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. b
» |taly was the first European country to be residents
hlt by COVID_lg I First sampling 21-29/02/2020
» First death due to COVID-19 in Italy | R
negative .
» 21t Feb 2020 o » 2,739 (97.4%)
> Vo (Padova) 3,275 residents ot -
> 7%
« 24" Feb 2020: lockdown for 2 weeks drop out
n. 8 positive g
n. 557 negative
« Study to assess SARS-CoV-2 prevalence - e semer e DR
. ¢ [D wection of first death and first } » "e“;.egs"es —> positive Cor:.irZTEd
« Two sequential molecular swab surveys ., v ez (72,0%)
> Date sampling and PCR results e -~
. .. (71,5%) negative n.8*
> Demographic & health conditions, e 27.6%)
contacts, symptoms, date symptoms P B Iy A
@ o @ &'$ * One positive-negative-positive subject

Lavezzo et al., Nature, 2020
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« SARS-CoV-2 infection prevalence )
- 18t survey: 2.6% (95% CI 2.1-3.3%) g
- 2nd survey: 1.2% (95% CI 0.8-1.8%) L.

« Asymptomatic SARS-CoV-2 infection across
the two surveys: 42.5% (95% CI 31.5-54.6%)

First survey Second survey
(2,812 tested) (2,343 tested)

=3

First survey Second survey

Total Total

0 0
positives (%) positives (%)

Symptomatic at the time of sampling* 34 (46.6) 15 (51.7)

03 -
02=
Presymptomatic at the time of sampling 10 (13.7) 1 (3.4)
Asymptomatic$ 29 (39.7) 13 (44.8) 01 -
Total 73 29
*Defined as the presence of hospitalization and/or fever and/or cough and/or at least two of the following
symptoms: sore throat, headache, diarrhoea, vomit, asthenia, muscle pain, joint pain, loss of taste or smell 00 -

frequency in COVID-19+ infections

Aindividuals testing negative for SARS-CoV-2 at the first survey.

fever cough headache sorethroat discomfort conjunctivitis diarrhoea
symptoms

Lavezzo et al., Nature, 2020



Transmission chains

 Serial interval

» 7.2 days (95% CI 5.9 — 9.6 days) overall
» 7.6 days (95% CIl 6.4 — 8.7 days) pre-lockdown
» 6.2 days (95% Cl 2.6 — 10.7 days) post-lockdown

« Reproduction number
» 2.44 (95% CIl 1.30 — 3.91) pre-lockdown
> 0.41 (95% CI 0.21- 0.64) post-lockdown
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Global Infectious

MRC Disease Analysis
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Lavezzo et al., Nature, 2020
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* No difference in viral load symptomatic vs .-
asymptomatic infections

« For symptomatic infections, viral load tends to :

peak around symptom onset
» Transmission happening before symptoms *

[
[

« 2 (out of 8) new infections in second survey
lived/had contacts with asymptomatic infections

1 ]
Pri 2 1 0 1 2 3 4 5 86 7 8 9 10 11 12 13 15 20 26
days from symptom onset

» Living/close contacts with infected family

member gives OR 84.5 (95% CI 16.8-425.4) of ‘- T - ‘
being infected S BN A
_ i T

1 ] = 1 1 ] 1 1 1 ] 1 1 1 ] 1 1 1 ] ]
P ic S -2 -1 0 1 2 3 4 5 6 7 8 a 0 11 12 13
days from symptom onset

Gene RdRp (log10)

Lavezzo et al., Nature, 2020



Impact of interventions

By how much did mass testing & lockdown reduce
transmission?

» Compartmental models

Detectable viraemia Detectable viraemia
Infectious Not infectious

Recovered
Undetectable viraemia
Susceptible

Infected
Undetectable viraemia
Not infectious

» RO reduced by 82% - 99%

» Final size of epidemic
With lockdown: 4.9% (range 2.9-8.1%)

Without lockdown: 86.2% (range 82.2-91.6%)

Centre for

Imperial College
London

Global Infectious
M RC Disease Analysis
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Serological surveys (May & Nov 2020)

Serological surveys
> May 2020

» 2,608 (78%) subjects tested
» 2,303 subjects (88.5%) had PCR results Feb/Mar

Serology to assess past exposure to SARS-CoV-2

» 3 assays

- Abbott (N antigen, IgG antibodies)
- DiaSorin (S1/S2 antigen, IgG antibodies)
- Roche (N antigen, total antibodies)

» Neutralization assay

Centre for

Global Infectious

MRC Disease Analysis

Vo' cluster
n=3,329

— n=2,602 e — all three

n =727 (21.8%)

______________________________________

I

1

i

1

1 e

! i . _— ., € orT-cell-positive ~<€——

: n=8(0.3%) n =156 (6.0%) n =10 (0.4%) !

! i

1 1

! v !

! o . . |

! Neutralising antibody Positive to at Negative to all three assays |

! titres > 1:40 - least one assay n = 25 (1.0%) !
= i 1

! n =26 (1.0%) n =129 (5.0%) ° I

1
1

—> negative result
n=137 (5.3%)

London

First serosurvey 1-3 May 2020

Tested with a single assay,

Imperial College

Tested Negative to

assays”

(78.2%) n=2,303 (88.5%)

Positive to at Neutralising antibody
— least one assay ~——> titres > 1:40
Not tested n=162 (6.2%) n=44(1.7%)

Drop out
n = 24 (0.9%)

Positive swab

Positive swab Tested

First nasopharyngeal survey

Second nasopharyngeal survey

First serosurvey and
nasopharyngeal survey

Second serosurvey and
nasopharyngeal survey

& & & @ @ S8
R\ o S N D @ @
) A A7 S\
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« Different assays can give different results

» Assay discordance at individual level a
> Discordant estimates at the population level 0o0s] — combined —*— adjusted
-- ——
VEO raw
PCR- Feb/Mar* PCR+ Feb/Mar* T
n = 2,097 n =67 May |
(%) (%) n = 2,443 (%) o | (\
A+D+R+ 14 (0.7) 55 (82.1) 76 (3.1) o 0.067 [T
A+D-R+ 2(0.1) 9 (13.4) 11 (0.5) o .
A+D+R- 0(0.0) 0(0.0) 0 (0.0) © ilé (\
A-D+R+ 0(0.0) 0(0.0) 1(0.0) > 1 (\
A+D-R- 6 (0.3) 0(0.0) 6(0.2) = . i
A-D+R- 38 (1.8) 0 (0.0) 42 (1.7) | O 0.04+ ’ U
A-D-R+ 3(0.1) 3(4.5) 6 (0.2) () |
A-DR- 2,034 (97.0) 0(0.0) 2,301 (94.2) o -

» raw estimate = positive/tested 002

- e-4

Abbott DiaSorin Roche

Dorigatti et al., Nat Comms, 2021
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« Different assays can give different results

» Assay discordance at individual level a
> Discordant estimates at the population level 0o0s] — combined —*— adjusted
-- VEO —— raw
. Vocluster(fulldataset |
PCR- Feb/Mar* PCR+ Feb/Mar* fr\
n = 2,097 n =67 May |
(%) (%) n = 2,443 (%) .
® 0.06- o |t
14 (0.7) 55 (82.1) 76 (3.1) O .
2(0.1) 9 (13.4) 11 (0.5) o |
0(0.0) 0(0.0) 0(0.0) © ie
0(0.0) 0(0.0) 1(0.0) > 1
6(0.3) 0(0.0) 6(0.2) s | L
38 (1.8) 0 (0.0) 42 (1.7) O 0.04 - *
3(0.1) 3(4.5) 6(0.2) @ |
2,034 (97.0) 0 (0.0) 2,301 (94.2) » \l}
» raw seroprevalence = positive/tested 0.02- T
) |
®
» adjusted seroprevalence 1
SEro +sp—1 - - Y
Praw T °P Abbott DiaSorin Roche

Serop.,, J; =
Padj se +sp—1

Dorigatti et al., Nat Comms, 2021
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« Different assays can give different results
» Assay discordance at individual level a

> Discordant estimates at the population level 0o0s] — combined = —e= adjusted

-- VEO —— raw
« What is the true seroprevalence?
» Likelihood-based approach

P(data|model) =
[1; E(A,D,R)\P (P¢, T )P (PiSp'TiSp} I1; e(+,—)\P (A;D;R;) )
Y

Validation Experiments Result combinations
Only (VEO)

seroprevalence
o
o
S

- — - -4

P(A+D4+Ry) =
= P(A,D,R,|infected)B + P(A,D,R,|not infected)(1 — 6) 0.02 1
= seysepsert + (1 — spa)(1 — spp)(1 — spr)(1 — 6)

- e-4

Abbott DiaSorin Roche

3.5% (95% Crl 2.8%-4.3%)
Dorigatti et al., Nat Comms, 2021
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Abbott X DiaSorin Roche
« Serological survey among positives oo L 1L &
» November 2020 = "] 1 2 o] s
» 156 subjects I 2 & = ?
) - 3 101 ¢ o tob :;
« Antibody decay — positive in May still positive S S “F 4 P v;
in November & & &
> Abbott 36% (95% CIl 26%-48%) " f g
> DIaSOFIn 78% (95% CI 70%'86%) - 1000 1000
» Roche 98% (95% CIl 92%-100%) ~ _ o]
- Evidence of re-exposures 8,
> 16 subjects with antibody titres > doubled . : , | |
> 56% (95% Cl 30%-80%) contacts with PCR+
> No symptoms experienced )
i j k
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1,118 households with known infection status of all members

] Household size
e 1 2 3 4 5 6 7
” 0 329 345 190 167 23 6 2
8 5 1 12 10 9 7 1 0 0
£S5 2 0 5 2 1 1 0 0
> 2 3 0 0 5 1 0 0 0
= 4 0 0 0 2 0 0 0

« Applied method developed by Fraser et al, AJE, 2011

Sg—m — . :
5 .ﬁpo(;_m Fp’° Chain-binomial example — household of size 3
( )= - — for k=0,..,s Time 0 1 2 Probabilit | Chai Total infecti
k (I)n(SD _ k)mQ(SO k) ime A yro abili notzlt?on otal infections
/ i 2 q? " 1
Hazard distribution . ?
t_ _gx Probability that a / 9.0 [2pq e >
Dp(x) = g% =e™P~ households of size n 11—
with s, susceptibles a1 207 a7 3
has m infections \
’ p? (12)
Escape probability from 2

outside the household
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1,118 households with known infection status of all members

22
L 1 2 3 4 5 6 7 20- 1
o 0 329 345 190 167 23 6 2
g 5 1 12 10 9 7 1 0 0 O
E0 G 2 0 5 2 1 1 0 0 ) 181
> 2 3 0 0 5 1 0 0 0
- 4 0 0 0 2 0 0 0 16 - %
P L ® o ° P [
: 14- T T T T T T T T T T
« Applied method developed by Fraser et al, AJE, 2011 TXOLIXxFTIREXL > L% X X
o o > o >
o

> Tested different assumptions
- Overdispersion in number of secondary cases (V)
- Household size dependency in transmission (P)
- Proportion of subjects seroreverting (A)
- Proportion of subjects isolating (X)

parameters

Dorigatti et al., Nat Comms, 2021
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1,118 households with known infection status of all members

1 Householdsize [N
] 1 2 3 4 5 6 7 '
n 0 329 345 190 167 23 6 2
8 5 1 12 10 9 7 1 0 0 0.307
£S5 2 0 5 2 1 1 0 0 o | G S o TS S S W W i wa—— |
> 2 3 0 0 5 1 0 0 0 c'% 0.25-
- 4 0 0 0 2 0 0 0
0.20 1
« Applied method developed by Fraser et al, AJE, 2011 0454 | | | | |
2 3 4 5 6 7
> Tested different assumptions household size
- Overdispersion in number of secondary cases (V) € 004 ,
- Household size dependency in transmission (P) < [T """"""""""""""""
- Proportion of subjects seroreverting (A) 2075 !
- Proportion of subjects isolating (X) S sl TS o et et tfetels I tele mieleted efeteks ik
. . . . . . . 4 025 ,
* Preferred models assume overdispersion in offspring distribution 8 |
> 82% (95% Crl 56% — 95%) transmission due to 20% infections “ 000 | — i i i
0.00 0.25 0.50 0.75 1.00

proportion X%

Dorigatti et al., Nat Comms, 2021
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« Contact tracing in Vo
» Huge effort to identify patient O

» Mass testing revealed the infectious status of traced contacts
» 44% of traced contacts were positive

« Counterfactual scenario
» What would have happened in the absence of mass testing?

PCR positive named contacts ¢ 100 4
PCR positive Traced 75
subjects contacts 2
[
N
(0]
© 50
=
=
b Q
=
[}
=]
o 25+
— w
8°
o
5]
c
3 0
.E T T T T T
= & & & e &
(\QQ bdt\ 0066 "}(\Qb c}(‘ab
& R S S W
@ O (25} Ky (&5} & \'?5“\ &
oF S & &% & o & o
< N S P e
& N R
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¥ & \* o Dorigatti et al., Nat Comms, 2021
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« Serological survey o N
> June 2021 DiaSorin Neutralisation
» 76 subjects

H . a Unvaccinated b Vaccinated c Unvaccinated d Vaccinated
» Vaccination
1000 - 1000
— | 1:%_‘5,23- -—
0 T . 1:1280- el o <
£ g 100 100y g et | T 1%20] = - °
Fo2 | -4 ? 1] e + . L%
_EI b4 {- i. :;%- i.. 1:901 i
£, | .- - o 10 . 140
3 10 10 E :%g: p % z 1:104 ‘: -
1- 1
Q N N (5] S N
& & A £ & S
& & R, s & &
L é“‘P ,o & & F & Lt
& o j“\ ¥ S
< L &8 *
e f h
10004 1000 10004 10000+
(7]
. ’
£ @ i > 4 s tooo] 2
= o 100+ 100 I Z % 100 N . .
o = a 100, T e e
@ E 5 o - >
= s 10 S R SE I ATE £ 104 . o’
T z 7 ¢ 4 = 104 . B
o
1 T T T 1 T T T 1 T T T 1 T T T
(8] " N N
£ & A B AT 4 A
o P e e 6‘@ &° X ,('-"db & o égf .
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Lavezzo et al., Research Square, 2021



Serological survey (June 2021)

Centre for
Global Infectious
Disease Analysis

MRC

Imperial College
London

« Serological survey
» June 2021
» 76 subjects

» Differences by vaccine status

Lavezzo et al., Research Square, 2021

Hybrid immunity (infection + vaccine)
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Impact of testing strategies

» Veneto first region to adopt antigen tests at scale

» Hospital-based surveillance study conducted
» Antigen test escaping variant detected
» Variant carrying several mutations N antigen
» Higher peak prevalence in Veneto (20%) than in rest of Italy (10%)

» Did mass use of antigen test promote transmission of antigen
test escaping variant?

M = antigen escaping variant
A = co-circulating variant

al = Alpha VOC (B117)

O = other variants (combined)

K

s Imperial College
MRC Disease Analysis London

1001

Veneto
— Rest of Italy

80+

60

401 /¥/

20+ /

May/2020 Jul/2020 Sep/2020 Nov/2020 Jan/2021 Mar/2021 May/2021
Date

Antigenic diagnostic tests conducted (%)

« Data fusion approach
» Epidemiological data (Protezione Civile)
» Seguence data (GISAID)

Del Vecchio et al., Research Square, 2022
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o

* Veneto reported more cases v Veneto b Rest of ltaly

| 100
1404 1
compared to rest of Italy i
W 3
%120“ Other model 1 ‘ 5
=1 = Other data o 80
: : M 8
« Mass use of antigen tests in g™
. . =] | g 60
Veneto promoted transmission of £+
Q [3] |
. . . ® b ‘
antigen escaping variant
g | + > ‘
401 ‘
E * * o % 20 :
3 20 + . t bt g ‘
o 209 i i i ° N & a A
* : o ° o~ 2% .
01 . ¢ o o : B s 0
Sep/2020 Dec/2020 Mar/2021 Jun/2021 Jul/2020 Oct/2020 Jan/2021 Apr/2021 Veneto Rest of Italy
9 ool
;\'a‘ 801 }
8 .i
S 601
g |
* 1 |
2 401
3
£
8 201
04
DNCOV follows DNCOV follows Italy testing only ANCOV only ANCOV
ANCOV+ ANCOV- mass testing mass testing
(baseline) 87.5% test sensitivity

Del Vecchio et al., Research Square, 2022
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Disease Analysis

« Proportion of cases detected

ANCOV only b ANCOV only c ANCOV only
sequence ANCOV+ sequence ANCOV- sequence 50% ANCOV-, 50% ANCOV+

-

o

o
1

through sequencing depending on
the testing strategy adopted

100+

Cases
detected (%)
3

for]
o
L

801

(2]
o
L

60

« If antigen test only strategy

H
o
L

» Sequencing ANCOV+ completely
misses the discordant variant

N
o
L

201

Discordant varaint prevalence (%)

o
L

» Sequencing ANCOV- captures at
most 1/3 concordant variants

» Sequencing 50% ANCOV+ and
50% ANCOV- is a trade-off

-

o

o
L

1001

o]
o
L

80+

D
o
L

60~

N
o
L

40+

[*3
o
L
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« SARS-CoV-2 had spread silently in the population

« 42.5% (95% CI 31.5-54.6%) of infections were asymptomatic

« Mass testing & lockdown significantly reduced transmission

« Contact tracing had a limited impact of the epidemic

» Most of transmission is due to a small proportion of infections

» Antibodies decay (at different rates, depending on the test used)

» Vaccination boosts antibody levels

» Testing strategies based on molecular assays allow to capture actual viral circulation

« Seguencing antigen negative samples is key to detect potentially escaping variants



— Imperial College

Global Infectious

MRC Disease Analysis London

Thank you!

l.dorigatti@imperial.ac.uk



