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Lecture Syllabus

 Consider

 Multiple infectious diseases 
(or strains) spreading 
through one host species

 A single infectious disease 
that can be transmitted 
between different species 



Multiple infectious diseases (or strains) 
spreading through one host species

 Examples
 Influenza, meningitis, 

COVID-19, malaria, 
dengue

 Strain structure

 Must consider 
effects of cross-
immunity over longer 
timespans

https://www.nature.com/articles/s41598-019-51097-w Phylogenetic tree of H1N1 influenza A virus from Indian and 
global strains reported from 2009 till 2017 with branches colored by year of isolation



Model with Cross-Immunity

I would also modify recovery rate depending on infection history



Assumptions



I would also modify recovery rate depending on infection history



Reproduction Numbers and Invasion




Model with Fully Protective Immunity



Model with Fully Protective Immunity

Only one strain will exist, the one 
with the largest reproduction 
number



Model with No Cross-Immunity



Model with Increased Susceptibility
 SIS model

 Can be the case for sexually transmitted infections
 Infection with one STI can increase susceptibility for another



Model Accounting for Many Strains




Model with 4 Strains




Model with 4 Strains



Multiple Hosts

 One disease can infect different hosts
 MERS-CoV, SARS-1, SARS-CoV-2 (COVID-19), influenzas, West 

Nile virus, Foot-and-Mouth Disease (i.e., sheep, cattle)

 Consider
 Directly transmitted diseases

 Vector-borne disease

 Zoonoses (directly transmitted and vector-borne transmission)



Shared Hosts





Vectored Transmission

 Lyme disease, West Nile 
Virus, Malaria, etc

The number of bites per unit time



Zoonoses

 One host-type is main 
reservoir

 Other host-type 
contributes very little to 
overall transmission

 Examples:
 Rabies, MERS-CoV

Lassa Fever, Hantavirus

 WNV is a vector-borne 
zoonoses for birds (D, 
dead birds)
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