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9
AUM TN F1UUDUVUIAD4 SIR (Kermack-McKendrick Equations)

ds(t) _ _ BI®S(®)

(1)

dt N 3 compartments:
o EO=HO0 @ N = S(0) + 1(6) + R(E)

dR(t)
3) —— = VvI(t)

g}J 2 d' 1 1 v A
* FUNSNY 3 VITeenamsasundasves SG¢), 1), R(¢) aovulonal lulszansuuia N naasy
I2UIP A It

* N=S(t)+I(0) + R(t) = A

* luannsaunaumsyai 19 lamasunagmiugasiieg 10 (No closed form solutions)
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® A IB ADONTINITUNWTLY® (Transmission rate)

1 A Y a dﬂl
® a y ABBATINITNIYIITINNITIARALTD (Recovery rate)
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R =2 {U18AINN...

g 7

to four, to eight, and so on.

: i i i N. i ing. Sci 30 Oct 2020 .
wvwaosmsdiosda Taga19 - o.w.magdat iadnids (1 2@8%%% M, Kupferschmidt K, Desai N. The science of superspreading. Science, c Slide 10/34



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 fowde Ta3a19 : Sourl LamdAn3 lide 11/34
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* I AR <1 lNamMIszue

a 9 v

3 ' 1 A
* min R =2 anlmilu 1 1d desadngiiquiu luilszansuedintos 1/2 W3 50% 399z hitnamsszuia

q

9) v

3 a ' 1A
* min R =3 anlmilu 1 1a desadngiiquiu luilszansuednos 2/3 W3 67% 399z hilnamsszuia

Y 1 1 9 A Y A A9y o 1A = 1
¢ ﬁ@mmmﬂﬁz%mﬁ@mmaﬂ NADNUPUANNU %Qﬂzllhlﬂﬂjiﬂﬁz‘u1ﬂ 919158071 Herd immunity

threshold
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® 1R W AUAUYRINIIITINA NOU IATUHANTENDINMIAIUAN TTRIAUAI 9 i58nT1 R, 130 Basic

reproduction number

1 A = A 1 = 1 = 1 A .
* AR M YALIATOUC Gm'mmJmtﬂaauuﬂm"lﬂmnuiamﬂmq 9 L38NIINI Rt?‘iiﬂ Effective

reproduction number

wuvdaesmadaite 10319 © o.wu.mayfent (dadnsde (12/05/64) Slide 13/34



. . = Y
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WIATNTUTTIN & HOUUTUA (AAFBEIN/A18TUU) 8 1381 ¢

(1)
(2)

3)

Taen

ds(t) _ _ Bd(®)S(D)

dt N
aI(t) _ B (®SE) _
= vI(t)
dR(t)

vI(t)

Rt % = “Effective Reproduction Ratio”

J = Q ! = v
HaE N13aAN1 Ry ADUIIINT INNA R, AoNaulsu

wuvdrassmsaacie 1aia19 : e.wu.maianl dadndse (12/05/64)

Susceptible

Recovered

Single Cluster/Component SIR

Slide 14/34



200
l

] Histogram U®4 Daily incidence Tu'lnei1dan
] v
T4 (AWA o A D9 lo WA lw&ba)
o
Lr) —
—
o
o —
—i

I I I I

I
0 20 40 60 70
Days Since March 1 2020

Slide 15/34

wuvdrassmsaacie 1aia19 : e.wu.maianl dadndse (12/05/64)



200
l

150
l

100
l

50

Histogram U®4 Daily incidence Gluuhflﬁl‘ﬁllﬁ)mﬂ
A0 (FaUd © 17 79 1o WA & bar) FoUAY
FUMNTHINUIUY Gamma (AU IAITH9)

ito 1711184 Theoretical fit o1 1d

9 oA Sy A Y
GlJ@?JgﬁQ‘]J@ﬂTﬁﬂUJW!!ﬁ'J'UQ

19N Single “Cluster”

SIR Model 919U NS T

aaaaaa

[

20

I
40 60
Days Since March 1 2020

[

70

Slide 16/34



M

AWK IBBNT W 518

Qs
Qs

e
3
o
c
=
q

oo
.
o
33
e
33
e
=]
q

CINA IEADN LNBIYW 2564 (AN 1 LNBIEW —10 NEBNNAN 2564 LI]a1 00:00 it.)

J T
o |
c

=z
=
|
dd
e
=
c
(]

()]

-

G

&

=2
-

cllo
2 e
= =

c—° <

wa c—

@

&

¢

asz3 a
- M
q

= ()

= =
= B
= £

oq o
e =

-

(074
(e 74

HIZUITHID

4
P~ |

iple Infected Clusters

@ X
(=3 =
= S2
@ N
ag T
(4]
N
L0
N
=
=
o
c
°c
@
a2
e
C
—
e
&=
=
c
S
S 3
._m W
2 r
e u
b
c R
=
- =
C a
c &
C ¢
e 3
3 ~
g 3
€ 2
.
'y
=1
) o
: =2
&, N

v

i
Q
< i ™ e
S Q|
o — ({0 Wenlerlealion
[0 1
| ebeteeetete
o
L
S
7o) [
Ty N oo
O\ = =
— Nr - =
i}
82] hap il
< n,ﬂ_1
S PN —
9_
| 1.
%II
L o
-
0L
T
— 1
[V I I
<1
SRR
0
m_.!
10|
Ny
~
<
Ji
N oo
<t r-----
ol
[y @ TN
2 .-
© S i
() 3
(a\| L_
= ~ ﬂ
- N~ b —-—m
p= bt N |
|l
1 Pm= ==
ﬂ.|7 Rt
o oo
N\ QOrememmmmazI
= e
o ==
- b e e e
= Pmmmmsene
*& R~
22— L
C i e
H.ﬁd ﬂ | R
o N
LS (<SR A (N PO ——
(e o7, Lo
C < (&= =
— cC =0
N T C . =
AGETH e 3D
P < & = o]
C
% iy
L
w = =
= |
i
1
|
1
_
|
1
o Qo o (=] o
o o o o
o LN o n
(o] L s |

Tz0z/s0/ztT
120Z/S0/1T
1z0z/so/ot
<
120 Qma%mo
1202/50880
120 Qmoﬂno
1202/50/90
1202/50/50
1202/50/v0
1202/50/¢€0
120Z/50/20
1202/50/10
120Z/%0/0¢€
120Z/%0/61
1202Z/%0/8¢
120z/vo/Le
120Z/%0/9
120Z/%0/ST
120Z/%0/vT
1202/v0/ET
1202Z/¥0/Tt
120Z/%0/12
120Z/%0/0T
1202/v0/61
120Z/%0/8T
120Z/%0/L1
120Z/%0/91
1202/v0/ST
120Z/%0/vT
1202/v0/ET
120 QEM T
0
1202/70R T
120 N\EWH
120 ngo
:ogomwo
120 QSMO
120 N\womo
»
120 N\Swmo
120 N\womo

[
1202/%0/80
<

Suiinaav

-3



It triggered a big outbreak. At least 97 people who attended the
conference, or lived in a household with someone who did, tested
positive.
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Enserink M, Kupferschmidt K, Desai N. The science of superspreading. Science, 30 Oct 2020

vusassmsdaute 103019 1 a.uu.maviasl Wiadnisy (12/05/6 - ; .
o e Rt ( L'Phe Biogen meeting had become a superspreading event. Eventually,
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Superspreaders:
10%-20% responsible for

80% of all infections
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Multicomponent Deterministic SIR with Interaction

m
; — ; I (t
) dSL(t) — _ (Zk_(;nwlkﬁk,t k( )) Sl (t) m + 1 components:
dt Zk:O Wlka Weight or Interaction Matrix W [ € {0' ) m}
dI;(t) Yk=0 WikBi,tIk(t)
2 = ’ S;(t) — vyl (t
(2) it ( ST wirNk l( ) yili(t)
dRi(t) _
() —— = Vili(t)
dN (t) No exchange or flow of
(4) dlt — O (IlO eXChange) people between components
Zk N k = N (total population)

Slide 19/34
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Two-component Deterministic SIR with Interaction

(1) dsi(t) _ _ (W10.30,t10(t)+W11ﬁ1,t11(t)) S, (t)

dt W10N0+W11N1
1+ 1 = 2 components

d Io(t 11 (t
2) L(E) _ (W1o.30,t 0(O)+w11B1,c11( )) S.(t) — v, 1, (t)

dt W10N0+W11N1

dRq(t
3) ;t( ) =Y I 1 (t) (and similar equations for the 0 component) \

w w
W = ( 00 0 1) “Weight” or interaction matrix
Wio Wi

Slide 20/34
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Two-component Deterministic SIR: Complete “Integration”

dsi(t) _  (Bolo(®)+B1,t11(t)
(1) dt ( No+N; )Sl(t) 1,
+ 1 = 2 components
dl;(t) _ (Botlo(®)+B1,¢I1(t) _
S i e e CNOESANG

dRq(t
3) ;t( ) =Y I 1 (t) (and similar equations for the 0 component) \

1 1
W = (1 1 Complete “integration”

Slide 21/34
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Two-component Deterministic SIR: Complete Separation

(1) dSl(t) — _ (.Bl,tll(t)) Sl (t)

dt Ny
1+ 1 = 2 components

dlq(t) L1 11 (t)
S e G IO
(3) dR;t(t) =71 I 1 (t) (and similar equations for the 0 component)

W = ((1) (1)) Complete separation

Slide 22/34
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Two-component Deterministic SIR: One-way Partial Separation

dSq(t 1,(t)
(1.1) ;t( )= — (—ﬁ y )Sl(t)

1
dSe(t) Bo,clo(t)+5B1,t11(¢)
dt No+3Ny

1+ 1 = 2 components

(1.0) )So (t)

(and similar equations for other compartments & components)

“One-way” separation

S
|l
RN
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Two-component Deterministic SIR: One-way Partial Separation

(11) dSl(t) — _ (.Bl,tll(t)) Sl (t)

dt Ny
1+ 1 = 2 components

1
dSy(t) Bo,clo(t)+5B1,t11(¢)
(1.0) 0 = — 1 So (t)
Ny +§N 1
(and similar equations for other compartments & components)
Partial
1 “One-way” separation

S
]

One-way
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Bot
Staggered Changes to the

. R
Transmission Rates [3; +
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Multicomponent Deterministic SIR with Interaction

(1) dS;(t) — _ (Zk=0 Wikﬁk,tlk(t)) Si (t)

dt 7kn=0 WikNpg

m + 1 components

dl; m i I

dt Y=o Wik Nk
dR;(t) _
() —— = Vili(t)
dN j (t) No exchange or flow of
(4) dlt — O (IlO exchange) people between components
Z k N k = N (total population)
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Multicomponent Deterministic SIR with Interaction

& Targeted Vaccination
dS;(t e o Wi I (t
(1) 0 - (Z" o Pretic )) S;(t) —vnyS;(t)

dat k=0 WikNk

m + 1 components

alt) _ (Tkeo WikBrtk®Y ¢ roy 1
(2) P ( m N Sl(t) yili (t)
dR;(t)
(3) —— = Vili(t) +vm; 5 (1)
dN;
(4) dlt(t) =0 (no exchange)
Zk N k = N (total population)
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Multicomponent Deterministic SIR with Interaction

& Targeted Vaccination

(1) asi(t) — — (ZTI?:O Wik Bk eIk (t)

p " )Si(t) —un; +S;(t)

k=0 WikNk

m + 1 components

dl; m i I
2) O (Z" 0 Pl k(t)) Si(t) — il (t)

dt k=0 WikNpg
dR;(t
(3) dlt( L=y () + un; ¢5;(t)
dN;(t
(4) dlt( ) =0 (no exchange)
Zk N k = N (total population)
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Multicomponent Deterministic SIR with Interaction

(1)

(2)

3)

(4)

wuydrassmsdaite 1ala19  e.wu.mayfanl dadndse

& Targeted Vaccination
dSi(t) — _ (Zk=0 Wikﬁk,tlk(t)) Si (t) . Uni’tSi (t)

dt Yo WikNg

A1) _ (Lo wirBilk®) ; v lszdnaminu;
dt ST wikNi (&) = vili () n; ¢ : dadmmar dsznsu i
dR;(t) NIAsuInTU e et — 7 *

=y I;(t) +vn; S;(t)

dt
dN;(t

dlt( ) = ( (no exchange)
Zk N k = N (total population)

*Delayed effect of vaccination taken into account by assuming

(12/05/6 4\§accmatlon attime £ — T where T is time to maximum effectiveness Slide 29/34
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Multicomponent Deterministic SIR with Interaction & Exchange/Flow

& Targeted Vaccination
ds;(t Zm= i tl (t)
o O - (R Pk O) 5,6 — umy 00 + Bl i S (®) — fi 1 SiC0)]

dt k=0 WirNp
dI;(t) Ykeo Wik B t1x(t)
) = ( kz%_oljyiiltvk )Si(t) —vili(®) + Xl i i e (®) = fir L ()]
(3) d’;‘ft) vili(t) +vn;  S;(t) "Flow matrix" F; = (f;; )

(4) le(t) Zk[fkl 1Sk () = fin S (t)] +Zk[fklt1k(t) fire eI (t)]

SIR 0 < SIR 1

Zkfikt_ Lt—1 f1o

f21
Z de(t) dN (t) —0 ;
k dt 20 ° m + 1 components
There is flow of people

etc.

between components
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Parameters & Variables (& Data)

Transmission rate vector ﬂ t — ( ,B i,t); recovery rate ;...

Vaccine effectiveness U

® Vaccination rate vector My = (ni,t)
® Weight matrix W = (Wi ])

® Flow matrix ' = (fl])

Data from available sources (Ministry of PH)

Sensitivity analysis: varying plausible values of parameters & variables for qualitative prediction &

explanation
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= L \INy

local S = “Se'
local I = "I0'
local N = “8'
local i =

: Computer calculations done using STATA v. 14 codes

while “i'<=100* 4' {

local S ="S"*(1-"r@'* I'*°dt'/"N")
replace S =°S' if n == "1’
local I ="I'"*(1+ r@'* S"*°dt'/ " N'-"a'* dt")
replace I ="I' if n == "i'
local D = D'+ d"'* I'* dt’'
replace D="D' if n == "i'
local R ="R'+ a'* I'"* dt' /*Here, R is calculated from the ODE, thus there are rounding errors?*/
replace R = "R'" if n == "1’
replace N = "N' if n == "i"
local i="i'+1
}
while “i'>1@0* 4' & ~i'<=100* 5'{ /*New Effective Reprod Ratio = rt*/
local S = S'*(1-"rt'* I'*dt'/"N')
replace S =°S' if n == "i"'
local T ="I'"*(1+ rt'* S"*°dt'/ " N'-"a2'* dt")
replace I = 1" if n == "1i'
local D = "D'+ d"* I'* dt’
replace D="D' if n == "1’
local R ="R'+7a2'* I'* dt"’
replace R = "R' if n == "i°
replace N = "N' if n == "1i'
local i="i'+1
}
if "I' +6' >1 { /*Sometimes if I < 1 at this point - will give negative I's !!I*/
local I = "I' + "6 -1 /*Add New Infecteds ONLY ONCE OUTSIDE THE LOOP; & give to new compartment Iis*/
}
else {
local I = "I' + °6'
local S = °S' -1
}
/*DOES NOT take away corresponding S*/
gen Iis =0 /*Create New COMPARTMENT for Isolated Infecteds*/

local Iis =1

while “1'»>100*°5' & "i'<="n"{

local N = "S'+'I'+°R' /*¥Effective population DOES NOT include Iis; there will be rounding errors*/

replace N = "N' if n == "i°

local S ="S"*(1-"rt'* " I'*°dt'/"N')

wDEPharesiidy ia i6 : B.vmmadihnl dadnidy (12/05/64) Slide 33/34
local T ="I"*(1+ rt'*(1-"pi")* ' S'* dt'/"N'-"a2'* dt")

replace I ="I' if n == "1
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® Multicomponent deterministic SIR 1T 118 Yayaniinn1sal Nl single peak Ay multiple peaks/

U q

W30 sustained plateauing

9 0 ~ a g 2K A ~ 1 '
® AINNUVUUIDINTUITIVINUYU TIUD 3Jﬂ1ﬁllaﬂlﬂaﬂu (exchange) ‘1.]33‘?)"]6111!3311’?313 ﬂf]aiJG]ﬂJG])'U/
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