et al predicted these reductions for an 84% 

coverage of 2 or more doses of boys’ vaccination program. The real-time 2-dose vaccination coverage in boys 

(78%) and girls (85%) at the time of our calculations was comparable to the modelled assumptions.6  

International travellers:  

a) Group-1 countries: We calculated a weighted average of vaccination coverage for group-1 countries for each 

of the sub-groups, with weights being the proportion of travellers from each country (Supplementary Table 2 and 

Supplementary Tables 3–6). As all our sub-groups of international travellers attained an average vaccination 
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coverage of ≥50%, we assumed that group-1 countries in each sub-group of international travellers had achieved 

a 60% girls-only coverage. Also, we assumed that group-1 countries implemented their qHPV vaccination 

program in year 2012 (similar to the United Kingdom). We calculated the trajectory of relative reduction in genital 

warts prevalence for a 60% coverage presented in the Brisson et al’s pooled analysis.3  

b) Group-2 countries: For group-2 countries, we assumed that some level of qHPV vaccination is offered through 

the private sector. Although there is no information available on what proportion of population gets vaccinated 

through this channel, we assumed a 5% qHPV girls-only vaccination coverage for our calculations that resulted 

in an estimated 4·0%, 5·5% and 7·5% relative reduction for year 2021, 2030 and 2060, respectively. 

Baseline genital warts incidence:  

(where information was not available for genital warts incidence, baseline genital warts prevalence or HPV 6 

and 11 prevalence or incidence estimates were used as proxies for genital warts incidence) 

 

Heterosexual Australian residents: Pirotta et al estimated an overall baseline incidence of genital warts of 21·9 

per 10,000 population,5 which was later on used in Korostil et al model to predict the relative reduction of genital 

warts incidence in the heterosexual Australian population.1 However, Pirotta et al estimated incidence rate 

includes other sub-groups of populations in addition to the heterosexual population that seek treatment in general 

practice and sexual health clinics, such as the Australian MSM and international travellers. Therefore, we 

attempted to estimate the baseline incidence in the heterosexual population in Australia after subtracting the 

estimated new genital warts cases pertaining to other sub-groups from the total estimates of ~44,000 new cases at 

the baseline (see Methods). Subsequently, we calculated that for the heterosexual Australian population, the 

overall baseline incidence was 18·5 per 10,000 population. 

Australian MSM: For the Australian HIV-negative MSM, we took the baseline anogenital warts incidence from 

the Health in Men (HIM) study.7 Information is not available on genital warts incidence in HIV-positive Australian 

MSM. However, evidence suggests that seroprevalence of HPV 6/11/16/18 genotypes (combined) is significantly 

higher in HIV positive MSM at the anal canal and external genital sites as compared to HIV negative MSM.8 This 

difference becomes insignificant when analysing HPV 6 and 11 separately. However, to make an estimate of 

genital warts incidence in Australian HIV-positive MSM, we extrapolated a difference of 1·9 times higher for 

genital and 1·5 times higher for anal warts in HIV-positive MSM as compared to the HIV-negative MSM.8 This 

translated into the incidence rates of genital and anal warts in HIV positive MSM to be 1·81 and 2·89 per 100 

person-years, respectively (overall 4·7 per 100 persons-year) which we used for our calculations.  

International travellers: To ascertain the most appropriate age-specific baseline genital warts incidence in 

travellers, we first established which age group most international travellers belonged to in each sub-group 

(Supplementary Table 2). Genital warts incidence rates for these age groups were estimated based on the available 

information (Supplementary Tables 7–9). For international FSWs, baseline incidence was based on the 

incidence/prevalence of genital warts incidence in sex workers population in the home country, and not the age 

group most sex workers belong to (Supplementary Table 9).  The majority of migrant FSWs in Australia are from 

the East Asian or Southeast Asian countries. Although there was no information available on the incidence of 

genital warts in the sex workers population in these countries, it was estimated that the prevalence of genital warts 
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in the FSWs is 23% in Thailand and 3·3% in China (Supplementary Table 10). For assumptions on values of 

baseline genital warts incidence for group-1 and -2 countries on FSWs see the notes on Supplementary Tables 2 

and 10. 

Sexual behaviour: 

Australian residents (heterosexual and MSM): We did not consider sexual behaviour patterns for Australian 

residents. The reason being that the assumptions around condom use, efficacy of condom use, number of sexual 

partners and sexual mixing patterns were already modelled in the predictions proposed by Korostil et al1 for the 

heterosexual population, and by Zhang et al2 for the Australian MSM, the two models that we have used to 

estimate the trajectories of relative reductions in genital warts incidence in the Australian residents.  

International travellers: To estimate the number of new genital warts cases in each sub-group of international 

travellers, it was important to consider certain factors around their sexual behaviour. For instance, what proportion 

of travellers have sex in Australia during their travels, and those who have sex, what proportion practice consistent 

condom use (Supplementary Table 2). Furthermore, it was crucial to understand their pattern of sexual mixing. 

Disassortative sexual mixing patterns where a low-risk person has sexual partnerships with high-risk persons, (in 

this case, an unvaccinated person from group-1 countries having a sexual encounter with a person from group-2 

countries) will increase their risk of acquiring HPV infection and genital warts. Similarly, subgroups of 

internationals travellers from group-2 countries that maintain sexual contacts with people from their own countries 

with very low levels of sexual mixing with people from group-1 countries will show a less enhanced relative 

reduction in genital warts incidence. Information on sexual mixing patterns was only available for backpackers 

visiting Australia (Supplementary Table 2). For other sub-groups, no such evidence was available and therefore 

we made assumptions based on anecdotal feedback from sexual health and epidemiology experts at the Kirby 

Institute (Supplementary Table 2).  

It was also important to consider the level of protection that consistent condom use offers against developing 

genital warts. Past research on people attending a sexual health clinic in Sydney showed that consistent condom 

use (always versus never) reduced the likelihood of genital warts development in men by 70% (crude OR 0·30, 

95% CI: 0·20–0·40) and in women by 40% (crude OR 0·60, 95% CI: 0·40–0·90).9,10 For our calculations, we took 

the two limits of the confidence intervals for both sexes (0·20 and 0·90) and took an average for these values 

(0·55). Therefore, we assumed that international travellers practicing consistent condom use will be 45% less 

likely to develop genital warts. For international FSWs, we assumed that those who practice consistent condom 

use will have a 40% less likelihood of genital warts development (Supplementary Table 2). 
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Supplementary Table 1: Values for parameters used in our calculations of the elimination-related thresholds for the Australian resident population (heterosexual 

and MSM) 

Parameter Values (source)  

 Australian heterosexual residents Australian men who have sex with men  

  (HIV positive and negative combined) 

Population size (n)   

Baseline (2006) population size (Total Australian population: 20,091,504)5  19,901,504a  190,000 7 

Population projections b   

 By year 2021: 25,849,184 c By year 2021: 260,992 2 

 By year 2030: 29,447,099 c By year 2030: 301,073 2 

 By year 2060: 40,219,029 c By year 2060: 484,710 2 

Baseline genital warts incidence   

 18·5 per 10,000 populationd 470·9 per 10,000 population per yeare 

Sexual behaviour    

 .. f .. f 

Modelled based assumption of qHPV vaccination coverage   

 A coverage of 80% for two doses in both males and females1 A coverage of 84% boys’ vaccination  

  program of 2 or more doses2 

Modelled based approximations of relative reduction in new genital warts cases: g   

- RR by year 2021 77·5% 1 16% 2 

- RR by year 2030 90·5% 1 45% 2 

- RR by year 2060 97%% 1 99% 2 

RR: relative reduction 

Notes:  
a total population minus MSM population;  
b total population projection by the Australian Bureau of Statistics (– CAT 3222.0: 2021: 26,110,176; 2030: 29,748,172; 2060: 40,703,739);11  
c total population projections minus MSM population projections;  
d see Baseline Genital Warts Incidence for heterosexual Australian population;  
e see Baseline Genital Warts Incidence in MSM population;  
f see Sexual Behaviour in Australian residents;  
g based on modelled based relative reductions in genital warts incidence in heterosexual population1 and relative reduction in the incidence of HPV 6 and 11 in MSM population2 

 

 

 

 

 

 

 

 

 



6 
 

Supplementary Table 2: Values for parameters used in our calculations of the elimination-related thresholds for international travellers (backpackers, 

newly commencing international student, newly arriving migrants and female sex workers) 

Parameter  Values (source)   

 Backpackers Newly commencing international  Newly arriving immigrants b Newly arriving international  

  students (new commencements) a  female sex workers 

Population size (n)     

- Baseline (2006)   548,695 12 184,276 13 236,094 14 Total Australian sex industry=  

    20,000 (mostly females);15 

    70% of the female sex workers are 

    international,15 and of these 30% 

    arrive within one year of their first 

    sexual health visit to a clinic.16 

Population projection      

(average annual growth - %)     

 from baseline through to 2060: 1·6% 12 from 2006-2021: 7·5% 13 from baseline through to 2060: 1·6%14 from 2006-2021: 2·0% (assumption) 

  from 2022-2030: 5·0% (assumption)  from 2022-2030: 1·5% (assumption) 

  from 2031-2060: 3·0% (assumption)  from 2031-2060: 1·0% (assumption) 

Distribution of international      

travellers, by group of home      

countries based on the availability      

of HPV vaccination program (%)     

- From group 1 countries  78% 12 28% 13 40% 14 20% 15 

- From group 2 countries  22% 12 72% 13 60% 14 80% 15 

Age group with highest proportion      

of travellers (%)     

 <24 years of age: >70%17 20–29 years of age:  >71%18 20–39 years of age: ~60%19 25–34 years of age: ~55%15 

Baseline genital warts incidence, by 

age group 

    

- For Group 1 countries Group’s average: 55·3 per 10, 000 young  51 per 10, 000 people aged <30 years 20  25·9 per 10, 000 people aged 20–40  Group’s average: 418 per 10, 000 

 people aged 20–24 years  years 20 sex workers 

- For Group 2 countries Group’s average: 44·5 per 10, 000 young 51 per 10, 000 people aged <30 years 20  25·9 per 10, 000 people aged 20–40  Group’s average: 984·7 per 10, 000 

 people aged 20–24 years  years 20 sex workers 

Sexual behaviour      

- Those who arrive without a  80% 21 .. .. .. 

long-term partner, that is, they     

are single (%)     

- Of those who are single,  69% 21 21% 22 30% (assumption) .. 

proportion who have sex in     

Australia (%)     

- Of those who have sex,  50% 17 50% 22 50% (assumption) 95% 15 

proportion who practice     

consistent condom use (%)     

- Of those who have sex,  50% 17 50% 22 50% (assumption) 5% 15 

proportion who practice     
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inconsistent condom use (%)     

- Protection against contracting 45% less likely to develop genital warts* 9 45% less likely to develop genital warts 9 45% less likely to develop genital  40% less likely to develop genital  

genital warts due to consistent   warts* 9 warts* 9 

condom use (% less likely) c     

- Proportions who have sex with  31% 17 70% (assumption) e 30% (assumption) e .. 

travellers from their own     

country d (%)     

- Proportions who have sex with  46% 17 20% (assumption) e 20% (assumption) e .. 

travellers from a different     

country d (%)     

- Proportions who have sex with  23% 17 10% (assumption) e 50% (assumption) e .. 

a local resident, that is with an     

Australian resident (%)     

qHPV vaccination coverage in      

groups of countries     

- Group 1 countries 60%α 60% α 60% α 60% α 

- Group 2 countries 5% (assumption) α 5% (assumption) α 5% (assumption) α 5% (assumption) α 

Modelled based relative reductions      

(RR) in prevalence of HPV 6 & 11 f     

Group-1 countries     

- RR by year 2021 33%  33%  33%  33%  

- RR by year 2030 77% 77% 77% 77% 

- RR by year 2060 84% 84% 84% 84% 

Group-2 countries     

- RR by year 2021 4·0% (assumption) e 4·0% (assumption) e 4·0% (assumption) e 4·0% (assumption) e 

- RR by year 2030 5·5% (assumption) e 5·5% (assumption) e 5·5% (assumption) e 5·5% (assumption) e 

- RR by year 2060 7·5% (assumption) e 7·5% (assumption) e 7·5% (assumption) e 7·5% (assumption) e 

RR: relative reduction 

Notes: 
a for our calculations, we included international students’ commencements in Higher Education (HE), Vocational Education and Training (VET), English Language Intensive Courses for 

Overseas Students (ELICOS), and non-reward courses, and excluded international students studying in schools.13 
b for our calculations, we included immigrants that entered Australia on off-shore permanent visa, onshore/offshore temporary visa, humanitarian visa, and New Zealanders permanently settling 

in Australia annually. We excluded on-shore permanent applicants as these applicants are either temporary residents or international students which we already included in our calculations. We 

also excluded residents entering on family stream visa which includes children, partners and parents of immigrants. 
c see Sexual Behaviour (international travellers) 
d we assumed that international travellers who have sexual partners from ‘own country’ or a ‘different country’ will each have the same distribution of proportions from group 1 and group 2 

countries as shown in the table above. For instance, for backpackers, 31% and 46% have sexual partners from their own country or a different country, respectively, and each of these 

proportions were further stratified into: 78% have sex with travellers from group 1 countries, and 22% have sex with travellers from group 2 countries (see equation in Supplementary Table 11) 
e assumptions were made based on feedback from sexual health and epidemiology experts at the Kirby Institute 
f see Vaccination coverage and estimates of temporal relative reductions 
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Supplementary Table 3: Percentage distribution of backpackers visiting Australia, by home country and 

availability of qHPV vaccination program 

 

 

 

 

 

 

 

 

 

 

 

 

 

Notes: 
a unpublished data – Korean CDC (KCDC. NIP (2-,4-valent HPV vaccines) coverage rate (as of 7. Aug 2017) – courtesy 

Seqirus  
b varies by regions – median of regions taken 
c three out of 14 ‘other’ European countries have a qHPV vaccination program in place, namely Slovenia, Spain, and Ireland 

with 55%,37 77%38 and 72%39 vaccination coverage, respectively; generating an average of 68% coverage for ‘other’ Europe. 
d seven out of 11 ‘other’ countries have a qHPV vaccination program, in place, namely Israel, Peru, Portugal, San Marina, 

Uruguay, Argentina, and Chile. Vaccination coverage data is available on Israel (10%),40 Portugal (88%),41 Argentina (71%)42 

and Chile (85%)43; generating an estimated average of 64% coverage for ‘other’ countries 

 

Supplementary Table 4: Percentage distribution of newly commencing international students in 

Australia, by home country and availability of qHPV vaccination program 

Countries  Average proportion of international  ≥2-dose qHPV vaccination  

 students arriving in Australia (%) 2006– coverage (%) in age eligible groups 

Group-1 countries 2015 13  

USA 3·0% Girls and boys 43% 25 

Malaysia 3·0% Girls 99% 35  

Brazil a 4·0% Girls 50% 

S. Korea b 5·7% Girls 42% 

Other c 13·0% 50% 

Group-2 countries   

China 24·0% ..  

India 13·0% ..  

Japan 2·6% ..  

Nepal 3·0% ..  

Thailand 4·6% ..  

Vietnam 4·0% ..  

Indonesia 3·0% ..  

Other 17·4% ..  

Countries Average proportion of backpackers arriving in  ≥2-dose qHPV vaccination  

 Australia (%), 2006–2015 12 coverage (%) in age-eligible groups 

Group-1 countries   

UK 19·9% Girls 85% 23 

Germany 10·8%   Girls 40% 24 

USA 7·8% Girls and boys 43% 25 

France 6·0% Girls 17% 26 

NZ 5·8% Girls 66% 27 

Scandinavia 5·1% Girls 80% 28-30 

S. Korea a 5·4% Girls 42%  

Canada 4·1% Girls and boys 56% 31 

Switzerland b 2·6% Girls ~47% 32 

Italy 2·2% Girls ~70% 33, 34  

Malaysia 2·1% Girls 99% 35 

Singapore 1·7% Girls 04% 36 

‘Other’ Europe c 1·6% Girls 68% 

‘Other’ countries d 3·2% Girls 64% 

Group-2 countries   

Japan 4·9% .. 

China/Hong Kong 3·5% .. 

Taiwan 2·6% .. 

Netherlands 2·6% .. 

‘Other’ Europe 6·2% .. 

‘Other’ Countries 1·8% .. 

78% are from 

countries with a 

qHPV program 

–  

Group’s 

weighted 

average of 

vaccination 

coverage= 59% 

 

22% are from 

countries with a 

bHPV or no 

program 

28% are from countries 

with a qHPV program 

Group’s weighted 

average of vaccination 

coverage= 53% 

 

72% are from countries 

with a bHPV or no 

program d 
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Notes: 
a unpublished vaccination coverage data, Ministry of Health, Brazil, courtesy Seqirus  
b unpublished vaccination coverage data – Korean CDC (KCDC. NIP (2-,4-valent HPV vaccines) coverage rate (as of Aug 

2017) – courtesy Seqirus 
c there are 39 countries in the ‘other’ category of group-1 countries. Vaccination coverage details are available for Canada 

(56%),31 Chile (85%),43 Colombia (87%),44 France (17%),26 Germany (40%),24 Ireland (72%),39 Italy (95%),33,34 

Norway,(76%)29 Singapore (4%),36 Sweden (77%),45 Switzerland (47%),32 Portugal (88%),41 and United Kingdom (85%),23 

generating a weighted average of vaccination coverage of 50% for the ‘other’ group-1 countries. 
d of note, in this group, around 14% of newly arriving international students are from countries with a pilot qHPV program in 

place (Thailand, Vietnam & Indonesia)  

 

Supplementary Table 5: Percentage distribution of newly arriving immigrants, by home country and 

availability of qHPV vaccination program 

Countries Proportion of the total newly  2-dose qHPV vaccination coverage (%)  

 arriving immigrants, 2006–2015 46 in age eligible groups 

Group-1 countries   

UK 12·7% Girls 85% 23  

NZ 9·9% Girls 66% 27 

Ireland 3·8% Girls 72% 39 

USA 2·0% Girls and boys 43% 25 

Malaysia 1·4% Girls 99% 35 

Canada 0·7% Girls and boys 56% 31 

France 0·7% Girls 17% 26 

Other OCED a 5·1% 68% 

other countries with qHPV b 3·2% .. 

Group-2 countries    

India 17·6% .. 

China 9·6% .. 

Philippines 5·3% .. 

S. Africa 1·6% .. 

Vietnam 1·5% .. 

Nepal 1·4% .. 

Other OCED 5·5% .. 

Other 17·9% .. 

Notes: 
a There are 35 Organisation for Economic Co-operation and Development (OECD) countries. Six are already shown in the list 

of group-1 countries, namely Canada, France, Ireland, New Zealand, United Kingdom and United States. 14 out of the 

remaining 29 OCED countries have a national qHPV program, namely Austria, Chile (85%),43 Czech Republic, Germany 

(40%),24 Israel(10%),40 Italy (95%),33, 34 South Korea (42%) (see table 3 notes), Norway (76%),29 Portugal (88%),41 Slovenia 

(55%),37  Spain (77%),38 Sweden (77%),45  and Switzerland (47%),32 generating a group’s average of 68% of coverage 

(proportional distribution of individual countries in this category was not available hence a weighted average could not be 

calculated).  
b other countries with qHPV’ - 30 countries other than the European / Western countries have a qHPV vaccination program in 

place, and information is not available on most of their vaccination coverage (for our calculations, we have assumed a 40% 

coverage for these group of countries). 

 

 

 

 

 

 

60% are from countries 

with a bHPV or no 

program 

40% are from countries 

with a qHPV program 

Group’s weighted 

average of vaccination 

coverage= 81% 
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Supplementary Table 6: Percentage distribution of newly arriving international female sex workers in Australia, 

by home country and availability of qHPV vaccination program 

Countries Proportion of the total newly arriving  2-dose qHPV vaccination  

 female sex workers in Australia15 coverage (%) in age eligible groups 

S. Korea a 9·0% Girls 42% 

New Zealand  5·0% Girls 66% 27 

Other b 5·7% 61% 

Thailand (pilot qHPV) 44·0% .. 

China (no HPV prog) 26·0% .. 

Other 10·3% .. 

Notes: 
a unpublished data – Korean CDC (KCDC. NIP (2-,4-valent HPV vaccines) coverage rate (as of 7. Aug 2017) – courtesy 

Seqirus 
b 10 out of 28 ‘other’ countries have a qHPV vaccination program in place, namely (where data is available vaccination 

coverage is shown within brackets): Brazil (37%),47 England (85%),23 Fiji Island, Ireland, (72%)39 Germany (40%),24 

Malaysia (99%),35 Scotland (80%),48 Spain (77%),38 Sweden (77%),45 and USA (43%);25 generating an estimated average of 

61% coverage for this group of countries (proportional distribution of individual countries in this category was not available 

hence a weighted average could not be calculated).  

 

Supplementary Table 7: Pre-vaccination incidence rates of genital warts in young people aged 20-24 years, by 

country 

                   Incidence per 10,000 

Countries Study Study period Overall 20–24 years 

a. Group-1 Countries         

United Kingdom Desai et al, 200649 2006–2008 15·7 75·5 

Germany a Kraut et al, 201050 2004–2006 17·0 48·9 

USA Camenga et al, 201351 2000–2005 23·0 47·0 

France Monsonégo et al, 200752 2005 22·9 50·0 

New Zealand … .. .. .. 

Group's average incidence     19·6 55·3 

b. Group-2 Countries         

China (Hong Kong) Lin et al, 201053 2009 20·4 .. 

Netherlands b van den Broek et al, 201054 2006 11·6 .. 

Japan c Sasagawa et al, 201155 2009 25·1 .. 

Taiwan a  Hsueh P-R, 2009 (overall);56  2003; 2000-2013  6·2  13·0  

 Cho C-Y et al 2017 (20-24 years)57    

Group's average incidence     15·8     ~44·5 d 

Notes: 
a taking average between sexes for 20–24 years age group 
b taking average between sexes (based on any case: new and recurrent) 
c showing genital warts incidence for females only, for males the incidence is unknow 
d if in group-1 countries, the average genital warts incidence in young people is about three-fold the overall average, then it 

could be assumed that the same is true for the group-2 countries, giving an estimated incidence of 44·5 per 10,000 population 

in young people (aged 20–24 years) 

 

 

 

 

20% are from countries 

with a qHPV program.  

Group’s weighted average 

of vaccination coverage= 

54% 

80% are from countries 

with a bHPV or no 

program 
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Supplementary Table 8: Pre-vaccination incidence rates of genital warts in people aged <30 years, by sex 

Study   New genital warts incidence per 10,000  Average incidence per  

  population, by sex 10,000 population, by sex 

  Age group Range   
Buckley et al, 201620 men <30 of age 13·0 56·0 34·5 

 women <30 of age 32·0 103·0 67·5 

 Average between sexes   51·0 

 

Supplementary Table 9: Pre-vaccination incidence rates of genital warts in people aged 20-40 years, by sex 

Study   New genital warts incidence per 10,000  Average incidence per  

  population, by sex 10,000 population, by sex 

  Age group Range   
Buckley et al, 201620 men 20–40 years of age 7·7 45·3 26·5 

 women 20–40 years of age 7·6 43·0 25·3 

 Average between sexes  25·9 

 

Supplementary Table 10: International female sex workers: Prevalence of genital warts in female sex worker 

population in home country 

Countries Study Study period 

 

Study period 

Prevalence of genital  

   warts in female sex 

   workers 

 Group 1 countries a     

S. Korea .. .. unknown 

New Zealand  .. .. unknown 

Other .. .. .. 

Group 2 countries b      

Thailand (pilot qHPV) Leaungwutiwong et al, 201558 study period is not specified 23·0%  

China (no HPV prog) Su et al, 201559 2000–2011 3·27% 

Other   .. 
 

Notes: 
a Group’s average of 418 per 10, 000 sex workers (see Supplementary Table 2) taken as the baseline incidence of genital 

warts – workings of estimating the group’s average are: we assumed S. Korea will have a prevalence similar to China’s 

baseline genital warts prevalence in female sex workers of 327/10,000 sex workers; we assumed New Zealand will have a 

prevalence similar to Australia’s baseline genital warts prevalence in FSWs prevalence of 600/10,000 sex workers)60; we 

assumed that ‘other’ group of countries has a prevalence similar to China’s baseline genital warts prevalence in female sex 

workers of 327/10,000 sex workers)59 
b Group’s average of 984·7 per 10, 000 sex workers (see supplementary table 2) taken as the baseline incidence of genital 

warts – workings of estimating the group’s average are: Baseline genital warts prevalence in female sex workers in Thailand 

of 2300/10,000 sex workers); Baseline genital warts prevalence in FSWs in China of 327/10,000 sex workers); 18 out of 28 

countries in ‘other’ category have no qHPV vaccination program in place. We assumed that this group of countries has a 

prevalence similar to China’s baseline genital warts prevalence in FSWs of 327/10,000 sex workers)^   

(..) no data available 

Methods:  

We calculated new genital warts cases for each sub-group of populations separately for our time points 

- years 2006, 2021, 2030 and 2060. We first calculated the number of new cases in Australian MSM 

and international travellers at baseline (details given below), and then deducted these from the total of 

43,937 new cases estimated by Pirotta et al in the pre-vaccination era. By doing so we estimated the 

number of new cases in the heterosexual Australian population at baseline, and thus calculated a revised 

proportion of ‘new’ cases in Pirotta et al’s sample that was attributable to heterosexual Australians only 
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(an important factor in estimating the number of new cases in the heterosexual population for our future 

time points).  

We estimated the number of new cases related to Australian MSM at baseline by taking the incidence 

of anogenital warts (AGW) of 2·86 per 100 person-years.(42) Based on our assumptions of 1·6% annual 

growth in the MSM population, we then estimated the number of new AGW cases that would have been 

observed in this sub-group over our timeline in the absence of a vaccination program. We then applied 

the relative reductions of incidence of HPV subtype 6 and 11 as predicted by Zhang et al2 and estimated 

the number of new cases of AGW in Australian MSM through to year 2060. 

We then calculated the number of new cases that would have been expected in heterosexual Australians 

for years 2021, 2030 and 2060 in the absence of a vaccination program. We did this by: Firstly, 

multiplying the per capita general practice (GP) consults of 4·72 for the year 2016 

(http://medicarestatistics.humanservices.gov.au/statistics/mbs_group.jsp) with the estimates of the 

Australian population projections by the Australian Bureau of Statistics – CAT 3222·0(6) for years 

2021, 2030 and 2060 to get an estimated total annual GP consults in Australia for each time point. And 

secondly, by extrapolating the revised Pirotta et al’s5 sample estimates of new genital warts GP consults 

in heterosexual residents to our estimated national annual GP consults for all time points. The number 

of new consults were then multiplied by 1.298 to account for genital warts cases managed in sexual 

health clinics. We then applied the relative reductions predicted by Korostil et al1 over three time-points 

- 2021, 2030 and 2060 to these estimates. 

For all sub-groups of international travellers, we first factored in our assumptions around sub-groups’ 

population size, age-specific baseline incidence of genital warts, and sexual behaviour to estimate the 

number of cases relating to each of these groups at baseline (see Supplementary Table 2). Subsequently, 

we applied the relative reduction trajectory for 60% vaccination coverage as per the Brisson et al3 

pooled analysis predictions for group-1 countries, and the assumed relative reduction trajectory of 5% 

vaccination coverage for group-2 countries over three time-points – 2021, 2030 and 2060. Details of 

stratification and equations used for our calculations for subgroups of international travellers is shown 

in Supplementary Table 11 and in section ‘additional equations’ (with backpackers’ subgroup as an 

example). For travellers having sex with Australian residents, we calculated the number of new cases 

by taking Australia’s overall incidence at the baseline and applying the relative reductions as per 

Korostil et al1 model’s predictions of 77.5%, 90.5% and 97% for 2021, 2030 and 2060, respectively. 

Data analysis: 
 

The number of genital warts cases in Australian residents (heterosexual and MSM) and international 

travellers for all time-points were calculated in Microsoft Excel 2016 software (Supplementary Table 

11 for formulae), and their binomial exact 95% confidence intervals (95% CI) were calculated using 

http://medicarestatistics/
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Stata version 14·1. Point estimates and their binomial exact 95% CI for relative reductions of genital 

warts incidence were calculated using Stata version 14·1.  

Supplementary Table 11: Equations for calculations of new genital warts cases in the sub-groups of international 

travellers, for each time point (example Backpackers’ sub-group) 

Strata Notation Equation 

Number of sexually active backpackers in Australia at a given time point ti, (where i=2006, 2021, 2030 and  ati  

2060)   

50% backpackers practice inconsistent condom  bic bic = ati * 0·50 

- 31% have sex with travellers from their own country (31% of bic) xic xic = bic * 0·31 

- 78% have sex with travellers from group-1 countries - number of genital warts cases in this sub-group x1 x1 = (xic * 0·78) * Ig1ti /10,000  

(taking group-1 countries’ genital warts incidence at a given time point= Ig1ti) 
a   

- 22% have sex with travellers from group-2 countries - number of genital warts cases in this sub-group  x2 x2 = (xic * 0·22) * Ig2ti /10,000 

(taking group-2 countries’ genital warts incidence at a given time point= Ig2ti)   

- 46% have sex with travellers from other countries (46% of bic) yic yic = bic * 0·46 

- 78% have sex with travellers from group-1 countries - number of genital warts cases in this sub-group y1 y1 = (yic * 0·78) * Ig1ti /10,000 

(taking group-1 countries’ genital warts incidence at a given time point= Ig1ti) 
a   

- 22% have sex with travellers from group-2 countries - number of genital warts cases in this sub-group y2 y2 = (yic * 0·22) * Ig2ti /10,000 

(taking group-2 countries’ genital warts incidence at a given time point= Ig2ti) 
a   

- 23% have sex with Australian residents – number of genital warts incidence in this sub-group: (23% of bic) zic zic = bic * 0·23 * Iati / 10,000 

(taking Australia’s genital warts incidence at a given time point= Iati) 
a   

50% backpackers practice consistent condom (and therefore are 45% less likely to develop genital warts)  bc bc = ati * 0·50 

- 31% have sex with travellers from their own country (31% of bc) xc xc = bc * 0·31 

- 78% have sex with travellers from group-1 countries - number of genital warts cases in this sub-group x3 x3= x1 – (x1 * 0·45) 

(taking group-1 countries’ genital warts incidence at a given time point= Ig1ti)   

- 22% have sex with travellers from group-2 countries - number of genital warts cases in this sub-group x4  x4 = x2 – (x2 * 0·45) 

(taking group-2 countries’ genital warts incidence at a given time point= Ig2ti)   

- 46% have sex with travellers from other countries (46% of bc) yc yc = bc * 0·46 

- 78% have sex with travellers from group-1 countries - number of genital warts cases in this sub-group y3 y3 = y1 – (y1 * 0·45) 

(taking group-1 countries’ genital warts incidence at a given time point= Ig1ti)   

- 22% have sex with travellers from group-2 countries - number of genital warts cases in this sub-group y4 y4 = y2 – (y2 * 0·45) 

(taking group-2 countries’ genital warts incidence at a given time point= Ig2ti)   

- 23% have sex with Australian residents – number of genital warts incidence in this sub-group: (23% of bc) zc zc = zic – (zic * 0·45) 

(taking Australia’s genital warts incidence at a given time point= Iati)   

Notes:  
a Ig1ti, where Ig1= incidence in group-1 countries, and ti = a given time point - 2006, 2021, 2030 and 2060; Ig2ti, where Ig2= 

incidence in group-2 countries, and ti = a given time point - 2006, 2021, 2030 and 2060; Iati, where Ia incidence in Australia, 

and ti = a given time point, 2006, 2021, 2030 and 2060 

Of note, modelled relative reductions were applied to genital warts’ incidences for each country type (group-1, -2 and 

Australia) and for each subset of international travellers for timepoints 2021, 2030 and 2060 

Additional equations (example backpackers’ sub-group):  

Number of new genital warts cases in backpackers who practice inconsistent condom use at a given 

time point: Ai = x1 + x2 + y1 + y2 + zic 

(where i = 2006 (baseline), 2021, 2030 and 2060); ic = inconsistent condom use 

Number of new genital warts cases in backpackers who practice consistent condom use at a given 

time point: Bi = x3 + x4 + y3 + y4 + zc 

(where i = 2006 (baseline), 2021, 2030 and 2060); c = consistent condom use 

Total number of new genital warts cases in backpackers at a given time point = Ai + Bi 
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Supplementary Figure 1: A flow chart of steps of estimating the consolidated number of new genital 

warts cases in Australia (Australian residents plus international travellers) for each time point*

 

*MSM: men who have sex with men; Int. FSW: international female sex workers.  

Results: 

Supplementary Table 12: Estimates presented at the Delphi workshop for number and relative reduction 

in new genital warts consults in Australia, by sub-population type 

 

  Australian  Total number of 'new' genital  New genital warts rates per  Relative reduction (%) 

 heterosexual  warts/year (95% CI) 10,000 population (95% CI) (95% CI) 

 population*    

Baseline (2006)  19,901,504  36,719 (31,579–42,181) 18·4 (15·9–21·2)   

2021* 25,849,184  10,419 (9,849–13,155) 4·0 (3·8–5·1) 78·2 (77·7–78·6) 

2030 29,447,099   5,012 (4,350–5,811) 1·7 (1·5–2·0) 90·8 (90·5–91·0) 

2060 40,219,029   2,162 (1,876–2,506) 0·5 (0·5–0·6) 97·2 (97·1–97·3) 

  Australian Total number of 'new'  New anogenital warts rates  Relative reduction (%)  

 MSM population anogenital warts/year per 10,000 Australian MSM (95% CI) (95% CI) 

   (95% CI)   

Baseline (2006)  190,000  5,656 (5,512–5,803) 297·7 (290·1–305·4)   

Year 2021  260,992  6,593 (6,437–6,752) 252·6 (246·6–258·7) 15·1 (12·1–18·1) 

Year 2030 301,073  5,034 (4,897–5,174) 167·2 (162·7–171·8) 43·8 (41·7–45·9) 

Year 2060  484,710  216 (188–247) 4·5 (3·9–5·1) 98·5 (98·3–98·7) 

  Backpackers arriving Total number of 'new' genital New genital warts rates per 10,000  Relative reduction (%)  

 each year warts/year (95% CI) backpackers (95% CI) (95% CI) 

Baseline (2006)  548,695 1,075 (1012–1141) 19·6 (18·4–20·8)   

2021  696,204 911 (849–972) 13·1 (12·3–14·0) 33·2 (27·1–38·8) 
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2030 803,119 525 (481–572) 6·5 (6·0–7·1) 66·6(63·0–69·9) 

2060 1,292,978 699 (654–759) 5·4 (5·1–5·9) 72·2 (69·4–74·7) 

  New commencements-  Total number of 'new' genital New genital warts rates per  Relative reduction (%)  

 International students warts/year (95% CI) 10,000 new int. students (95% CI) (95% CI) 

Baseline (2006)  184,276 144 (121–170) 7·8 (6·5–9·2)   

2021  545,250 362 (326–401) 6·6 (5·9–7·3) 15·0 (-3·1–30·0) 

2030 845,862 474 (432–519) 5·6 (5·1–6·1) 28·3(13·6–40·5) 

2060 2,053,129 1,095 (1032–1163) 5·3 (5·0–5·6) 31·7 (18·7–42·6) 

  Newly arriving Total number of 'new' genital New genital warts rates per  Relative reduction (%)  

 immigrants warts/year (95% CI) 10,000 new immigrants (95% CI) (95% CI) 

Baseline (2006)  236,094 119 (99–142) 5·0 (4·1–6·0)  

2021  299,565 85 (68–105) 2·8 (2·2–3·5) 43·7 (25·6–57·4) 

2030 345,568 70 (55–88) 2·0 (1·5–2·5) 59·8 (46·0–70·1) 

2060 556,346 99 (82–123) 1·7 (1·4–2·2) 64·0 (53·0–72·4) 

  Newly arriving  Total number of 'new'  New genital warts rates per  Relative reduction (%)  

 international genital warts/year (95% CI) 10,000 newly arriving FSWs (95% CI) (95% CI) 

 female sex workers    

Baseline (2006)  4,060 224 (196–254) 552·2 (483·4–626·4)   

2021  5,464 276 (245–310) 505·4 (448·5–566·5) 8·4 (-8·7–22·9) 

2030 6,248 296 (264–331) 473·5 (422·4–529·3) 14·1 (-1·7–27·5) 

2060 8,421 387 (350–427) 459·8 (415·8–506·4) 16·7 (2·2–29·0) 



16 
 

Supplementary Table 13: Questionnaire and results of Round 1 of the Delphi Workshop 

ASHR-3: The Australian Study of Health and Relationships 3 
Notes: 
a no quantitative scoring 
b (item note) -Around 95% of genital warts are caused by HPV 6 and 11. Half of the remaining genital warts are caused by HPV types that are included in qHPV or nonavalent vaccine (example 

HPV 16, 18, 45, 31 and 52). The remaining 2·5% are caused by non-vaccine HPV types. 

Original Items Median 

 

Mean 

 

% agreement 

 

% disagreement 

  (IQR) (COV) (scores 7,8 & 9) (scores 1,2,3 & 4) 

Section-1: Conceptual definitions      

Item 1: Elimination of transmission: Interruption of endemic genital wart 5·0 

 

4·7 

 

25% 39% 

 transmission caused by HPV 6 and 11, and limited transmission from imported cases. (4·0–5·8) (0·40)   

Item-2: Elimination as a public health problem: 6·5 

 

6·4 

 

50% 11% 

Transmission of genital warts continues to occur (even in absence of importation) but is (5·0–8·0) (0·31)   

reduced to a level that it does not constitute a public health problem.     

Section-2: Operational thresholds 

 

    

Short-term control threshold: 

 

    

≤4 cases per 10,000 population by year 2030; Equivalent to:  A reduction in annual genital 

warts 

.. a .. a .. a .. a 

incidence by 82% by year 2030     

Item 3: In your opinion, would the proportion of genital warts caused by non-vaccine 

 

4·5 

 

4·3 

 

22% 50% 

HPV types have an impact on the control threshold in year 2030? b 

 

(2·2–5·0) (0·52)   

Item 4: In your opinion, would ongoing transmission in Australia due to importation of 6·0 

 

5·6 

 

28% 11% 

genital warts have an impact on the control threshold in year 2030? (5·0–6·7) (0·29)   

     

Long-term elimination threshold: ≤1 case per 10,000 population by year 2060; .. a .. a .. a .. a 

Equivalent to:  A reduction in annual genital warts incidence by 95% by year 2060     

Item 5: In your opinion, would the proportion of genital warts caused by non-vaccine 4·5 

 

4·4 

 

17% 50% 

 HPV types have an impact on the elimination threshold in year 2060? b (3·0–6·0) (0·46)   

Item 6: In your opinion, would ongoing transmission in Australia due to importation of 6·0 

 

5·6 

 

33% 33% 

genital warts have an impact on the elimination threshold in year 2060? (4·0–7·0) (0·40)   

Section-3:  Intervention coverage 

 

 

    

Item 7: ≥80% coverage of 2-dose girls and boys HPV vaccination program 7·0 

 

7·0 

 

56% 0% 

 (6·0–8·0) (0·18)   

Section-4: Measuring elimination       

The 'Bettering the Evaluation and Care of Health' (BEACH) study that used to collect .. a .. a .. a .. a 

nationally representative primary care and general practice data in Australia was closed in     

year 2017.  

 

    

Item 8: In the absence of the BEACH study, should the elimination of genital warts be 5·0 

 

4·8 

 

11% 39% 

measured via the Genital Warts Surveillance Network (54 sexual health clinics) and (3·2–6·0) (0·35)   

then be adjusted for cases seen at general practice using ASHR-3 estimates of treatment 

location? 
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Supplementary Information Part 2: 

Work undertaken for questionnaire revision as per experts’ feedback for the online 

round of the Delphi process  

Section 1 – Conceptual Definition of Elimination: 

 
Item-1: Elimination of transmission – After Delphi workshop, we conducted a review of relevant literature 

which indicated that discrete geographical variations of HPV 6/11 do not exist, therefore distinguishing between 

endemic and imported cases through genotyping and sequence analyses is not possible. Ideally, mapping 

geographically distinct genetic variants for HPV 6/11 would help distinguish endemic from imported 

transmission. Unfortunately, there is limited literature available on genetic variation of HPV types 6 and 11, and 

geographical regions do not have unique genetic signatures.61 An Australian study observed a similar finding 

where no geographically specific variants for HPV 6 or 11 types were noted.62 Nonetheless, a study analysing the 

global genomic diversity of HPV 6 based on 190 complete genome sequences for HPV 6 revealed two variant 

lineages, A and B and five sub-lineages (B1, B2, B3, B4 and B5). The results showed lineage B is prevalent 

globally with an association with anogenital infections (notably, sub-lineages B1 and B3), unlike lineage A which 

predominantly prevails in Asia and was not strongly associated with anogenital infections as compared to lineage 

B. Therefore, we can conclude that if the majority of anogenital infections (causing warts) are associated with 

lineage B, markedly, with sub-lineage B1 and B3, and that these are universally prevalent, it would be difficult to 

distinguish endemic from imported transmission of HPV 6. 

Item-2: Elimination as a public health problem - Literature showed that health problems need to meet the 

following criteria for them to be classified as a public health problem, namely: high burden of disease; large 

burden in terms of morbidity, quality of life and cost, and feasibility to act on the condition at a community or 

public health level.63-65 The prevalence of genital warts in Australia prior to the HPV vaccination program could 

satisfy the definition of a public health problem as per the aforementioned criteria, namely, high burden of disease 

(incidence ~22 cases per 10 000 Australians - 74 and 86 per 10 000 population in 25–29-year old men and 20-24-

year old women, respectively),5 large burden in terms of quality of life (psychosocial impact comparable or greater 

to a diagnosis of CIN 2/3)66 and cost (over $14 million),5 and the feasibility to act on the condition at a public 

health level (via HPV vaccination). Feasibility to act on the condition at a community or public health level: In 

Australia two HPV vaccines were registered for use in years 2006–07, the bivalent HPV vaccine protecting against 

high-risk HPV types 16 and 18, and the quadrivalent vaccine which additionally covers the wart-causing types 6 

and 11. In 2007, Australia implemented its school-based quadrivalent HPV vaccination program, clearly 

demonstrating that low-risk HPV infections and the consequent sequelae were part of the overarching health 

policy. In addition, evidence suggests that due to the additional impact on genital warts, the quadrivalent vaccine 

is more cost-effective than the bivalent vaccine.67 

Section 2 - Operational thresholds: 

 

Items-3 and -5:  Impact of genital warts caused by non-vaccine HPV types  
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Some studies showed cross protection from the HPV vaccines to other high-risk non-vaccine HPV types (types 

31/33/45);68,69 however, at the time we calculated these thresholds in early 2018, there was still a gap in the 

literature to show the same for other non-vaccine HPV types, particularly those associated with the remaining 

2·5% genital warts (such as HPV type 39, 40, 48, 51, 55, 59 and 84). In July 2018, a Norwegian study was 

published analysing the impact of quadrivalent HPV vaccination on vaccine-type and non-vaccine HPV types.70 

They invited three birth cohorts of 17-year-old girls, two vaccine-ineligible cohorts born in 1994 and 1996, and 

one vaccine-eligible cohort born in 1997 to participate in the study. Approximately 20% of the invited girls 

participated by delivering a urine sample, that was then tested for HPV infection. Their results showed that 

prevalence of non-vaccine types was significantly lower among vaccinated cohorts suggesting cross-protection 

(HPV 33: 53% reduction; HPV 39: 64% reduction; HPV 51: 51% reduction; HPV 59: 48% reduction, any low-

risk HPV type, including HPV 40: 47% reduction). A similar impact was seen among unvaccinated girls in the 

vaccinated cohort suggesting a herd effect.  
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