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R, = Intrinsic transmissibility of infectious agent
RO < 1: Extinction
RO = 1: maintain
RO > 1: Epidemic
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Disease Generation Time (Tg)

Tg: Disease generation time

Doubling Time =Tg / (R, -1)
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R,: Basic Reproductive Number

» The average number of secondary
infections that result from the introduction
of a single infected individual to an
entirely susceptible population.

RO <1: extinction: an infection eliminated from the population
RO = 1: endemic: an infection at equilibrium within a population
RO > 1: epidemic: an infection which spreads throughout a
substantial part of the population

Pandemic: An epidemic affecting the whole world (e.g. HIV, Flu)
Outbreak: An infection that only spreads to a limited extent

__~ Pathogen
Ry % Host

" Population dynamics

R/

Mean length
of infectious
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contacts occur




R(t): SIN*R,: Effective reproductive number

e S: Susceptible

* N: Total population

« S/N: Proportion of susceptible in the population
Thus, always R < R,

Aiming R <1

SIN < 1/R,

e.g. Ry = 4, then, when S/N reaches to 25%, the
epidemic would stop.

Controlling infectious diseases
What does it take in theory?
* Reducing contacts: quarantine, social distances
« Reducing susceptibility: vaccine, prophylaxis
* Reducing infectiousness: treatment
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e.g. R, = 1.5, then 33% reduction in transmission
R, = 2.0, then 50%
R, = 4.0, then 75%




Insights from model: Herd Immunity
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What are you looking at?
ported —— Surveillance
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Seek Medical Attention

Disease

Infected

Exposed
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Three steps

» Step 1: draw a flow diagram representing
natural history of infection

» Step 2: write a set of equations — using

functions

» Step 3: solve the equations
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Model |

Birth
Death «—  gysceptible dS/dt = Birth — death — infection
dS/dt=wN —uS —pSDIN
Infection
Death +— Latent dL/dt = infection — death — progression + recovery
dL/dt=BSD/N —puL —9L + oD
Progression
Or Relapse Recovery
Death «—| Diseased dD/dt = Progression — death - recovery
dD/dt = yL —(a+p)D-0oD

HAEOTZDIZ BB E DR E G0N EIZLET,

1. &Y% (infected), £ D OEiTlatent infection (Z4TL £, 2L T, FIE LRI
Y%A L9 (infectious).,

2. BIE, BT 5Z813H->ThH, MR BMENNDERRDZETHVET A, £
ZC. B Watent infection D7 L —7IZRVET, bbAA ., Ml E N Bk
BIELHINLLNFEREAMN, BT ILEVIZETIITIEEZ RN EIZLET, TI»
B, —UHSICRYe A& T — kT A0 T,

3. FIEH = BYMEA BT IR L7,
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Model Il

Birth
l dS/dt = Birth — death — infection
Death Susceptible dS/dt=oN —-pS —BSD/IN
' dL/dt = infection — death — progression + recovery
Infection /\'f dL/dt=fBSDIN — L. —yL, +oD
—Death
Death fL;Stfm Is_lz;t\zm dLg/dt = infection — death — progression + recovery

dLg/dt = (1-)BSD/IN —pulg —yLg +sD
Progression
Or Relapse Recovery

dD/dt = Progression — death - recovery
dD/dt = yL —(a+ D -0oD

Death «—{ Diseased

TR DI A Z T TD, 2~ FEDIBICRHIET 5D (fast: L)L d><WHIET Db
DUNIFEIE LR TEIEE K Z Db O (slow: Le) BSIEETHELLD, ZDOkEf: 1-f &
T, Lp, L OFEREFERERITRRY | gp 95 THD, TNENZLTLBIIELTZH D
IFEHE 9B L3720, L BRIEL7bDIRRIE LGS 45,
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Model I
Birth
l dS/dt = Birth — death — infection
. dS/dt=oN —-puS —BSD/N
Death «—  gysceptible @ # p
Infection fAl"f b dLg/dt = Tf;gmn — death — progression + recovery
— e I dLdt=1BSDIN —pl. —yele +oD +BLD/IN
Death atent | |aten dLg/dt = infection — death — progression + recovery
fast slow "ER
Progression [PLsD/N dLy/dt = (1-H)BSDIN — ulg —yLg + SD - BLDIN
Or Relapse
Death Diseased dD/dt = Progression — death - recovery
dD/dt = yL —(a+ D -0oD

Model Il DZMIZTIZLL FDOIH72b D% MZ 5,

Latent phase (ZHDFEZ BT N HICHS — EREREORYL A% T HELatent slow 25
latent fast {27173 % (Exogenous Reinfection = ER), i#fi(Zlatent fast A3 — EE &
Y521 772U ThH, [FUlatent fast T L7, Latent slow Or Adlatent fast (25
17956525,

Latent slow ™ A 73diseased ® A L 7= L% susceptible J0r fZEGLL7
UYLV ET 5,

Thbb

r >1: Latent slow IZsusceptible JEGEL 5\,

r = 1: Latent slow &susceptible DEHESRIZFIL,

r <1: Latent slow |Fsusceptible &Y=k,
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SIR model for R,

S: Susceptible I: Infected R: Recovered

® —0 — 0
® — 00— 0
® — O

SIR
SARS
Measles

Influenza

SIS
STD

AIDS
(TB)
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SIR model in a closed population

S(t)

R(t)

I(t)

S(t) = number of susuceptible

I(t) = number of infectious

R(t) = number of recovered (immune or dead)
N = S(t) + I(t) + R(t) = constant population size

A(t) = force of infection (per-capita incidence rate)
o = recovery (or removal) rate

Closed model LIZHERB IOV I 7T RICHHILTEEHBEL COET, ZD72D,
SARS, XA AL TN W BRIAL TN F Iy I SN TV ET,
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Force of infection; Mass action and
random mixing

o e o
o o e

. I (t) I ()
Contact is independent of N = — =
tact p t A(t) =pc N () B N ()
Contact is dependent of N A) = p(CN(t)) W = pcl (t)
=g

ETDONBTUH NS HEEZTTE, LA BALSH 720 (Fl 2118 12)
far N&2on % e (contact) ELET, ZHENADEFTHIL, AiteN OEERH5
ZEITRVET,

P RS2V (L ODRYLIE 250 2B 7720 ) A s susceptible) S g & L1 |35 2
LICTV RIS DER AR TV ET,

BIZIX B S PESZEE T, 4 BHEDNIRIET D, TDEE ZDO NDEYE ThHDHHk
b i I(t)/N T3, Bz, 4)\ _1)\75%%&@\3%& 25%LHZETY,

ZDT . EYe 7 (force of infection) lamda(t) = pc (/N TEENET (LR, L
75 Liﬁﬁ\% N X DL, B R EVHEAL BB 2 2GRV ET, ZD L7
ZIEINOPFRZEEINDED T, XDDNOIZTH 2D LRV ET,

Pc =beta L3 2&, LROIHNTRVET, BLERITIE, 20DAXO PRINAIETD
_kﬁ 2D TLLEIH Bk EI U3 DL EE LY D R 3 D NIZ R B S N D 03 eI BE AR
TiFeVY) | — I Eo R A& B OVE 9 (contact is independent of N),
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Closed population SIR model

equations
nonlinear
ds | ____ transmission
— == wﬁsm//// term (AS)
dt
a
da
drR
e = ol
dt
N=S+I+R

Kemack & McKendrick 1927

1HZREHN R BT 7~ DT TEYGLE BEIE L TV ET DL, YN
1/sigma CEINET,




Epidemic as a chain reaction

Day 1 Day 2 Day 3 .Day4
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Exponential growth

Number of infected people

Day

JRYSE B DR LT BB B O I N Th AT 2 F 9,
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The basic reproductive number:
RO

 Basic reproductive number: R, is the number of
secondary infections caused, on average, by one
primary cause in a totally susceptible population.

 Effective reproductive number: R is the average number
of secondary cases caused by one infectious person
once the epidemic is underway (and hence not all the
population are still susceptible).

R, >R

R > 1. Epidemic
R =1: Endemic
R < 1: Extinct

ROIZ 4B 2N M THHIRREICI A DI E WMEALIZEE, T NI % 5| &
N TT,

RIZEEICEYSRAT A E S TODHLA DG E DI NS DT,

TATOICEDE, REMMEZ R T3 Ed, ZO7-HRIZR0 2252 L13dH
DEH A,
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Exponential Growth

Day 1 Day 2 Day 3 .Day4
o0 @ g X 20,° 0.0
SO0 o 00 0%.0 , 9%
000 » 000 ”0,90 " 0%
X ) X)) ‘0. o 0.
L Y L Y oo o000

Y

Generation Time: Tg = latent period ~ infectious period

HDADPELL b, B IEREEHETORRH], KOIHCENIEINTHE0T
FROFEH A, FEFHITIL, random variation (250, Tg IXERVET,
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R, for closed SIR model

infectious
recovery
- or
death
. 1
Mean duration = ——

(o}
During which he or she infects people at rate .

REFEO CLIADEIL T LET, EDATARTHRBILIZEBY | Y HIX
1sigma T, &Y ITbeta DFETRO NMIEGSELHLETDHE, RO EFE TS

WEY,
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Final epidemic size for closed SIR
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Final Population infected (r)
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EPIDEMIC IN A CLOSED POPULATION OF 1,000
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EPIDEMIC IN A CLOSED POPULATION OF 100
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EPIDEMIC IN A CLOSED POPULATION OF 10,000
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Including births and deaths (steady)

B(t): birth rate

S(1)

R(t)

I(t)

I b per-capita b a Ib
death rate

S(t) = number of susuceptible

I(t) = number of infectious

R(t) = number of recovered (immune or dead)
N = S(t) + I(t) + R(t) = constant population size

A(t) = force of infection (per-capita incidence rate)
o = recovery (or removal) rate

Closed model IZ5 LT, 93D LEWL P TIRYMEDTITAZE X ET, ZD70, &
ST =AML, HAEICED N DI BHY EF, WIS, YL, [BIfET
IIZNENANYITTIROETERHVET, LR TIE, EYYEIC LD mIE =
IN—=RAMIBATLET,
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Including births and deaths

AR bR
dt

N=S+I1+R

S
dt y
a_

= o @rarol]

Transmission
rate

>\

Loss rates of
infecteds

Ro = Transmission rate x mean infectious period

=MN(b+a+o)

ZORADRH TUIEDEIIEL L T, BB RES 20 E — R T 2L RIS
DENNROEIIENH TUTEVET,
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Interpretation of parameters

» Life expectancy of uninfected = 1/b

» Mean duration of infectiousness = 1/c
conditional on survival (closed SIR)

» Mean duration of infectiousness = 1/(b+o)
including natural mortality (opened SIR)
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R, for opened SIR model

infectious
recovery
or
death
1

Mean duration =

b+o

During which he or she infects people at rate .

So,ig,= P
% Va b+o H\ recovery
..... qusgpppeeeeeeeee

REFEO CLIADEIL T LET, EDATARTHRBILIZEBY | Y HIX
1sigma T, &Y ITbeta DFETRO NMIEGSELHLETDHE, RO EFE TS

WEY,
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Open SIR model and endemic
state

Random effects

Recurrent epidemic
—

£
=
o 3
0] °
3 b
c \' o, Equilibrium
Q
IS or
o
2
w

Supply of susceptible
by time (births)

Rate of New Infections

time

Establishment Endemics
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Te+7
9e+6
8e+6
Te+6
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- 5e+6
4e+6
3e+6

2e+6

1e+6

NO = le+7
b=2.6e-4
RO=5

e+
[9e+6
[-8e+6

FTe+6

i
[6e+6

[-ae+s

[3e+6

[2e+6
1

Lie+s

[-5e+6

METHOD RK4

STARTTIME =0
STOPTIME=52
DT =0.02
WEEKS=TIME

d/dt(S) = Births - b*S - beta*S*I/N + delta*R
d/dt(E) = beta*S*I/IN - (b+gamma)*E

d/dt(l) = gamma*E - (b+alpha+sigma)*|
d/dt(R) = sigma*| - (b+delta)*R

intS=NO-10
inNtE=0
init1 =10
intR=0

N=S+E+I+R

NO = 1E+7
10=1

Births=b*NO
b=2.6e-4
gamma=1
sigma =1
alpha=0
delta=0

RO=5

beta = RO*((b+gamma)/gamma)*(b+alpha+sigma)
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E,R

WEEKS,

NO = 2e+7
b =2.6e-4
RO =5

2647
1.8e+7
1.6e+7
1.4e+7
12647 Z

Tet7 =
8e+6 )

6e+6
4e+6
2e+6

METHOD RK4

STARTTIME =0
STOPTIME=52
DT =0.02
WEEKS=TIME

d/dt(S) = Births - b*S - beta*S*I/N + delta*R
d/dt(E) = beta*S*I/N - (b+gamma)*E

d/dt(l) = gamma*E - (b+alpha+sigma)*|
d/dt(R) = sigma*| - (b+delta)*R

initS=NO-10
inNtE=0
init1 =10
intR=0

N=S+E+I+R

NO = 1E+7
10=1

Births=b*NO
b=2.6e-4
gamma=1
sigma =1
alpha=0
delta=0

RO=5
beta = RO*((b+gamma)/gamma)*(b+alpha+sigma)
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Be+s

7et6
@ Get6
Wi Se+6
@ 4ev
W 3e+6
3 2e46

Te+6

NO = le+7
b=2.6e-4
RO =2

METHOD RK4

STARTTIME =0
STOPTIME=52
DT =0.02
WEEKS=TIME

d/dt(S) = Births - b*S - beta*S*I/N + delta*R
d/dt(E) = beta*S*I/IN - (b+gamma)*E

d/dt(l) = gamma*E - (b+alpha+sigma)*|
d/dt(R) = sigma*| - (b+delta)*R

intS=NO-10
inNtE=0
init1 =10
intR=0

N=S+E+I+R

NO = 1E+7
10=1

Births=b*NO
b=2.6e-4
gamma=1
sigma =1
alpha=0
delta=0

R0=2
beta = RO*((b+gamma)/gamma)*(b+alpha+sigma)
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EPIDEMIC IN A STEADY POPULATION OF 1,000,000+

=

L Tendemic DIk

DI IRH TR

;%“‘u

T&

1

T EED N

RERFATHDY . A

AN

wHHE<,

36

STARTTIME = 0
STOPTIME

=0

()
- ©
18
3
3
B
g~
i
]
4.2
J‘S
] -
3
i o
B
H o
S o
i co

w ] ©2
vu A
i
eadl E
1 BT R
i~
Jd.°
)
.0
o
.2
o
Ls
)
I
I
I
! °
o =
I
I
I
I
I
N 3
|
I
I
I
I
. (Y
: &
I
I
I
I
! e
I
I
I
I
I
I
4--+--1s

|

I

I

I

I
I, |

7 ]

I

I

I

I

I
A--1--fre

|

I

I

I

pumtseseen
Speiitmenny|

——

TIME

35




WITH HIGHER BIRTH AND DEATH RATES, AND A LARGER VA
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4500
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3500
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1 2500
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0

time (years)

0.0 2.5 5.0 7.5 100 125 15.0 175 20.0

RS EEO XS HPE, B DY A2 OB WETIEE S F VL, endemic £LT

HHAEETORRS EAFSILD,
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Non-linear dependence on R,
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Including loss of immunity (SIRS)

B(t): birth rate 5

| |

S(t) I(t) R()
l b: per-capita l b l b
death rate

S(t) = number of susuceptible

I(t) = number of infectious

R(t) = number of recovered (immune or dead)

N = S(t) + I(t) + R(t) = constant population size
A(t) = force of infection (per-capita incidence rate)
o= recovery (or removal) rate

& = rate of loss of immunity

Closed model IZ5 LT, 93D LEWL P TIRYMEDTITAZE X ET, ZD70, &
ST =AML, HAEICED N DI BHY EF, WIS, YL, [BIfET
IIZNENANYITTIROETERHVET, LR TIE, EYYEIC LD mIE =
IN—=RAMIBATLET,
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SIRS model: loss of immunity
as =B-bS- ASl +6R
dt N
dl =
dt = T - (b+ o)l
dr = ol —-b+9R
dt
N=S+I1+R

ZORADRH TUIEDEIIEL L T, BB RES 20 E — R T 2L RIS
DENNROEIIENH TUTEVET,
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Interpretation of parameters

Life expectancy of uninfected = 1/b

Mean duration of infectiousness = 1/c
conditional on survival (closed SIR)

Mean duration of infectiousness = 1/(b+o)

including natural mortality (opened SIR)

Mean duration of immunity = 1/

conditional on survival

Mean duration of immunity = 1/(b+3)

including natural immunity

Probability of losing immunity before death = 6/(b+8)

41

R, for opened SIRS model

infectious

recovery
or
death
1

Mean duration =

b+o

: H Unchanged from
So, i R, = B SIR model

: Va b +o ‘\ recovery
LTI a-e-é-tH ----------------

During which he or she infects people at rate .

REFOCLIADEIL T LET, EDATARTHRBI LI B0 | Y IX
1sigma T, &Y ITbeta DFETRO NMIEGSELHLETDHE, RO EFE TS

WEY,
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Open SIR model and endemic
state

T8e+6 - — — — — — T T [ L (A r-oT- - L [ L (A I
» e . - RN S R - AU :
= 1 1 1 1 ] 1 1 1 1 ] 1
o Random effects T2et8 g — - - - G- - - - TTTTTTTT T Tt [ T T TS T i i
= < I I | | | |
b H g Pt o P ot R |
2 8 Time totoss is R T L o L ML o !
c i ‘ ‘ ‘ ‘ ‘ orout =0 ‘ ‘ ‘
; = short enough, then ol ! = ! 3 0035599 G - 3
) £ \ Equilibrium i il i ! !
zZ 3 or 1 ! - T o :
S 8 Recurrent epidemic 205 - _ S P |
[S) 2 ~eel i ‘ j ‘ ‘
[0 w o s e e e —— B ———— EE——
© / Supply of susceptible ” 0 ° 1
a4 by time (births + loss of

fmmunity) time
Establishment Endemics
IR RIZETE S TUIRZIER DR ET, ZOZLE RODHEMEZZEK T 201 T Delta = 0.2

1ZHVET A, LOUEERRIEOL ~LREL 225728 extinct (2725 rlREMEMEL 220
£, L REE R (FORRSZMIR D ET) OB E & & REHARIR AR
LET,
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Delta =4

45

Delta =12
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Special case — the SIS model

B(t) —— S(t) I(t)

c
' b ‘b
E =B-DbS- /Sl + ol

dt N

a s
at = N (b+o)l

N=S+I

a7

RO and the endemic equilibrium

Infection prevalence (i) is given by;

SIR model SIS model

Example;
Measles b = 0.02/year, o =50/year,

= 1/2500
+o

Infection prevalence is extremely higher in SIS model than SIR model,
even if Ry is much lower in SIS model than SIR model.

JRIB D &5 72 SIRT/RSNDRYE Tl RIZR02310&m<Th , prevalence = 3% T
K< E9, Lol SISET /LTI, ROBLEE/NED 7L L Th, ROIE33% IR
WZE<0ET,
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“ H ”
Generic Model” - SEIRS model
)
YOI, o o e o o o o o 3 0 3 o o 3 o o 3 2 3 £ o o o o o 2 £ o o o 3 0 3 0 £ 3 o —le+7 ‘ I
‘ BUN y c
e £ R AR SRR e e I b — SO T EO ) —— R@
S S e o o T i bl bl blla bl
] EESSHQE;ZU‘” o i o infected infectious
w0y E'W g;ow?aaaa B e S(t) = number of susuceptible
- 0 o I s E(t) = number exposed (incubating)
h em i i I(t) = number of infectious
s 2 Y E==== . 3 ””” 3 oo R(t) = number of recovered (immune or dead)
o e, st r— Lses N = S(t) + E(t) + I(t) + R(t) = constant population size
7 [ J 1o b(t) = birth rate
a = infection induced excess death rate
y=rate of progression from latent to infectious
o =recovery rate
6 =rate of loss of immunity
A(t) = force of infection (per-capita incidence rate)
SISET /L CITB AR L ERIBICEV ET, Closed SEIR model 28 E LT, TN, NI T TTL RO %E 2 D E

HOFEFAL, TATHIZR B RE A AL 25283V IELET, ElX
exposed ZEMLET,
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“Generic Model” - SEIRS model

9SS R

dt N

= - L
jilt =7E - bro+a)l
% = ol- (b+OR

Closed SEIR model Z8ELET, D72, N7 7T RO 25 2 5045
HOFEFAL, FATHIZRBHEZESL QEDDDIEFRNVERELET,
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R, for opened SEIR model

Latent Infectious
recovery
or
death
Probl. Qf L
surviving Y Mean duration =
T iy b+a+o
b+y

During which he or she infects people at rate .

NN EEEEsEEEEEsEEEEEEEsEEEEssEEEEEsssaEEEsssEEEEEeE

EUnchanged from
Y B i SIR model

REFEO CLIADEIL T LET, EDATARTHRBILIZEBY | Y HIX
1sigma T, &Y ITbeta DFETRO NMIEGSELHLETDHE, RO EFE TS

WEY,
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Interpretation of parameters

Life expectancy of uninfected = 1/b

Mean duration of latency = 1/y: conditioned on survival
Mean duration of latency = 1/(y+b): including natural mortality
Probability of dying during latency =y/(b +v)

Mean duration of infectiousness = 1/c: conditional on survival
Mean duration of infectiousness = 1/(b + a. + o): including natural mortality
Probability of dying from infection = o /(b + o + ©)

Control measures

Vaccinations — removes people from the

susceptible pool, hence directly protecting those
vaccinated, but also indirectly protecting the
unvaccinated through the reduction in overall
transmission levels (herd immunity).

Probability of dying during infection = (b + o) /(b + o + ©) Epidemiologically this effectively reduces B
y .

Mean duration of immunity = 1/8

conditional on survival

Mean duration of immunity = 1/(b+3)

including natural immunity P=1-

Probability of losing immunity before death = &/(b+3) Ro

RO2Y10THIVUZL, 90%IZT 7 F > ZF HUTIERZ 72 TN TEET, LinL, Jhux
KEBNT L Z MMIRA T D(random mixing) EWVH LD EITRKVSI>TOVET, 3
FREEL T, BIZITH DO AN ODLI8EH T ATENLEN-T, ERHEIHEAMT 5D
FTIEBHVET A, —EDNEHEMT DRI <RV ET, DL KRB —
(heterogeneity) i3 4T D/ T A—ZfERITHBL F,
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Control measures

Treatment — reduces the duration and/or
extent of infectiousness (and severity of
symptoms), and hance increases the rate
of recovery o.

55

Control measures

Public health measures — e.g. quarantine,
improved infection control — these reduce
the effective contact rate, and hence £.
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Control measures

Peontrol = Proportion of transmission removal by control
Qcontrol = Proportion of infectious period eliminated by treatment

(1 — Pcontrol)(1 — Qcontrol) <
0

Example:

Pcontrol = 50%

Qcontrol = 25%
0.5x0.75=0.375<1/3=0.3

Make R half and shorten infectious period to 75% can
Induce outbreak extinction.
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197TFAXIVRADHLIPFREFBE (BFDH)T g
HIN1A > LT AFRIT LT, & °
day cases §L 5|
1 6 S
2 25 Z 350 2
k=] S 3
3 76 5 300 o
o [}
4 221 5 g5 S 2
5 27 5 | 2
6 258 s
S 150 =
7 B 5 4 2 3 4 5 6 7 8 9 10 11 12 13
8 192 ° 100 Days in School
9 125 é 50 ays in
10 12 5 _ rt
1()= 1(0)ex
11 %6 - %123 456789 1011 1213 ® (0) exp
12 8 Days in School ) _ 2=exp® __. Doubling time = Ln (2)
13 8 I(t)
BT —HX, B2 DA TV PFAERFETT, D729, day 2 Hbday 9 FTHRA Vil H AR T E LT, 2B L > THEEITHINIL TOA A ITIRE
TEATEIR, ENENTHBEII T NENDIEIZRVET, TI0h, 20T —Xi% B0 ET, Day 1 2>HDay 4F TIHRTEARES 2D TLE,
cumulative incidence £\ )01, prevalence THAHZ LR E DI e TRV EH

Ao

SEENTHIML COLDITH HETTI 2240 HETTY, 5H HbHEEHITIH
A TCUET A, EOHIEE =L TOET,
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1 I(t)
Growth rate (r) = Ln /day
-b I(t)
1 227
Growth rate (r) = a1 Ln 5 /day
=1.2 /day
Ln (2)

Doubling time =

=0.69/1.2 = 0.6 days

SN BE TG 2 TOD IR IZ 31T D Growth rate (r) LEBE S MKFH 2 FHFL
TLIEENY,
0.6 A Tfif, LA TAETT 000 BB BIERL TVDHEN X ELLED,
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Infected

Latent Infectious (D)
period | g
L)
" =
Incubation ~ >
period Clinical symptoms

latent period (L) = 2 days

infectious period (D) = 2 days Tg=L+D=4days

A A a—FE R E B latent period = 2 days, infectious period = 2 days &L £,
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Discrete
generaon  Ro=xt[ g ] =ext(12x4)=122

SIR Ry,=1+rD=34

SEIR Ry, = (1 +rL)(1 +rD) =12

IHBIFBREDFHENTYT, EFVOREDHFIZL-TH, HHEERFA—HF

THDOHRODENZ AT TLEIEE, o » BEISERDEEBLET A, 4
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Closed SEIR model

s) P gy O R(t)
@8 _ A N=S+E+I+R
dt N 2
LS R Ro= —g7 7 R
— = = _y
dt N L= 1y ZIT
di 4
= = yE _ 1 1
at e ol D= T — s :T
ﬁ = ol Tg=L+D
dt 9=

Closed SEIR model Z8ELE T, D72, N7 7T RO 25 2 50465
HOFEFAL, FATHIZRBSHE L ESL QEDDDIEFRVERELET,

64




METHOD RK4

STARTTIME = -20
STOPTIME=20
DT =0.001
DTOUT =0.1

DAY=TIME /

d/dt(S) = - beta*S*I/N - pulse(10,t0,Long_time)
d/H(E) = beta*S*l/N + pulse(10,t0,Long_time) - (gamma)*E
d/di(1) = gamma*E - sigma‘l

d/dt(R) = sigmal

init S = NO

initE =0

init1 =0

initR =0

N=S+E+1+R

NO =763
10=1

{Initially, at time = -20 there are no infected children. At time t0, a number 10 of infected children are introduced into the school}

{Write model parameters in terms of more intutive quantities}

PULSE (ZIFRt0 TSHHELT Y —(210 21 ABEIL £9°, Madonna |ZZ D%
ENLBWOBEE TN EAL DT, Long_time=1e+10 L TR<E, FEL1EZ T
BT HI LRV ET, ZOINTERA D —ARNDEERIZ AT BN 70
BICZOTEEAET,
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Gurve Fit Gurve Fit
Available: Parameters: Available: Parameters:
ra INIT R RO
TR ] K Minimum:  [1e+100 i * | I | Minimum:  [FTe+100
n D
D << Remave << t% Guess #1: |1 << Bemove << | |y Guess #1: |1
Guess #2 |20 Guess #2 |2
L 5 i [ | Maximume  [Te+100
Lone_time - Maximum:  [1e+100 Lone tims )
[~ Multiple Fits:
[ Multiple Fits: . .
Fit Wariable: | DAY =
Fit Mariable: | DAY -
To Datazet: | #Flucase -
To Dataset: | #Flucase - e
mport Dataget..
Import Dataget.. ,—
Talerance: (0000 Cancel | OK I |
Tolerance:  |0.001 Cancel | QK |

il 2 DT A=HZONT, A D TREEF LT, 372 bguess #1 IXH 3D T LiZ1~3HIZ,
FRED/INEME, guess #2 1L B3O THEIVKREWEEZ A TILET, ROIL, SEIRDHS
BED128 TTWVETDTLI~2012,
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Gurve Fit

Arvailable:

Long _time hd

Fit Mariable: | DAY =
To Dataset: | #Flucase -

Impart Dataget..

Tolerance: (0007

-~ 3]
WO 1 L
<4 Remove << ‘%

Parameters:

[ Multiple Fits:

[ el
T

Minimum: ,W
Guess #: ,1—
Guess #2: ,'.’I—
Mazimum: W

Di¥1~7H,
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-

Import Datazet..

Tolerance:  |0.001

Curve Fit i
Arvailable: Parameters:
k[\lnl'l' R ad LRD Minimum: ,W
0 <{ Bemove << % Guess #: |6

Giuess #2: ,Dl—
Lane_time ™ Maximum ’W

[ Multiple Fits:

Fit Warisble: [DAY -]
To Dataset: lml

—
Gancel | Ok | |

D BE PBNDFEAELTZEHIRNDTT 3, day 1 TREIZ6 ADBERFHAELT

WODIT T NG, -6~0 DFIFA TREL THELI,
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RO =15.7

L=1.4

D=2.1

T0=-0.9

T4, 2OV METHE curve fit Z A £,
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Gurve Fit

Available: Parameters:

2 fidd 2 LRD

H << Remove << % Guess #1: |15
Guess #2- 17|
Magzimum:  [le+100
Multiple Fits:
Fit Wariable: |DAY - 2> Add 2
To Dataset: I#Flucase - €4 Remove £
Impart Dataget.
—I Weight: |

Minimum:  |-1e+100

Tolerance: IU.UUT

Cance|

| o]
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GCurve Fit

Available:

Parameters:

- RO
INIT I L
MO << Remove << t%
m

Minimum:  |-1e+100
Guess #1: |1
Guess #2 |2|7

v Maximum:  [1e+100
[ Multiple Fits:
Fit VYariable: | DAY -
To Dataset:  |#Flucase -
Import Dataget.
——
Tolerance: 0007 Gancel | oK |

|
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Gurve Fit

Available:

-~ R
INIT I r L
hNUN R << Remove €< t%
]

Fit Warishle: [DAY =]
To Dataset: | #Flucase -

Import Datazet..

Tolerance: (0,007

Parameterg

[~ Multiple Fits:

Minimum: ’W
Guess #1: ,1—
Guess #2 ,3—
Maimum W

it
T
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How to measure R,
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frequency

0 1 2 3 4

Days of Incubation

HOBYIET U T L — I D ETRET D, KOOI R B2 1 H 2310 A2 A
(0.2), 2A 7310 A5 A(0.5), 3H 10N H2A(0.2), 4B A10AHLA(0.1) Th-7=,
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Consider initial phase of an outbreak

patient

day at

onset
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Focusing on patient 2

=0 © ©
100%

Focusing on patient 4

0.5
Focusing on patient 3 é@;
0.5 \ 0.5 //

100% 45.5%
0.1

9.1%

BE2, SITTRIIMIO B 232 &35 8, 100% B 1 BIRYLT-Z 812725, BEAT, B, 2, ST NLBEYLI-ATREME RS, B ITRE2, 372958,

EARBAMIZ2 72D T, EAN T A5 ATREMIZ0.5TH D, —J7, BE 1ML
AlHEMEI, EMRIIRI AN H £ 5EH015D08, T OMEHRIX0.1THD, 0.5+ 0.5+ 0.1
=1.1 LD, 2D, BE2HDINIIHDEYE, 0.5/1.1 = 0.455, 45.5% TH D,
FEIRRICHRAE TICBIL T, 0.1/1.1 = 9.1% &725, T 7b b, MEATREYS BB
X, 2, SRENENA5.5% DR, BE1139.1%DFERLNIZLIZD,
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Novel
Swine Origin Influenza A (H1N1) virus [S-OIV] 2009

RREAEMIBEETILIZCKS T

2009.5.22
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RO=14

[450
400
350
300
250 |
200
150

100

T T T T
100 0 100 200 300 400 500
TIME

METHOD RK4

STARTTIME = -20
STOPTIME=500
DT =0.001

{Now break up infectious stage into early and late, to change distribution of duration of infectiousness. The mean stays
the same as before, =D. }

d/dt( S ) = -beta*S*I/N -pulse(10,t0,Long_time)

d/dt( E ) = beta*S*I/N +pulse(10,t0,Long_time) - gamma*E
d/dt( 11 ) = gamma*E - 2*sigma*I1

d/dt( 12) = 2*sigma*I1 - 2*sigma*|2

d/dt( R ) = 2*sigma*12

init S = NO
intE=0
init11=0
init12=0
intR=0

| = 11+12 ; Total number infectious

N = S+E+I+R
NO = 10000
10=1

{ Irp]itialll}y, at time = -20 there are no infected children. At time t0, a number 10 of infected children are introduced into the
schoo

{ Write model parameters in terms of more intuitive quantities }
gamma = 1/L ; re-write gamma in terms of mean latent period
sigma = 1/D ; re-write sigma in terms of mean duration of infectious
beta =R0 * sigma ; re-write beta in terms of RO

I_symp = p_symp*| ; number of symptomatic cases is a fixed proportion of the number infectious

{ Parameters }
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RO =3.0
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T

TIME

METHOD RK4

STARTTIME = -20
STOPTIME=200
DT =0.001

{Now break up infectious stage into early and late, to change distribution of duration of infectiousness. The mean stays
the same as before, = D. }

d/dt( S ') = -beta*S*I/N -pulse(l0,t0,Long_time)

d/dt( E ) = beta*S*I/N +pulse(10,t0,Long_time) - gamma*E
d/dt( 11) = gamma*E - 2*sigma*I1

d/dt( 12) = 2*sigma*I1 - 2*sigma*12

d/dt( R ) = 2*sigma*12

init S = NO
intE=0
init11=0
init12=0
intR=0

| = 11+12 ; Total number infectious

N = S+E+I+R
NO = 10000
10=1

{ Initially, at time = -20 there are no infected children. At time t0, a number 10 of infected children are introduced into the
school }

{ Write model parameters in terms of more intuitive quantities }
gamma = 1/L ; re-write gamma in terms of mean latent period
sigma = 1/D ; re-write sigma in terms of mean duration of infectious

beta =R0 * sigma ; re-write beta in terms of RO

I_symp = p_symp*| ; number of symptomatic cases is a fixed proportion of the number infectious
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ENTRYAIDEr—EMNERRARELTHLI4BURNICEEREGE
HEADD=ODHEELSTIHE

TIME

METHOD RK4

STARTTIME = -20
STOPTIME=200
DT =0.001

{Now break up infectious stage into early and late, to change distribution of duration of infectiousness. The mean stays
the same as before, =D. }

d/dt( S ) = -beta*S*I/N -pulse(10,t0,Long_time)

d/dt( E ) = beta*S*I/N +pulse(10,t0,Long_time) - gamma*E
d/dt( 11 ) = gamma*E - 2*sigma*I1

d/dt( 12) = 2*sigma*I1 - 2*sigma*|2

d/dt( R ) = 2*sigma*12

init S = NO
intE=0
init11=0
init12=0
intR=0

| = 11+12 ; Total number infectious

N = S+E+I+R
NO = 10000
10=1

{ Irp]itialll}y, at time = -20 there are no infected children. At time t0, a number 10 of infected children are introduced into the
schoo

{ Write model parameters in terms of more intuitive quantities }
gamma = 1/L ; re-write gamma in terms of mean latent period
sigma = 1/D ; re-write sigma in terms of mean duration of infectious
beta =R0 * sigma ; re-write beta in terms of RO

I_symp = p_symp*| ; number of symptomatic cases is a fixed proportion of the number infectious

{ Parameters }
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CYCLIC EPIDEMIC IN STEADY POPULATION
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Cosign function with an annual cycle
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