
Modeling Vaccination



Interventions

• Non-pharmaceutical interventions
• Sanitation
• Social distancing
• Masking
• Education

• Pharmaceutical interventions
• Therapeutics

• Drugs, antivirals, antibody therapies
• Prophylaxis

• Vaccines, antibody therapies 



What do vaccines do?

•Vaccine: A preparation that is used to stimulate the body’s 
immune response against pathogens.
•Efficacy: measured in a controlled clinical trial and is based 
on how many people who got vaccinated developed the 
‘outcome of interest’ (usually disease) compared with how 
many people who got the placebo developed the same 
outcome.
•Effectiveness: a measure of how well vaccination works 
under real-world conditions to protect people against health 
outcomes such as infection, symptomatic illness, 
hospitalization, and death. 



What do vaccines do?

•Prevent infection – move you from S -> R
• Measles, Oral polio vaccine

•Prevent illness – perhaps still transmission? 
• Inactivated polio vaccine, diphtheria

•Prevent/reduce transmission –> reduce Beta
• SARS-CoV-2, RTS,s

•Accelerate clearance –> shorten L 
• SARS-CoV-2

How long does immunity last?
For simplicity now, we’ll 
assume that immunity is 
lifelong



Herd Immunity

• Indirect protection to non-immune individuals due to the presence of 
immune individuals in the population



Critical Herd Immunity Threshold

•When indirect protection is high enough, the risk to non-immune 
individuals falls to 0 because the endemic equilibrium is 0



Critical Herd Immunity Threshold
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TC are those effectively 
immunized. We must account for 
vaccine failure
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(ex) Assume R0:

OG SARS-CoV-2  is 2.5

Delta is 7

Omicron is 10

What fraction of the population 
needs to be vaccinated if we 
have a vaccine that is 100%, 90%, 
70% of 50% effective in blocking 
transmission?
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(ex) Assume R0:

OG SARS-CoV-2 R0 = 2.5: 60%

Delta is R0 = 7: 86%

Omicron is R0 = 10: 90%

What fraction of the population needs to be vaccinated if we have a 
vaccine that is 100% effective in blocking transmission?
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(ex) Assume R0:

OG SARS-CoV-2 R0 = 2.5: 60%, 67%, 86%, 120%

Delta is R0 = 7: 86%, 95%, 122%,170%

Omicron is R0 = 10: 90%, 100%, 129%, 180%

What fraction of the population needs to be vaccinated if we have a 
vaccine that is 100%, 90%, 70% or 50% effective in blocking transmission?



How is vaccination delivered?

•Routine
• 1st dose
• 2nd , 3rd, etc dose … opportunity

• Supplemental immunization activities

•Outbreak response immunization



How is vaccination delivered?

•Routine
• 1st dose
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• Supplemental immunization activities

•Outbreak response immunization



Vaccination with a single dose
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How do we represent vaccination in models?
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All models are approximations
Does this approximation seem reasonable?





Maybe



Maybe

What does it mean that these 
vaccines are received later?



How do we represent vaccination in models?
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Maternal Immunity

•Antibodies from immune mothers 
are passively transferred to infant

• Infant cannot produce new 
antibodies. Transferred antibodies 
(and immunity) degrades 
approximately exponentially.



Adding a Maternal Immunity Class
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Adding a Maternal Immunity Class
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Here, any vaccination of children 
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Timing of the First Dose
Label y axis



Second Doses



Second Doses

•Routine Immunization 

• Supplemental Immunization

•Outbreak Response Immunization



Second Doses

•Routine Immunization (Measles as an example)
• Delivered through “well-child” visits at targeted ages
• 1st dose recommended at 9-12 months, timing dependent on prevalence
• 2nd dose recommended at 24 months or higher, varies by country. Goal is 

immunize those who failed to seroconvert with first dose
• Formally, 2nd dose coverage is recorded as the fraction of children with 1st 

dose that receive a 2nd dose. However, this convention is not universal. 

• Supplemental Immunization

•Outbreak Response Immunization



Second Doses

•Routine Immunization 

• Supplemental Immunization (SIA)
• Periodic, large-scale vaccination of all children (regardless of prior 

vaccination) within a target age group. 
• Modeled after PAHO strategy of “catch up”, “keep up”, ”follow up”
• Models have been useful in determining the frequency and age targets for 

these campaigns
• Implementation in models as a single time point move from S to R, resulting 

in a large reduction in S class in the target age groups.

•Outbreak Response Immunization



Second Doses

•Routine Immunization 

• Supplemental Immunization (SIA)

•Outbreak Response Immunization
• Vaccination activities that are triggered by the occurrence of an outbreak
• Indiscriminate targeting of all children within an age window (e.g. 6-59m)
• Triggers (e.g. number of cases), speed, scale, and coverage of response varies 

by country and the organization conducting the ORI
• Modelling has been useful in identifying age targets and evaluating the 

potential trade-offs between speed and coverage. As outbreak progresses 
there is less indirect (herd) benefit of each dose. 


