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Disclaimer

• This talk will make almost no mention of data, big or small

• However data are important

• “Models are as good as their assumptions” Dr Anthony Fauci, 
March 2020



The range of possible futures

• Modeling has received a lot of attention 



An example of a model
• This is from the Institute for Health Metrics and Evaluation at the 

University of Washington
• It assumes cases climb and then decline along a curve and then 

fit the data to that curve in order to estimate the shape of it
• This is an update from a much-criticized earlier version and is 

described as a ‘hybrid’
• Results from 4/24/2020 for TN

• This is an update from a much-criticized earlier version and is 
described as a ‘hybrid’

• Results from 4/24/2020 for TN

Estimates 4 deaths 4/31/2020 (1-15)

Data for TN

Note challenges with noisy data



Estimates can change over time

From covidprojections.org



Another sort of model

• A compartmental mechanistic 
model

• You specify parameters for 
the rates with which people 
move through the different 
compartments

• And write down the equations
• Can also run simulations



An example of a mechanistic model

• As you may know, for some reason some people (as much 
as 30%) are more likely to persistently carry S. aureus than 
others

• This has implications for how easy we expect it to be to 
control

An example of a mechanistic model



A really really simple model for a hospital

• There are just two 
compartments – uncolonized 
and colonized

Probability a person 
is colonized at 
admission

Discharge 
rate - same 
for both Rate 

colonized 
become 
uncolonized

Transmission 
parameter



Making it more complicated – a 
heterogeneous model

• Now you have three groups of 
people

• 1 are refractory to colonization
• 2 are intermittent carriers
• 3 are persistent carriers



Parameters



Why are we doing this?

• Efforts to control S. aureus have had mixed results
• Not clear the role of compliance, among other things
• We wanted to ask about the impact of heterogeneity on the 

effort needed to control

• Considered hand hygiene (reduces transmission rate)
• And decontamination (moves people from C back to U at a 

higher rate)



Heterogeneity makes it harder to control

This is assuming that each of the groups in the heterogeneous model are 
uncolonized on admission

Heterogeneity makes it harder to control



Why is that? The top line answer is 
intuitive

• Population prevalence of S. 
aureus colonization is ~ 30%

• If fully half the population is 
naturally resistant to being 
colonized, the pathogen has 
to be more transmissible 
overall to achieve the same 
prevalence in the fraction it 
can colonize.



What can we learn from this for the 
pandemic?
• The uncertain role of 

children in transmission
• Children get less sick. 

But they can become 
infected



A model of covid-19 in Wuhan

• Construct a model with 
POLYMOD mixing of age groups

• Run an SIR model with the age-
distribution of China, the 
population of Wuhan and an 
incubation period of 5 days.

• R0 = 2 overall
• If kids do not transmit, how 

transmissible must it be in adults?

Work with James Hay, David Haw, Jess Metcalf and Michael Mina - submitted



R0= 2

Orange line POLYMOD 
mixing

Blue line is expectation if 
contacts made in school 
are removed

Green line is age 
dependent 
transmissibility

Work with James Hay, David Haw, Jess Metcalf and Michael Mina - submitted



Inferred variation in transmission with age

From the green line on 
the previous slide

In order to explain 
observations from 
Wuhan, it is necessary to 
have a profoundly strange 
profile of transmissibility 
with age

Work with James Hay, David Haw, Jess Metcalf and Michael Mina - submitted



Radically different frequencies of 
transmission pairs among age groups

POLYMOD Age dependent transmission

Work with James Hay, David Haw, Jess Metcalf and Michael Mina - submitted



Implications for control
No school 
closure, 
POLYMOD
mixing

As A, but 
with age 
dependent 
transmission

School closure, 
POLYMOD mixing. 
You need remove 
fewer adult 
contacts to achieve 
the same result

As C, but with 
contacts 
between school 
age children 
removed

Work with James Hay, David Haw, Jess Metcalf and Michael Mina - submitted



Summary
• In the presence of uncertainty around the role of different age 

groups in transmission, interventions need to target all age 
groups

• Determining the role of children in transmission is essential
• Some household studies suggest it is limited but note bias –

because primary cases are more likely to be detected in older 
age groups

• Also note that transmission in schools may be different in 
character from in households

• We will be getting data soon – schools are planned to reopen in 
some places



Health care, the pandemic and the non-
covid cohort
• A feature of the pandemic has been outbreaks in healthcare
• A large number of early cases of infection in both Wuhan and 

Italy were healthcare workers
• Protection of the non-covid cohort is essential



Modeling transmission in the non-covid
cohort

• We developed a deterministic SEIR model for the general 
population as shown, including a subset of presymptomatic and 
asymptomatic infections

Work by Joel Miller and Xueting Qiu



Extending to health care 
• d• d These are the 

(presumed) uninfected 
patients

These are the health care workers 
(HCWs)

Model is a stochastic simulation



• https://www.medrxiv.org/content/10.1101/2020.04.20.20073080v1.full



Doing nothing is a 
bad idea



Testing alone helps 
– but doesn’t solve



PPE for HCWs



PPE for patients 
and HCWs



Testing and PPE



Smaller cohorts

• By making your 
cohorts smaller, both 
for HCWs and patients 
you can limit the 
consequences of virus 
introduction

• Known for some time, 
see the Cruciform 
Building from UCL



Effects of sub-cohorting

• Run 500 simulations with same parameters
• Results are the distributions of the final size of the outbreak in 

the HCWs



Effects of sub-cohorting
• Smaller cohorts reduce the probability of a large outbreak in 

HCWs
• This is in the absence of other control measures, and does not 

include any action taken to prevent transmission



Effects of sub-cohorting

• In very small cohorts, you approach a bimodal distribution
• This suggests benefit of small cohorts especially when the force 

of infection from the community is low (infrequent introductions) 



Issues

• We do not model what happens to the patients removed from 
the model after diagnosis of covid

• We do not model any mitigation strategies in the community
• Like all models, dependent on assumptions
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