
MODELLING SYMPTOM PROPAGATION 
IN PATHOGENS INFECTING VIA THE 

RESPIRATORY TRACT

Ed Hill
Civic Health Innovation Labs (CHIL), University of Liverpool

Member of JUNIPER Partnership (Joint Universities Pandemic & 
Epidemiological Research)

Lead author: Phoebe Asplin (University of Warwick) 
Co-supervisors: Matt Keeling (University of Warwick), Rebecca Mancy 

(University of Glasgow)
External partners: Tom Finnie (UKHSA), Fergus Cumming (FCDO)



Pathogen Setting

HostGender

Comorbidities

Use of NPIs

Transmission 
route Location

Virulence

Strain

Dose

Age

Immunity

Symptom 
severity

Ed Hill               @EdMHill Lancaster Epidemics Seminar Series – 17 Dec 2024  2



HostGender

Comorbidities

Age

Immunity

Pathogen Setting

Use of NPIs

Transmission 
route Location

Virulence

Strain

Dose

Infector’s 
symptom 
severity

Ed Hill               @EdMHill Lancaster Epidemics Seminar Series – 17 Dec 2024  3

Symptom 
severity



Symptom propagation occurs when the symptom set of an infected individual 
depends on the symptom set of the individual from which they acquired infection 

What is symptom propagation?
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Study aims

Literature review
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Modelling paper1. Pathogens with symptom propagation traits
What is the evidence (supporting and non-supporting) for different 
pathogens infecting via the respiratory tract for the presence of symptom 
propagation mechanisms?

2. Modelling symptom propagation
How can we include symptom propagation in models of infectious disease 
transmission?

3. Modelling interventions
How does symptom propagation affect isolation & vaccination strategies?



1. Pathogens with symptom 
propagation traits

What is the evidence (supporting and non-supporting) for different 
pathogens infecting via the respiratory tract for the presence of 
symptom propagation mechanisms?
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Literature review
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Literature review
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Dose-severity relationships for Influenza



Literature review
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Literature review
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Literature review
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Literature review

Ed Hill               @EdMHill Lancaster Epidemics Seminar Series – 17 Dec 2024  13

Route-severity relationships for Influenza



Route-severity relationships for Influenza

Literature review 
pre-print

Literature review
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Dose-severity relationships for SARS-CoV-2

Ed Hill               @EdMHill Lancaster Epidemics Seminar Series – 17 Dec 2024  15

Literature review



Route-severity relationships for SARS-CoV-2
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Scoping literature review: Conclusions

Ø The relationship between severity, LRT infection and aerosol transmission 
provide support for the idea that both mechanisms of symptom propagation 
can act for some pathogens (e.g. influenza).

Ø Symptom propagation is highly pathogen specific.

Ø Further studies investigating LRT viral load would be helpful to confirm the 
role of dose-severity relationships with LRT involvement.

Ø Work required to quantify the epidemiological impact of symptom 
propagation and its strength.

Literature review
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2. Modelling symptom propagation

How can we include symptom propagation in models of infectious 
disease transmission?
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Modelling symptom propagation
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Modelling paper
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Modelling paper
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Expectations about epidemiological impacts

01 Larger proportion of infections should be severe

Potential to under- or overestimate intervention effectiveness

Could mean that we choose the wrong intervention strategy

02

03
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R0  analysis

Ø We consider two disease parameterisations: 
seasonal influenza (R0 = 1.5 when α = 0 ); pandemic influenza (R0 = 3.0).

Since R0 increases 
with α, these 
parameterisations 
are not realistic for 
stronger symptom 
propagation.
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Final outbreak size

When we fix R0 the 
final outbreak size is 
constant across values 
of α.

The proportion of 
cases that are severe 
also increases.
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The proportion of cases that are severe, P

P reaches the fixed 
value within 80 days for 
all strengths of 
symptom propagation.

Ø If               , then the proportion of cases that are severe tends to a 
fixed value (shown by the red dashed lines).  
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P reaches the fixed 
value by the time 1% of 
cases have occurred for 
all strengths of 
symptom propagation.

The proportion of cases that are severe, P
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Modelling paperØ If               , then the proportion of cases that are severe tends to a 
fixed value (shown by the red dashed lines).  



Ø If              , then the proportion of cases that are severe varies over time.

P reaches a plateau in the 
early stages of the 
outbreak and then 
increases to a higher 
plateau in the late stages.

The proportion of cases that are severe, P
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3. Modelling interventions

How does symptom propagation affect isolation strategies?
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Isolation scenarios

We compared between two isolation strategies:

1. Isolating mild AND severely infected individuals
2. Isolating only severely infected individuals

For each strategy, the probability of an infected individual eligible for 
isolation being successfully isolated was 0.5.

28

Literature review
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Isolation case-study
Ø Red regions: isolating mild+severe cases leads to an overall increase in case numbers

Literature review
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3. Modelling interventions

How does symptom propagation affect the effectiveness of 
vaccination strategies?
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Modelling symptom propagation
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Symptom-attenuating vaccine (SA)
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Infection-blocking vaccine (IB)
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Exploring the effect of varying α on the 
proportion of the population infected

SA vaccines are more effective when 
symptom propagation is stronger.

Final proportion of the population in 
each disease status compartment for 
α: 0.2 (hashed) and 0.8 (solid)

For pandemic influenza and high uptake, 
which of SA and IB is more effective at 
reducing severe cases depends on α.

Which intervention is preferable can 
depend on whether you care about 
reducing all cases or only severe cases.

Modelling 
paper
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Symptom-attenuating versus infection-blocking vaccines

Blue regions denote parameter values for 
which IB vaccines are more impactful (in 
reducing severe cases).

Red regions denote parameter values for 
which SA vaccines are more impactful (in 
reducing severe cases).

For low uptake (top row), which vaccine is 
more effective only depends on the disease 
parameterisation.

For high uptake and pandemic influenza, 
which vaccine is more effective depends on α.

Modelling 
paper
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Modelling study: Conclusions

Ø Modelling shows that symptom propagation can affect epidemiological 
outcomes:

● The  total number of cases
● The proportion of cases that are severe 

Ø Under strong symptom propagation, interventions that reduce 
symptom severity are more effective at reducing total and severe cases. 

Ø The strength of symptom propagation has the potential to determine 
the most effective intervention type.

Modelling paper
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Future work 

Future work will be increasingly computational and will focus on:

● Parameter inference: Inferring the value of α from data to quantify the 
extent of symptom propagation.

○ Synthetic data studies

○ Real-world application to individual-level data for SARS-CoV-2

● Structured populations: Epidemiological modelling to investigate 

○ e.g. implications of clustering of severe cases

○ e.g. stochastic simulations on a network
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