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Why Models?

* All models are wrong but some are useful

* Models are useful if they can predict what common sense can’t

* Models are (at best) as good as their assumptions

* Thus, the modeling process will point towards gaps in knowledge
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Why Mathematical Models?*

* They are the ultimate in logical deduction: they are never logically
wrong (but may be factually wrong!)

* They make quantitative predictions
* They make “precise” qualitative predictions!

*For a recent concise review of mathematical models in infectious diseases, see:

Simple Mathematical Models of COVID-19 : o.un.mayiasi 1aednids Mathematical Models of Infectious Disease Transmission. Nat Rev 2008 ¥ider 3185



Contents (Current Personal Interest)

* Epidemiological terms & ideas

e Thai COVID-19 Data; International COVID-19 Data

e Deterministic SIR model/Stochastic SIR model
 Estimation of Reproduction Number/Ratio

* Interesting scenarios & predictions using simple models
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e SEfusuAase luudas Su: 91115, 357539/Confirm, Asymptomatic cases, 15518911
Incubation period; Infectiousness; Serial Interval; Delay from Symptoms to Confirmation & Reporting
Transmission dynamics; Seasonality; Social dynamics & Networks;

Real or apparent effects of epidemic containment & mitigation

Viral biology & immunology; Viral shedding; Intermediate & other hosts

Societal & Economic costs
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Some Epidemiological Terms

A J
® Incidence: UANITW
® Prevalence: AYUYN

a Jd
® Cumulative Incidence: ®YANTUTS T

a 9y Y}

® Susceptible: NEHW]@]LGD’E] (laid] AUANNU)
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Recovered: AUIN 130 2 lglannu vwie ldawnsodade/unsiye 1aon
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A A A
* %¥UDIUWYD SARS-CoV-2; ¥oU04 15A COVID-19
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Serial Interval
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*He X, ¢r al. Temporal dynamics in viral shedding and transmussibility of COVID-19. Nat Med, 2020
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VINTNINTIAN 3J1G1’iﬂ1'iihu‘lalﬂﬂa: Social & personal measures
* 1o l5AENITITVIA 1NANITIZVIA: Containment

* 1ip15ATLVIALAI VTIINMNTILLIA: Mitigation

A

* 1BNUIAFU UaINHUNIIIZUIA: Prevention

A A Y, v @
i LiJE)iJEJW]TL!hl’J’iﬁ’ ‘ﬁﬂ‘lelﬂ‘iﬂ: Treatment
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Containment

o Strict & Extensive Detection/ldentification & Isolation/Quarantine

 Comprehensive Contact Tracing
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Mitigation

Non-pharmacologic

* Partial detection & isolation/quarantine; contact tracing
* Social distancing: ...

* Personal protective gear/behavior
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A Measure of Infectiousness: R

* Reproduction Number or Ratio: R, r

9
d'9)a A

. ﬁwmuﬁﬁmcﬁa (Taen3o) NAAALTD o AUIZUNTDI 1A NOUMIBAINT3A (RE) 2 9A1IAT ¢
* 995187 %"mnutﬁ’aﬂ%@ Ao ﬁi’mauﬁjmﬂmm%@ al 9A1a1 t (1)

* #1R0, 0 M98 0 (YAFUVBINITTLLA) F8N Basic Reproduction Number/Ratio

° a1 Rt, rt ﬁ'nm t (ﬁﬁﬂéﬂﬂﬁ J3UAN) (380 Effective Reproduction Number/Ratio ﬁwm t
°* MR, r>115A92/81992/Ma3 53119; M R, r < 1 15093/0192%/M184 9109

® Basic Reproduction Number of COVID-19: 2+ to 3+
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SEIR SEIRD

Susceptible Recovered

111191904 3-State (Compartment) Model (SIR)
NQu Recovered IU@NTOUNI /A0 1A0N
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Infected

Susceptible Recovered
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AUM TN F1UUDUVUIAD4 SIR (Kermack-McKendrick Equations)

ds(t) _  BIBS(D)

1
(1) 1t
dil(t I(t)S t B i (Ordinary Differential Equations, )
(2) ( ) — ﬁ ( ) _ yI (t) PYAAUNITVIDYWUTTIIUAT (Ordinary Diff tial Equat ODE
dt N
dR(t)
(3) vI(t)

® AUNT (o) mimamﬂmﬂaﬂuuﬂawm S(t) @awmﬂnm Tuilszwinsvina Nlaeg S(t) ADIUIU Susceptible
M At ‘HﬂQLGD’E)LﬂJi‘”‘UM iag 1(t) ﬂammuwmm%a (Infected) ™ 1391 t

* quMs (o) U338N8T8AT M Aennasveas i 1)
* qUNI (o) VITON0DINM T AoUNYBIVBITIUIUNGN Recovered, R(1)

® 1ATAIUU N = S(t) + I(t) + R(t) = A1A9N
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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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Base Scenario & Modeling Assumptions

® Base Scenario has a constant Rt = 1.3 with long-term 42% infections & 0.84% deaths (2% of
Infected Pts) with an Effective Population Number of 5,000

® We vary: Rt values, importing new Infections 1,,, percentage of Detection & Isolation, and timing of
V P g p £4 8

Interventions
® We show both Deterministic & Stochastic versions of SIR

® All value of Rt is changed instantaneously; all new Infections are introduced all at once and
instantaneously; all Detection & Isolation (D&I) are done at once (at a specified percentage) and isolation

1s complete
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Deterministic (“Top-down”) approach
Rt=1.3
Base Scenario
Long-term Infections 42% (2,100)
Long-term Deaths 0.84% (42)
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Stochastic (“Bottom-up”) approach
Rt=1.3

Base Scenario: Stochastic sample path

[All stochastic simulations were

150
l

performed via user-written Stata®™

programs running on Stata® v. 14

using an Event-Based Algorithm as

described in Kiss, Miller & Simon* ]
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8 Stochastic (“Bottom-up”) approach
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&) | Stochastic (“Bottom-up”) approach
Rt=2 at 50
In =50 at 50
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Deterministic (“Top-down”) approach
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Rt=1.3
D&I 50% at 25

Deaths = 0.7% (35/5,000)
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&) | Stochastic (“Bottom-up”) approach
Rt=1.3
D&I 50% at 25

o
o —]
[Q\|
o 1 Stochastic Simulation
I-D ] 9 A o dy
— lawamiounu lusevuil
o
o —]
—

o _

O

O —]
| | | | | |
0 20 40 _ 60 80 100
Time
Infected — Dead

Simple Mathematical Models of COVID-19 : a.uw.masiausi 1aadmmso Slide 70/85



)
lD ] b b 1 [13 2
N Deterministic (“Top-down”) approach
Rt=2 at 25
D&I 50% at 25
o
o —]
(Q\ g
= ] 1A 8 |
o DeHOUUTUIU Rt =2 gty _
Lo ) 1ATMT D&I 50% lunaa f ~ ANINNDUKT
dahlimssznadugastng § ning 2" wave
590159 g
o
o —]
H °1 T T T T T T
0 20 40 60 80 100
Time
Infected Dead
&) _
Lo
o —
T T T T T T
0] 20 40 60 80 100
Time
Infected —— Dead

Simple Mathematical Models of COVID-19 : a.uw.masiausi 1aadmmso Slide 71/85



)
&) | Deterministic (“Top-down”) approach
Rt=3 at 25
D&I 50% at 25
o
o —
(Q\ g
= ] d? = 8 |
) mwauﬂiumnmuaﬂ%u Rt= o
Lo } 3 TagtWuns M3 D&I 50%
' 9 =Y 1A nd S i
681Qu68ﬂ8\1lllllﬂﬂ 27 wave
o [Te)
o —
H °1 T T T T T T
0 20 40 60 80 100
Time
Infected Dead
o ]
Lo
o —
| | | | | |
0 20 40 60 80 100
Time
Infected ——— Dead

Simple Mathematical Models of COVID-19 : a.uw.masiausi 1aadmmso Slide 72/85



(@)
Lo — .
[q\| Deterministic (“Top-down”) approach
Rt=3at25
D&I 30% at 25
o
o —
AN
o HAMINRNEUTUUINIU Rt =3
ﬁ B HAZAANINTNT D&I 111D
30% luvas Aina 2 wave 18

o
o —
—

o _

LO

O —
I I I I I I
0 20 40 60 80 100
Time
Infected — Dead

Simple Mathematical Models of COVID-19 : a.uw.masiausi 1aadmmso Slide 73/85



o
&) | Deterministic (“Top-down”) approach
Rt=3 at 50
D&I 50% at 50
o
o —
AN
o YINHOUUITUNINIU Rt = 3
ﬂ | Taeluasms D&I 50%
Tusalsaeaan Lina 27 wave

o
o —
—

o _

LO

o —
T T T T T T
0 20 40 60 80 100
Time
Infected  — Dead

Simple Mathematical Models of COVID-19 : a.uw.masiausi 1aadmmso Slide 74/85



o
&) | Stochastic (“Bottom-up”) approach
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Deterministic (“Top-down”) approach
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Deterministic (“Top-down”) approach
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Stochastic (“Bottom-up”) approach
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