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MODEL 1: What may occur to 1,000 people (a representative sample from the US 
population) if one patient has contracted COVID-19? 
 
Below is the first attempt at modeling COVID-19 -  
 
This model shows what may occur to 1000 people (a representative sample of the US 
population) with one single patient having contracted COVID-19 disease.  
 
Model assumes 1) no social distancing is in place and 2) no quarantining of infected individuals 
is in place i.e. undiagnosed and ill people would be walking around in society.  
 
The model was quickly implemented with a new version of the MIcro Simulation Tool (MIST).  
 

 
Model Assumptions: 

● Recovered patients cannot be reinfected with COVID-19 (coronavirus/ SARS-CoV-2) 
● Transitions are daily probabilities 

 
Parameters: 

● Transmission Prob = The probability of transmission if interacting with an infected person 
0 = no infection, 1 = definite infection from meeting  a person, 

● Interactions = How many people a person sees in a day 
● Age = Age of person in years 
● Total Interactions = the sum of interactions by all people in the population 
● Infected Interactions = The number of interactions by infected people 
● Infected Interaction = The contribution of one person to Infected Interactions 
● InfectionTime = Once infected, what was the time frame 

https://devpost.com/software/improved-disease-modeling-tools-for-populations
http://simtk.org/projects/mist


● Time = Internal parameter counting time in days since inception 
● Mortality Rate = The probability of death in one time step 

 
Initial Population Composition: 
 
Age - Use statistics from: https://en.wikipedia.org/wiki/Demographics_of_the_United_States 
Start with uniform distribution of (0,100) and use Evolutionary Computation to reach the median 
and the published distribution of ages: 
0–14 years: 18.62%  
15–24 years: 13.12%  
25–54 years: 39.29%  
55–64 years: 12.94%  
65 years and over: 16.03% 
We also know that the median age is: 38.2 
 
Interactions - We make a crude assumption that most of the population interacts on average 
with 20 people a day with a standard of 20. We will model this as an absolute of a gaussian 
distribution - it is is a crude assumption that we will change later to a better distribution: 
Ceil(Abs(Gaussian(20,20))) 
 
Corona_Infected/No_Corona - We will assume one person infected from a total population of 
1000 - we do this by assigning 1 to the first individual for Corona_Infected and 0 to the rest and 
the opposite to the complimentary No_Corona variable .  
 
 
Phase 0 - Initialization - happens before the model is executed after loading population 
 
TransmissionProb  = 0.5  - this coefficient is unknown - so we will assume a number initially and 
explore other values later. 
InfectedInteractions = Interactions - for the first time step we assume the number of interactions 
is 20 - like the population average 
Total Interactions = 20000 - the total number of interactions initially is like the average 
population.  
 
Phase 1 - Pre- Transitions Probability - calculate variables before transitions 
 
MortalityRate - The source of data is a CDC publication: 
http://dx.doi.org/10.15585/mmwr.mm6912e2 .  We use the lower conservative number. We also 
transform it from probability of death anytime in the illness to daily probability assuming 14 days 
length using 1-(1-p)**14. 
 
 
 

https://en.wikipedia.org/wiki/Demographics_of_the_United_States


 
Age  Mortality % 
–19 (123) 0 
20–44 (705) 0.1–0.2 
45–54 (429) 0.5–0.8 
55–64 (429) 1.4–2.6 
65–74 (409) 2.7–4.9 
75–84 (210) 4.3–10.5 
≥85 (144) 10.4–27.3 
Total (2,449) 1.8–3.4 

 
Phase 2 -Transitions 
 

● P0  - This probability is first calculated by calculating the probability of one meeting with 
an infected person -  Infected Interactions/Total Interactions.  

○ We then multiply that by the chance of the meeting to transmit the disease - 
Transmission Prob.  

○ Next, we calculate the chance not to be affected and raise it by the power of the 
number of interactions. This calculates the probability NOT to be infected by 
multiple interactions which we then take the complementary probability  

○ The formula becomes: 1- (1-TransmissionProb * InfectedInteractions / Total 
Interactions)** Interactions  

● P1 - For simplicity we assume that the length of disease is 2 weeks = 14 days.  
○ For now, we will use this assumption as a strict rule and move people that did not 

die to COVID-19 Recovered state after 14 days.  
○ The transition probability will therefore be: Gr (Time-InfectionTime,14) . 

● P2 - We will use pre-calculated daily mortality rate. And make sure after 14 days 
probability is 0 by multiplying the probability with Le (Time-InfectionTime,14) .  

 
 Phase 3 - Post Transitions Probability - calculate variables before transitions 
 

● InfectionTime: update infection time once infected. The formula would be:  
if COVID-19 Infected_Entered  InfectionTime = Time  

● Infected Interaction: update the interaction contribution of a single infected person. The 
formula would be  InfectedInteraction = COVID-19_Infected*Interactions  

 
 
Phase 4 - Aggregate number update - update population statistics before next time step  
 

● Infected Interactions: Update number of interactions counting only existing records.  The 
Formula would be:  Infected Interactions = sum Infected Interaction 

● Total Interactions: Update the total interactions by counting the existing records and their 
interaction level. The Formula would be: Total Interactions = Sum Interaction 



Results: 
An interactive version of simulation results are available online at: 
https://jacob-barhak.github.io/HackCOVID19_States_2020_03_29_20_44.html 
 
 
Here is a screenshot: 
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