Supplementary material
Supplementary Methods
Natural boosting approaches
· Gaussian two-component mixture models were fitted to the log-transformed antibody measures for each serotype in a dataset that contained both 2014/15 and 2017/19 results and used to determine the proportion of the data which had a high probability (0.995) of being from a separate distribution with higher mean, from which we estimated the seroprevalence of carriage. This approach included data for children aged 24 months and older only since antibody levels were generally stable from this age onwards (following approximately one year of decay post booster vaccination). 
· Serotypes with few/no boosting events were used to provide a best fit model of decay followed by stable antibody levels (y=x-2) across the whole 13-48 months dataset, which was then applied to other serotypes. Lines were plotted at 2 and 3 standard deviations and IgG results above these lines could be considered ‘high’ and suggestive of current/previous boosting events.
· We combined these approaches using the best fit model of decay (y=x-2) in a linear regression mixture model which allowed all data for children aged 13-48 months to be included. We used a 0.9995 cut off to select IgG levels that had a high probability of being from a separate distribution with a higher mean. This stricter cut off was decided visually based on what looked reasonable across all serotypes.

Binomial regression models fitted to long term carriage trends
To fit long-term trends in overall pneumococcal carriage accounting for different carriage rates between studies, we calculated the per cent of each serotype as the proportion of total isolates for a particular study. This value was plotted against the study mid-point. Using binomial regression, 13 possible trend models were fitted for each serotype (Table 1) and the model with the lowest Akaike Information Criterion (AIC) value was selected and plotted (with shaded 95% confidence intervals) alongside corresponding IPD rates. These trend lines were then combined in a stacked chart.

Supplementary Results
Supplementary Figure 1. Serotype-specific odds ratios of nasopharyngeal carriage of pneumococci in children aged 6-12 months 2017/20 (N=615) compared to 13-48 months 2017/19 (N=795). 
Six main replacement serotypes for invasive pneumococcal disease in 2016/17 are highlighted in red [10]
Lines denote 99% confidence intervals around each odds ratio. Due to multiple comparisons, p<0.01 is considered significant.
PCV7=7-valent Pneumococcal Conjugate Vaccine, PCV13=13-valent Pneumococcal Conjugate Vaccine, PCV15 and PCV20 are newly approved higher valency vaccines
NT=non-typable

Supplementary Figure 2. Percent in carriage for 13-48 month-old children in 2017/19 (Thames Valley) and invasive pneumococcal disease (IPD) in children <5 years of age in 2016/17 (England and Wales) of most prevalent serotypes causing invasive pneumococcal disease in 2016/17 [10]
Additional two serotypes in 15-valent pneumococcal conjugate vaccine (PCV15) in pink, further five serotypes in 20-valent pneumococcal conjugate vaccine (PCV20) in blue

Supplementary Figure 3. Distribution of serotype densities (colony forming units/ml) for each individual serotype (PCV13 vaccine types in green, non-vaccine serotypes in blue), across all cohorts 2014/15 and 2017/20 (all ages)
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Supplementary Figure 4. Geometric mean concentrations of serotype-specific IgG according to vaccine-type carriage status for children aged 6-12 months, 2017/20

Supplementary Figure 5. Geometric mean concentrations of serotype-specific IgG according to vaccine-type carriage status for children aged 13-48 months, 2017/19

Supplementary Figure 6. Geometric mean concentrations of serotype-specific IgG according to non-vaccine type carriage status for children aged 6-12 months, 2017/20

Supplementary Figure 7. Geometric mean concentrations of serotype-specific IgG according to non-vaccine type carriage status for children aged 13-48 months, 2017/19

Supplementary Figure 8. Per cent of total pneumococcal isolates over time based on fitted trend lines for individual serotypes across 13 carriage studies

Abbreviations: 
PCV7=7-valent Pneumococcal Conjugate Vaccine, PCV13=13-valent Pneumococcal Conjugate Vaccine, PCV15 and PCV20 are newly approved higher valency vaccines
NT=non-typable
Supplementary Figure 9. Percent of total isolates in recent carriage studies and annual IPD rates in England and Wales for serotypes in PCV7

Supplementary Figure 10. Percent of total isolates in recent carriage studies and annual IPD rates in England and Wales for additional six serotypes in PCV13 plus serotype 6C

Supplementary Figure 11. Percent of total isolates in recent carriage studies and annual IPD rates in England and Wales for six main replacing serotypes in 2016/17 in England and Wales [10]

Supplementary Figure 12. Percent of total isolates in recent carriage studies and annual IPD rates in England and Wales for other serotypes listed as most prevalent serotypes causing IPD in 2016/17 in England and Wales [10]

Supplementary Figure 13. Percent of total isolates in recent carriage studies and annual IPD rates in England and Wales for other serotypes 
[bookmark: _GoBack]Footnotes for supplementary figures 9-13:
Abbreviations: PCV7 (7-valent pneumococcal conjugate vaccine, introduced September 2006), PCV13 (13-valent pneumococcal conjugate vaccine, introduced April 2010), IPD (invasive pneumococcal disease), Glouc & Herts (Gloucestershire and Hertfordshire)
A dashed line has been used where IPD data were not available for every year.
Error bars denote 95% confidence intervals for individual studies. Pale green shading indicates 95% confidence interval around fitted line.
Serotype 7C (Figure 12 A) is based on incomplete IPD data for 2017/18
