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Vaccine impact: Measles in the USA

Goodson & Seward (2015). Infectious Disease Clinics2



Population level impact?
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Qadri et al. (2015). The Lancet

Grandesso et al. (2019). Vaccine
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Malawi



Polio (good hygiene)(2)

Polio (bad hygiene)(2)

Measles(1)

Cholera(3)

For a perfect vaccine:

Expected vaccine impact based on R0

(1) Guerra et al. (2017). The Lancet Infectious Diseases
(2) Fine and Carneiro (1999). American journal of epidemiology

(3) Zindoga et al. (2013). Scientific reports
(4) Diekmann, Heesterbeek & Britton (2013). Princeton series in   

theoretical and computational biology

Herd immunity threshold = 1 - 1

𝑅0

(4)
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Polio (good hygiene)(2)

Polio (bad hygiene)(2)

Measles(1)

Cholera(3)

For a perfect vaccine:

Expected vaccine impact based on R0
Corrected for estimated vaccine effectiveness:

Cholera vaccine coverage 11 
months after vaccination 
campaign in Uvira, DRC(4)

(1) Guerra et al. (2017). The Lancet Infectious Diseases
(2) Fine and Carneiro (1999). American journal of epidemiology

(3) Zindoga et al. (2013). Scientific reports
(4) Koyuncu et al. (2024). OSF preprints4



Expected vaccine impact based on R0
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Corrected for estimated vaccine effectiveness:

Cholera vaccine coverage 11 
months after vaccination 
campaign in Uvira, DRC(4)

(1) Longini et al. (2007). PLOS medicine (2) Koyuncu et al. (2024). OSF preprints



Initial reduction after vaccination
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Large outbreak
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Persistent transmission
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Additional vaccination end of 2023
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o To estimate the number of symptomatic cases and infections  
prevented by the 2020 mass vaccination campaign

o To describe changes in transmission dynamics of pandemic V. 
cholerae O1 in Uvira after the vaccination
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Requires modelling

Models need adequate data 

Unique setting in Uvira provides these data 

Main objectives 



Data from Uvira provides unique opportunity
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Build testing capacity in Uvira for 
systematic AWD testing



Data from Uvira provides unique opportunity
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Selection of households for 
serosurvey



Data from Uvira provides unique opportunity
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Systematic lab testing of AWD cases for choleraSystematic testing

Vaccine coverage(Koyuncu et al. (2024). OSF preprints)

Health seeking behavioral
Water and sanitation use
Extrinsic factors 

Population 
representative 

survey

Understanding (asymptomatic) infectionsSerological data



Past cholera modelling

King et al. (2008). Nature
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Key model features

Incorporating all transmission dynamics: 
seasonality, rainfall, flooding, drought, etc. 

Time-varying 
transmission

King et al. (2008). Nature
Multiple immune 

compartments 

Le et al. (2021). Journal of Mathematical 
BiologyLeaky immunity

Correction for imperfect testing & care 
seeking behavior

Observation 
process
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2.   Leaky immunity

𝛽(𝑡) 𝜌 

𝛽(𝑡)(1 − 𝜌) 𝜑2𝛽(𝑡)(1 − 𝜌) 

1. Different immune 
compartments 



Vaccine coverage data – population dynamics 
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Seroprevalence data – fraction asymptomatic
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Fitting model in Bayesian language STAN

Parameters to 
estimate
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Fitting model in Bayesian language STAN

Observation process

• Health seeking behavior

• Correction for imperfect testing
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Bayesian workflow 
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Validation with simulated data

15

(p
er

 w
ee

k)



Preliminary model fit observed data
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Take home messages

• Predicting the population level impact of oral cholera vaccination 
campaigns is complex, especially in endemic settings 

• Rich data collected in Uvira, DRC, offers unique opportunity to 
estimate the actual impact of a mass cholera vaccination 
campaign & provides a framework to improve impact in the future

• Relatively complex models seem necessary, including various 
leaky immune compartments 
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One vs. two dose OCV

Xu et al. (2024). MedRxiv


	Slide 1
	Slide 2
	Slide 3
	Slide 4: Vaccine impact: Measles in the USA
	Slide 6: Population level impact?
	Slide 7: Expected vaccine impact based on R0
	Slide 8: Expected vaccine impact based on R0
	Slide 9: Expected vaccine impact based on R0
	Slide 10: Expected vaccine impact based on R0
	Slide 11: Initial reduction after vaccination
	Slide 12: Large outbreak
	Slide 13: Persistent transmission
	Slide 14: Additional vaccination end of 2023
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19: Data from Uvira provides unique opportunity
	Slide 20: Data from Uvira provides unique opportunity
	Slide 21: Data from Uvira provides unique opportunity
	Slide 22: Past cholera modelling
	Slide 23: Key model features
	Slide 24: Unique model features
	Slide 25: Unique model features
	Slide 26: Vaccine coverage data – population dynamics 
	Slide 27: Seroprevalence data – fraction asymptomatic
	Slide 28: Fitting model in Bayesian language STAN
	Slide 29: Fitting model in Bayesian language STAN
	Slide 30: Fitting model in Bayesian language STAN
	Slide 31: Fitting model in Bayesian language STAN
	Slide 32: Fitting model in Bayesian language STAN
	Slide 33: Bayesian workflow 
	Slide 34: Bayesian workflow 
	Slide 35: Bayesian workflow 
	Slide 36: Bayesian workflow 
	Slide 37: Validation with simulated data
	Slide 38: Preliminary model fit observed data
	Slide 39: Take home messages
	Slide 40
	Slide 41: Understanding the population-level impact of mass vaccination campaigns against cholera in Uvira, DRC 
	Slide 42: One vs. two dose OCV

