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COVID-19
Some comments on



BASIC EPIDEMIOLOGY
The simplest infectious disease transmission model 
assumes exponential growth of the number of 
symptomatic cases:

n(t) = n0e
rt = n0R

(t/⌧)
0

<latexit sha1_base64="HJExDtd21pMMPr5GxYnvtU+/mRw=">AAACDnicbZC7SgNBFIZn4y3GW9TSZjAEkibuRkEbIWhjGcVcIJdldjJJhszOLjNnhbDkCWx8FRsLRWyt7XwbJ8kWmvjDwMd/zuHM+b1QcA22/W2lVlbX1jfSm5mt7Z3dvez+QV0HkaKsRgMRqKZHNBNcshpwEKwZKkZ8T7CGN7qe1hsPTGkeyHsYh6zjk4HkfU4JGMvN5mUBivgSS9fGrBsrmMz5zrW7cQFO2kCi4sTN5uySPRNeBieBHEpUdbNf7V5AI59JoIJo3XLsEDoxUcCpYJNMO9IsJHREBqxlUBKf6U48O2eC88bp4X6gzJOAZ+7viZj4Wo99z3T6BIZ6sTY1/6u1IuhfdGIuwwiYpPNF/UhgCPA0G9zjilEQYwOEKm7+iumQKELBJJgxITiLJy9DvVxyTkvl27Nc5SqJI42O0DEqIAedowq6QVVUQxQ9omf0it6sJ+vFerc+5q0pK5k5RH9kff4AcCSZ2g==</latexit>

R0 is known as the basic reproduction number 
and τ is the mean infectious period. R0 = er⌧

<latexit sha1_base64="eEztwlhNauQdxirg7JVFUg/8oqs=">AAAB+HicbVDJSgNBEK2JW4xLRj16aQyCpzATBb0IQS8eo5gFknHo6fQkTXoWehHikC/x4kERr36KN//GTjIHTXxQ8Hiviqp6QcqZVI7zbRVWVtfWN4qbpa3tnd2yvbffkokWhDZJwhPRCbCknMW0qZjitJMKiqOA03Ywup767UcqJEviezVOqRfhQcxCRrAykm+X73wHXSL6kImewnri2xWn6syAlombkwrkaPj2V6+fEB3RWBGOpey6Tqq8DAvFCKeTUk9LmmIywgPaNTTGEZVeNjt8go6N0kdhIkzFCs3U3xMZjqQcR4HpjLAaykVvKv7ndbUKL7yMxalWNCbzRaHmSCVomgLqM0GJ4mNDMBHM3IrIEAtMlMmqZEJwF19eJq1a1T2t1m7PKvWrPI4iHMIRnIAL51CHG2hAEwhoeIZXeLOerBfr3fqYtxasfOYA/sD6/AGsrpJ2</latexit>

For example, if τ = 5 days and r = 0.2, then R0 = 2.72. If τ = 5 days and r = - 0.06, then R0 = 0.74.

More sophisticated transmission models account for latent infectious periods, isolation of symptomatic 
people, etc. Such models are generally known as SEIR models as they distinguish four population 
segments: susceptible, exposed, infectious, recovered (assumed to be immune). They are usually 
described by differential equations.

It has been known that discrete models, not based on DGEs, have quantitatively different behavior for 
the same parameters (see e.g. Fodor, Katz & Kovacs, arxiv:2004.07208).
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OUR MODEL
Our model represents a generalization of the simplest infectious disease transmission in that it allows 
for two periods with different parameter, using a simple interpolation. Period 1 covers the uncontrolled 
epidemic; period 2 covers the controlled epidemic, e.g., by stay-at-home orders or just spontaneous 
public response to the presence of the epidemic:

n(t) = n0
er1(t�t1)

1 + e(r1�r2)(t�t2)
<latexit sha1_base64="eX8FG3Vv5dHING8mB8fdhTiL2GY="></latexit>

We also consider the case where the number of reported symptomatic cases is modulated by weekly 
modulations in reporting:
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n(t) = n0
er1(t�t1)

1 + e(r1�r2)(t�t2)
(1 + a sin[!(t� t0)])
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RESULTS
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SUFFOLK COUNTY (NY)
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GERMANY

N → 183,000

r1 = 0.20       t1 = - 1        r2 = - 0.06       t1 = 25 T = 6.9 days
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ITALY

r1 = 0.20       t1 = - 11        r2 = - 0.033       t1 = 16 T = 7.0 days
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NORTH CAROLINA

r1 = 0.36       t1 = 14        r2 = 0.019       t2 = 23
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NC (green)
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UNITED STATES

r1 = 0.25       t1 = 7        r2 = -0.09       t2 = 27
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Nonlinear Fit
90% Error Bands
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Effect of data of onset of  
suppressed transmission phase  

(stay-at-home order) 
For Suffolk County, NY

MITIGATION 
MATTERS

Date of
Stay-at-Home

Order

Red: Actual
Blue: +7 days
Green: -7 days

0 20 40 60 80
0

1000

2000

3000

4000

5000

Days since March 1

N
ew

da
ily
ca
se
s

11



Could have been like Germany 

If the stay-at-home order  
would have been issued 12 days earlier

SUFFOLK COUNTY
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(blue dashed)
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Normalized to the populations 
(1.5M in Suffolk Co) 

(10.5M in North Carolina)

SUFFOLK COUNTY 
VS. 

NORTH CAROLINA
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From Governor 
Andrew Cuomo’s 

“NY Forward” Guide

NY STATE 
REOPENING 
SCENARIOS

https://www.governor.ny.gov/sites/governor.ny.gov/files/atoms/files/NYForwardReopeningGuide.pdf
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HAPPY BIRTHDAY!


