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AUM TN F1UUDUVUIAD4 SIR (Kermack-McKendrick Equations)

ds(t) _  BIBS(D)

(1)
dt N
3 compartments:
d S
2) % = ﬁl(t;, © _ i) N =S(t) +1(t) + R(t)
) dR(t) VI(t)

® quNs (1) mimﬂmﬂmﬂaﬂuuﬂawm S(t) @awmﬂnm Tualszsnsvune Nlae S(t) ADIUIU Susceptible
M At wammwmﬂ iuag 1(t) ﬂammuwmm%a (Infected) M 121 t

= d' o !
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Recovered, R(t); 1agAdiiu N = S(t) + I(t) + R(t) = AAN

* Tuannsaudaumsyait Wlamasunvaiilugasdieg 14 (No closed-form solutions)

uuuuuu

V1asImMsaaite 1a30-on © 9. UN.A mayTaul vaddnidy Slide 6/52



Infected

Susceptible Recovered

U323103 (Effective Population) ta@lo Ui 11104190

q

= lil} =X o 9 = a dy 1 @
191879 LLWﬁL%@ﬂﬂﬂullﬂnﬂﬂu Tﬂﬂﬂama@m%@mmu

BUUABIMSAALED taTa-ae © 8. wwW.MayTal LacdNnSdy Slide 7/52



9
ﬁMﬂWﬁﬁHﬂWHﬂI@QLLUUﬁTﬁ@Q SIR

o S 1 [+ = QOJ d' o (<% = I
¢ LL‘]J‘]J%Tﬁ'E]\ﬁJﬂ'Iﬁ?J‘]Ji%ﬁT]‘ﬁ nan SYINEN lo 11
1 = % 1 dij . .
® A IB ADOANTINITUWILY® (Transmission)

1 A Y a dﬂl
® a y ABBATINITNIYIITINNITIARALTD (Recovery)

* yazA1— = R 5971 A1 Reproduction Ratio %30 Reproduction number fi® 8A31N1SUNIHOAD
)4

LY a é’ U < 4 d' =) v +'%
AIINTIINI-IINN IV D @H%%!ﬂﬂﬂ]ﬂﬂﬂﬁﬁiﬂumﬂ

v
W W a

. : 4 aya Xa 1.1y g
* qgiiu R = 2 visnannun s gana1mds azigaaialval 2 asdtinganie 1

BUUABIMSAALED taTa-ae © 8. wwW.MayTal LacdNnSdy Slide 8/52



v ) M‘ij
UNFUNITAIYITUIS NI —

) welw A o
(Approximation) 1137 Tuszezen nou 80% voedszwinsg

9 a 4 1 d'
aZrafluns ADIAAYD 1A R =2 = A1AIN

8000

6000
l

4000

2000

0 10 20 30 40 50
Time

Y

s lildmnmsudaums 1 - 3 lunsdiii R = 2; Gududl | —— Susce ptible = ——— Infected
MN (1J§$°1nﬂ5) =10,000; S(0) =9,999; 1(0) =1 — Recgvered

BUUABIMSAALED taTa-ae © 8. wwW.MayTal LacdNnSdy Slide 9/52




4000 6000 8000
l

2000

Tuszezen Lﬁi’)‘i_l 60% VOIUTLTVING
Y v
%@T@mm% HINR=1.5=M1AIN

wUUF1a89MsAaLEe TaTa-oe 1 8. uW.MayTmal LaAdNSTe

30

Time

40 50

Susceptible
Recovered

Infected

Slide 10/52



)
)
) —
i Tuszezen Uszana 42% veaszyns
ADIAAYD 110 R = 1.3 = A1A9N
o
o _
o
(00)
o
o _
o
(o]
o
o _
o
#
o
) |
o
(Q\
“Flattening the Curve”
O —
i i i
0 40 50
Susceptible Infected
Recovered

wUUF1a89MsAaLEe TaTa-oe 1 8. uW.MayTmal LaAdNSTe

Slide 11/52



A Contribution to the Mathematical Theory of Epidemics
William O. Kermack & Anderson G. McKendrick

Proceedings of the Royal Society of London, series A, vol. 115, no. 772, 1927

[n this case the equations are

dr )
S - K
il g
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dz
e
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g !

R=2

to four, to eight, and so on.

Enserink M, Kupferschmidt K, Desai N. The science of superspreading. Science, 30 Oct 2020 Slide 15/52
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to four, to eight, and so on.
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One person may infect four people.

“Superspreader”

Two of those may not transmit the disease to anyone else. One might
pass it on to three others, and the fourth one may infect 21 people.

i foudte TaTn-oor : Sl Laadns lide 17/52
upyhaesmadiouso Tada-on : o.um.meydant 1iadnisy Enserink M, Kupferschmidt K, Desai N. The science of superspreading. Science, 30 Oct 2020 Slide 17/5
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*He X, et al. Temporal dynamics in viral shedding and transmissibility of COVID-19. Natdylgd.2)2%
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*Cori A, et al. A new framework and software to estimate time-varying Reproductive Number during epidemics. Am J Epidemiol, 2014
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Compare cases by region https://www.bing.com/covid/local/

Active “Prevalence” v Linear scale v D Normalized
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Compare cases by region https://www.bing.com/covid/local/

Active “Prevalence” v Linear scale v D Normalized
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Compare cases by region https://www.bing.com/covid/local/

Active “PI'CValenCC” v Linear scale v D Normalized

— )~ China (mainland)

60K

50K

40K

30K

20K

10K

—_— __-..-—-—O———-—-—_____c)___
o = 2aa . o CARE) r r ] ] ] 1 LI 1 |
2020-01-24 RS B9 470958 s P SI9TY-21  2020-05-12  2020-06-02  2020-06-23  2020-07-14  2020-08-04  2020-08-25  2020-09-15 2020—10—%éae Egoi E?_20-10-27



Compare cases by region https://www.bing.com/covid/local/

Active “Prevalence” N Linear scale N D Normalized
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Daily spread trends https://www.bing.com/covid/local/
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It triggered a big outbreak. At least 97 people who attended the
conference, or lived in a household with someone who did, tested
positive.

Enserink M, Kupferschmidt K, Desai N. The science of superspreading. Science, 30 Oct 2020
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It triggered a big outbreak. At least 97 people who attended the
conference, or lived in a household with someone who did, tested
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It triggered a big outbreak. At least 97 people who attended the
conference, or lived in a household with someone who did, tested
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HUVIADQ BN (Stochastic Models)
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UUVIIADQ FIGN (Stochastic Model) LUVLLTA

@314 SIR stochastic differential equations 1Y (R 1?1‘%]%9&5111"!‘5’331)*
ds, = =2 (B,S,1,)dt
t— N tot't
Ut
dlt — F (ﬁtStIt)dt — ytltdt; 10
* Taon St , I, Ry iludaulsgu (Random state variables) 81 1281 £ 1ag
2
o
log(ﬁt)dt — O-tdBt — 7tdt
3 log-normal noise term; B 7)1 Brownian process; E (19t) = 1, Var(ﬁt) = O'tz

Y 1
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* 1Jszinman IB t » V¢ 111U Bayesian IR particle Markov Chain Monte-Carlo (PMCMC) simulation
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BINERGRE L“T)’QtjiJ (Stochastic Model) HUVUNTDI
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Mobility Networks Modeling*

® Superspreader events INARNIZYAYNYNL1UN (Points of interest)
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*Nature (2020) https://doi.org/10.1038/s41586-020-2923-3



Mobility Network in Chicago
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Epidemiological model
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Mobility Network in Chicago
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