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1. Modeling Infectious Diseases: Why It is difficult?

2. How to get out of this without appropriate data: Some 
useful Tips



Siettos & Russo. Virulence. 2013 
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MECHANISTIC MODELS

Credit: TripleByte.com



MECHANISTIC MODELS
Natural transmission

* S = Susceptibles
* E = Exposed (Latent Infection)
* IMild = Mild Infections (Not Requiring Hospitalisation)
* ICase = Infections Requiring Hospitalisation
* IHospital = Hospitalised (Requires Hospital Bed)
* IICU = ICU (Requires ICU Bed)
* IRec = Recovering from ICU Stay (Requires Hospital Bed)
* R = Recovered
* D = Dead
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MECHANISTIC MODELS
Simulation of interventions for Morocco

Counterfactual scenarios: reduction of R0 by 75% after 2 weeks for 2 months, then back to 50% for 3 months, then back to 

normal for 4 months. But still little data to ascertain these effects



SEMI-MECHANISTIC MODELS

▪ Bayesian models calibrating “SEIR” models to real 

data

▪ Backward calculations from the deaths observed over 

time 

▪ Changes in the reproductive number as a response 

to interventions.

▪ Results are driven strongly by data from 

countries with more advanced epidemics and 

estimations of effects of intervention in these 

countries.

▪ Various assumptions on the intervention's details and 

also on parameters (e.g. time between infections, 

observe all COVID-related deaths, time between 

infection and death, infection-fatality-ratio).

Source: Flaxman et al. 2020. Imperial College London



SEMI-MECHANISTIC MODELS

Approximate date of introduction 

and initial R0
Calibration with real death 

counts and projections



STATISTICAL MODELS



STATISTICAL MODELS

Only Data driven models:

• Curve fitting to the data to predict peak

• Huge systematic and random errors:
✓ Model choice

✓ Model parameters

✓ Estimation

✓ Data systematic errors

✓ Data random errors

✓ Data from the peaked locations

• Those based on number of cases are even 

worse

Source: IHME 2020



STATISTICAL MODELS

FARR’S LAW FALLACY



1. Modeling Infectious Diseases: Why It is difficult?

2. How to get out of this: A few appropriate indicators



The scenarios were obtained by varying the cross immunity between SARS-CoV-2 and HCoVs OC43/HKU1 (χ3X) and vice-versa (χX3), the duration of SARS-

CoV-2 immunity (1/σ3), and the seasonal variation in R0 (f), assuming an epidemic establishment time of 11 March 2020 (depicted as a vertical grey bar). (A) A 

short duration (1/σ3 = 40 weeks) of SARS-CoV-2 immunity could yield annual SARS-CoV-2 outbreaks. (B) Longer-term SARS-CoV-2 immunity (1/σ3 = 104 

weeks) could yield biennial outbreaks, possibly with smaller outbreaks in the intervening years. (C) Higher seasonal variation in transmission (f = 0.4) would 

reduce the peak size of the invasion wave, but could lead to more severe wintertime outbreaks thereafter [compare with (B)]. (D) Long-term immunity (1/σ3 = 

infinity) to SARS-CoV-2 could lead to elimination of the virus. (E) However, a resurgence of SARS-CoV-2 could occur as late as 2024 after a period of apparent 

elimination if the duration of immunity is intermediate (1/σ3 = 104 weeks) and if HCoVs OC43/HKU1 impart intermediate cross immunity against SARS-CoV-2 

(χ3X = 0.3). 

Kissler et al. Science. 2020



EFFECTIVE RT

• Only one of the useful indicators, Cannot be used as the only one 

because of noisy data, high heterogeneity, and stochastic processes. 

• Needs to be calculated using multiple methods

• Consider uncertainties from calculations either using deaths, 

hospitalizations, or incident cases



▪ Use seroprevalence surveys available from other countries (Spain, US, Germany, Switzerland, 
Japan) to estimate IFR

▪ Simple standardization by sex and age distribution 
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▪ Use the IFR to estimate the true number of cases 2 or 3 weeks before. 

Example: 

Measured CFR from number of deaths at J divided by number of cases at J-15 (If median 
distribution from detection to date is 15 days) = 2%

Estimated IFR = 0.5%

True number of cases at J-15 = Multiply the number of detected cases at J-15 by 4 (2/0.5%)

▪ Use of simple heuristics to infer true number of cases from detected cases: 

True # daily infections= # confirmed infections X (16 X (positivity rate)^(0.5) + 2.5)



▪ Use available models with good prediction capabilities

▪ Build ensemble models to get robust estimates with credible intervals

Credit to colleague Nick Reich at UMASS/Covidcompare
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• Getting a clear picture of the landscape

• Modeling of excess deaths

• Establishing surveillance measures

• Build up capacity for long-term challenges

• Modeling of long term economic and health consequences. 



▪ Influenza like illness surveillance will be key in the 
coming year or two. This will help anticipate 
periods of big transmission and also detect hot 
spots,

Source: Nicholas Reich lab. UMASS



▪ Detection in wastewater treatment facilities could also be tested as a way of early detection 
in communities. 


