



































































































































lift slivers IEnffoSolveforXbytakingdetf
o

7437 17 0
inward 2

EI.EEEi

Δ 25 2112 0

α 2 2 1 2 v 8 85

if Δ 20 Z ifo dampedoscillation
towardscoexistence

largeF

if Δ 70 F 40
overdamped salep

T2 slowapproach to coexist

stableoscillation exhibited by thesimple
LotkaVolterramodel correspondingto a is notrobust

existence vs extinction depends only on y Sfc
occurrence of damped oscillationalso dependon

Note if Re 7 0 and Im 0 and further

if u and v are bounded thenobtainstable limitcycle
PoincareBendixTheren

Will showthis occurs whensaturationofpredation isincluded






































































































































3 C Epidemic model spreadof infection

3 distinct classes of individuals in population

S susceptible SIR model

I infectedand can transmit

R removedrecovered immune isolated ordead

Assume uniformlymixed

every pair ofindividuals
has equalprobab ofcontact
not replication rate

ᵈft rs I r infection rate sweep

If SI SI
S removal rate

Note Et 4 1 0

dff SI SCH IIE RA

compared to LV onlymissing 5 term in popsize

focus on the dynamics of S
and I lossofimmunity

I
intend ICO 1 0 Rco 0

510 SEN
key parameter ridicane
basic reproductionnumber






































































































































from Eq f
it

integrate I t SI'sC it const

Slt InSIt worst

I E Slt lust If So flusonegligible Ic So

or 1 5 SEEMS Is

Max infection 0

Ifa Is

I 1 It b y.ae
1 to to luto

if ro 2.5 then f Is 40 peakinfection
23

need toinfect 60 ofpop to acquire herd immunity

Ttin I 70 5 So So Ro S

total infected I total So So Ro

to find So use Eq

r E say So e ERA






































































































































So So e so e
s so so e

1 180
so

I 1 1 e

for ro 1 re loft HE

2 no 1
diff

for root 1 é
Ftish

So not vanishingly small fr.ro 2.5 I 10
So

for moderate ro values Eerier
Infection stops spreadingdue to removal

hadimmunitynot lack of S

main effectof reducing ro mitigation

is to reduce It not I tote flattening curve

pyk
0 5 I so s intervention strategy

ofNP.no
Social distancing reduce r

ro2.5 rapid detection increases

reduces to Ifro lB

so flattenthe curve










































































































































Anotherstrategy immunization

Ilt Slt lust Io So fluso

So N 1 m m fractionofpop immunized

If 1 m fnlnsnf.ms

ro 15 rf to 2.5 Still
M O

peak still at 5
or SI EN 40

m 258

1 m so but popsize effectively reduced

from N to N 1 m

peak infection If t m In In stay
m to I Info im

immunityreached 1 0

when re Im
feed

60 immunization
for ro 2 5

an
iii it






































































































































Kinetics

earlytime fam ft rSI s.IM

I Itt rSo 8 I E Toe

estimateof µ gives est of no if
e G if 5daysforsymptoms todevelop

then 8 98

further if Ict to doubles every 2.5days

then at t sd.IE 4 e
1 85121

1

ro 3

but estimateof Ilt often unreliable

more reliable is RIE diagnosedandremoved

98 dft S.IE S N SHPSoe
ERH

t fN
R s e

ER

let z RH Tft So N to N I e

2 1 2 1 2 1457
E To Not

Trotatearly.me or mildepidemics

I Y Z 14 X roz roz
at

E o 1 Z roz 4






Solin If 4 1 tossed ref e to

9 0

To 2tan
d

peakvalue In 1 to

occurs at time t TD

for not exact To tank'x

byreducing ro peak timeshifted
to latertime

i.e mitigation
IH N

Noteddefficienciesof the SIR
model

latency period S EFI R

age structure r a exposed

asymptomateinfection heterogeneity
in S

Spatial effect


