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Endemic infections (e.g., HIV)
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Epidemic infections (e.g., COVID-19)
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SEIR models
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where 𝜈 is the coefficient of variation of the risk distribution.



Reduced SEIR models with gamma distributed 
susceptibility or exposure to infection (𝜎 = 0)

A Montalban, RM Corder, MGMG 2022 Herd immunity under individual variation and reinfection. J Math Biol, accepted.
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Heterogeneous Homogeneous

HIT ~ 25-28%

HIT ~ 63-66%

False homogeneity exaggerates herd immunity 
thresholds
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2016_Litvinova_Russia 
CV= 0.983
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2017_Leung_HongKong 
CV= 1.274
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2017_Melegaro_Zimbabwe 
CV= 0.962
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2019_Zhang_China 
CV= 0.909

●
●●

●

●

●●●

●
●

●

●●

●

●

●
●
●

●

●

●●
●
●

●
●

●
●

●

●●●●

●

●●

●●●●

●

●●

●

●●●●●●●●●●●●●●●●●●

●●

0.1

1.0

10.0

0 20 40 60
number of contacts

co
un

t

2020_Mahikul_Thailand 
CV= 0.679
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2015_Dodd_ZambiaAndSA 
CV= 0.813
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Gamma? 
What a bad 

choice!

NPIs!!! 
Effect sizes are 

unrealistic



CoMix survey

CoMix found a 74% reduction in the average daily number of contacts 
observed per participant.

We estimate 70-77%.

CL Jarvis et al 2020 Quantifying the impact of physical distance measures on the transmission of COVID-19 in the UK
BMC Med 18:124.



Gamma? 
What a bad 

choice!
NPIs!!! 

Effect sizes are 
unrealistic

Networks 
may rewire and
cancel selection



One-wave fits
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If rewiring cancelled selection, then…

we should get higher HIT estimates by fitting two waves than by fitting 
one wave only.

Not what we see in England and Scotland!



Gamma? 
What a bad 

choice!
NPIs!!! 

Effect sizes are 
unrealistic

Low-HIT 
theory is 
false!!!

Networks 
may rewire and
cancel selection



For the next pandemic let us:

1) remove selection biases from predictive models
and
2) be professional

Low-HIT theory lives!


