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Statistical Methods:

The model was adjusted for the year and to account for a transition period after PCV7 was introduced
(2009 through 2011) and after PCV13 was introduced (2012 through 2019). To account for the influence
of population size, we incorporated the logarithm of the population denominator in the model. The

general form of the model was:
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modelled cases

= Po + Pitimes + Byperiod,cy; + Baperiodpcyiz + PatiMeperioa,,,

+ Bs tiMeperiodyey,; + 1.0 X log (denominator)
Where 3, represents the number of imputed IPD cases for the respective age, serotype, or antibiotic
susceptibility category, period is a binary variable to indicate the PCV7 (2009-2011) and PCV13 (2012-
2019) periods, time is a value between 0 to 1 to indicate the progression of time in the overall study
period (time;) and each vaccine period and denominator is the population size for the respective
category used as offset.
We investigated the use of quarterly and annual case counts, and tested both a Poisson and Negative
Binomial distribution for the model. For quarterly-aggregated models, we tested both models with and
without a cosine seasonality term. We compared the AIC and overdispersion parameters for all models,
and based on the authors assessment, the annual case counts using a Negative Binomial distribution
faired the best over most models, and are presented in the main text. The results for the other models
can be found in the online repository [https://github.com/crdm-
nicd/vongottberg_ipd_sa_2005_2019.git]. We used the mvrnorm function from the MASS R package to
generate 1000 predictions of case counts for each year during the period. The function generates a
random sample from a multivariate normal distribution with a specified mean vector (coefficients of
linear regression model) and the variance-covariance matrix from the model. The mean of the
generated case counts for each year was used as the modelled (actual) number of cases at each time
point, and the 2.5 and 97.5" percentiles were used as 95% credible intervals. To assess the impact of
PCV introduction on IPD, vaccine effects were set to zero in the model to generate expected case counts
(counterfactual). Annual case counts (modeled (actual) and expected (no intervention)) resulting from
the model were divided by the mid-year annual population (from the TEMBISA v4.6 model)3? of the
respective age group and multiplied by 100,000 to calculate the incidence of IPD per 100,000
population. The corresponding 95% confidence intervals (Cl) were calculated using the epi.conf function
with the exact method from the epiR package in R. The 2019 actual modelled and expected annual case
counts (counterfactual, if there were no intervention) were compared to calculate the risk ratio (RR) and
absolute risk difference with corresponding 95% Wald Cl using the epi.2by2 function in the epiR
package. The percentage risk difference was calculated as (1- RR) x 100. The 95% Cl were calculated by
substituting the RR with the respective 95% confidence intervals of the RR.
To assess the effect of the imputation of cases on the modelled reductions, we performed a sensitivity

analysis using the raw case numbers instead of the imputed numbers.
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Supplementary Figure 1a: Number of viable isolates serotyped, causing invasive pneumococcal
disease in children 5-14 years of age, South Africa, 2005-2019, by serotype and year (graded colour
scale: maximum value is red, midpoint value is yellow and minimum value is green)*

Year 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

4 12 25 14 19 23 18 8
6B 29 27 30 14 20 13 7
ov 18 18 10 13 10 11 7
14 33 28 40 29 30 21 7
18C 8 7 8 15 12 13 7
19F 2 25 2 10 10 10 5
23F 35 22 21 18 27 20 12

19A

9N

10A
11A
12F
15B/C
17F

20

22F
33F
16F
15A

13

7C
25A/38
23A

6C

23B

31

Pool G#
Other

*PCV-7 (7-valent pneumococcal conjugate vaccine) and PCV-13 were introduced in 2009 and 2011,
respectively; PCV7 serotypes in blue (4, 6B, 9V, 14, 18C, 19F, 23F); additional PCV13 serotypes in green
(1, 3, 5, 6A, 7F, 19A); non-PCV13 serotypes in black

# Pool G includes serogroups 29, 34, 35, 42 and 47.
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Supplementary Figure 1b: Number of viable isolates serotyped, causing invasive pneumococcal
disease in individuals 15-24 years of age, South Africa, 2005-2019, by serotype and year (graded
colour scale: maximum value is red, midpoint value is yellow and minimum value is green)*

Year 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

4 19 13 18 14 14 12 10 10 12 7 3 2 2 5 4
68 8 6 hios s EECE s 2 3 0| 3

oV 3 11 4 8 7 2 2 2 1 3

14 6 6 12 8 7 6 2 4 2 3

18C 3 5 s [0 4 3 3 6 3 o

19F 2 8 12 4 7 7 6 1 1 1

23F 6 9 11 8 9 11 5 6 2 2

3 8 9 5 7 9 6 2 5 3 4 3 5 3 6 4
5 2 [0 1 2 2 5 4

6A 11 12 8 8 11 9 6 1 1 P 3 1 1 2
7F 1 4 3 s L0 2 3 2 7 2 3 3 0 0 1
19A 4 21 15 9 13 19 7 13 3 6 5 12 7 6 2
8 6 7 6 9 7 4 11 3 4 4 11 16 5 8
N s [0 s 5 9 5 5 4 2 5 5 2 2
10A 1 5 2 1 1 6 1 g 3 g 1 2 3 3
A [0 4 [0 1 o | 2 1 0o 1 0 1 3 2 3 1
12F 9 6 7 4 11 9 5 9 7 14 8 8 10 4 5
158/C 4 g 1 2 4 2 4 s 7 3 3 2 3 4 1
17F 1 1 2 1 5 2 2 9 4 2 1 2
20 1 1 2 1 1 2 0 1 1 1
22F 1 5 3 1 1 1 1 2 3 3 1 2 2
33 Lo 1 1 p 1 g g 1

16F 1 9 3 1 P 3 5 D » 8 3 4 1 2
1A L0 1 2 2 [0 1 1 2 3 3 6 2 1
13 2 3 6 1 3 5 4 1 s 0| 4 2
7C 2 4 2 1 1 2 4 1 1
25A/38 1 2 1 1 0
23A 1 4 1 3 1
6C 1 2 4 1
238 > 1 3 1
31 1 2 1 2
Pool G# 4 5 2 4 4 g 6 4
Other 17 10 14 8 4 6 7 9 6 4 5

*PCV-7 (7-valent pneumococcal conjugate vaccine) and PCV-13 were introduced in 2009 and 2011,
respectively; PCV7 serotypes in blue (4, 6B, 9V, 14, 18C, 19F, 23F); additional PCV13 serotypes in green
(1, 3,5, 6A, 7F, 19A); non-PCV13 serotypes in black

# Pool G includes serogroups 29, 34, 35, 42 and 47.
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Supplementary Figure 1c: Number of viable isolates serotyped, causing invasive pneumococcal disease
in individuals 25-44 years of age, South Africa, 2005-2019, by serotype and year (graded colour scale:
maximum value is red, midpoint value is yellow and minimum value is green)*

Year 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

4 66 59 99 100 75 78 69 59 48 49 35 38 21 49 26
6B 57 37 53 56 49 42 29 14 17 6 6 7 4

9V 38 38 35 34 31 32 21 17 8 14

14 69 59 59 60 57 34 24 16 12 11 11

18C 16 28 24 17 30 18 21 7 10 10 4 4

19F 55 34 46 41 43 33 33 30 17 13 11 17 30 23 24
23F 63 76 75 79 82 76 43 36 21 19 10 8 11 5 5
1 182 149 125 137 173 146 143 113 72 47 15 14 5

3 56 62 56 43 36 40 45 40 34 41 32 43 43 44 41
5 13 13 6 13 22 17 12 6 3 1 0 2 0

6A 87 81 75 62 79 66 76 46 27 22 14 11 15

7F 21 22 24 13 22 19 13 20 20 14 18 16 12 15 13
19A 106 122 117 112 144 137 120 88 95 65 70 51 68 54 39
8 46 66 54 50 33 38 37 41 48 54 71 77 71 69 49
9N 22 19 17 25 21 24 20 27 28 18 25 14 26 21 38
10A 20 16 13 11 9 11 13 18 23 11 24 27 12 12 19
11A 9 3 8 7 8 5 7 5 6 5 6 10 6 6 4
12F 69 56 44 51 54 77 60 81 104 97 90 58 65 54 68
15B/C 22 23 6 17 15 14 18 20 18 12 13 9 16 7 16
17F 13 8 23 16 20 10 11 16 16 21 14 8 7 11 14
20 1 0 1 3 4 1 3 1 1 3 4 1 2 2

22F 15 18 8 15 10 22 16 21 17 17 21 17 15 17 7
33F 5 5 7 6 3 7 5 1 5 4 3 3 4 2 2
16F 23 16 18 19 31 32 29 27 30 28 34 19 31 17 21
15A 10 8 15 10 3 9 4 20 31 37 23 17 21 23 19
13 21 15 11 12 18 15 22 22 28 10 23 18 10 19 12
7C 13 6 19 8 12 11 13 17 13 12 15 17 14 5 11
25A/38 0 0 0 0 0 0 3 3 5 4 6 4 5 5 3
23A 3 8 6 3 11 8 3 7 12 10 15 10 18 10 19
6C 9 5 6 6 4 7 7 4 2 9 6 17 15 20 31
23B 3 2 4 5 1 1 1 5 9 7 2 7 11
31 6 4 5 2 5 1 5 3 7 5 4 9 10 5 4

Pool G# 35 35 22 23 24 19 26 27 22 24 26 27 26 25 22
Other 94 77 67 74 59 47 36 25 31 19 47 37 26 26 21

*PCV-7 (7-valent pneumococcal conjugate vaccine) and PCV-13 were introduced in 2009 and 2011,
respectively; PCV7 serotypes in blue (4, 6B, 9V, 14, 18C, 19F, 23F); additional PCV13 serotypes in green
(1, 3,5, 6A, 7F, 19A); non-PCV13 serotypes in black

# Pool G includes serogroups 29, 34, 35, 42 and 47.
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Supplementary Figure 1d: Number of viable isolates serotyped, causing invasive pneumococcal
disease in individuals 45—-64 years of age, South Africa, 2005-2019, by serotype and year (graded
colour scale: maximum value is red, midpoint value is yellow and minimum value is green)*

Year 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
4 28 31 32 28 33 37 22 31 23 19 19 17 16 10 11
6B 16 18 14 15 16 17 13 13 5

ov 8 13 12 10 15 16 2 6 4

14 20 20 20 26 19 18 6 11

18C 4 4 4 20 6 5 3 6 4

19F 5 15 19 21 19 18 18 8 12 19 10
23F 12 22 24 29 29 26 22 7 16

36 33

18
3 35 31 18

5 4 8 | 2

6A 17 21 2

7F 4 4

19A 32 38

8 2 21 20

oN |2 s 7

10A 4 7

11A 4

12F 13

158/C 5 5 4 6 6 9 6 5 11 8 8 7 8
17F

20

22F

33F

16F 6 10 10 4 12 8 12 7 10 17 16 16 10 9
15A 4

13 5

7C 4

25A/38

23A

6C

238

31 4

PoolG# 7 & 6 9 10 20 10 8 15 14 13 16 8 17

Other 32 24 20 20 18 7 12 12 17 15 22 21 14 10

*PCV-7 (7-valent pneumococcal conjugate vaccine) and PCV-13 were introduced in 2009 and 2011,

respectively; PCV7 serotypes in blue (4, 6B, 9V, 14, 18C, 19F, 23F); additional PCV13 serotypes in green

(1, 3,5, 6A, 7F, 19A); non-PCV13 serotypes in black
# Pool G includes serogroups 29, 34, 35, 42 and 47.
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Supplementary Figure 1e: Number of viable isolates serotyped, causing invasive pneumococcal
disease in individuals >64 years of age, South Africa, 2005-2019, by serotype and year (graded
colour scale: maximum value is red, midpoint value is yellow and minimum value is green)*

Year 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

4 7 4 7 8 3 5 4 5 2 4 5 5

68 4 2 4 5 2 5 6 2 2 2

oV 3 6 3 2 4 1 2 2 3

14 7 10 5 10 7 12 5 6 6

19F 9 3 7 3 8 10 1 3 7

23F 4 4 8 3 5 4 6 4 2

1 7 8 13 10 16 13 8 12 5

3 6 8 11 7 - 11 14 15 16

5 4 3 2 2 2 4 - 2 2

6A 6 9 5 3 5 4 4 7 1 3 1 3 2 2

7F 1 _ 1 2 - 2 2 4 4 4 2 3 1

19A 4 4 9 6 9 15 16 11 15 11 11 16 7 12

8 3 6 5 9 3 3 8 4 10 9 18 17 _
9N 1 3 3 3 4 1 5 3 4 9 5 4 5 4

10A 4 2 1 - 1 1 1 1 4 6 4 2 6

11A 1 1 2 1 3 3 3 - 4 4 2 3 1 2

12F 6 4 2 2 5 4 6 3 15 11 11 5 7 9 4

158B/C 2 2 - 1 2 4 1 2 2 2 6 3 5

17F 1 2 2 1 3 4 2 4 1 3 1 1 1

20 1 _ 1 _
22F 2 5 2 7 4 2 3 5 6 4 9 9 8 5 9

33 1 1 o o 3.0 1 0o o
16F 3 3 1 3 4 2 3 3

15A 2 8 8 3 11 6 9

13 1 4 4 1 - 2 6

7C 3 3 1 1 2 1 5

25A/38 1 2 5 1 2 1 -
23A 3 4 2 1 2 1

6C 2 3 6 1 5 5

23B 1 2 2 1 2 _ 1

31 1 1 - 6 2 3 3 2

Pool G# 2 3 2 3 4 5 3

Other 5 3 2 1 5 1 3 7 3 4 7 6

*PCV-7 (7-valent pneumococcal conjugate vaccine) and PCV-13 were introduced in 2009 and 2011,
respectively; PCV7 serotypes in blue (4, 6B, 9V, 14, 18C, 19F, 23F); additional PCV13 serotypes in
green (1, 3, 5, 6A, 7F, 19A); non-PCV13 serotypes in black

# Pool G includes serogroups 29, 34, 35, 42 and 47.
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All ages and serotypes Age Serotype Antibiotic susceptability
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Supplementary Figure 2: Percentage of case numbers imputed by year and analysis category, South
Africa, 2005 through 2019.
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