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Structure for this module’s assignments

* You will have 2 GitHub check-ins + your final project.
* First check-in:
* Second check-in:
* Final project:
* | suggest you complete the homework from each lecture by the following
class time to keep up with the Module (in red on last slide of lecture)
* This may require you to work outside of class with your partner

* You will have a few smaller assignments on GitHub. These should not
take longer than 30 min and | will try to give a week/weekend notice!
* First smaller assignment: making the repo + optimization code
* Next smaller assignment: watch ODE lectures and comprehension quiz




URGENT NOTICE: NOVEL VIRUS OUTBREAK

What we need to know to meet our goals?

CONFIDENTIAL OUTBREAK INVESTIGATION

DAY 1 BRIEF  How do viruses spread within a person and
FROM: UVA Student Health & Wellness between people?
DATE: February 19, 2026 « Within a person: immune system activation
A of  roviusy unchratrzad vl s 1 e * Between people: epidemiological modeling of
reported in mulgt:liple res?denpe Ijalls. Lgborator){ te_sting confirmg a viral d ISease Spread
Gzl e e How do we interpret data about outbreaks?
Population at risk: 17,900 undergraduate students e Prevalence rate
CURRENT DATA AVAILABLE e |ncidence rate

« Daily active case counts for the first 45 days of the outbreak

" (et mavalabiey o meemenseiriesinede e How do prgperties of viruses affect the timing of
* No post-peak data are available.
EPIDEMIOLOGICAL FACTS (CONFIRMED) Symptoms ) - .
« Transmission occurs primarily via respiratory droplets « Latent period: without symptoms, exposed but not
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YOUR TASKS OVER THE NEXT FEW WEEKS  Infected period: with symptoms & contagious
L et e seas S Sesses o when e wi psk * Recovered period: can recovered people become
using SEIR modeling B susceptible again?
+ Report best guess for virus family based on characteristics of
spread

e Recommend a best intervention strategy to reduce the
spread of the disease while minimizing disruptions to campus
life and student learning



vVwhat's coming up (see ipynb template tor
structure)

* Day 1 2/19: Intro to mystery virus + virus biology

* Day 2 2/24: Intro to epidemic modeling parameters
. (SEIR); estimate initial growth rate/R0

* Day 3 2/26: Intro to Euler's method; predict spread
of disease and when peak will occur

Biology
ha

Math
hat

* Day 4 3/10: Modeling interventions; recommend
s best intervention strategy!

Coding
n

* Day 5 3/12: Verification/validation, best guess for
\ 4 virus identification, and tying up loose ends

Project presentations:
3/17



URGENT NOTICE: NOVEL VIRUS OUTBREAK

What we need to know to meet our goals?
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What is a virus?
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Viruses are NOT cells, so they
cannot reproduce on their own.

The goal of a virus: get your cells’
machinery to replicate its genome.
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The infection process

GENEWAL "O\AGRAM of a V\RUS UFECYCLE
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Timeline of infections: Exposure to recovery

Dav O: 1-3+ Weeks: ~1-2 weeks:
Ex gsu.re Incubation Infectious
: Period Period

/

Definition: Time from virus entering your body
to when symptoms appear
Biologically:
* Virus replicating in initial infection site
* Beginning to spread to new cells and
tissues
* Viral load increasing
* Usually no symptoms yet
* Usually not infectious yet
Length of incubation period depends
on:
* Replication speed
* Viral travel within body
* Initial dose of virus
* Immune system activation
Examples
* Flu: 1-4 days (fast replicator, stays local)
 COVID19: ~5 days (slow initially, spreads
further)

° NMaaclae: 1014 AAavie (fravial +Aa h/iemnnh

/

Definition: Time when you can transmit the
virus to others
Biologically:
* Viral load peaks in respiratory tract
* Producing millions-billions of particles
*  Symptomatic, usually
* Immune system is fighting back
Biological factors affecting
infectiousness:
* \Viral shedding
* Location of infection
* Symptoms that spread virus
* Coughing = aerosolize virus
* Runny nose = contaminate

surfaces
Examples
* Measles: 100K viruses per cough (very
high!)

* COVID19: can be infectious 2 days

hofAra evimntAarme

Recovery
Period

N

* Definition: No longer
infectious + gained immunity
* Biologically:

Immune system has
cleared most/all virus
Symptoms resolving
Memory cells forming
Viral load drops below
transmission threshold



How does the immune system respond?

*Immunity happens at the cellular level (within your body)
* Viruses have antigens that you body recognizes as “not self”
*When enough individuals are immune, it affects population-level transmission (next class)

* Innate immunity * Adaptive immunity
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The Immune System
Game

We are going to act as immune system cells, healthy cells, and
infected cells to play out the immune response.



Game play

* The game is played over two rounds: innate and adaptive
immunity. In round 1, only healthy cells, infected cells, and
macrophages play.

* The game mechanism is rock paper scissors (RPS).

* “Rock paper scissors shoot” [reveal on shoot]

* Walk up to another player, “challenge” them, play RPS, and
then reveal identities to decide each player’s fate!

* When you reveal your identities & determine your cell fates, you
can be as secretive or not secretive as you want. You never
know who is paying attention!



Rules for everybody

* You cannot lie.

* You should not reveal your identity, unless an activated B cell
(in Round 2) requires you to do so.

 After you play RPS, you quietly reveal your identities to each other to
determine what each person’s fate is.

* If you are challenged to RPS, you must play.

* You cannot challenge the same player to RPS two times in a
row. (i.e. after playing, go find a different person to play
against!)



Innate Immunity Round:
Virus-Infected cells VS Healthy Cells + Macrophages

* The goal of the infected cells is to infect all healthy cells by winning RPS
against them.

* The goal of the healthy cells is to avoid being infected by winning RPS
against infected cells.

* The goal of the macrophages cells is to eliminate infected cells by winning
RPS against them.

* However... you don’t know who is who!

* The game is over when:
* All healthy cells have been infected
* All infected cells have been eliminated
 After the round time is over, whoever has more players (healthy vs immune) wins.

* The adaptive immunity cells don’t play round 1; they hang out in the “lymph
nodes.” But they can strategize and decide who wants to be each cell type.




Round 1 end

* Was it easy to complete your goal?
* What was your strategy for this round?

* How did this mirror what cells in the body look like under threat from a
viral infection”?

* Adaptive immunity: did you watch what was happening to come up with
any strategies for round 27



Adaptive Immunity Round:

* Macrophages have a NEW role. When they win RPS, they
eliminate an infected cell AND can go activate a

* When a gets activated, they can choose to activate
a B cell orakiller T cell.

* When a B cell is activated, their goal is to label infected cells by
telling others to reveal their identities. If they find an infected
cell, they can announce it- “| found an infected cell!'”- and give
them a sticker label.

* Note, you can only ask others who are not actively playing RPS.

* When a killer T cell is activated, they:

* Automatically eliminate any labeled infected cell by tapping them on
the shoulder

* Win ties in RPS against unlabeled infected cells.




Round 2 end

* How did this round compare to round 17?
* What was your strategy for this round?

* How did this mirror what cells in the body look like under threat from a
viral infection”?



Simulated game play after 10 minutes

# Round 1: Innate immunity only
roundl_config = {

'n_healthy': 23,

'n_infected': 5,

'n_macro': 3,

'n_helper': @,

'n_b': @,

'n_killer': @,

'max_time': 600

}

# Round 2: Adaptive immunity added
round2_config = {

'n_healthy': 23,

'n_infected': 5,

'n_macro': 3,

'n_helper': 2,

'n_b': 4,

'n_killer': 4,

'max_time': 600

Number of Games

Game Outcomes Over 50 Trials

50

B
o
1

w
o
L

N
o
1

10 A

Round 1
(Innate Only)

B Immune System Wins
Bl Virus Wins

Round 2
(Adaptive Added)

Round 1: Innate Immunity Only

Immune Win

Virus Win

Round 2: Adaptive Immunity Added

Immune Win [=ras SCAy Virus Win



Looking ahead...

* How do we use biology at the individual level to understand outbreaks
at the population level?

* \What does the initial data release look like?

- HOMEWORK: Plot the DATA RELEASE #1 data: day vs. active infections, and
answer the following questions:

* What do you notice about the initial infections?
* How could we measure how quickly its spreading?

* What information about the virus would be helpful in determining the shape of the
outbreak curve?

* HOMEWORK due next class: Watch ODEs background video and take
video comprehension quiz
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