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Abstract

About one month after the COVID-19 epidemic peaked in Mainland China and SARS-CoV-2
migrated to Europe and then the U.S., the epidemiological data begin to provide important insights
into the risks associated with the disease and the effectiveness of intervention strategies such as
travel restrictions and social distancing. Respiratory diseases, including the 2003 SARS epidemic,
remain only about two months in any given population, although peak incidence and lethality can
vary. The epidemiological data suggest that at least two strains of the 2020 SARS-CoV-2 virus
have evolved during its migration from Mainland China to Europe. South Korea, Iran, Italy, and
Italy’s neighbors were hit by the more dangerous “SKII” variant. While the epidemic in continental
Asia is about to end, and in Europe about to level off, the more recent epidemic in the younger
US population is still increasing, albeit not exponentially anymore. The peak level will likely
depend on which of the strains has entered the U.S. first. The same models that help us to
understand the epidemic also help us to choose prevention strategies. Containment of high-risk
people, like the elderly, and reducing disease severity, either by vaccination or by early treatment
of complications, is the best strategy against a respiratory virus disease. Social distancing or
“lockdowns” can be effective during the month following the peak incidence in infections, when
the exponential increase of cases ends. Earlier containment of low-risk people merely prolongs
the time the virus needs to circulate until the incidence is high enough to initiate “herd immunity”.
Later containment is not helpful, unless to prevent a rebound if containment started too early.
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Introduction

The first cases of a new coronavirus strain, termed SARS-CoV-2 (Severe Acute Respiratory Syn-
drome CoronaVirus) by the International Committee on Taxonomy of Viruses (ICTV) (Cascella 2020)
were reported on 31-12-2019 in Wuhan, the capital of the Hubei province of China.emigan 2020) Ag
of 2020-03-28, 10:00 CET, 591,971 symptomatic cases and 27,090 deaths have been reported
from virtually every country in the northern hemisphere (see Section Data), The disease was
termed COVID-19 by the WHO on 2020-02-11, and categorized as a pandemic on 2020-03-12,
yet the details of the spread and their implications for prevention have not been discussed in
sufficient detail.

Between 02-14 and 03-16, the Dow Jones fell 31% from 29,440 to 20,188, raising fears for the
economy, in general, and retirement savings, in particular. Several administrations have imposed
severe restrictions aimed at containment of the virus. For instance,

e On 03-08, the ltalian government imposed a quarantine on 16 million people in the north of
Italy, which was followed up on 03-11 with a nationwide closure of all restaurants and bars
along with most stores. (WS 2020-03-11)

e 0n 03-11, the U.S. administration banned travel from 26 European countries (Austria, Belgium,
Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Italy,
Latvia, Liechtenstein, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Slo-

vakia. Slovenia Spain Sweden. and Switzerland) https://www.cnn.com/world/live-news/coronavirus-outbreak-03-12-20-
intl-hnk/index.html

¢ On 03-15, New York’s Mayor de Blasio reversed his previous position that NY schools should
remain open to avoid health care workers from “staying home and watching their children”
and announced NY public schools to be closed, following many other school systems.

o From 03-17, all New York, New Jersey, and Connecticut restaurants were had to close. From
03-22, hairdressers and barbers were also closed.

e From 03-19 California was “shut down”.(Executive order N-33-20)

e On 03-22, the lockdown in the Italian region of Lombardy was tightened to ban sports and
other physical activity, as well as the use of vending machines.

e Also on 03-22, the National Guard was activated in New York, California, and Washington
State, five senators self-quarantined. NY governor Cuomo mandated that all nonessential
businesses close or work from home.

By the end on 03-20, the Dow Jones was down at 19,173 (35%) from 02-14. On 03-26, the U.S.
Senate approved a $2T stimulus package.

For most of the first three months of the epidemic, much of the response was driven by “fear,
stigma, or discrimination”®en 2020) including naming SARS-CoV-2 the “China virus”(Rogers 2020) " de-
spite the fact that seasonal respiratory zoonotic pathogens typically originate in China, where life-
animal markets provide chances for animal viruses to transmit to humans.Malik 2020)

After three months, enough data are available to discuss important epidemiological characteris-
tics of COVID-19 and the potential impact of interventions. In particular, we have now seen the
number of new cases (and deaths) to decline in China and South Korea and to at least stabilize
in some European countries. Changes in number of deaths follow the changes in number cases
(albeit at a lower level) by about two weeks. Hence, we can discuss both the infectiousness and
the lethality of the virus, two important characteristics to assess public health impact of the dis-
ease.
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One of the key findings published herein is evidence that at least two strains of SARS-CoV-2 with
different infectiousness and lethality have evolved, and by following the likely path for each of
these strains we can obtain novel insights into the nature of the epidemic and, thus, the effective-
ness of prevention strategies.

Materials and Methods

Data

All data were downloaded on 2020-03-27 from the European Centre for Disease Prevention and
Control (ECDC) Web site at https://www.ecdc.europa.eu/en/publications-data/download-todays-
data-geographic-distribution-covid-19-cases-worldwide, where data are collected daily between
6:00 and 10:00 CET. Updates were collected from the Johns Hopkins online tracker available at
https://systems.jhu.edu/research/public-health/ncov/.Population data were accessed from
https://www.worldometers.info/world-population/population-by-country/ on 2020-03-12. Data on
ages by country were accessed from https://data.worldbank.org/indicator/SP.POP.65UP.TO.ZS.

Methods and models
Statistical and Bioinformatics Methods

The data were processed with MS Excel. To avoid biases from inappropriate model assumptions
only basic descriptive statistics were employed. In some cases, data from only the day before or
after (or both) was averaged (up to a three day moving average) to reduce the effects of apparent
reporting artifacts (Darwin’s natura non facit saltum,®e™ 19%)) without creating undue biases. The
two “smoothers” applied were:

e averaging Xo with a previous x-1 (or, rarely, following x+1) data and
e applying a moving average of (X-1, Xo, X+1)—(2 X-1+ Xo, X-1 + Xo + X+1, Xo +2 X+1)/3
No other changes were applied to the data.

Like China in mid-February, the German Robert-Koch-Institute (RKI) changed the reporting sys-
tem in mid-March, which resulted in a near 6-fold increase of the data reported on 03-20 over the
data reported on 03-19. Such changes in reporting systems add to the difficulties in interpreting
the data.

Epidemiological Models

If a disease causes immunity after an infectious period of a few days only, like respiratory dis-
eases, an epidemic extinguishes itself as the proportion of immune people increases. Under the
SIR model,Kemack 1991) for g reproduction numberPez 1993) (secondary infections by direct contact
in a susceptible population) of Ro=1.5-2.5 over 7 days (recovery rate: y=1/7=.14), the noticeable
part of the epidemic lasts about 90-45 days (Ro/y=p=.21-.36) in a homogeneous population of
10M. The period is shorter for smaller more homogenous and longer for larger, more hetero-
genous populations. For a given infectious period 1/y (here, e.g., 7 days. SARS and COVID-19
incubation period plus 2 days(-aue2020)) 'R, also determines how long it will take for early cases to
become visible after a single import (150—60 days), the peak prevalence of infections (5-22%),
and how many people will become immune (55-90%). An arbitrary low rate of disease-related
death (0.00001*I/d) has been added to allow for comparison between models.
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Fig 1: SIR Model of SARS. Number of susceptible (blue), infectious (red), and resistant (green) people after a popu-

lation of 10,000,000 susceptible people is exposed to 20 subjects infected carrying a novel virus. Assumptions: Ro =
2_2’ infectious period =7 days’(available from https://app.box.com/s/pa446z1csxcvfksgi130ohjm3bjg86q| )

Results
Incidence by Country.

Norther Hemisphere

Table 1 shows the raw daily incidence by population sizes for countries with epidemiological rel-
evance in the northern hemisphere. Countries within proximity are grouped by their peak inci-

dence (red background).

The Hubei province in China (with the capital Wuhan), South Korea, Iran, Italy (especially the
Lombardy region), and Spain have the highest peak incidence, followed by the countries neigh-

boring ltaly.

It should be noted, however, that there is no uniform definition of “cases”. In some countries a
case needs to have symptoms, in other countries, it suffices to have antibodies (be immune).
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Table 1: Incidence by Country. Dates: Feb 13 (peak intensity in Mainland China, mostly Hubei and neighboring prov-
inces), Feb 19 to Mar 22. Countries with low population size (PSz) or low number of cases (Total) are hidden. Red
background indicates countries/dates with high incidence. Countries/regions are sorted by proximity among each other
and distance from Mainland China.

Country PSz[M] Total Total/M 02-05 -21-22-23-24-25.-26-27 -28-29 03-01 03-02 03-03 03-04 03-05 03-06 03-07 03-08 03-09 03-10 03-11 03-12 03-13 03-14 03-15 03-16 03-17 03-18 03-19 03-20 03-21 03-22 03-23 03-24 03-25 03-26 03-27 03-28
585 82,213 140535 662 1514 11 4 9 7 8 6 7 981 35 217 203 2 291 173 079 077 034 05 041 038 032 038 043 188 056 128 169 135 142 256 169 169 207 19 229
Vietnam 97 19 174000 000000000 O 0 O O O 0001 004009 001 004 0.04 0.05 0.05 0.04 0.04 0.04 005 008 011 004 011 019 007 0.1 013 011 0.11
Cambodia 17 102 60 0000000000 O O O O O O 0006 O O 0006006 006 012 029 070 0 0 068 068 115 115 012 0.2 027 012 024
51 9478 18584 004 1 4 5 3 3 5 91213 137 135 118 101 937 937 871 7.18 564 3.66 3.66 224 216 21 149 145 165 18 256 252 249 192 125 149 19 204 232 232
Singapore 6 732 1200 1 00 10000 1 0067 067033 033 033 1.28 144 161 2 167 1 2 15 217 233 2 283 38 658 658 7.06 611 517 9 817 256 967 168
Malaysia 32 2161 6753 006 0 0 0 0 0 0 0 O O 0 006 006 022 044 052 052 031 031 038 044 045 045 122 283 371 458 375 358 372 3.85 447 508 57 4 534 6.69 4.06
Japan 126 1,49 1190 004 0 0 0 0 0 0 0 0 0 007 012 0 011 039 033 037 04 026 021 043 04 044 049 034 027 008 019 019 0.56 046 036 033 039 045 06 076 107
Taiwan 24 27 1113004 000000000004 0004004 0008004 0 0 0013 0004017 025 0 033 042 08 081 075 067 08 1 088 079 071 0.63
Thailand 70 1,136 1623 009 0 0 00 00000 0000 O 00030030000 0 0013016 0 017 023 023 045 045 025 025 258 242 227 15 154 157 13 0
Indonesia 274 1046 382 0 000O00O0O0O0CO OO O O O O O O 0002002005006 006 009009 01 01 007 017 027 037 037 031 031 038 044 05
Philippines 110 83 73 0 000O0O0O0OO0O0CO O O O O O 000 00L 004020 0015003 011 035 035 021 021 02 02 068 068 025 052 079 076 0.76 0.76
India 1380 83 063 0 0000000O0OO0C O O O 0002 0 0 O 0001 0002 0001 001001 001001 001 002 004 005 006 0.06 0.05 0.06 0.08 0.09
Pakistan 21 1197 542 0 000000000001 0 0 0 0 0O 0O 0002002 0002 0 000403 036 026 026 056 052 048 057 052 047 047 047 0O
Afghanistan 39 91 233 0 000O0O0O0OO0CO0OCO0C O O O O O 0004004 0004004 0 0 0008015013003 0 0005009 014 019 045 045 021 0.21
Sri_Lanka 21 16 505 0 000O0O0QO0OO0CO0OO0C O O O O O O O O O O OO0 005014 024 038 048 041 038 035 062 057 043 048 024 01 01 0
[ 8432332 3849 0 000000 1 1 2244 45 623 846 846 109 109 108 108 879 879 114 128 153 156 144 132 14 142 132 129 126 122 168 21 263 284 348
Iraq 40 48 1145 0 0000 00 0 0 0015015 005 013 013 018 0 04 018 0 0 023 01 028 049 049 038 038 029 029 046 046 059 085 111 08 118 157
Saudi Arabia 35 1,104 3154 0 0 0 0000000 0001001 000600600300 011 011 014 071 049 069 046 046 043 036 1 164 181 26 339 366 366 38 32 263
United Arab 10 405 405 0 00000001002 003 03 01 01 08 08 07 07 1505 05 0 0065 065 1 14 18 065 065 15 317 48 567 523 48
Oman 5 131 %20 0000000000 0 002 016 02 0 002 02 0 0 02 02 0 04 04 1 1 1 13 13 06 22 36 3 32 32
Kuwait 4 25 5625 0 000112441 002 125 125025 025 038 038 075 025 1 117 258 4 1 2 275 217 208 2 35 35 3 025 05 175 28 392
Qatar 3 52 18733 0 0000000 O 003 067 083 083 0 05 05033 1 1278 27.1 264 193 567 184 117 489 333 267 333 367 433 433 478 522 4 433
Bahrain 2 466 23300 0 0001111503 15 15 15 1 15 0 2 35 8775775 13 13 24 05 15 5 7 9 7833967 14 102 142 182 118 118
Jordan 0 22 220 o0o00000000O0C 0 0O 0 0 O 0O O O 0 O O O 007 07 1 1105105 14 14 15 13 15 237 28 33
Israel 93035 33722 0 000000O0O0O0 003 0028 02 022022 067 15 172 172 133 156 222 689 8 693 678 663 155 155 19 209 412 542 435 409 383
Lebanon 7 391 58 0 00000O0O0O0O0O01408 04 0 004 08 0 143 129 0 28 071 193 193 086 15 15 18 219 462 7.05 257 271 49 481 471 329
Palestine 5 9 1820 0000000O00CO0C O O O O 0 14 18 06 0 02 18 02 05 05 06 0 02 04 06 06 05 05 14 0 02 24 24 14
Russia 46 10% 710 0 000O00O0O0O0OO O 0001001 O 00002002 0 0005005006 008 01 012 012 017 024 031 037 055 072 0 039 112 125 134
Azerbaijan 2 165 &5 0 000000001 0 1 0O 0075075 15 0 005 05 1 0 15 15 0225 225 4 4225 225 517 567 617 875 875 215
Georgia 4 8 225 0000000000025 0 0 0 00707507025 05 20202 125 0 007 025 075 075 075 15 125 175 225 075 15 05
Belarus 9 9% 104 00000000O0CO0C O 001701702 0 0 0 0017 017 033 05 05 033 033 067 07 074 122 106 106 028 028 028 028 044 0.44
6086498 144163 0 0 0 1 1 2 2 1 4 4 4935 243 111 978 128 13 208 249 30 237 33 423 425 527 527 627 627 763 862 9.1 104 939 841 87.3 923 973 993
Switzerland 912104 134489 0 0 0 0 0 0 0 0 1 0 067 067 0.67 078 222 333 136 611 756 467 129 169 236 297 264 467 467 50 59.2 811" 1037418418 101 101 106" 12300440l
Austria 9 7697 8522 0 000000 0 0 0033 044 044 067 056 133 367 278 033 322 567 7.11 128 159 168 21 251 292 436 488 539 503 68 88 834 87.1 894 917
Slovenia 2 632 3600 0 00000000O0C O O O 0 05 25 15 15 237537 13 19525 20 19 17 11 11 11 16 16 155 157 19 223 245 275
France 653294 50714 0 0 000000 O 0066 046 074 052 112 212 292 316 41 504 572 765 915 121 129 142 186 185 224 263 249 269 37.1 474 40.1 477 553 58.6
Spain 4764059 136296 0 0 0 0 0 0 0 0 O 0 068 036 066 079 104 13 24 119 823 823 926 145 145 261 324 366 366 423 54 73 753 81 8.8 9%.1
Portugal 10 4299 4298 0 000000O00O0C O 01 01 02 01 04 04 08 09 09 1 1 19 34 57 76 86 117 177 191 235 28 347 413 412 495 57.7 724
Germany 844858 5783 0 0 0 0 0 0 0 0 O 0 064 021 033 046 079 164 29 199 108 235 235 639 639 825 873 124 14 132 322 513 432 39 394 404 404 59 688 749
United Kingd 68 14543 21387 0 0 0 0 0 0 0 0 0 0 007 019 006 016 05 044 071 063 099 071 076 122 197 172 637 369 224 799 7.99 9.95 995 125 125 17.6 17.6 214 313 424
Poland 3 1389 365 0 000000000 O 0 0003 000500500013 016 013 024 047 072 072 09 096 145 145 181 218 256 258 3.03 3.98 414 43 44
Romania 19 1292 60 0 000000O00O0C O O 0005 0011 005032 011 011 042 105 1 132 126 137 216 212 209 114 18 261 48 693 904 721 93 114
Bulgaria 7 23 418 0 000000000 O O O O O O 002 029 0021021 171 171 143 143 157 214 214 229 338 448 314 243 271 3 314 414
Netherlands 17 8603 50606 0 0 0 00000 0 002 035 029 05 059 259 298 359 42 329 359 7.12 808 894 9.8 104 164 172 204 241 334 342 35 373 433 493 599 689
Belgium 12 7284 60700 0 00 0000 O0O0O0 0008 0504 08 22 49 5 258 325 233 392 708 133 136 136 149 149 203 258 385 473 413 353 478 692 90.7 8.4
Czech Repub 11 2279 20718 0 0 0 0 0 0 0 0 0 O 0 027 018 0 027 036 064 064 055 073 2.09 282 2 309 58 648 6.67 68 118 118 137 137 11 11 175 25 326 197
Slovakia 2 295 14750 0 00O0O0O0OOQOOQO O O O O O OO5 1 0505 1 15 55 45 7 85 115 65 65 65 115 103 917 475 475 6 198 198
Greece 10 9% %60 0 00000000003 0 0 0 03 22 13 21 07 11 06 09 34 57 597 54 48 337 373 41 33 33 94 71 63 63 71 74
Hungary 10 343 343 0000000000 0 O 0 01 01 01 01 03 01 01 02 02 06 06 07 07 05 05 175 175 23 23 307 317 327 37 37 43
Denmark 6 2046 34100 0 0000 O0O0O0O0 0017 017 017 05 033 167 05 133 117 125 252 42 267 213 383 85 109 134 152 117 117 118 113 147 182 222 255 282
Finland 6 1025 17083 0 0 0 0 0 0 0 0 0 O 0 025 025 017 042 042 117 092 092 167 158 15 8 8 917 661 6.06 55 675 675 833 118 158 151 143 147 13 112
Sweden 10 3046 30460 0 000000011 01 01 01 09 11 26 5 5 42 45 78 136 158 155 149 108 89 46 128 128 162 162 143 175 207 238 296 24
Norway 5351 71620 0 000000010 18 08 12 16 46 6 54 68 44 46 255 286 317 286 286 288 267 247 239 289 339 383 419 456 545 545 665 66.5
Iceland 2 890 450 0 000O0CO0OO0OO0OO0C1I 0 1 15 5 5 45 4 5 1 5 5 5 8 8105153 153 165 218 272 358 358 288 288 373 373 383 383
Ireland 52121 4420 0 000000000 02 0 0 02 08 14 1 02 04 14 14 16 54 42 76 8 108 138 148 339 279 22 242 428 439 449 557 55.7
Croatia 4 58 14650 0 000000001 0 0502 025 002 025025 0 0025 07 225 15 1527 232 3575 128 128 108 147 186 124 17 216
Serbia 9 47 578 0 000000000 O O O O O 0011 0 002202 106 106 1.22 1.22 061 061 167 244 228 228 15 433 378 4 6 8 811
North Maced 2 219 195% 0 000000100 O O O O O O0OO505 0 1 10505 1 1 0 3 6 55 7 7 11 11 933 105 117 105 105
Lithuania 3 38 11933 0 000O0O0O0OO0OO0CO0C O O O O O O O O 0033033 0 05 05133 13 1267 267 5 7 12 127 12 158 158 14 14
Latvia 2 280 14000 0 00O000O0O0O0OO0 002025 0 0 00202 05125125 2 2 15 3 3 2587587 10 10 7 7 165 137 108 148 148
Egypt 02 495 48 0 00000O0O0O0CO OO0 O O O 0012017 017 006 004 01 01 008 01 011 016 039 029 029 029 022 023 025 056 056 026 0.26
Algeria 4 305 693 0 00000O0O0O0O0 0005 0005016 011 0003 003 0 O 0009 005025 025 018 019 02 023 016 009 108 108 089 088 087 0
Morocco 37 35 932 0 0000O0O0OO0O0OO0O 0001000 0001000 0 0 0 000400400300 0302 024 019 027 043 043 039 039 051 097 144 158 171
Tunisia 2 27 189 0000000000 0004004 0 0 0 O 000400402 017 0502 0017 017 033 042 08 1 1 1 117 208 328 314 3
United State: 331 ###### 31627 0 0 0 0 0 0 0 0 0 0 001 006 004 007 01 022 032 029 037 06 08 087 1.06 154 235 249 268 534 903 146 162 215 256 339 266 422 507 56.5
Mexico 29 717 5% 0 0000000000000 0O O 0 O 000001 000200 004008 012 009 022 009 019 036 03 037 047 04 033 054 085 102
Canada 38 4689 12339 003 0 0 0 0 0 0 0 O 0 011 011 008 008 02 02 016 016 013 039 042 048 073 097 172 218 263 361 37 38 507 507 524 568 824 375 167 17.7
Nigeria 206 421 0000000000 0 0 0 0 0 O 0O O 0O O 0 O O O O O 0001 002001 002004004 004 003 005 005 0.08
South Africa 59 988 0 000000000 O O O O 0002 000200 007 0 01007 012 023 023 019 039 053 069 07 071 111 179 247 295 346 3.98
Cameroon 2 36 0 000000000 O 0O O O 00020000002 0 0 0 0 0004004011 011 007 007 024 024 054 054 05 03 03 0
Senegal 17 700 0 000O0O0O0O0OO 000 00006006006 0 0 0 0 0 001207 012 029 006 024 029 032 032 053 065 071 059 059 059 0.59
Togo 8 3 0000000000 0 O O O O0OKOKGK O O O O O O O O O O O O 05 0503803 038 031 031 013 013
Australia 25 13512 004 0 0 0 0 0 0 0 0 O 004 012 016 032 044 028 016 044 024 08 048 056 12 179 18 2 3.08 316 444 576 6.6 167 167 143 143 149 149 848
New Zealanc 5 820 0000000000 0 001 01020202 0 0 0 0 0 0 02 02 02 12 12 16 22 273 42 567 8 125 131 136 156
Brazil 212 %612 0 000000000 O 0 O O 000200 0006 0004008012 01 02021 023 027 065 091 124 145 167 163 146 149 191 234
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Argentina 45 153 0 000000000 0 0001001 001001013 002 007 008 008 013 013 007 024 024 02 031 04 069 094 102 11 116 175 234 193 2.4
Peru 3 924 0 000000000 O O O O O 0003009009006 006 018 0.15 048 015 085 045 091 149 208 127 127 136 097 18 187 18 167
Chile 19 2318474 0 000000000 O 0 0005011 005005013 013 016 021 032 053 053 084 084 332 332 371 371 513 513 5 6 926 116 123 123
Ecuador 18 %39 0 00000000 000602 006 008008017 0 0006006 011 0 017 017 028 05 117 294 317 535 674 813 131 102 73 833 101 119
Dominican Ri 11 528 0 000000000 00K O O O 0009 0 0027 0 0 005 0 0 0 0045045 414 414 818 391 609 727 873 845
Costa Rica 5 260 0 000000000 O 0 O O O 002 0 08 08 08 18 02 06 09 09 12 18 38 413 32 227 34 447 447 447 6 64
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Time-course by country/region

Among the Hubei population of 58.5M, the incidence rose from the first case reported in late 2019
to about 60 new cases per million people per day by 02-05 and then steadily declined (Fig 1) from
~4000 on 02-05 to below 50 cases per day since 03-08.
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Fig 2: COVID-19 cases in Mainland China. Blue: cases/M/d, red: deaths/M/d. Around Feb 13, the case definition was
expanded, resulting in additional cases from previous days being added. Hence, the 02-13 cases have been truncated.
Most cases were seen in the Hubei province of 58.5M people (see Table 1 for population sizes).
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By Mid-January 2020, the first cases of COVID-19 were seen in other Asian countries, but inci-
dence remained below about 1/M/d outside of continental China, except for an increase to about
2.5/M/d in Malaysia/Brunei and 10/M/d in Singapore, but including Japan with the largest propor-
tion of people 65 years of age and older in the world (28%).

Maritime Asia

1.2

0.8

0.6

0.4

[
0 e e pena

Fig 3: COVID-19 cases in Maritime Asia. See Fig 1 for legend.
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In continental South Korea (population 51M, cumulative incidence 185/M), however, the incidence
soon rose to a peak of about 14/M/d between 02-29 and 03-02, before declining to less than 150
cases per day (3/M/d) since 03-12 (Fig 2a).

In Iran (cumulative incidence 385/M), incidence rose about a week after South Korea. The top
incidence before 03-23 (~15.5 cases/M/d) was about the same (the recent increase on 03-24..28
may indicate a “rebound” into a population not immunized by the previous wave(s)). Lethality in
Iran was notably higher and followed the increase in cases with a delay of several days (Fig 2b)
as also seen in South Korea (Fig 2a, 03-06 for deaths vs 02-28..03-01 for cases).
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Fig 4: COVID-19 cases in South Korea and Iran. See Fig 1 for legend.

From 03-19 to 03-20, several European countries have seen a more than two-fold increase in the
number of cases reported (Germany:570%, San Marino: 340%, Ireland: 260%, Switzerland:
240%, Austria: 202%). As natura non facit saltum (Darwin: nature doesn’t jump),®™ 1985 gych
abrupt increases must be, at least in part, the result of reporting or other artifacts. In Germany, for
instance, the reporting system was changed between 03-16 and 03-19, so that the number is
likely includes cases previously reported only through a parallel system. France, Italy, and Spain
also reported an unusual increase by 27-35 percent. All these countries reported lower in the
following days. As more data are reported, some averaging has been applied.
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Fig 5: COVID-19 cases in Italy and it’s neighboring countries. Italy (top), European countries neighboring Italy (IT+,
middle. Spain also shown separately. See Fig 1 for legend.

Among European countries with a population of more than 2M, Italy has the highest cumulative
incidence per capita (Table 1, Fig 3a), followed by its neighbors Spain and Switzerland (included
in Fig 3b). In all three European countries, the cumulative incidence is now similar to that in the
Hubei province (their population of 50-60 M is also similar).
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The overall epidemic in Europe (Fig 4a) is a population weighted average of the high incidence
regions (Fig 4a, weighted average of Fig 3) and the remaining low incidence countries (Fig 4c).
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Fig 6: COVID-19 cases in Europe. Early onset/high lethality (IT and neighbors, top), total (middle), and late onset/low
letality (other European countries, bottom). See Fig 1 for legend.

The incidence in the countries with early onset and high lethality (Italy and its neighbors, including
Spain and France) now seems to be leveling off, after about 4 weeks from 1/M (ltaly: 02-26..~03-
22, neighbors: 03-01..~04:01), compared to Hubei’'s and South Korea’s 2 weeks (01-19..02-05
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and 02-21..03-06). Other European countries, where the epidemic started more slowly, may see
the peak in early April. Germany is notable for reporting 48,582 cases, but only 325 deaths (03-
28).
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Fig 7: COVID-19 cases in selected European countries. See Fig 1 for legend. Data in Germany is based on cases
reported electronically to the Robert-Koch-Institute (RKI) and transmitted to the ECDC, but the RKI also provides two
sources of data on its Web site that are difficult to reconcile with these data.
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The epidemic in North America started later, especially in the US (except for a few isolated cases
likely imported directly from Asia). The incidence is still lower than in the older European popula-
tion, but keeps rising, as “more and more states are reporting” (httes:/www.cde.gov/coronavirus/2019-ncov/cases-
updates/summary.htm, accessed on 03-18). The increase seen is consistent with the dynamics of an emerging
epidemic. Cumulative incidence in the US (260/M) is still about half of that in Europe (507/M),
which reflects, at least in part, the later onset of the epidemic in the US.
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Fig 8: COVID-19 cases in the North America. See Fig 1 for legend. The high peak in the Canadian data on 03-26
cannot be reconciled with the dynamics of a respiratory disease spreading.

A Widow of Opportunity for Containment (Social Distancing)

The effect of reducing the reproduction number by reducing the number of contacts (“contain-
ment”, “Social Distancing”) depends on when it starts in the course of the epidemic. Fig 10 shows
the effect of a one- month intervention cutting Ro in half starting at the point of the peak prevalence
of infectious subjects. Compared to Fig 1, the duration of the epidemic is shortened, albeit at the
price of reducing the R/S ratio, so that a subsequent epidemic with the same are similar virus

(cross-immunity) could start earlier.
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Fig 9: SIR Model of SARS, Window of Opportunity for Fast Eradication of the Epidemic. (see Fig 1 for legend).
The gray area indicates the period where containment can give a “coup de grace” to a respiratory disease epidemic.

The more narrow bell curve with a post-peak intervention indicates the reduction in number of infections and, thus,
deaths_(spreadsheet for model calculations available from https://app.box.com/s/pa446z1csxcvfksgi1300hjm3bjg86ql )

Fig 11 shows a one-month intervention starting about two weeks earlier, at the turning point where
the curve of the new cases changes from increasing faster to increasing more slowly. This inter-
vention reduces the number of deaths, but the epidemic is extinguished two months later and the
R/S ratio (“herd immunity”) is further decreased.
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Fig 10: SIR Model of SARS, Window of Opportunity for Maximal Reduction of Total Deaths. (see Fig 1 for legend).

The gray area indicates the period where containment can have the most impact on total number of deaths. However,
the epidemic is not eradicated_(spreadsheet for model calculations available from https://app.box.com/s/pa446z1csxcvfksgi13oohjm3bjg86ql )

Fig 12 shows the effect of an intervention that starts even earlier, about two weeks before the
intervention in Fig 11. Even if the intervention is extended from one to four months no herd im-
munity is created and, thus, the epidemic rebounds.
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Fig 11: SIR Model of SARS, Effect of Early Social Distancing / Lockdown. (see Fig 1 for legend). It is assumed
that a highly effective intervention reduces Ro by 50% for 4 months, beginning after the appearance of a novel type of

cases is noticed. The death rate of 5K/10M is arbitrary.(spreadshest for model calculations available from
https://app.box.com/s/pa446z1csxcvfksgi130ohjm3bjg86ql )

In summary, there is a narrow window-of-opportunity for interventions (“flattening the curve”) aim-
ing to improve public health by reducing Ro:

o Starting after the peak prevalence (of infections) has little effect (not shown). The curve
goes down, but is not “flattened”.

e Starting at the peak prevalence gives the epidemic a “coup de grace”, shortening its du-
ration, albeit at the price of reducing the R/S ratio. The curve is narrower, but not “flat-
tened”.

e Starting at the peak incidence “flattens” the curve without broadening it and maximizes
the number of deaths prevented during the current epidemic, but reduces herd immunity
and, thus, the chance of another epidemic coming sooner.

o Starting before the peak incidence “flattens the curve”, but also broadens it and causes
a rebound, unless the intervention is continued for many more months.

It is herd immunity that stops the spread of an infectious disease, so in general, one would want
to let the epidemic initially run its natural course (or even accelerate it, as people have traditionally
done with “measles parties”) to build immunity as fast as possible.

To reduce the duration of the epidemic and its impact on the economy (and also increase the time
until the next epidemic can spread), one would wait until the prevalence of infectious people (1)
reaches its peak (in the above model: day 83, red).

Without repeated broad testing, however, this date cannot be directly observed, but it is known
that peak prevalence of infected people is followed about a week by peak number of new cases.
This is too late to make a decision, but the SIR model shows that this peak preceded by two
weeks by the “turning point” in cases where the curve of the new cases changes from increasing
faster to increasing more slowly (day 76), which can be estimated from the observed cases in
time to making a decision. (It is also about 50% of the peak number of new cases, which one
might be able to predict.) Hence, peak prevalence (of infections) follows the turning point/half
peak (in number of cases) by about a week. The window of opportunity for starting an inter-
vention is the week following the turning point in number of cases per day.
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Discussion

Strengths and shortcomings

A major strength of this analysis of the epidemiological data is that it does not rely on epidemio-
logical models with questionable assumptions. Instead, the results reflect raw incidences over
time as reported by the ECDC, depicted by country or region of neighboring countries.

A shortcoming of such an entirely data-based approach is that it lacks the sophistication and
potential additional insights that could come from fitting, e.g., differential equation models. The
only modeling assumption made is that curves should be “smooth” (except when reporting arti-
facts are suspected), but even then, data were redistributed only to the directly neighboring day.

Still, the evidence is strong enough to draw qualitative conclusions about possible scenarios for
the spread of SARS-CoV-2 in the near future. Also, the results suggest strategies to explore the
variability of the SARS-CoV-2 virus strains and to select prevention strategies.

Evidence for (at least) two different strains of SARS-CoV-2

During the 2003 SARS epidemic the number of new cases peaked about three weeks after the
initial increase of cases was noticed and then declined by 90% within a month. Table 1 shows the
relevant timepoints for the 2020 COVID-19 epidemic. The SARS-C0OV-2 data also suggest that it
takes at least a month from the first case entering the country (typically followed by others) for the
epidemic to be detected, about three weeks for the number of cases to peak and a month for the
epidemic to “resolve”. This data is consistent with the results from the SIR model (see Epidemio-
logical Models).

Table 2: Epidemiological Timepoints by Country Top: 2003 SARS, Bottom: 2020 SARS-CoV-2

First Gap Begin Gap Peak Gap End Begin to

cases [d] (>.1/1M) [d] [d] (<.1/1M) End [d]
CA/SGH 02-23 03-02 18 03-20 28 04-18 28 (Svoboda 2004)
CA/NYG 04-20 04-27 30 05-27 6 06-03 36 (Svoboda 2004)
Guangdong 2002 (10) =>50 01-19 22 02-11 81 05-02 103 (Cao 2019)
Shanxi 03-15 34 04-19 30 05-19 64 (Cao 2019)
Beijing 03-05 49 04-24 30 05-24 69 (Zhou 2003; Cao 2019)
Mongolia 03-22 22 04-14 40 05-24 62 (Cao 2019)
Hebei 04-04 20 04-24 24 05-19 44 (Cao 2019)
Tianjin 04-14 8 04-22 12 05-04 20 (Cao 2019)
HK/PWH 02-21 03-11 6 03-17
HK/AG 03-20 4 03-24 29 04-13 (Zhou 2003; Leung 2004)
HK/ 04-12 54 06-06
Taiwan 02-24 23 03-17 38 04-25 50 06-14 88 (Small 2003; Yeh 2004)
Singapore 03-15 20 04-05 24 04-29 44 (Small 2003; Goh 2006)
Vietnam 02-23 11 03-04 28 04-06 39 (Shi 2003)
Median 2003 03-15 20 04-13 29 05-19 44
China (Hubei) 2019 (27) >50 01-17 18 02-05 27 03-18 60 0 in Hubei
S- Korea 01-20 31 02-19 12 03-01 >25 >03-25 >37 Ongoing low level
Iran 02-20 2 02-22 14 03-07 Several waves?
Italy 01-31 22 02-22 30 03-22 2" wave?
Germany 01-28 30 02-27
France 01-25 31 02-27 >30 ?04-01 ~04-157?
Us 01-25 40 03-05 >30 ?04-07 ~05-01?

Median 2020 31 02-22 25 03-25 ~04-15?
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The 2003 SARS and the 2020 SARS-CoV-2 are not only similar with respect to genetics (79%
homology),¥2%20 immunology,“"™med 2020) inyolvement of endocytosis (also with influenza and syn-
cytial viruses),®ehzadi 2019) seasonal variation (same season in the northern hemisphere also with
influenza, syncytial, and metapneumo viruses)©'osson 201 - eyolution (origin in bats, 88% homol-
ogy),(Benvenuto 2020; Maiik 2020) |t glso with respect to the duration between emergence and peak of
cases as well as between this peak and resolution of the epidemic (Table 1). Based on these
similarities, one could predict the COVID-19 epidemic to end before 04-15 in Europe and about
two weeks later in the U.S.

The time and height of the peak incidence if cases in the different countries are consistent with
the hypothesis that SARS-CoV-2 moved step-by-step westward from China, via other Asian coun-
tries to Middle East (Iran. Qatar, and Bahrain), Southern Europe (lItaly, followed by its neighbors
CH/F/ES/AT/SI), central and northern Europe, and, finally, the US.

Viruses improve their “survival” if they develop strategies to coexist with the (human) host.(Weelhouse
2007) Multiple coronaviruses have been found to coexist in bat populations.(©®2°'®) The emerging
COVID-19 data is consistent with the hypothesis that (at least) two SARS-CoV-2 strains have
developed. One strain, which traveled through South Korea, remained more infectious, while the
other strain, which traveled through other Asian countries lost more of its infectiousness. The
strain that passing through South Korea and then Iran and Italy (SKII strain) showed high lethality
in Iran and Italy, but less lethality when it traveled to Italy’s neighbors, either because of differ-
ences in health systems, because the strain mutated back, or because a strain arriving directly
from Asia had the advantage of spreading first. Only sequencing samples from these countries
can help to answer these questions.

02-05

CH/F/ES/AT/SI

SE/FIINO/IS

EU/low

Fig 12: Hypothetical virus transmission pathways. Connection width: number of contacts, box colors: infectious-
ness, box borders: lethality, dotted connections/borders: unknown. The end date of a box indicates the date of peak
incidence, if known (bold date).

Changes in infectivity and lethality between China and Europe

Mainland China is not reporting relevant numbers of novel cases anymore and Hubei reports no
new cases since 03-19. The number of new cases in South Korea also has declined to low levels
since its peak around 02-30. Maritime Southeast Asia continues to show low levels of new cases
only (<2.5/M/d), with the possible exception of Singapore and Malaysia/Brunei.
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The data are consistent with the same “SKII” strain traveling from China via South Korea and Iran
to Italy. Iran was hit about a week after South Korea (around 03-07), with a similar peak incidence,
but higher lethality (red bars in Fig 2). The data also suggests a second wave of infections in Iran,
which may have peaked on 03-15. ltaly was hit a week after the first wave in Iran (which peaked
around 03-07/08, Fig 4a). Incidence in Italy reached a substantially higher incidence than reported
in Iran. The peak incidence in Italy may have been reached on 03-22 (at about 100/M/d).

Without sufficiently detailed genetic data, it is not clear whether the high lethality in Italy is due to
genetic variations in the virus or to Italy having the second oldest populations in the world (after
Japan). A 03-20 report by the Istituto Superiore di Sanita,(©©VID-19 Surveillance Group 2020) however, impli-
cates that age and comorbidities played a role — among 3200 deaths, mostly in Lombardy and
Emilia-Romana, median age was 80 years (IQR 73-85, only were 36 below the age of 50), 98.8%
had at least one comorbidity (hypertension: 74%, diabetes: 34%, ischemic heart disease: 30%,
atrial fibrillation, 22%, chronic renal failure: 20%, ...).

The epidemiological data does not support the hypothesis that SARS-CoV-2 spread from Munich
in Germany to Italy.Kupferschmidt 2020) |nstead, the virus may have spread from ltaly to its neighboring
countries, Switzerland, France, Spain, Austria, and Slovenia, within just a few days of arriving
from Iran. The top incidence seems to be less than half of that in ltaly and the lethality is lower,
too. While Italy has many people 65 years and older (23%, second only to Japan data-worldbank.orgfindi-
cator/SPPOPESUPTO.ZS) " the relatively small differences or age distribution within Europe (e.g., Ger-
many: 21%) are unlikely to account for much of this difference. A possible explanation (indicated
in Fig 6) is that the less virulent strain(s) arriving from other parts of Asia may have had a head
start in those countries, so that imported infections from Italy met subjects who had already de-
veloped (cross) resistance against both strains.

Infections in Scandinavia arrived yet another half week later, but peaked around 03-12. The recent
data may indicate a second wave more similar to other European countries. The parts of Europe
not hit by the SKII strain may remain at much lower levels (below 30/M/d, except for effects of the
recent changes in the reporting systems). Overall, incidence in Europe seems to be leveling off.
After the effects of the changes | the reporting system have ceased, incidence in Europe may
peak soon at about 40/M/d.

Predictions for COVID-19 in North America

From Table 1, SARS-CoV-2 has arrived in the U.S. almost a week after it arrived in Europe. The
incidence is still low (currently at about 55/M/d) and is likely to continue to increase until early
April. If incidence in the U.S. were to peak at about 75/M/d, as in Europe as a whole (Fig 4b), one
would expect new cases to peak at up to 25,000 per day and the cumulative incidence could
reach 600/M (3 times the number of cases per million people in South Korea to account for a
longer course because of the size of the countries) or a total of 200,000 cases, and, at 2% lethality,
about 4,000 deaths, about four times the currently reported cumulative number of 1,079. These
are conservative estimates, because only 1% of cases died in South Korea over the course of the
epidemic and both countries have a similar proportion of people older than 65 years (14% vs
16%) On the other hand, the numbers could double if the SKII strain should have hit the US
earlier. A number of 4000-8000 U.S. death over the course of the epidemic compares to an ex-
pected number of 16,000-78,000 influenza deaths per season from pneumonia and respira-
tory/circulatory complications alone, which also occur predominantly among people at 65 years
of age and older.(Rolfes 2018)

The precise number of people dying depends on (a) which virus strain got to the US first and (b)
how early people are being treated against severe complications (e.g., pneumonia).
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A historical perspective

This is not the first, and likely not the last time, that well-intentioned public health policies are
inconsistent with our understanding of how epidemics spread. For instance, during much of the
HIV epidemic, there was widespread fear that HIV could establish itself in the population as a
whole, even though the data (including data showing absence of transmission to the wives of
hemoph”iacs)(Wittkowski 1995a) and modelS(Wittkowski 1992; Seydel 1994) contradicted this fear.(Wittkowski 1995b; 1996)
These results have been repeatedly Conﬁrmed.(Centers for Disease Control and Prevention 2019; Haddad 2019) In the
case of heterosexual transmission of HIV one could argue that there was little risk associated with
a the public health policy promoting condom use, but in the case of COVID-19 prevention, ignoring
models and data may carry substantial risk.

During the AIDS epidemic, epidemiologists had the advantage that, in addition to the date of re-
port, the date of diagnosis was available for analysis so that variations in reporting delays, such
as mid-February in China, 03-20 in Germany, and 03-26 in Canada, could be accounted for. Un-
fortunately, the public COVID-19 data lacks that information.

Implications for prevention

A major problem with respiratory diseases is that one cannot stop all chains of infections within
families, friends, neighbors, ... . Even after a couple of weeks of “lockdown” there will be a few
infectuous persons, and as long as there are enough susceptible people in the society, this is
enough to re-start the epidemic until there are enough immune people in the society to create
“herd immunity”. Hence, one would expect the cases to appear in waves (Fig 12, the period of
the “lockdown” corresponds to March to May, 2020 in the U.S.). Such waves of cases have been
seen in different countries and the longer than expected duration of the epidemic supports the
hypothesis that the social distancing / lockdown interventions had some effect, albeit at a high
cost for approx. 10% of deaths saved.

This analysis of the publicly available data suggests that at the time Italy imposed quarantine on
the Lombardy and adjacent regions on 03-08, the SKIl virus strain had already reached the adja-
cent countries (Switzerland, France, Spain, Austria, Slovenia). Even though the lockdown started
early (03-08), which may have caused a rebound consistent with a decline in compliance.

In the US, the growth in reported cases per day slowed down after 03-20, yet there is no sign of
a turning point, yet. Still, New York, New Jersey, and Connecticut restaurants were ordered to
closed from 03-20; the shutdown of California was ordered on 03-19 (Executive order N-33-20) ' Ag gocial
distancing was ordered before the epidemic reached its turning point, a “flattened curve” is to be
expected, but the curve will also be broader.

Some containment strategies could even be counterproductive in other ways. For instance, the
simple model used in Fig 12 does not account for age-stratification. In diseases such as COVID-
19, where children develop mostly mild forms, while elderly people have a high risk of dying.#™
mermann Curtis 2020) Hence, containment of high-risk groups, like elderly people in nursing homes (see
the Washington State example) is highly effective in protecting them from becoming infected and
reducing the pool that would have to reach herd immunity. A substantial increase in the duration
of the epidemic, however, might make effective containment of the elderly more difficult and, thus,
increase the number of deaths among the elderly.
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In the U.S. as a whole, the “turning point” for cases cannot be earlier than 03-25, but the New
York Times reports that New York and Detroit reached the turning point on 03-19. Hence, the
optimal time point for starting a New York public health intervention to reduce duration and impact
of the COVID-19 epidemic was around 03-27. Social segregation against COVID-19 in NY, as
one of the epicenters of the U.S. epidemic, started about 03-17 (day 73) with restaurants being
closed, and intensified on 03-22 (day 78) with all non-essential businesses being closed. Because
of the Easter holiday, restrictions are discussed to be lifted on 04-12 (day 100). The model predicts
that such an intervention would reduce the number of deaths in New York and Detroit (and pos-
sibly some other parts of the U.S., but the virus would linger on for another two months, so that it
would not be safe for (elderly) high-risk people to participate in this year’'s Easter activities.

RO: ..022,0317 .0 1.6,03-22 .0 1.1,04-13 ... 2.2

Deaths: 4992

10,000,000 2,000,000
9,000,000 1,800,000
8,000,000 1,600,000
7,000,000 1,400,000
6,000,000 1,200,000
5,000,000 1,000,000
4,000,000 800,000
3,000,000 600,000
2,000,000 400,000
1,000,000 200,000

0 0
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Fig 13: SIR Model of SARS, Phased in Restrictions. (see Fig 1 for legend). The gray areas indicates the periods of
low and high intensity restrictions)_(spreadsheet for model calculations available from https://app.box.com/s/pa446z1csxcvfksgi1300hjm3bjg86ql )

Conclusions

Until a vaccine will become available, the only pharmacological strategy to reduce the number of
deaths is to reduce the damage the infection (and immune system) does, e.g., by reducing the
initial viral load,©" 2% and making sure that people get treated at the earliest signs of pneumonia.

Aside from separating susceptible populations (elderly and high-risk subjects, e.g., in nursing
homes) from the epidemic, which is effective as long as virus is circulating, public health interven-
tion aiming to contain a respiratory disease need to start within a narrow window of opportunity
starting at or a week after the curve of the new cases changes from increasing faster to increasing
more slowly. Unless the containment efforts started earlier and prevented the epidemic from gen-
erating a sufficient number of immune people, the containment efforts can cease after about a
month or two (depending on late or early start, respectively), when the ratio of infectious vs im-
mune people is too low to for the disease to rebound. When the window of opportunity has been
missed, containment has only limited impact on the course of the epidemic.

To determine that time point, case data collected and reported needs to contain not only the date
of report, but also the date of “diagnosis” and whether the patient had clinical symptoms or was
merely tested positive and whether the patient was positive for circulating virus RNA/DNA (cur-
rently infectious) or antibodies (already immune).
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