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Serotype replacement observed 
in carriage across settings1,2
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VT (vaccine type)

NVT (non-vaccine type)
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Serotype replacement observed 
in carriage across settings1,2

VT (vaccine type)

NVT (non-vaccine type)

Overall colonization
remained similar



Can the social contact structure affect these dynamics?
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We developed a neutral1 transmission model
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We developed a neutral1 transmission model

Susceptibility Total no. of colonized
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1) Our model can reproduce real-world VT colonization decline



1) Our model can reproduce real-world VT colonization decline

Fixed:

• Vaccine coverage
• Overall prevalence
• Initial VT:NVT ratio

Estimated:

• Susceptibility 𝛽(*)
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2) Contact matrices led to different time-to-elimination

• Simulate transmission using different contact matrices1 

Countrie
s Age

 gr
oups

1. Mistry et al. (2021) Nat Comm



2) Contact matrices led to different time-to-elimination

• Simulate transmission using different contact matrices1

• Measure time-to-elimination

Range: 3.8‒6 years (age 0)

Countrie
s Age

 gr
oups

1. Mistry et al. (2021) Nat Comm



3) Vaccine factors were the most influential parameters 

We tested:

• Vaccine efficacy

• Vaccine coverage

• Waning rate

• Initial VT:NVT ratio

• Population susceptibility

Coverage = 50% Coverage = 90%



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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• Features1
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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

1. Sage et al. (2021) PLoS ONE Contacter age

Co
nt

ac
te

e 
ag

e

a b c



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
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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



Thank you!
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Age-specific susceptibility to 

carriage acquisition

𝛽(',....,*) = 0.015
𝛽(+,...,%,) = 0.004
𝛽(-',...,+,) = 0.003
𝛽(.',...,/*) = 0.005

*±20% for high and low 
population susceptibility 

respectively

[48]

1/𝛾(
Age-specific average duration 

of carriage
See Supplementary 

Figure 1

Fitted to 
observed data 

(Supplementary 
Data 1)

𝑘"(= 𝑘!)
Competition parameter: Effect 

of existing VT (NVT) carriage 
on acquiring NVT (VT) carriage

0.5 [36]

𝑐
Fraction of co-carriers 

returning to 𝐶! (𝐶") upon 
reinfection with VT (NVT)

0.5 [15]

𝑞
Relative infectiousness with 
each serotype for co-carriers 0.5 [15]

𝜖!
Vaccine efficacy against 

carriage acquisition 33%, 60%, 77% [40]

𝑝! Vaccine coverage 50%, 90% [10]

𝛼!
Waning rate of vaccine-

conferred immunity
0, 0.1, 0.2, 0.3

per year [42,43]

𝑓0
( (0)

Initial prevalence of carriers in 
age group 𝑖

𝑓0
',...,* (0) = 0.5

𝑓0
+,...,%, (0) = 0.2

𝑓0
-',…,+, 0 = 0.1

𝑓0
.',...,/* (0) = 0.1

[23], 
observed data 

(Supplementary 
Data 2)

𝑓! 0 , 𝑓" 0
Initial proportions of VT-, NVT-

carriers

𝑓! 0 : 0.2– 0.8
𝑓" 0 : 0.2, 0.4

where 𝑓! 0 + 𝑓" 0 ≤ 1

Observed data 
(Table 2)

Parameters

https://paperpile.com/c/KjnOFv/pi9N
https://paperpile.com/c/KjnOFv/NlWB
https://paperpile.com/c/KjnOFv/eRo4f
https://paperpile.com/c/KjnOFv/eRo4f
https://paperpile.com/c/KjnOFv/PJTav
https://paperpile.com/c/KjnOFv/geig0
https://paperpile.com/c/KjnOFv/0TSM+TOkg
https://paperpile.com/c/KjnOFv/mUfy3


Parameters: Clearance rate (𝛾)

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

Culture only: 15/23 studies 

• HIC (7/12) ‒ pre: 4/7, post: 3/5
• LMIC (8/11) ‒ pre: 6/7, post: 2/4



Parameters: Clearance rate (𝛾)

• Fit clearance rate (to extracted estimates from literature)
23 studies
à culture only = 15

Culture only: 15/23 studies 

• HIC (7/12) ‒ pre: 4/7, post: 3/5
• LMIC (8/11) ‒ pre: 6/7, post: 2/4



Parameters: Clearance rate (𝛾)

• Fit clearance rate (to extracted estimates from literature)
23 studies
à culture only = 15
à take median only = 8

Culture only: 15/23 studies 

• HIC (7/12) ‒ pre: 4/7, post: 3/5
• LMIC (8/11) ‒ pre: 6/7, post: 2/4

Reported median: 8/15 studies 

• HIC (4/7) ‒ pre: 1/4, post: 3/3
• LMIC (4/8) ‒ pre: 4/6, post: 0/2



Parameters: Clearance rate (𝛾)

• Fit clearance rate (to extracted estimates from literature)

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

23 studies
à culture only = 15
à take median only = 8
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Parameters: Contact matrices ( "𝑚!")



1) Verify model against real-world VT-decline



2) Contact matrices led to different time-to-elimination



3) Effect of other factors

We tested:

• Vaccine efficacy

• Vaccine coverage

• Waning rate

• Initial VT:NVT ratio

• Population susceptibility



3) Effect of other factors

We tested:

• Vaccine efficacy

• Vaccine coverage

• B) Waning rate

• C) Initial VT:NVT ratio

• D) Population susceptibility



A neutral, S‒C transmission model

• 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 (𝑓)1

1. Lipsitch et al. (2009) Epidemics

Null-impact vaccine Effective vaccine

timetime


