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Compartment Models — Underlying Assumptions
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Compartment Models — Underlying Assumptions
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Linear Chain Trick
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Linear Chain Trick
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Varying K against a Constant Mean Distribution of Waiting Times

—k=1,+=10.00

| || 1 |

0 5 10 15 20 25 30

Distribution of Waiting Time in State |



Probability Density

0.35 -

03

0251

S
N

015}

Varying K against a Constant Mean Distribution of Waiting Times

—k=1,7=10.00
——k=21=500

10 15 20
Distribution of Waiting Time in State |

30



Probability Density
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Probability Density
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Capturing Appropriate Time Delays (Erlang)
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Do different waiting time distributions affect model outcomes?
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Erlang vs Exponential

m Substates n Substates

Estimated R,

Wearing, PLOS Medicine, 2005

20
Disease Latent m Infectious n Source
18 Period 1/a Period 1/y
(Days) (Days)
Measies 8 20 5 20 19
Foot-and-Mouth 1.5 13 43 17 19
SARS 5.36 2 56 3 34
Smallpox 14 40 86 1 48
Wearing, PLOS Medicine, 2005
s . +<— Exponential

Assuming exponentially distributed
latent and infectious periods results in
an underestimation of R,
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Erlang vs Exponential
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Erlang vs Exponential

Assuming different distributions of latent
and infectious periods result in
conflicting assessments of interventions
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How many substates do we choose?
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Goal:

Develop a tool to estimate the optimal number of substates
(parameters of an Erlang Distribution) from experimental data
on waiting times

|

17



Algorithm Flow
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Estimation of incubation period and serial
interval of COVID-19: analysis of 178 cases and
131 transmission chains in Hubei province,
China

Lin Yang*, Jingyi Dai®*, Jun Zhao' =, Yunfu Wang’, Pingji Deng*
and Jing Wang'

'School of Public Health and Management, Mube University of Medicire, Shiyan, Hubel province, Ching and
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Application Case 1 — Assumption of Exponential Waiting Time

Exponential Distribution Assumption
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Probability

Application Case 1 — Assumption of Erlang Waiting Time

MLE for Erlang Distribution
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Application Case 1

MLE for Erlang Distribution
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Application Case 1
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Probability

Application Case Simulation

MLE for Erlantg Distribution
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Applications in other fields artice = wobogy

Evidence that the human cell cycle is a series of
uncoupled, memoryless phases

Hul Xiao Chao™, Randy | Fakhreddin®, Hristo K Shimerov®, Katarzyna M Xedziora®, Rashmi |
Kumar'*@, joanna Perez’, Juanita € Limas™@, Gavin D Grant™ @, Jeanette Gowen Cook™®,
Gaorav P Gupta® & Jeremy E Purvis**35'@
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How many substates do we choose?

What is the lowest number of substates we could choose?
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Future Work: Extension to Generalized Erlang
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Future Work: Extension to Generalized Erlang
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Probability Density

Future Work: Extension to Generalized Erlang
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Future Work: Extension to Generalized Erlang

Varying K and v against a Constant Mean Distribution of Waiting Times
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Future Work: Extension to Generalized Erlang
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Future Work in progress

= Model simplification by choosing the lowest K that remains statistically significant

= Extension of Generalized Erlang to Exponential * Erlang & Erlang * Erlang

= Sensitivity of model to noise and data size

= Exploring Key outputs from SEIR models and how sensitive these outputs are to such
model assumptions.
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Current Work in the field
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Estimating chain length for time delays in dynamical
systems using profile likelihood

Adrian L Hauber & "*, Raphael Engesser'?, Joep Vanlier' and Jens Timmer'*

= Requires some manual iteration to
get optimal number of substates

= Only fits Erlang Distributions (Same
rates between substates)

= Matlab Package Implementation

=
== Toms How
o

Our Work

= Automatically provides optimal
number of states and rates

= Extension to Generalized Erlang
Distributions

= Working towards Python and R
integration
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Algorithm Flow — Quick note on Benchmarking [ Benchmarking }

—> Model {Subdatai1} — Likelihood1 {Subdatai|Model}
— Model {Subdataz} — Likelihood2 {Subdataz|Model}
— Model {Subdatas} —» Likelihoods {Subdatas|Model}

Empirical Dat » Fitted Model = Er(k, A\)
pirical Lata Max Likelihood = L*

—> Model {Subdata,} — Likelihood, {Subdata,|Model}

L* = Likelihood{Empirical Data | Model}
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Algorithm Flow — Quick note on Benchmarking [ Benchmarking }
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