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Streptococcus pneumoniae causes
pneumonia and invasive diseases

Colonization is key for transmission



Streptococcus pneumoniae causes
pneumonia and invasive diseases

Colonization is key for transmission

PCVs cover up to 15/ 20 out of
100 serotypes?

1. Ganaie et al. (2020) mBio



Prevelance

Serotype replacement observed

in carriage

PCV7
September 2006
PCV13
- April 2010
0
90% 4 p<0.0001
80% -
$<0.0001
70%
=<&==pCV13 only VT
60% =<o==Carriage rate
“Q==pPCV7 VT
==PCV13 NVT
50%
40%
30% - //
—
20% —O— /\
10% e ¢+ : * p=0.0381
——
B s s g o o g 00,0001
2006/7 2007/9 2008/9 2009/10 2010/11

Gladstone et al. (2015) Vaccine

Winter

NVT (non-vaccine type)

VT (vaccine type)



Prevelance

Serotype replacement observed
In carriage across settings'-2
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Can the social contact structure affect these dynamics?




We developed a neutral! transmission model

Susceptible

SR
Colonized by NVT s > Colonized by VT

Co-colonized by VT & NVT

1. Lipsitch et al. (2009) Epidemics



We developed a neutral! transmission model
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We developed a neutral! transmission model
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1. Lipsitch et al. (2009) Epidemics



1.

We developed a neutral! transmission model

Lipsitch et al. (2009) Epidemics
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Duplicate compartments
for vaccinated individuals




Allow vaccine protection
to wane over time
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1) Our model can reproduce real-world VT colonization decline

France (Dunais et al. 2011) UK (Southern et al. 2018)
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1) Our model can reproduce real-world VT colonization decline

VT carriage

VT carriage

UK (Southern et al. 2018)
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2) Contact matrices led to different time-to-elimination

- Simulate transmission using different contact matrices!
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2) Contact matrices led to different time-to-elimination

- Simulate transmission using different contact matrices!
- Measure time-to-elimination
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3) Vaccine factors were the most influential parameters
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4) Effect of various features of contact structure:

Contactee Age
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Contactee age

4) Effect of various features of contact structure:

« Features!

- Totalcontact= ————
)

Contacter age

1. Sageetal.(2021) PLoS ONE



Contactee age

4) Effect of various features of contact structure:

- Features?
- Total contact
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Contactee age

4) Effect of various features of contact structure:

« Features!

- Total contact EI

- Assortativity = ——

Contacter age

1. Sageetal.(2021) PLoS ONE



Contactee age

4) Effect of various features of contact structure:

- Features?
- Total contact
- Assortativity
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4) Effect of various features of contact structure:

Time-to-elimination was highly dependent on contact patterns in children under 5
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4) Effect of various features of contact structure:

Time-to-elimination was highly dependent on contact patterns in children under 5
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Summary

- Our model recapitulated real-world VT colonization decline

France (Dunais et al. 2015) UK (Southern et al. 2015)
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Summary

- Our model recapitulated real-world VT colonization decline
- Contact matrices alone led to different time-to-elimination
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Summary

- Our model recapitulated real-world VT colonization decline
- Contact matrices alone led to different time-to-elimination

 Vaccine factors were the most influential parameters
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Summary

Our model recapitulated real-world VT colonization decline

Contact matrices alone led to different time-to-elimination

Vaccine factors were the most influential parameters

Contact rate & assortativity in under-5 were key features for time-to-elimination
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Summary

Our model recapitulated real-world VT colonization decline

Contact matrices alone led to different time-to-elimination

Vaccine factors were the most influential parameters

Contact rate & assortativity in under-5 were key features for time-to-elimination
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- Fit clearance rate (to extracted estimates from literature)
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Parameters: Clearance rate (y)

- Fit clearance rate (to extracted estimates from literature)

Culture only: 15/23 studies
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Parameters: Clearance rate (y)

- Fit clearance rate (to extracted estimates from literature)
23 studies

- take median only = 8
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Parameters: Clearance rate (y)

- Fit clearance rate (to extracted estimates from literature)

23 studies
- culture only =15

- take medianonly = 8

Formula: Duration ~ k + (b - k)*exp(-c*Age)



Parameters: Contact matrices (;;)

DATA SYNTHETIC SYNTHETIC [ COMPUTATION OF

e
0 10 20 30 40 50 60 70 80
Age

a POPULATION POPULATION a STRATIFIED CONTACT | b
& = Census data ( 5%) MODELING T . = = = PATTERNS ‘ = 2
g« - = | = B =
< W Workers ES L ] 2 g § = = R § =
E 2 * M Students L4 \ L] m o E = # E g ~ %
%q School L ,§ S B A= 4y B s B B E =
& : - ¢ i S i = { b e : E e
: a = A > .. | 0 otherwise
°0102030405060708090100 y_ o . o ; ‘ "
g 5‘ II = Consus dava INDIVIDUAL l
g m: CHARACTERISTICS
2o Age 35 -
j::--:- II Sex F P
ol |- : Employment Worker B
1234567 89%10M
Number of household members ¥
INFECTION TRANSMISSION MESOSCOPIC DESCRIPTION £
™ =]
MODELING | = S E
BE = CEE
[ p— Zn_] ﬁ i g‘ - =) = [—
NJ N = > =
“» : I TR o
1i=Z_IﬁMUNSi—'VIi E
al B Ri=I; !

Fig. 1 Modeling framework. Schematic representation of the workflow for modeling human-mixing patterns and infection transmission dynamics.

Mistry et al. (2021) Nat Comm



1) Verify model against real-world VT-decline

Location

Sample
characteristics

Overall carriage
(age 0,1-4, 5-17,

18-39, 40-59, 60-84)

Initial
proportions of
VT-, NVT-carriers

Vaccine
coverage

2004-05: 61%

Children 3-40 0.59, 0.59, 0.30, 2005-05: 74%
France [16] months attending 0.10, 0.10,0.10 0.75,0.25[16] 2006-07: 86%
daycare center [16,23] 2007-08: 90%
[30]
Children 1—-5 0.49, 0.49, 0.21,
UK [17] years attending 0.08, 0.08, 0.08 0.659, 0.341 [17] 90% [49]
primary care [17]
practices
Children 3 0.38, 0.38, 0.30,
Alaska, US [18] | months-5years 0.10, 0.10, 0.10 0.53, 0.47 [18] 60% [18]
attending primary (18,23]
care practices ’
Massachusetts mo(rzll;ﬂg—r;;:ars 0.28,0.28,0.28,
’ . . 0.10, 0.10,0.10 0.36,0.64 [19] 85% [19]
US [19] attending primary [19,23]

care practices




2) Contact matrices led to different time-to-elimination
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3) Effect of other factors
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3) Effect of other factors

B Australia A China + Japan & USA
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A neutral, S—C transmission model

Null-impact vaccine Effective vaccine e Neutral model:
, does not assume one serotype to have

fitness advantage over the other

- To check neutrality, track fraction of
VT-carriers among all carriers ()1

fraction
fraction

NV NV . AV W
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f==nv NV 'V % "NV % -
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time

1. Lipsitch et al. (2009) Epidemics



