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Subpopulation groups in the epidemic dynamics
(Kermack-McKendrick Model, 1927)

S - susceptible individuals

(E - individuals exposed to the infection: infected but
not infectious)

I - infected and infectious individuals

R - individuals removed from the infection process
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PARAMETERS controlling the epidemic dynamics
(closed population: N=S+E+I+R)

ki
VN S

pl !
v, u — birth and death rates
a — removal/recovery rate
k — force of infection
v — rate of infectiousness for infected individuals
0 — rate of loss of immunity
S, C — extra mortality rates
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S.I.R. model

an infection that generates a partially fatal infection with recovery/immunity

vN S ki | o R

% — VN —KkI (1)S(t) - 1S (1)
<d:j(tt) KI(H)S @) —(u+E+a) I (t)
%zal(t)—uR(t)
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COMPOUND MODELS (1)
Heterogeneity (e.g.: phenotype-related susceptibility)

|'] SAPIENZA Xl Giornata della Ricerca MEMOTEF

N/ unversiapiroma Dipartimento Metodi e Modelli per I'Economia, il Territorio e la Finanza



COMPOUND MODELS (2)

Vector borne infection (e.g.: malaria, yellow fever, dengue, west Nile ...)

v,.N ki
humans h ".‘sh v»‘ |h a» R

T R 1 27T ™

Q:':.
v,N, ki,
vectors S
Vv Vv
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S.I.R. model with variable demographic dynamics

vertical transmission
partially fatal disease

immigration
VI I(t) +F
V[S(t)+(1-7t)|(t)+R(t)]+Fs’ S ki ’4{_ e [n
! erpt m!
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Population/Immigration models
(autonomous systems)

1. variable population, constant immigration
(prisons, migratory areas, new development areas)

Brauer, Van der Driessche Models for transmission of disease with immigration of infectives MathBiosci 2001, 171(2)

2. constant population, variable immigration
(unsaturated demography, imbalanced resources)

dN(t) _ dS() | dI(®)  dR()
dt  dt dt dt

{Fs(t) =1 -p)lu—nI[S® + 1) + RO +SI(t)}
Fi(©) = pllp —nI[S@® + 1(®) + R(D] + E1(D)}

=0
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f
diz(tt) =v[S(t) + (1 = mI(®) + R(®)] = (u + kI())S(®) + (1 — p){( = WIS@) + 1) + R(®)] + &1(1)}
< d;—? = KI(£)S(t) + viS(t) — uS(E) + p{(u = VIS®) + I() + R(O] + 1)}
dR(t)
Tt = aS(t) — uR(t)

kN

s Tad-pG-m-pv+a

double bifurcation threshold: Ro =1; p( u-V) =0
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no. of cases no.of cases
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infectives

Phase Plane
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COMPOUND MODELS (3)

Space/intensity variable immigration

F
/al

—

2

o, O3

Y(t) = § Y (t; o) da = 5{ q(a) Y (t; o) da + § (1—q(e))Y(t;a)da= j@ A(t; a)da +3€ S(t; @)da
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Y(t) = f A(t; a(6))a'(0)do + j S(t;a(0)a'(9)do = I+ ;S
C C

By separating the two sources of variability we have:
S(t,0) = ,S(t) ;S(t;0)a’(0)do
I(t,0) = ,I(t) {I(t;0)a’(8)do
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Time-constant immigration flows

S(t:0)=10S(th, SO (O) 1(t;0)=¢) !t} 1(O)x'(6)

Constant proportion of infectives in the immigration flow
S(t;:0)=,S(t)+ L-qQ)Y(t;0)a'(0) 1(t;0)=¢1(t)+qY(t;0)e’(6)

Time-constant immigration flows with a constant proportion of infectives
S(6:0)=S(t)+ A-Q)Y(O)' () 1(t;0)=¢,1(t)+qY(0)a'(6)

Space-independent, non-infective immigration

S(t;0) =S(t)=) St} St) 1(t;O)=¢) 1t} !t O)e'(6)
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containment vs no containment

Curva Epidemica e media mobile

900

3Casi

800

—Media mobile a 7 giorni

Titolo del grafico

=== NO containment

TZ20Z-994-Z

TZ0Z-uas-1€

1202 vaE-5Z

1z0Z-ued-£Z

1Z0Z-uad-57

170Z-ua8-£7

1707-uad-1Z

S 1Z0Z-uad-517

[ _ Tz FI0E-uad-yt

= | Jor-ustc

Z TZ0Z-uad-gT

T Tzoz-uad-g

Im 120z-wa8-1
e TZO¢-uad-p

= T20Z-wad-g

£=== 120Z-wad-¢

H% TZ0Z-uad-[

= 0Z0Z-2P-0E

_”Hm GZ0e-Np-8Z

OE0Z-Mp-9Z

e 0TOTP-tZ

0E0Z-2p-TZ

C———— 0zZ0Z-p-0Z

———— 0Z37-21p-81

——— 07QI-Np-97

C—=o pzoz-ap-41

QZOZT-Np-71
DEZOZT-MP-G1

e —
= 0Z0OZT-Mp-8
=S

0Z0Z-2p-9
QZ0Z-Np-¢

Qzoz-ap-7

020Z-10u-0F

= QzoZ-nou-gE

0Z0E-AOu-97

= QZOZ-AOU-pE

Qz0Z-rou-ET

TS 020Z-~eu-0Z

OO 0Z0Z-mou-gT

0ZGZ-A0u-9T

0Z0Z-AOU-bT

= 020Z-AOuU-TT

0Z0Z-A0u-0T

. DZOZ-AOU-g

DZoZ-"ou-9

0Z0Z-AoU-

— — oz0z-AO-T

SE 0207-1W0-TE

T00

25

20

&0D

O 0z0Z-Ha9-6¢

oc 020Z-Ho-{Z

0202-1o-52

500

= Q20-Na-gZ

15

400

QZoz-ya-1e
0Z02-4a-6T

aap?

rava
— = 0¢02-u0-4Y

100

m o (70Z-We-gT

== pzoz-Lo-£1
mm. UZ0Z-He-IT
SO 0Z0Z-B0°6
=— ozoz-uo-¢
m 0Z0Z-10-6

_m QZOZ-He-E

C—— DZ0Z-He-1

0
0

d's!3

i Perugia

a degli Studi

LY

iversi

Un

®
+—
=
5m
Qo
=
<
£
©
=
(=
)
\m
<
)
=
1]
=)
<
()
N
=
L
&
n
m
@)
=
<
]
=
s
@
-2
(@)




