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Introduction INFN

Goal: we want to describe the dynamics of the spread of a disease among a
population, in particular we are interested in the development of infected active cases
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Basic assumptions:

e the disease can spread to other individuals from the infected ones
e the infected individuals can recover (either survive or die)

e recovered individuals can not become re-infected

e both symptomatic and asymptomatic cases are considered

* the system is closed (no “natural” demographic change)

Infection . .
Subclincal Infectious (w)

Clinical Signs

ll.atent(E)I | Infectious (1) I

Incubation (C) Clinical

< o< s>

Definitions used to characterise distinct periods of infectious diseases. The latent period (E; green arrow) begins at the time of infection and
ends at the onset of the infectious period. (I; red arrow). The incubation period (C; blue arrow) starts at the time of infection and ends at the
appearance of clinical signs of disease (purple arrow). The difference between incubation and latency is denoted by » (omega), and can have
either a positive or negative value depending on whether transition to the infectious period occurs before or after appearance of clinical signs. The
ratio of transmission occurring during incubation, and transmission occurring through the total infectious period is denoted by 6 (theta; not shown)

» Time
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The model

The model describe the dynamics of the number of infected active cases, i.e. the total
number of currently infected individuals as a function of time

Finite difference model of infected population growth:

Nn-|-1 - Nn +|Nn K p qI_INn rl

Increment Decrement
Definition of the different terms:

e N,.: number of active cases attime n

e K: average number of encountered people by one infected individual. Another way
to interpret Kis: K = (1-Q) xk, where Q is the fraction of active cases which are in
guarantine and k is the average number of encountered people by one infected
individual

e p: probability to spread the disease from one individual to another
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The model

e q: probability that that the new individual doesn’t have already the antibodies. This
probability is equal to 1 minus the probability of being infected, which can be

derived from N, and it’s equal to:
N,+rY N,

C

, Where C is the carrying capacity

e r: recovery rate (either to survive or die) = related to the average recovery time

through the relation Tt = 1/x

Final formulation of the model:

N,+rY N,
. — N, r
The basic reproduction number, Ry, and the effective reproduction number, R, at time

N, +rY N,
n, as referred in epidemiology, are R, = Kp/r and R, = Kp<1 — . )/r

respectively
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The model

From the finite difference equation we can construct the differential equation:
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NP + rfé N(t)dt
C

dN(t)

= N(HKp <1 _ > — N()r

The integral-differential equation can not be solved in a closed form = it has to be
treated numerically (Kp, i.e. the growth rate will be denoted g)

Refining the carrying capacity
The carrying capacity, C, does not correspond to the total population of the system, T,

but it’s rather a subset that should evolve together with the number of infected people.
In fact if the disease spreads out from a certain region, the probability that the
individual encountered by an infected one doesn’t have already the antibodies, q, can

not be computed as the ratio of the total number of non infected individuals over T,
because the encountered individual is not extracted uniformly from T, but rather from
a subset which is “close” to the subset of infected individuals
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The model

Final system of equations:

N, +rY' N,
N,..=N,+NKp|1- c — N r

Coi1=C,+ (N, —N,(1 - r))K<1 —C?) l

n Differential form:

-

dN(1) N(@) + r [ N(tHdr

= N(t)Kp(l — o ) — N(t)r
dC(1) dN(1) C(0)
Which derives from: ek ( o FNOr ) (1 -—>
N+ Iy, "N, C,
c Kl{1- - ) in turns the carrying capacity
n

iIs the total number of encountered individuals by the infected ones, in fact the
increment of the carrying capacity depends upon the new infected cases, N, K p q,
each of which encounter K number of individuals, times the probability of not being
already accounted for

N.B. the term Kp is estimated from a fit to the data, while p is estimated with

the following multi-period dataset optimisation criteria: K
e best x2/d.o.f.

e coherence of carrying capacity evolution across periods
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The model

Final system of equations:

N, +r XN,
Nn+1 — Nn + NnKp 1 — C — an’

Cpiy = Cp+ (N,yy = Ny(1 — r))K(l - C?)

Unlikely to get in contact with More likely to get in contact with
an infected individual an infected individual
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The model INFN

Impact of the different parameters on the model

©9 UNIVERSITA’

Default model parameter values: e Total population: 60x10¢
e Ny (initial population): 200 e Cp: 8900 e Frac.sympt: 0.3
e g:0.17 e r:0.023 e Transmission prob.: 4.7x10-3

X
-
o
w
a1

8 45 ...... 8 45E . 8 ~j U U 8 45 4.7X10_ .........
02.) 4 ..... Gz) 4; g 4
g g 3_5; | . 6 O O O ............ g 3 5E P : 1X10_2 ....................
3; : ........... 1:2000 3; " ’ ; - 3
25 25 : » 1x10
2F 2Hr
1.5F 1.5
1 1
0.5 0.5
. L . ix10° ) . . Ix10° OF— . . . Ix10°
0.6 0.8 1 0 . . . 0.8 1 0 . 0.8 1
Time (days) Time (days) Time (days)
g o' g g 4%
& of r: 0.023) 8 Frac.sympt: 0.3 8 as- Total-pop:+-60x 106
> > S C
= . = 2 BN g
3 r: 0.04 g Frac.sympt: 0.1 | 2 255/\ Total pop.: 90x10¢
r: 0.01 Frac.sympt: 0.5 i \.‘......4.....Total...po.p.: 30x106
1.5F}-
1\
o.5ir~-~- \\
b N e e NN R R o[ 0—....\.........><103
0 0.2 0.4 0.6 0.8 1 . 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Time (days) Time (days) Time (days)
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The model

The model is very similar to the S.I.R. model (Susceptible, Infected, Recovered from
Kermack and McKendrick, 1927), in fact:

s _ _ gl

dt N

dI___
w =Py

dR
="

We can identify g with Kp, v with r, N with C, T (t) with N(t), and s (t) with
A

- <N(t) + rJ N(t’)dt’)

0

The key difference is that the model takes into account the non uniform spread of the
disease with the equation:

CI’Z
Cop1 =Gt (Nn+1 — N, (1 = ’”))K<1 - _>

T
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https://en.wikipedia.org/wiki/Compartmental_models_in_epidemiology

Probability of being infected

Derivation of the coefficient g for the model of infected active cases

e The term g is equal to 1 minus the probability of being infected
e The probability of being infected can be derived from N, and it’s equal to the sum of

the terms le divided by C (K-tilde is just a short writing for the product K p q)

N, 0

N; = Ny +NoK = N,
N, = N, +£N,K = r,
N; = N, + N,K— rN,

o

Summing up all the terms and simplifying, we obtain:

N,+rY N,
C

q=1-
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NyK'= N, —
N,K'= N, —
N,K= N, —

NO + I’NO
Nl + er
N2 + er
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Terminology INFN

Just for completeness we would like to relate the equation to typical plots shown in
epidemiology
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Nn+1=Nn+Nnqu_Nnr

The sum ZN"qu represent the total cases, i.e. the cumulated number of

n ltaly - Total cases CoViD-19 outbreak
x10° .
infected case as a function of time > Som
Soek
§0.16£
The derivative of the total cases, i.e. the term N, K &
o 0.1
p g, represents the so called epidemic curve, i.e. the %
i §0.04§
curve that shows the number of cases at the time of "oc;
0
disease onset «— Time (days)
— e
. . - o
The term N, itself instead represent
. . 3
the so called active cases, i.e. the 1}
total number of currently infected !

individuals as a function of time

Week of onset

Data source: Data as of 15 September 2016. Data for the past four weeks are subject to revision pending ongoing
investigation and reclassification.
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Model parameters INFN

Recovery rate r Data plot Arecovered/active cases
Growth rate g, i.e. KP Fit to the data
2/d.o.f. scan + coherence of carryin
Transmission probability p X . . . ying
capacity evolution across periods

Fraction of symptomatic N.A. Obtained from literature

Total population T Demography

Initial conditions No and Co Fit to the data

Summary

e Three free floating parameters during the fit (g, No, Co)

e One parameter is determined by x2/d.o.f. scan (p)

e One parameter determined from data plot (x)

e Two parameters determined from literature (T, fraction of symptomatic)
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Application to data: Italy - 3/5/2020

We will present results obtained from different refinements
of the analysis:

1. Fit to single, self-consistent, fime periods
2. Fit to multiple tfime-periods simultaneously
3. Fit fo multiple time-periods, considering also data smearing
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History CoViD-19 ltaly 2020 INFN

* Friday 21st February = Codogno become red zone

e Monday 24th February =» Data recording starts e— —
e Wednesday 4th March =» Lock down schools and universities e——”
e Sunday 8th March = Lombardy isolated

e Tuesday 10th March =» Restrictions on /

e Monday 23 March =¥ Total lock down

Some references:
e Fraction of asymptomatic:
*x https://www.repubblica.it/salute/medicina-e-ricerca/2020/03/16/news/
coronavirus_studio_il_50-75_dei_casi_a_vo_sono_asintomatici_e_molto_contagiosi-25
1474302/

e Latent/incubation period:
* https://www.internazionale.it/notizie/graham-lawton/2020/03/26/sintomatici-diffondono-
virus

* https://www.thelancet.com/journals/lancet/article/P11S0140-6736(20)30746-7/fulltext
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Application to data: fit to single time period

Number of active cases, fit data from Oth to 8th day
- . (period 1):
_____ N ® N,: 223
________________ } ® g:0.405
' e:8870t6750
® No: 2831
® Co: 25200%19177

x2/d.o.f. 4.05/7.0

...........................................................................

Initial population 2.23e+02 + 2.01e+01

Carrying capacity 8.87e+03 =+ 6.75e+03

S A 4

Active cases affected by CoViD-19

Time (days)

Compatible within errors

" Number of active cases, fit data from 9th to 14th

day (period 2):
® Njo: 2640

o ® g:0.318

- ca"y'ngcapac“y51se+04444&0‘ ______________ ................ .................... ............... ® Cy:51800+44400
® Nis: 8909

NN NN PR SN W WU N ® C;5: 83427471509

= v2/d.of. 7.82/4.0

Initial population 2.64e+03 + 1.01e+02

— Growth rate 3.18e-01 = 8.24e-02

Active cases affected by CoViD-19

- N W A OO N © ©
|

Time (days) "~ Compatible within errors

® Cp:211000%75000
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Application to data: fit to single time period

Number of active cases, fit data from 15t to 26th
day (period 3):

i E— e 8 IR e
30E-..| Growthrate 23901229302 ..o, --------------------------- ------------ ® g:0.239

_ | ® Co:211000%£75000

S ____________________________ _________________________ ____________ ® N,: 46346
o

C27: 359830+127900

45E- v2/d.of. 14.89/10.0 b ...........

Carrying capacity 2.11e+05 = 7.47e+04

Active cases affected by CoViD-19

0 5 10 15 20 25 Compatible within errors
Time (days)

® Cp:419000%7790

o 0.1 ¥2 / ndf 1.005e+05 / 64
N e R s Prob 0 Recovery rate (r) is derived from data:
.......................................................................................... po 0.02272 + 1.698e-05
: ; ; ®r ~ 0.023=1 ~ 44 days

(@) : :
o 1 1 . 1 1 | 1 . | 1 1 | . | | | | . | | | | . | | 1 | | 1 | 1 1 |
c % 10 20 30 40 50 60 70
< Time (days)
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Application to data: fit to single time period

6
x10

0.12 5
~— — B

, B .
a [ ¢ Data
% O 1_ ................... I SN | SO TUTIRNTR I S L LY N
o [ = Model

> f z
ES Yo WoY: | m— S TSRS USSR N SRS I S
© - :

(O] - : :
-.6 - : %/d.o.f. 147.02/40.0
g 0 o] s I
© - :

0 L ° Initial population 4.96e+04 + 2.15e+02

%O (0] EEES M- 1 ORI ST
S |

o - Carrying capacity 4.19e+05 = 7.79e+03| :

S :
= 0.02F— e 1 SRRSO NI
< - Growth rate 1.61e-01 = 3.20e-03 : :

0 B 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1

30 40 50 60 70
Time (days)

% 111 1 | 11 1 | 11 1 | 111 1 | 11 1 1 | 11 1 | 1 1
%O 30 40 50 60 70 80
Time (days)

1 1 | | T |
90 100

Number of active cases, fit data from 27t day till
now (period 4)

For all fit
Errors rescaled by x3

Fitted parameters:

¢ Tnitial population
e Growth rate (qg)

e Carrylng capacity

(No)
(Co)

Fixed parameters:
e Recovery rate 0.023)

(0.3)

(r =
® F'raction of symptomatic
¢ Transmission probability

(p =
e Total population

4.7x10-3 - see control plots)
(T = 60x10¢)




—

Probability of being infected, i.e. 1-gq

o O O o O
U O N ™ ©

Probability of being infected

o o
w B

o ©
o N
|

Time (days)

Parameter summary last period:
® r = 0.023 = plot Arecovered/active

® g = 0.161 =>fit

®p = 4.7x10-3 =» x2/d.o.f. scan + coherence of carrying capacity evolution across
periods

® Symptomatic fraction = 0.3 =¥ literature

® T = 60x106 =» demography

Nuisance parameters: No and Co
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Predictions: first scenario
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0.12

.............

e Mild soc.distance (g = 0.318) for 6 days
Medium soc.distance (g = 0.239) for 11 days
Hard soc.distance (g = 0.161) for 43 days

& Past $ Future

y CoViD-19
o
o o
(ln —_
(]

o

o

o)
!
°

o o
o o
T
T2
o O
-G-8
o 2
o
-
3

Active cases affected b

e Hard soc.distance (g = 0.161) for 30 days

(@)

e Hard soc.distance (g = 0.161) for 120 days

Model prediction: full scale

5 S T - T | Other parameters:
: :é:ffffffﬁffffffﬁffﬁffféfffﬁffffffﬁfff"'ﬁfffff..;ffffff'__ﬁffffffﬁfff__ffffﬁffffffﬁffffffﬁffffffffgﬁffffffﬁffffffﬁffffffﬁfféfffﬁffﬁffffffﬁffffffﬁfff% e No: 223
ERelease /N | e 100,023
;; ockdown: . /.. e ) o Symptomatic fraction: 0 . 3
0 ) © ™ o Transmission probability: 4 . 7x10-3

Time (days)
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Predictions: second and third scenarios INFN
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(7]
0]
7]
[
o
(4]
>

=3
3]

<

Model prediction: full scale

X
<

e Mild soc.distance (g = 0.318) for 6 days
e Medium soc.distance (g = 0.239) for 11 days
e Hard soc.distance (g = 0.161) for 43 days
& Past $ Future
e Mild soc.distance (g = 0.318) for 60 days
e Hard soc.distance (g = 0.161) for 30 days
e Mild soc.distance (g = 0.318) for 60 days
e Hard soc.distance (g = 0.161) for 120 days

e Mild soc.distance (g = 0.318) for 6 days
e Medium soc.distance (g = 0.239) for 11 days
e Hard soc.distance (g = 0.161) for 43 days

& Past $ Future

e Medium soc.distance (g = 0.239) for 60 days
e Hard soc.distance (g = 0.161) for 30 days

e Medium soc.distance (g = 0.239) for 60 days
e Hard soc.distance (g = 0.161) for 120 days

102 M i MR B L
0 50 100 150 200 250 300

20 Mauro Dinardo, Universita degli Studi di Milano Bicocca and INFN



Refinements of the analysis

The model was first tested on different periods, independently, as shown in the
previous slides. Then the analysis was further improved by performing:

1. a global fit, i.e. a joint fit, to multiple periods simultaneously, imposing coherence
on the number of active cases (N,) and on the carrying capacity (C,) across

periods, i.e. N, and C, at the end or period m must be equal to N, and C, at the
beginning of perdio m+1

2. a global fit with 1ogNormal smearing to take into account effects such as latent/

iIncubation periods or in general delays in data reporting, law enforcement, or
social behaviour
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Application to data: fit to multiple time-periods

10° o Number of active cases, joint fit periods 1 +2 + 3 + 4

Z/d.of. 355.79/64.0

Initial population 2.04e+02 = 9.10e+00 |

o©
—

| Carrying capacity 5.79e+03 = 1.20e+02

Growth rate-0 4.74e-01 =+ 2.87e-03

Errors rescaled by x3

s smeotssros | | Fitted parameters:
................ MaXI mu m ° I n i t i 3 l p Opu l 3 t i on (NO )

................ én_m“_“m_é_m__ m;;jm_iis;éiiE;éim_“_mé_m_n__m_é._“m“__“.;__“_. e Growth rates periods 1, 2, 3, 4 (g)
................ ® Carrying capacity (Co)
.~ - Model | |

[ .l..li.l  Fixed parameters:
0 10 20 30 40 50 60 70

Time (days) ® Recovery rate (r = 0.023)

Growth rate-1 4.90e-01 + 2.90e-03

o
o
®

Growth rate-2 4.87e-01 = 1.17e-03

o o
o o
N o))

Acgve cases affected by CoViD-19
o
N

¢ F'raction of symptomatic (0.3)
¢ Transmission probability

(p = 6.5x10-3 - see control plots)
e Total population (T = 60x106)

o o
o O
TTTTJTTTT]TTTT

o o o
[

1 I1OI 11 I20I 11 I30I 11 I40I 11 I5OI 11 I60I 11 I70I 11 I80
Time (days)

Probability of being infected

© o o
N W b
UL LN LN LN LA

Probability of being infected, i.e. 1-g  of

0 10 20 30 40 50 60 70 80
Time (days)
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Application to data: fit to multiple time-periods
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160CC

0 1X10° Number of active cases, joint fit periods 1 +2 + 3 + 4
o - led.o.f.: 143.01/64.0 : ; . . .
é | vt opuetn 210008« 75051 oW with logNormal (u = 2,0 = 0.3) smearing, i.e.

01_ Carrying capacity 1.11e+04 = 1.02e403 |~ i@t SOOI
§ - | oo siort- 2o convolution, to mimic effects such as latent/incubation
_0008 || Growthrate-1 4.92e-01=1.18e-02 | @7 . ... ... bd i . . .
I e I periods (LogNormal is used to preserve causality)
%0.06_— ................ .................... ......... MaXImum ...........
B 0,08 ] S c led by x3
S - . Data 'rors rescaile Y X
.50_02__ .................................................................................................................. e . .
Cha - Model Fitted parameters:
T R T e Initial population (No)

Tme@as) e Growth rates periods 1, 2, 3, 4 (g)

® Carrying capacity (Co)
Fixed parameters:
¢ Recovery rate (r = 0.023)

¢ F'raction of symptomatic (0.3)
¢ Transmission probability

(p = 6.5x10-3 - see control plots)
e Total populatlon (T = 60x106%)

6 % 9F 0.20 -
4 £ osf
2_ : ; : ) : : é . " 0.15
O: 11 1 I 111 | I 111 | I | I I 1111 I IIIIIIII ' B b
0 10 20 30 40 50 60 70 80 Z 0.5
Time (days) 8 04 0-10
€ ook
. - 0.05:—
Probability of being infected, i.e. 1-gq A
% "0 20 30 40 50 60 70 80

Time (days) 0 20
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x10°

ZZd.of. 143017640

(e} :
™~ - H
o | | initial population 2.18e+03 = 7.36e+01 N OW
% 0.1 —  Carrying capacity 1.11e+04 = 1026403 |-~ rr-i-rror @i OO
O = Growth rate-0 5.46e-01 + 2.48e-02
EO 08 __ Growth rate-1 4.92e-01=1.18e-02 | @7 . ... b
:8 | Growthrate-2 3.73e-013.21e-03 _ : :
8 L |_Growth rate-3_2.84e-01 = 1.03e-03
% 0.06 __ ................ i......: .................... f ......... Maxl mu m ....é.................. : ...........
@ - : : : :
% 0.04 O SO UUUUUTTP S PO UUE SURUUUPUPRUPPPURY INUUUPPPRRUPPY Nt . ..............................
© B
o I o Data
-"8 002 O U - cy RO ST P O PR SEUPURRRPPPRUPPRRISORRRRPPPRPPPIY RO ..............................
< T - Model

e [ [ |

0 10 20 30 40 50 60 0

Model prediction: full scale

Active cases

2 . . . . i . . . i . . . . i . . . . i . . . . i . . . . i
107, 50 100 150 200 250 300
Time (days)

Predictions

e Mild soc.distance (g = 0.492) for 6 days
e Medium soc.distance (g = 0.373) for 11 days
e Hard soc.distance (g = 0.284) for 43 days

& Past $ Future

e Normal life style (g = 0.373) for 60 days

e Hard soc.distance (g = 0.284) for 30 days
e Normal life style (g = 0.373) for 60 days

e Hard soc.distance (g = 0.284) for 120 days

Other parameters:

No: 223

r.0.023

Symptomatic fraction: 0. 3

e Transmission probability: 6.5x10-3

24 Mauro Dinardo, Universita degli Studi di Milano Bicocca and INFN



DEGLI STUDI
=

Considerations INFN

The model has in total 7 parameters:

e recovery rate r =» obtained from data plot Arecovered/active

e growth rate g =» obtained from fit to the data

e transmission probability p =» obtained from x2/d.o.f. scan + coherence of carrying capacity
evolution across periods

e fraction of symptomatic =» obtained from literature

o total population T =» demography
¢ |nitial conditions Ny, and C, =» obtained from fit to the data

©9 UNIVERSITA

We extracted as much information as possible from the available data and we tried to avoid
any a priori assumption, though the model unavoidably rely on a couple of tacit assumptions:

» the different periods are well defined, this of course might not be entirely realistic especially
for those practices, e.g. wearing a mask, which were not dictated by law, and because the
model doesn’t take into account the latent/incubation periods, though the smearing with
logNormal does not show significative effects

e possible differences/variations, region-by-region, double/under counting, etc..., in the
criteria of measuring the data, are averaged out
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Considerations

Even so the model seems to reasonably describe the data and therefore we tried to project
possible evolutions of the disease in the future by exploring three different scenarios:

1. normal life style

2. lock down schools and universities: “mild soc.distance”

3. mild soc.distance + restrictions on movements: “medium soc.distance”

=» only the third scenario is capable of keeping the effective reproduction below 1

All other scenarios will unavoidably bring R > 1 with the consequence of clogging the
hospitals, even though R will no longer reach values as high as at the beginning of the
contagion (~20)

Most likely we will get back to normal life thanks to the herd immunity
By any means this work pretend to describe the true dynamic of the infection spread, though

it’s interesting to notice that with just few parameters, and reasonable assumptions, the model
is able to follow the evolution of the active cases
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How to act ...

How to act in order to dump the spread of the disease:

1. Decrease the factor p (probability to spread the disease from one individual to another):
adopt masks, gloves, disinfections, etc...

2. Decrease factor k (average number of encountered people by one individual): enforce
social distancing

3. Increase factor Q (fraction of active cases which are in quarantine): quickly discover the
new infected cases and put them in quarantine

4. Increase factor r (recovery rate): develop a vaccine
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Control plots

Model ameliorations/extensions:
e Compute in how much time we will reach the herd immunity
* Take into account natural demographic change
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Application to data: fit to single time period
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Fixed parameters:
® r = 0.023 = plot Arecovered/active

e Symptomatic fraction = 0.3 =» literature
® T = 60x106 =» demography

Fit data from 27t day to now (period 4)
e N = 100 extractions of transmission

probabillity, p
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Application to data: fit to single time period

©3 UNIVERSITA
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Transmission probability g

Fixed parameters:
® r = 0.023 = plot Arecovered/active

e Symptomatic fraction = 0.3 =» literature
® T = 60x106 =» demography

Fit data from 15t to 26t day (period 3)
e N = 100 extractions of transmission

probability, p
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Application to data: fit to single time period

©3 UNIVERSITA
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Transmission probability g

Fixed parameters:
® r = 0.023 = plot Arecovered/active

e Symptomatic fraction = 0.3 =» literature
® T = 60x106 =» demography

Fit data from 9th to 14th day (period 2)
e N = 100 extractions of transmission

probability, p
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Application to data: fit to single time period
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Fixed parameters:
® r = 0.023 = plot Arecovered/active

e Symptomatic fraction = 0.3 =» literature
® T = 60x106 =» demography

Fit data from Oth to 8th day (period 1)
e N = 100 extractions of transmission

probability, p
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Application to data: fit to single time period
6
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Transmission probability g

Fixed parameters:
® r = 0.023 = plot Arecovered/active

e Symptomatic fraction = 0.3 =» literature
® T = 60x106 =» demography

Fit data from 27t day till now (period 4)
e N = 100 extractions of transmission

probability, p
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Application to data: fit to single time period
6 3
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Transmission probability g

Fixed parameters:
® r = 0.023 = plot Arecovered/active

e Symptomatic fraction = 0.3 =» literature
® T = 60x106 =» demography

Fit data from 15t to 26t day (period 3)
e N = 100 extractions of transmission

probability, p
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Application to data: fit to single time period
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Fixed parameters:
® r = 0.023 = plot Arecovered/active

e Symptomatic fraction = 0.3 =» literature
® T = 60x106 =» demography

Fit data from 9th to 14th day (period 2)
e N = 100 extractions of transmission

probability, p
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Period 3 and 4 have slightly different
transmission probability, we choose

®p ~ 4.7x10-3

for compatibility of N, and C, across periods

Fit data from Oth to 8th day (period 1)
e N = 100 extractions of transmission

probability, p
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Fixed parameters:

® r = 0.023 = plot Arecovered/active

® p = 4.7x10-3

e Symptomatic fraction = 0.3 =» literature
® T = 60x106 =» demography

Fit data from 27t day to now (period 4)
e N = 100 extractions of Cq
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Fixed parameters:

® r = 0.023 = plot Arecovered/active
e p = 4.7x10-3

® T = 60x106 =» demography

Fit data from 27t day to now (period 4)
e N = 100 extractions of symptomatic

fraction
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Fixed parameters:
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e N = 100 extractions of r e Symptomatic fraction = 0.3 =» literature

® T = 60x106 =» demography
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Pseudo experiment studies

Generated 1000 pseudo experiments of period 4, and re-fit them in order to check stability of

the fit procedure

%) - 0 30
q:_) 40 Entries 1000 0:3 ~ | Entries 1000
= | Mean 28.55 (= - | Mean 0.52
L ~ | Std Dev 6.618 L | Std Dev 2.115
35 A 25— | 42/ ndf 104.3/85
= | 52/ ndf 634.2/ 82 C | Prob 0.07642
30 Prob 0 F | Comstant 20,83 < 0.95
- M_ean 31.8 + 2.0 | Sigma 2.076 + 0.071
25 | Sigma 13.35 + 1.72 -
20F- 15
15 10~
10F- -
= 5
o rJH L — :
= 1 P 1 | Sl ST N NN N N N LL’J P SR N S S N L‘ | 0 =
q 0 15 20 25 30 35 40 -6
Pulls Initial population Pulls Growth rate
%) C
.0:’ 40 Entries 1000
c E Mean 0.4433
W 350 Std Dev 1.884
- 2/ ndf 150.7/79
30F Prob 2.16e-06
- Constant  23.24 = 1.28
25— Mean  0.2802 = 0.0783
- Sigma 1.749 = 0.079
20—
15
10—
5K
O - 1 |

0 2 4 6
Pulls Carrying capacity

41 Mauro Dinardo, Universita degli Studi di Milano Bicocca and INFN



DEGLI STUDI
=}

=
2]
4
=
=
Z
=
B

Application to data: fit to multiple time-periods

= 10: - 8 . . . . .
2 oE weane ooosres| |7 Joint fit periods 1 + 2 + 3 + 4, with smearing
& - Mean y 2.467 . . .
= 8F sabevxoonawre | g ¢ N = 400 extractions of transmission
7E ' -
oo 5 probability, p
ac - . 1’ Fixed parameters:
3 - R o 2 .
JE T - . ®r= 0.023 =» plot Arecovered/active
i 5 i , ® Symptomatic fraction = 0.3 = literature
ol Y e e L Ix107
0=2 =476 & 10 12 14 16 18 20 ® T = 60x106 =» demography
Transmission probability
Best transmission probability
1 6
S - ntries ® ~ 6 . 5X10‘3
2 0.9 - II\EIIetanx o.ooszgg P
- - Meany  0.5528 5
0.8 & Std Dev x 0.003418
07 = 7 StdDevy 0.1871 4
9 o
0.5 A 3
04 .- o 2
03 T T i
0.2F : 1
0.1E E 0
oE! A A el bl 1 X107
2 4 6 8 10 12 14 16 18 20

Transmission probability

42 Mauro Dinardo, Universita degli Studi di Milano Bicocca and INFN



