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Estimating Vaccine Impact for Vaccine Policy
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Will prevent 
97 million deaths
from 2000-2030

Toor et al, eLife, 2021
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Rotavirus Vaccines Introduced in Over 100 Countries



Leshem, Tate Steiner, Curns, Lopman, Parashar. JAMA 2015

Overall Effect of Rotavirus Vaccine in the US
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Gastanaduy, Curns, Parashar, Lopman. JAMA 2013



Rotavirus Vaccines are Less Efficacious in LMICS
(Direct effect)

Burnett et al, Lancet GH 2020
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Rotavirus Vaccine in Moldova: 2009 to 2014
(Indirect Effect)

Gheorgita, CID 2016

These age-cohorts were too old 
to have received vaccine.



Mathematical Modeling of Infectious Diseases

• A framework to integrate mechanistic knowledge
• Captures feedbacks and interdependencies
• Quantifies the direct and indirect effects
• Allow us to ask ‘what if’ questions
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Our Rotavirus Model
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Key Features:
• Location-specific:

• Demography
• Epidemiology

• Incremental gains in immunity 
with each infection

• Vaccination:
• Two-doses
• Confers similar immunity as a 

natural infection



Estimating Rotavirus Impact: Study Design

• Setting: 112 Countries, 1980-2100

• Vaccination: Two-Dose Vaccine @ 2 + 4 months
• Rotarix is the commonly used vaccine in low- and middle-income countries

• Scenarios: Developed by Gavi
1. “Default”
2. “Best Case”

9



Regional Vaccine Impact
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Region Percent Reduction in 
Deaths by 2034 

(%) [95% UI]

South Asia 57 [50-65]

Latin America & Caribbean 54 [49-59]

Europe & Central Asia 50 [46-56]

Middle East & North Africa 49 [47-48]

Sub-Saharan Africa 48 [45-53]

East Asia & Pacific 45 [39-50]

Solid: Default, Dashed: Best

Regions with Large Number of Deaths Averted (1000s) 
[95% UI]:

1. Sub-Saharan Africa: 77 [72-85]
2. South Asia: 18 [16-21]



Comparison of Direct vs. Indirect Effects in 
Pakistan, India, Nigeria, and Ethiopia
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%DE: 82%

Solid: Overall Effect, Dashed: Direct Effect



Comparison of Direct vs. Indirect Effects in 
Pakistan, India, Nigeria, and Ethiopia
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%DE: 82% %DE: 69% %DE: 97% %DE: 81%

Solid: Overall Effect, Dashed: Direct Effect



Direct & Indirect 
Effects Globally

13Solid: Overall Effect, Dashed: Direct Effect

%DE: 89% %DE: 73% %DE: 79%

%DE: 67% %DE: 73% %DE: 95%



What drives the size of indirect protection in 
our model?

Potential Drivers
1. Birth Rate
2. Under-5 Mortality
3. Vaccine Coverage

All may reduce the size of 
susceptible population

Analysis
• Linear regression of indirect 

effect size against potential 
drivers
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Drivers of Size of Indirect Effects

• Indirect effects…

1. Birth Rate
Decrease by 0.66% (95% UI: 0.48%-0.84%) 
for an increase of one birth per 1000 people

1. Under-5 Mortality
Increase by 0.07% (95% UI: 0.02%-0.12%) 
for an increase of one under-5 death per 1000 births

3. Vaccine Coverage: 
Increase by 0.12% (95% UI: 0.05%-0.19%) 
for an increase in vaccine coverage of 1%
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Summary

• Dynamic mathematical modeling can predict the full range of vaccine 
impact

• Complexity of direct & indirect effects
• Variation by region

• 102,000 under-5 deaths averted yearly by 2034 across all 112 countries 
(49% reduction)

• 77,000 deaths averted yearly in Sub-Saharan Africa (48% reduction)
• 18,000 deaths averted yearly in South Asia (57% reduction)

• Higher indirect effects are associated with lowering susceptibility. As 
vaccine coverage increases, we will observe a larger indirect effect (herd 
immunity).
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Published Studies
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