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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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Capturing Appropriate Time Delays (Erlang)
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Do different waiting time distributions affect model outcomes? 
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n Substatesm Substates

Erlang vs Exponential

Wearing, PLOS Medicine, 2005
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Fixed

Assuming exponentially distributed 
latent and infectious periods results in 

an underestimation of R0
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Erlang vs Exponential

Feng, Mathematical Biology, 2006

 Rate of being Quarantined  

 Rate of being Isolated





E and I exponentially distributed waiting times

S → E → I → R

E and I both have 3 substates

S → E1 → E2→ E3 → I1 → I2→ I3 → R
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Erlang vs Exponential

Feng, Mathematical Biology, 2006

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
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Algorithm Flow

Relevant Data on 
waiting times

Maximum 
Likelihood to find 

best k, λ for 
Erlang

Inform user of relevant 
number of substates and 

rates to be used in 
modelling
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Application Case

Incubation Period

Yang, Epidemiology and Infection, 2020 Yang, Epidemiology and Infection, 2020
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Application Case 1 – Assumption of Exponential Waiting Time
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Application Case 1 – Assumption of Erlang Waiting Time

K = 5,  λ == 0.581
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Application Case 1

K = 5,  λ == 0.581
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Application Case 1

= 1 / Mean(data)
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Application Case Simulation

K = 5,  λ == 0.581
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Applications in other fields

Chao, Mol. Syst. Biol, 2019 
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How many substates do we choose?
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What is the lowest number of substates we could choose?
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Choosing Smallest K

43 Substates

32 Substates
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Do rates need to be constant?
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Future Work: Extension to Generalized Erlang
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Future Work: Extension to Generalized Erlang
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Future Work: Extension to Generalized Erlang

1 2

RI₁ I₂ … Iₖ 
K



32

Future Work: Extension to Generalized Erlang
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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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Our Work

Current Work in the field 

▪ Requires some manual iteration to 
get optimal number of substates

▪ Only fits Erlang Distributions (Same 
rates between substates)

▪ Matlab Package Implementation

▪ Automatically provides optimal 
number of states and rates

▪ Extension to Generalized Erlang 
Distributions

▪ Working towards Python and R 
integration
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Thank you!
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Algorithm Flow – Quick note on Benchmarking Benchmarking

Fitted Model = Er(k, λ)
Max Likelihood = L*

Model {Subdata₁}

Model {Subdata₂}

Model {Subdata₃}

Model {Subdataₙ}

Likelihood₁ {Subdata₁|Model}

Likelihood₂ {Subdata₂|Model}

Likelihood₃ {Subdata₃|Model}

Likelihoodₙ {Subdataₙ|Model}

… …
… …

… …

Empirical Data

L* = Likelihood{Empirical Data | Model}

Benchmarking
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Algorithm Flow – Quick note on Benchmarking Benchmarking
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