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Introduction: Background to CDC Allocation

• Advisory Committee on Immunization Practices (ACIP)
• Ensure equity in allocation and distribution
• Reduce the burden on vulnerable groups
• Maintain infrastructure and social order
• Reduce mortality
• Ensure transparency

• 4 Phases:
1a. Healthcare personnel, and long-term care facility residents
1b. Frontline essential workers, and 75+ year-olds
1c. Other essential workers, 16-64 year-olds with comorbidities, and 65-74 year-olds
2. 16-64 year-olds without comorbidities
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Introduction: Model Overview

• Compartmental Disease Model (20 compartments)

• US population stratified by characteristics in CDC allocation (17 groups)

• Four phases

• Important characteristics of COVID-19 pandemic:
• Age-dependent susceptibility to infection
• Age- and comorbidity-dependent CFR
• Social contact rates
• Case-dependent social-distancing levels
• Speed of the vaccine roll-out
• Vaccine hesitancy
• Time-varying transmissibility of virus
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Introduction: Model Overview

• ~17.5 million potentially optimal strategies
• 417 ≈ 1.7 x 1010 total possible, then reduced

• Four primary metrics:
• Total deaths
• Total infections
• Total cases
• Years of life lost (YLL)

• Secondary metric: equitability

• Model parameters
• Most derived from literature
• Four parameters estimated using an elitist genetic algorithm, fit to data
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Methods: 17 Population Groups

Stratify the US population by:
1. Age (4 classes)

1. 0-15 years
2. 16-64 years
3. 65-74 years
4. 75+ years

2. Comorbidity (2 classes: with and without)

3. Job type (4 classes in 16-64 age group)
1. Healthcare workers
2. Frontline essential workers
3. Other essential workers
4. All others

4. Living situation (2 classes in 65-74 and 75+ age groups: congested living or not) 
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Methods: 20 Compartments

S: Susceptible

E: Exposed, recently infected but not yet spreading the virus

P: Pre-clinical, not yet showing symptoms but spreading the virus

A: Asymptomatic, not symptomatic but spreading the virus

C: Clinical, symptomatic and spreading the virus

Q: Quarantine, symptomatic but not spreading the virus due to 
isolation or hospitalization

RC: Recovered after having shown symptoms

RA: Recovered after an asymptomatic infection

D: Dead
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N: Not willing to be 
vaccinated

W: Willing to be vaccinated 
but not yet vaccinated

V: Vaccinated

SN, SW, SV, EN, EW, EV, AN, AW, AV, RAN, RAW, RAV, PN, PW, PV, C, CV, Q, RC, D



Methods: Model Schematic7



Methods: Age-Dependent Susceptibility8



Methods: Contact Matrix9



Methods: Case-Dependent Contact Reduction10



Methods: Model Fit11



Results: Comparison of CDC and Optimal Strategies12



Results: All Strategies13



Results: Pareto Frontier14



Results: Equity15



Limitations

1. All sub-populations exhibit the same level of vaccine hesitancy

2. Vaccine hesitance does not change over time

3. Uncertainty in key model parameters:
1. Contact matrix
2. Contagiousness of asymptomatic individuals and vaccinated individuals

4. No reinfections

5. Vaccine is fully effective immediately after 1 dose

Sensitivity analysis
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Extensions: Homophily & Contact Matrices

In the US, People of Color (POC) have been disproportionately affected by COVID-19

• As of 2022, POC comprise 34.1% of the US population, but suffered 42.2% of cases

• Studies from 2020:
• Infection rate in predominately Black counties was 3x that of predominately white counties
• Navajo Nation had more cases per capita than any US state
• Black pop in Chicago is 30% but suffered over 50% of deaths
• NYC 2x as many deaths per capita in Black and Latino pops than white pops
• Across the US, the 20% of disproportionately Black counties account for 52% of cases and 58% 

of deaths

Why?

• Complex social and economic reasons, but:
• POC tend to live in more crowded conditions
• POC tend to work in more high-contact (high-risk) jobs
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Extensions: Trade-offs in Vaccination Priorities18

Homophily:
The tendence of people from 
a particular demographic 
group to interact more 
frequently with people from 
the same group.
• Age
• Ethnicity
• Location
• Religion
• Political party
• Vaccination status
• Etc.



Extensions: Contact Matrix and Parameters19



Extension: Results20

Excess predicted deaths:
Predicted deaths from best strategy compared to those under the best strategy that assigns WA and 
POC to the same allocation phase.



Conclusions

1. Optimal strategy depends on the goal of the vaccination campaign

2. The CDC allocation strategy was close to optimal

3. Allocation could be improved by prioritizing people with comorbidities in older 
populations

4. Accounting for ethnic homophily:
1. Changes which strategy is optimal
2. Better matches actual case counts and mortality

5. Essential model features:
1. Levels of demographic homophily
2. Case-dependent social distancing levels
3. Age-dependent susceptibility
4. Age-dependent clinical fraction
5. Time-dependent transmission rate
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Thank you
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Backup Slide: Strategies that Outperform CDC24



Backup Slide: Age- and Comorbidity-Dependent CFR

• CDC age-structured (death count / case count)
• 0.0129%, 0.4533%, 4.9781%, 16.7279%

• US population-level estimates of comorbidity prevalence
• 18.60%, 36.72%, 73.15%, 80.18%

• 51.71% cases with comorbidities (health insurance claims)

• 83.29% deaths with comorbidities (health insurance claims)

• Persons with comorbidities have 4.65x higher CFR

• CFR without comorbidities:
• 0.0129%, 0.1935%, 1.1355%, 4.2560%

• CFR with comorbidities:
• 0.0129%, 0.8997%, 6.3012%, 19.7907%
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Backup Slide: Speed of Vaccine Roll-Out26



Backup Slide: Vaccine Hesitancy27



Backup Slide: Emergence of Variants28



Backup Slide: Model Parameters29



Backup Slide: Genetic Algorithm30

where

Quadratically-increasing weights:

Minimize fitness function:
• 50 iterations of 1000 parameter sets
• 300 parents, 700 children
• 50% crossover probability
• 10% random mutation probability
• 1% elite ratio (top 10 par sets)
• 100 separate runs
• Weighting ensures good fit at end



Backup Slide: Model Parameters31



Backup Slide: Sensitivity Analysis32



Backup Slide: Vaccine Function33



Backup Slide: Ethnic Homophily Model

• 10 subpopulations:
• 4 age groups
• 2 ethnicity groups (WA and POC)
• 2 occupation levels for age group 16-64 (HC and LC)

• 3 parameters (built into contact matrix):
• h: ethnic homophily (0% & 80%)
• Ψ: relative proportion of POC (vs. WA) in high-contact jobs (1 & 3)
• κ: relative contact levels for employees in high-contact jobs vs. low-contact jobs (1 & 3)

• Varying number of allocation phases:
• 1-5, and 10

• Global optimization approach over 2.9 million possibly optimal strategies
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Backup Slide: Calculating Relative Homophily35

Proportion of population in WA group

Proportion of all contacts between people of the same 
ethnicity group



Backup slide: Results from Ethnic Homophily Study36



Backup Slide: Results from Ethnic Homophily Study37
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