SUPPLEMENTARY MATERIAL

Dynamics of contagion and
submerged infections during the
second wave of the SARS-CoV-2
epidemic in the Italian regions

GIULIA CEREDA, CECILIA VISCARDI, LUCA GHERARDINI,
FABRIZIA MEALLI, MICHELA BACCINI



FIGURES

Deaths

Deaths

Deaths

Deaths

Deaths

300 500

0 100

800 1200

400

2000 4000

0

600 1000

0 200

300 500

0 100

Abruzzo Basilicata Calabria Campania
o
2 o g |
4 i =
o
T 2 =7 g 2 81
g g o 3 .
. a a S a
o 8 _
n o | <
4 3 |
B o 4 o 4 o 4
T T T T T T T T T T T T T T T T T T T T
Aug Sep Oct Nov Dec Aug Sep Oct Nov Dec Aug Sep Oct Nov Dec Aug Sep Oct Nov Dec
Emilia-Romagna Friuli Venezia Giulia Lazio Liguria
h ° 8 °
. 1 £ €1
- - i=3
o e 8 - 2 3]
4 2 g 2 9 2
T 8 g 7 T o
. ) o) o S
Q i Q s | o 3
] g - ? &
— =
4 o 4 o 4 o 4
T T T T T T T T T T T T T T T T T T T T
Aug Sep Oct Nov Dec Aug Sep Oct Nov Dec Aug Sep Oct Nov Dec Aug Sep Oct Nov Dec
Lombardia Marche Molise Piemonte
o o
- n - o A o
~ al o
@ 4 @ 4 o 8
T £t £t £t
< o © <
i g 97 g 87 g _
7 7 o
S 4
B o | o | B
] 4
B o 4 o 4 o 4
T T T T T T T T T T T T T T T T T T T T
Aug Sep Oct Nov Dec Aug Sep Oct Nov Dec Aug Sep Oct Nov Dec Aug Sep Oct Nov Dec
Puglia Sardegna Sicilia Toscana
- | o
8 g
_ § S -
] ]
. 2 g 2 g- 2 87
© N © o
] 8 g 1 g
o g | S
i g 1 g g
4 o 4 o 4 o 4
T T T T T T T T T T T T T T T T T T T T
Aug Sep Oct Nov Dec Aug Sep Oct Nov Dec Aug Sep Oct Nov Dec Aug Sep Oct Nov Dec
Trentino Alto Adige Umbria Valle d'Aosta Veneto
o
8 4
4 N o
S 4
_ § T 2 | 2
- j=3
@ @ @
£ 9 £ £ S 4
E s S £ 9 £ 8
§ < § 81 § -
4 o a o °
o -
_ EN 2 - 8
4 o 4 o 4 o 4
T T T T T T T T T T T T T T T T T T T T
Aug Sep Oct Nov Dec Aug Sep Oct Nov Dec Aug Sep Oct Nov Dec Aug Sep Oct Nov Dec

Fig. S1. Estimated number of deaths with pointwise 90% confidence bands from the SIRD
model which assumes an infection fatality rate equal to 0.5% (black line) and observed number
of deaths (green points), by region.
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Fig. S2. Estimated number of deaths with pointwise 90% confidence bands from the SIRD
model which assumes an infection fatality rate equal to 0.78% (black line) and observed num-
ber of deaths (green points), by region.
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Fig. S3. Estimated number of deaths with pointwise 90% confidence bands from the SIRD
model which assumes an infection fatality rate equal to 1.79% (black line) and observed num-
ber of deaths (green points), by region.
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Fig. S4. Estimated Ry(t) with pointwise 90% confidence bands assuming an infection fatality
rate equal to 0.5%, by region.
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Fig. S5. Estimated Ry (t) with pointwise 90% confidence bands assuming an infection fatality
rate equal to 0.78%, by region.
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Fig. S6. Estimated Ry(t) with pointwise 90% confidence bands assuming an infection fatality
rate equal to 1.79%, by region.
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Fig. S7. Estimated number of new infections with pointwise 90% confidence bands assuming
an infection fatality rate equal to 0.5% (black line) and observed number of new infections

(green points), by region.
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Fig. S8. Estimated number of new infections with pointwise 90% confidence bands assuming
an infection fatality rate equal to 0.78% (black line) and observed number of new infections

(green points), by region.
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Fig. S9. Estimated number of new infections with pointwise 90% confidence bands assuming
an infection fatality rate equal to 1.79% (black line) and observed number of new infections
(green points), by region.
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Fig. $10. Estimated number of circulating infections with pointwise 90% confidence bands as-
suming an infection fatality rate equal to 0.5% (black line) and observed number of circulating
infections (green points), by region.
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Fig. S11. Estimated number of circulating infections with pointwise 90% confidence bands as-
suming an infection fatality rate equal to 0.78% (black line) and observed number of circulating
infections (green points), by region.
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Fig. S12. Estimated number of circulating infections with pointwise 90% confidence bands as-
suming an infection fatality rate equal to 1.79% (black line) and observed number of circulating
infections (green points), by region.
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TABLES

Region Pop. size Deaths I(0)
Abruzzo 1305770 421 111
Basilicata 556934 125 50
Calabria 1924701 198 97
Campania 5785861 1238 395
Emilia-Romagna 4467118 1310 1496
Friuli Venezia Giulia 1211357 493 122
Lazio 5865544 1504 945
Liguria 1543127 820 200
Lombardia 10103969 5049 6011
Marche 1528400 277 147
Molise 302265 95 27
Trentino Alto Adige 1074819 488 202
Piemonte 4356406 2110 799
Puglia 4008296 931 95
Sardegna 1630474 310 33
Sicilia 4968410 1272 275
Toscana 3737000 1507 387
Umbria 880285 327 18
Valle d’Aosta 125501 169 12
Veneto 4907704 1637 1000

Table S1. Population size (at December 31st 2020), observed number of deaths from August 1st
to November 30th and observed number of circulating infections on July 31st (I(0)), by region.
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September 1st October 1st November 1st November 23rd

Region prev. 90% CI prev. 90% CI prev. 90% CI prev. 90% CI

Abruzzo 010 003 033 1.14 048 1.82 | 1325 1058 16.67 | 3335 28.04 38.84
Basilicata 1.69 051 289 | 597 3.80 9.32 | 2558 1833 31.61
Calabria 008 002 018 | 013 004 033 | 326 223 444 | 1169 943 1435
Campania 012 008 025 063 041 086 | 875 775 1011 | 2185 19.79 23.79
Emilia-Romagna 044 020 068 | 057 033 084 | 1092 955 1254 | 31.66 2877 34.69
Friuli Venezia Giulia | 0.18 0.08 053 | 049 020 090 | 1234 991 1589 | 51.07 4399 57.81
Lazio 026 014 041 | 181 136 228 | 1025 9.11 11.60 | 23.89 21.68 26.15
Liguria 123 065 204 187 111 276 | 3255 2834 3707 | 3580 3135 41.08
Lombardia 088 064 116 | 072 054 092 | 2215 20.76 23.60 | 47.03 44.82 4942
Marche 009 002 024 018 005 039 | 687 512 9.04 | 19.62 1574 23.83
Molise 036 008 120 | 1370 892 19.86 | 3143 21.82 4342
Trentino Alto Adige 037 002 078 | 1550 11.85 19.94 | 49.01 4171 57.06
Piemonte 045 022 071 | 045 027 067 | 1851 1649 20.80 | 52.33 48.63 56.19
Puglia 052 029 077 096 062 137 | 854 723 991 | 2439 21.73 2695
Sardegna 029 011 059 | 157 078 223 | 914 731 1166 | 1400 1152 1775
Sicilia 018 007 031 097 066 134 | 1027 891 11.70 | 2559 23.03 28.16
Toscana 040 018 0.65 | 068 041 1.01 | 1747 1536 1957 | 40.33 3694 44.17
Umbria 031 0.05 056 | 048 024 106 1941 1496 2434 | 3222 2646 3824
Valle d’Aosta 89.79 66.70 119.28 | 97.08 65.01 123.30
Veneto 101 068 136 | 174 126 222 | 1066 9.33 1202 | 3567 3276 38.68

Table S2. Prevalence of infections (number of infections over 1,000 inhabitants) with 90% confi-
dence intervals on September 1st, October 1st, November 1st and November 23rd assuming an
infection fatality rate equal to 0.5%, by region. Missing estimates are due to the extremely poor
information in the absence of observed deaths.
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September 1st October 1st November 1st November 23rd

Region prev. 90% CI prev. 90% CI prev. 90% CI prev. 90% CI

Abruzzo 006 003 017 072 045 1.00 847 843 1046 2139 19.78 23.86
Basilicata 106 032 181 | 382 258 592 | 1642 11.77 20.85
Calabria 004 001 013 008 002 020 209 143 283 | 750 6.02 927
Campania 007 004 015 041 026 056 | 562 492 648 | 14.00 1275 1517
Emilia-Romagna 027 012 045 037 021 054 701 610 802 | 2029 1848 22.10
Friuli Venezia Giulia | 0.11 0.04 032 | 032 013 058 | 791 614 1013 | 3273 2829 37.15
Lazio 016 0.08 025 116 088 147 | 6.58 5.83 741 | 1531 1389 16.74
Liguria 077 048 127 | 123 073 175 2077 1801 2393 | 2252 1956 25.97
Lombardia 045 031 061 046 033 059 1412 13.16 1514 | 30.18 28.65 31.67
Marche 005 002 015 011 003 024 440 339 582 | 1259 1030 14.98
Molise 022 006 068 878 579 1263 | 2016 1495 2694
Trentino Alto Adige | 0.00 0.00 0.05 020 008 051 99 791 1318 | 3147 2650 35.16
Piemonte 028 013 044 029 018 044  11.88 1051 1335 | 3355 31.02 36.02
Puglia 033 018 049 061 041 088 548 462 638 | 1564 1404 17.29
Sardegna 020 007 040 | 1.00 053 141 | 584 457 737 | 897 743 1157
Sicilia 011 005 020 062 040 084 657 572 745 | 1641 1479 18.07
Toscana 025 012 041 044 026 065 1120 9.84 1263 | 2586 23.62 2829
Umbria 021 004 039 030 013 0.68 1243 947 1592 | 20.66 17.09 25.46
Valle d’Aosta 5752 4243 7814 | 62.19 41.87 76.36
Veneto 063 043 087 | 111 082 143 | 6.85 6.01 778 | 2287 21.07 2488

Table S3. Prevalence of infections (number of infections over 1,000 inhabitants) with 90% con-
fidence intervals on September 1st, October 1st, November 1st and November 23rd assuming
an infection fatality rate equal to 0.78%, by region. Missing estimates are due to the extremely
poor information in the absence of observed deaths.
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September 1st October 1st November 1st November 23rd

Region prev. 90% CI prev. 90% CI prev. 90% CI prev. 90% CI

Abruzzo 0.04 002 014 048 020 074 | 578 473 732 | 1465 1235 1681
Basilicata 070 020 124 260 176 411 | 1124 813 1433
Calabria 002 001 009 005 001 015 | 142 094 202 | 514 410 6.23
Campania 005 003 010 028 018 039 384 338 444 958 861 1038
Emilia-Romagna 014 007 028 025 014 038 | 476 410 551 | 1391 1271 1513
Friuli Venezia Giulia | 0.07 0.03 022 | 022 0.08 040 | 541 420 696 | 2239 1920 2542
Lazio 010 005 017 080 062 1.01 450 398 507 | 1048 955 1146
Liguria 052 033 086 087 052 114 1407 1256 1612 | 1502 1322 17.37
Lombardia 022 014 034 031 023 039 961 897 1030 | 20.67 19.61 21.68
Marche 002 001 009 007 002 015 300 226 394 862 697 10.24
Molise 015 009 021 600 600 782 | 1380 1336 15.65
Trentino Alto Adige 011 006 035 | 682 539 896 | 2156 1793 24.12
Piemonte 018 008 029 020 012 030 813 721 915 | 2295 2124 2470
Puglia 022 012 033 042 028 059 375 315 436 | 1070 956 11.90
Sardegna 014 006 029 | 069 034 096 398 312 512 | 614 505 773
Sicilia 007 003 014 042 028 057 448 388 511 | 1123 10.18 1228
Toscana 016 007 027 030 017 043 765 6.69 862 | 1770 1613 19.39
Umbria 014 002 027 | 021 0.09 043 | 849 6.64 10.84 | 1413 11.69 17.26
Valle d’Aosta 39.31 2845 55.60 | 42.54 2817 51.90
Veneto 042 028 058 076 056 098 470 411 526 | 1565 1436 16.92

Table S4. Prevalence of infections (number of infections over 1,000 inhabitants) with 90% con-
fidence intervals on September 1st, October 1st, November 1st and November 23rd assuming
an infection fatality rate equal to 1.14%, by region. Missing estimates are due to the extremely
poor information in the absence of observed deaths.
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September 1st October 1st November 1st November 23rd

Region prev. 90% CI prev. 90% CI prev. 90% CI prev. 90% CI
Abruzzo 002 002 009 029 013 046 366 309 472 | 934 779 10.67
Basilicata 043 025 057 165 165 246 | 717 653 811
Calabria 001 001 006 003 001 007 091 065 134 | 327 264 393
Campania 003 002 006 018 012 025 | 245 217 282 | 610 552 6.64
Emilia-Romagna 005 005 012 015 008 021 | 3.00 261 347 | 888 801 9.69
Friuli Venezia Giulia | 0.04 0.02 0.13 | 0.14 0.05 025 | 345 274 444 | 1425 1223 16.04
Lazio 005 004 009 050 037 062 284 255 324 | 668 6.09 727
Liguria 031 016 056 056 032 075 891 798 1032 950 845 1120
Lombardia 007 008 015 | 018 013 024 | 6.07 570 6.58 | 13.18 1247 13.84
Marche 000 000 005 004 001 011 | 191 140 259 | 550 440 6.54
Molise 008 006 008 38 382 481 | 879 879 935
Trentino Alto Adige 004 002 021 435 349 563 | 1375 1137 1554
Piemonte 010 004 017 012 007 020 517 459 580 | 1463 1358 1573
Puglia 0.14 008 020 027 018 038 | 238 201 277 | 682 6.08 758
Sardegna 009 004 018 | 044 022 063 | 253 198 325 | 391 324 496
Sicilia 004 002 008 026 017 036 | 284 250 324 | 716 648 786
Toscana 009 004 015 018 010 028 486 427 546 | 1128 1028 1228
Umbria 009 001 018 013 005 028 540 423 687 | 9.00 743 10.97
Valle d’Aosta 25.03 1836 3429 | 27.08 18.09 32.90
Veneto 026 017 036 048 036 063 300 261 339 | 996 914 10.78

Table S5. Prevalence of infections (number of infections over 1,000 inhabitants) with 90% con-
fidence intervals on September 1st, October 1st, November 1st and November 23rd assuming
an infection fatality rate equal to 1.79%, by region. Missing estimates are due to the extremely
poor information in the absence of observed deaths.
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