Methods 

Extrapolation of median age of first sex 
Two methods for estimating the median age of first sex for birth cohorts who were under 20 years old and over 45 years old at the time of interview were investigated: (i) linearly extrapolating the trend observed in the age groups for which data were available, and (ii) assuming median age of first sex was the same as that in the closest available age group (either age 21-25 or age 40-44), as it has been suggested that the trend in age at first sex has recently stabilised1. 
Models

The models represent changes with age in the proportion of the population who are antibody positive for HPV. We use the term force of infection (FOI) to represent the risk of becoming antibody positive. However as more people are infected with HPV than become HPV antibody positive this is an underestimate of the true force of infection.  The model has two states representing individuals who are seronegative and hence susceptible to seroconversion (S) and individuals who are seropositive (I). The two difference equations that define this model are
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 represent the number of antibody negative (susceptible) and antibody positive (previously infected) individuals at age [image: image8.png]
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 Two alternative assumptions for the FOI were considered in the models: a single FOI for all ages and an age dependent FOI. For the age-dependent FOI, we considered an exponentially damped quadratic function of the form [image: image10.png]flx) = a(x?)e =¥
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 is age in years, as used in previous work of this kind2.

Waning immunity is included in the model by assuming an exponential rate of decline in antibodies over time.  Individuals whose antibodies wane below the cut-off for seropositivity are assumed to become susceptible again. The equations for this model are as follows
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 is the rate of loss of antibodies.

Cohort effects were incorporated by calculating a separate age-dependent seroprevalence curve for each birth cohort, with the FOI of these individuals increased or decreased by a fixed multiple of the age of first sex. The equations are as follows
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 is the age cohort. The seroprevalence for the appropriate age group was then extracted from the resulting seroprevalence curve of the relevant birth cohort.   

Model fitting
The models were fitted by maximum likelihood estimation, to minimise the deviance of the log-likelihood between predicted and observed seroprevalence for each 5 year age group.  Model comparison was performed based on the Akaike Information Criterion (AIC). The AIC takes into account both the maximised log-likelihood (goodness of fit) of the model and the number of parameters in the model, so two AIC values from competing models can be compared and the model with the lower value of the AIC is preferred as it is more parsimonious.  

Results 

The median age of first sex for individuals under 20 years and over 45 years old generated by each method of extrapolation are shown in figure A1. The negative log likelihood  and AIC for each model using different methods to generate median age of first sex in age groups without data available are shown in Table 2 (assuming that age of first sex is the same as the closest reported age group) and Table A1 (assuming the trend has continued through linear extrapolation). The different methods slightly alter the goodness of fit of each model. However for all models, except for the case of males with HPV type 18, the model which had the lowest AIC was the same. Therefore the assumed pattern in age of first sex in the oldest and youngest age groups does not alter the broad conclusions drawn from the models. 
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