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Experimental observations: correlation between number of people tested positive
for the virus and number of hospitalized cases

Compartmental model: how we can evaluate people mobility by analyzing the
time dependence of hospitalized cases
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Effects of vaccination and future trends
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Compartmental model
active positives p inhabitant density

dp _ Do2(p — cVp — dg dm healed people D diffusion coefficient
i G v iti
fatalities a2 infection cross—section
people who have

contracted the virus

0'2 = 7'L'R2 The cross—section g2 measures the probability of a single infection event

positive healthy

D is the average surface area covered by a single person per day
pD is the average number of people within the travel radius of a single person per day




Compartmental model
active positives p inhabitant density

d dg dm e .
ap pDG2(p — C)p — ag dm healed people D diffusion coefficient

dt dt dt fatalities o infection cross—section

people who contracted
the virus

We include two further compartments 1w f q Doc?

r hospitalized people

g 1—g f fraction of the new active positives that

ﬂ = fpDa?(p —c)p — (_ + )r requires hospitalization

dt T T
1 2 fraction of the hospitalized people that

T, = 20 days dies in a characteristic time 7,

75 = 14 days ™ 1—gq fraction of the hospitalized people that
heals in a characteristic time 7,

S people who do not exhibit serious symptoms until complete healing

S _ (1 - f)pDa?(p —c)p — S T3 characteristic healing time of infected

dt Ts people without serious symptoms
dm q dg s dc
dt 7,0 dt 1" gt~ PPotp—op

* G. Morone et al. Frontiers in Medicine 7, Art. No. 562 (2020)




Hospitalized people
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The simulated number of active positives is larger than the number of those tested
positives for the virus: a fraction of circulating positives are not revealed by the testing
procedure
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Consequences of the increasing mobility during
season holydays




100000
90000
80000

¢ 70000

D 60000

it

1= 50000

-S 40000

Y= 30000
20000

September 10, 2020

October 10, 2020

November 9, 2020

seas(
holida

December 9, 2020

Y

January 8, 2021

February 7, 2021

March 9, 2021

September 10, 2020

Lombardia

October 10, 2020

November 9, 2020

December 9, 2020

January 8, 2021

February 7, 2021

March 9, 2021

o

September 10, 2020

October 10, 2020

November 9, 2020

December 9, 2020

January 8, 2021 —

February 7, 2021

March 9, 2021

September 10, 2020

October 10, 2020

November 9, 2020

eason
olidays

-

December 9, 2020
January 8, 2021

February 7, 2021




Effects of the vaccination

P = Po t <ty

t2t0+T

t
p =p0—j v(t—1)dt
to+T

dc = poDa?[p —clp

t < presentday =

t >presentday = v(t)=a

T =1 month is the time interval for the vaccine
immunization

t, isthe day at which the vaccination
campaign started (Dec. 31, 2020)

Py is the number inhabitants

P is the number inhabitants
diminished by the total number
of vaccinated people

¢ is the number of people who
have contracted the virus

v(t) = daily reported number of vaccinated persons




c
e
=
©
e
o
o)
©
>
o
c

80000

Future scenarios

R

B
L |

(=3
(=3
(=3
(=3
™

wn <
pazijejdsoy

1202 ‘'S Joquiaydag
1202 ‘9 ¥snbny
1zoz ‘L Ainp

1202 ‘L aunp

1202 ‘g kel

1202 ‘8 Iudy

1202 ‘6 Yd1ey
1202 ‘L Aeniqag
1202 ‘g Auenuer
0202 ‘6 Joquiasaqg
0202 ‘6 JoquianoN
0202 ‘01 4290320
0Z0Z ‘0L soquiaydag

1202 ‘G Jaquiaydag
1202 ‘9 ¥snbny
120z ‘L Ainp

1202 ‘L aunp

1202 ‘g Ael

1202 ‘g Iudy

1202 ‘6 UdeN
1202 ‘L Arenigay
1202 ‘g Aenuep
0202 ‘6 Joquadaq
0202 ‘6 4oqWaAoN
0202 ‘01 4390320
0202 ‘01 Joquiaydag

vaccination at the last week rate

1202 ‘s Jequiadag
120z ‘9 3snbny
1zoz ‘L Aine

120Z ‘L 8unf

1zoz ‘g ke

120z ‘g 1dy

1202 ‘6 Ud1e
1202 ‘L Asenugay

1Zoz ‘g Azenuep
020z ‘6 12qwadaqg
0202 ‘6 19qWIaAON
02Z0Z ‘01 4290320
020z ‘0l 12quwajdag

(=3 o

(=3

S

S

saljijejey

1202 ‘S Jaquiaydag

1202 ‘9 ¥snbny

120z ‘L Ainp

1202 ‘L aunrp

1202 ‘g Aely

1202 ‘g udy

1202 ‘6 UYd1e

1202 ‘2 Areniqay

1202 ‘g Asenuep

0Z0Z ‘6 1eqwiadaQg

0Z0Z ‘6 12qWIanoN

0Z0Z ‘0L 4290320

0202 ‘01 Joquiaydag
o =)
=]
S
=]
™

wn <

pazijeydsoy
1202 ‘L dunp
120z ‘g ke
120Z ‘g Iudy
120Z ‘6 UdIel
1202 ‘L Atenuqay
120z ‘g Arenuer
020z ‘6 12qwadaQ
0Z0Z ‘6 19qWanoN
0Z02Z ‘01 4290320

0202 ‘0} 4oquiaydag




L2
)
>

9
>

et

.|m
o
S

L

R

L
o

]

=
(&)
(©

11]

ww_u__muﬂ

pazijeydsoy

™,

000 0| @ 0 OF

<] © < N
umopyo0] Buuds
a/a

2202 ‘v ludy
220z ‘el Areniqagy
1202 ‘1 19quiadaQ
1202 ‘91 4990320
1202 ‘L1 ¥snbny
120Z ‘gL dunp

1202 ‘61 Iudy

1202 ‘gL Aseniqay
0202 ‘0z 19qwiadaQ
0202 ‘12 4990390
0202 ‘zZ ¥snbny
0Z0¢Z ‘sz dunp
0202 ‘vz Iudy

0202 ‘vz Areniqagy

220Z ‘v udy
zzoz ‘s Arenigag
1202 ‘Sl 19quiadaQ
1202 ‘91 1990390
1202 ‘Ll ¥snbny
120Z ‘gL dunp
1202 ‘61 ludy

1202 ‘gL Aseniqay
020z ‘0Z Jaqwadaq
0202 ‘12 1290300
0Z0Z ‘zZ ¥snbny
020z ‘ez aunf
0202 ‘vz Iudy

0202 ‘vz Areniqag

2202 ‘pi 1udy
220z ‘c) Atenigay
1202 ‘Sl 19quiadaQ
1202 ‘91 4990390
1202 ‘Ll ¥snbny
1202 ‘gL dunp
1202 ‘61 ludy

120z ‘gL Aseniqay
0202 ‘0z 19quiadaQ
0Z02Z ‘12 4990320
0Z0Z ‘zZ ¥Isnbny
0Z0¢ ‘ez aunp
0202 ‘vT 1udy
0202 ‘vz Areniqagy




Evaluation of the reproduction number R,

1 dn 5(6)
— = p,Da%[py — p;(0) — c(8)] =
oo d0 Po po — pi(0) —c(H) —

t

p;(t) = j v(t —1)dt

to+T

Ry =P002J
0

+

D(0)lpo — pi(6) — c(6)|P(6)d6

+oo ~dn
fy 6g5d6

r= +oo dn -

Jy ggde
_ 1,7 8D®)lpo — pi(6) — c(8)1P (6)dB
["°D()[po — pi(8) — c(8)IP(8)dH

P;

Ry

T

number of cases infected by a
concentration p probe of positives
(that decays with time)

number of people immunized by
vaccination

number of people infected by the
the positive concentration probe
infected by a concentration probe
of positives

time the evaluation of R is
referred to
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at a fixed instant we have a concentration p’
of positives for a virus variant that can be:

more infective or more serious

Impact of virus variants ¢ = ¢'¢ fo=f

dp, 12 ! dg, dm,
o = poDa'*[p —clp’ — ETRT

dr' I

= fpDa(p— o - (4 —2)r

T1 T2

! !

dm' q |,
=—r
dt T1

ds S dS’ S,
—=(1-f)pDa?*(p—c)p — — — (1= f 2(p —c)p — —
o (1 - f)pDo*(p —c)p TB - (1—fpDa"%(p — c)p T3

d_ng A1-qr dg' s’+(1—q)r’

dc

=7 = PPa*(p = c)p + pDa"(p — c)p’
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Abruzzo (variant)

start date for variant Dec. the 1st 2020
-starting fraction of positives for the variant 1%
trasmissibility distance increase 41%
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Conclusions

We have presented a phenomenological compartmental model that fits very well
the time dependence of hospitalized cases and fatalities during the spread of
Covid—19 virus infection in Italy

The model allows us to associate the dynamical evolution of the observed cases
to the variation of mobility due to the restriction measures adopted by the

Government

The model can predict future scenarios consequent to the easing of the restriction
rules (mobility increase)

Vaccination, at the present rate, does not allows us to mitigate the containment
measures (reduced mobility) in the short period

The impact of virus variants can be modeled by including a further dynamics
describing the evolution of new positives for virus with different infection cross—
section or severity




Spread of Covid—19 in Italy
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The second wave: the time dependence of the hospitalized cases follows pretty well
the one of people tested positive
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What happens if we consider a delay time, 9, for those who have serious symptoms,
from the instant of the infection to the instant of hospitalization

dp . dg dm
¢ — PDo (P—C)P—E—E

S

ds_ 5
gt = A~ f)pDo (p—C)p—T—3

dw_ Do? w

dm q
dt 1,

Hospitalized cases are synchronized to the data on people tested positive for the virus




1202 ‘L) dunp

1202 ‘gl ludy

1202 ‘L) Arenigay

020z ‘61 JaquiadaQg

0202 ‘02 4290300

020zZ ‘Lz ¥snbny

0202 ‘gz aunr

0202 ‘€z |udy

020z ‘sz Asenigay

o

saijljejey

\ 1202 ‘L) aunp

1202 ‘g1 [udy

1202 ‘L1 Asenuqaq

0202 ‘61 JaquadaQg

0202 ‘02 4290300

0202 ‘Lz ¥snbny

- 0202 ‘ZZ dunp

0202 ‘sz 1udy

0202 ‘sz Areniqay

o

|
(=3
(=3
(=3
wn

3 2

(=4 (=]

S & |
pazijeydsoy
1202 ‘L) dunp

1202 ‘g1 Iudy

1202 ‘L1 KAreniqaq

0202 ‘61 4aquiadaqg

020z ‘02 1290300

020z ‘Lz 3snbny

020z ‘zz aunp

0202 ‘sz Iudy

020z ‘sz Aseniqay




w
(41
[=]
(=]
(=]

D depends only very weakly
on the free parameters of the
model, f, ¢, and T,
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