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KoHueHTpauua
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WCTUHHOE KONMWYeCcTBO BHP)’CHbIX HacTuy, CROCOEHbIX K HHqJeKLI,I’IH

BUDKOHBI HE B MaciuTate

MMMYHHBII oTBET - CepoKoHBepcHa XapakTepHasa KITMHKUYecKaa KapTuHa

basoBoe penpoayKTUBHOE YMcno, Ry: 06bI4HO 2-4,
HO MOXET BApbUPOBATbL B MPOCTPAHCTEE U BPEMEHM
[ cpefHee KONWYECTEO KL, HANPAMYHD MHBUUMPOBAHHGIX BONEHBIM
B TEYEHWE BCETO 3apasHoro nepuoga) (Li et al. 2020; Park et al. 2020)

AHTUTena noaBnAwTeA B KpoBu cnycta: =10-20 gHen

MymopanbHblil UMMYHUTET COXpaHaeTcs: =2-3 roga

(paHHble ana kopoHaeupyca SARS-CoV-1)
CTabMnbHOCTb BUPYCHbIX YacTul,

B OKpYXKatoLLel cpefie Wkcbexuus Bupycom

KO2(MpHULIMEHT NeTanbHOCTH

WHKkySaumoHHbIi nepuog @ =5 gHeiR =0, 8%.10% (ECDC2020)
3HayuMoCTe 4NA NMYHOM 6230NacHOCTH He YCTaHOBNEHa (99% =< 14 nHe, kpome | AuarHocTupyetcs nocne: =5 AHel (He OKOHUATENbHBIE AaHHBIE)
Mepwmon cokpalleHua BecCUMNTOMHEIX Chyyaes, " Ml kosdduumeHT cCMepTHOCTH
Mepuon e ren Bupyoun «(Laveret al. 2020; L et al. znzn);- ek
nonypacnaga N o7 uHberymn =0,3%-1.3%
YacTuy 8 1000 pas
. 3apameHHbIR 3apa3HbIi
Aaposanm: =14 =4-244 . BoccTaHoBneHue:
co=1-7y =4-96
Hgﬁ;ﬁ:‘:%ﬂu = Y E < NaTenTHbIl nepHoa; ‘_ : <« 3apazumii nepuop; ._. Nerkne cny4am - A'Hegenb
ANAGTHK, ‘ {van Doremalen et al. 2020} : =3 HA : =4 BHA E Taxerneie cnydyan: =6 Hepenb
KEPTOH M MeTanbl '
Ha ocHoBaHWW NopcYeTa MHULMPYIOLLMY BMPYCHBIX Ya3CTHL.
MpoTecTupoeaHo Npu Temnepatype 21-23°C W oTHoCUTENBHON BapuabensHocTs My NaUUeHTEMKM CYLLECTREHHA M HEAOCTATOMHO onUcaHa. OUEHKK CAeNaHb!
BNaxHocTH Bo3ayxa 40-65% . PeaynbTaTel nogcuetos SyayT © MENONBIOBAHAEM NAPEMETPOB, YCPEAHEHHLIX N0 DaHHLIM, NONYYEHHBIM 4NA Hacenedus Kutas,
BapbHPOBATH B 3aBHCUMOCTH OT YCNOBMI M TUNA NOBEPXHOCTU W HE y4uTbIBaloT 3Ty BapuabensHocTs (Liet al. 2020; He et al. 2020).

(Otter et al. 2016). Monekynsl PHK BMpyca GbinK BLIABNEHDB Aaxe

CMYCTA HECKONBKO Hegens (Morlarty et al. 2020).
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Translation by Anna Lopatina

Size & Content
Diameter: ~100 nm
Volume: ~10° nm?® = 103 fL
Mass: ~10° MDa = 1fg
Membrane: =2000 copies (measured for SARS-CoV-1)
Envelope: =20 copies (100 monomers, measured for TGEV coronavirus)
Nucleoprotein: =1000 copies (measured for SARS-CoV-1)
Spike trimer:
Length: =10 nm
Copies per virion: =100 (measured for SARS-CoV-1) (300 monomers)
Affinity to ACE2 receptor K,: ~1-30 nM
primed by TMPRSS2

XapaKTepucTuka BUpUOHaA
Auametp: = 100 HM
06beM: ~10° HM® = 10° dn
Macca: ~10° mfa = 1¢r
Mem6paHa: 2000 konuii (aaHHble Anst kopoHaBupyca SARS-CoV-1)
0Q6onoyka: =20 konwii (100 MOHOMEPOB, AaHHbIE ANs KOpoHaBupyca TGEV)
Hykneonpoteut: ~1000 konui (AaHHble Ans KopoHasupyca SARS-CoV-1)
Tpummep S-6enka:
[auba: =10 HM
Yucno konuil Ha BUpuoH: =100 (aaHHble Ans kopoHasupyca SARS-CoV-1) (300 MoHoMepoB)
CponcTeo K perjentopy ACE2 K: =1-30 HM

aKTuBMpyeTca npoTteasoit TMPRSS2

Genome

Genome length: =30kb

Number of genes: 10-14

Number of proteins: 24-27

Evolution rate: ~103 nt"" yr" (measured for SARS-CoV-1)

Mutation rate: ~10°° nt” cycle” (measured for MHV coronavirus)

Nucleotide identity to SARS-CoV-2: bat CoV - 96%; pangolin CoV 91%; SARS-CoV-1 80%; MERS 55%; common cold CoV 50%

FeHom
[nuna retioma: 30 k6
Konuyectso reros: 10-14
Konudectgo Genkos: 24-27
CkopocTb apontoumu: ~10° 1K' rog” (AaHHbIe ana SARS-CoV-1)
waguma_mmm: ~10% HK! uuKIT (p,aHHble Ansi KopoHasupyca MHV)
B HO I a b K Ha a : BUpycom bat CoV - 96%; Bupycom pangolin CoV 91%; Bupycom SARS-CoV-1 80%; BupycoM MERS 55%; ¢ BUPYCOM 06bI4HOM

npocTyAabl CoV 50%

Replication Timescales

In tissue-culture

Virion entry into cell: ~10 min (measured for SARS-CoV-1)
Eclipse period: ~10 hours

Burst size: ~1000 virions (measured for MHV coronavirus)

YKusHeHHbI uuKn Bupyca

B KNneToyHom KynbType

CKOPOCTL NPOHNKHOBEHINA BUDYCHOM YACTULILI B KNETKY: ~10 MUH (AaHHble ANns kopoHaBupyca SARS-CoV-1)
2xaunc-nepuop: ~10 yacos

Bbixoza Bupyca: ~1000 BMpYCHbIX YacTuL, (fAaHHble Ans KopoHaeupyca MHV)

Host Cells

(tentative list; number of cells per person)
Type | and Type Il pneumocyte: ~10'" cells
Alveolar macrophage: ~10'° cells
Mucous cells in nasal cavity: ~10° cells
Host cell volume: ~10° pm?= 10° fL

KneTku-xo3sieBa

(HpeﬂBapMTeﬂbelﬁ CMUCOK; KOJIMYeCTBO KNETOK B OpraHM3mMe ogHoro HenoaeKa)
Anbeeonouuthl | v Il Tuna: ~10'" kneTok

AnbBeonspHble Makpodaru: ~10'° kneTok

Knetku cnnsuctoit o6onouki nonoctu Hoca: ~10° kneTok

Q6umit 06beM KneTok-xoases: ~10° Mkm? = 10° pn

Concentration

maximal observed values following diagnosis
Nasopharynx: 10°-10° RNAs/swab

Throat: 10%-10° RNAs/swab

Stool: 10°-10° RNAs/g

Sputum: 10°-10"" RNAs/mL

RNA counts can markedly overestimate infectious virions

KoHueHTpauus

MakcumarnbHble HaéﬂlOFlaeMble 3HayeHuA KonyecTsa BUpyca rnocsie NoOCTaHOBKKU AnarHosa

Hocornotka: 10%-10° Monekyn PHK/masok

Lopno: 10%108 monekyn PHK/ma3ok

[po6a kana: 10*10° monekyn PHK/r

Mokpota: 10°-10"" monekyn PHK/mn

I'Io,cheT Monekyn PHK Bupyca B 6MOMaTepMaﬂe MOXXET 3aBblLlaTb UCTUHHOE KOJINYECTBO BMPYCHbIX YacTul, CMOCOBHbIX K I/IHq)eKLLMI/I

Antibody Response - Seroconversion
Antibodies appear in blood after: =10-20 days



Maintenance of antibody response: =#2-3 years (measured for SARS-CoV-1)

MMMyHHbI# oTBeT - CepoKoHBepcus

AHTUTeNa NOABNAIOTCA B KPOBM cyCTs: =10-20 AHen
LyMopanbHblit UMMYHUTET coxpanseTca: ~2-3 rofa (AaHHble Ans kopoHasupyca SARS-CoV-1)

Virus Environmental Stability
Relevance to personal safety unclear
half-life time to decay 1000-fold

Aerosols: =1 hr =~4-24 hr
Surfaces: =1-7 hr ~4-96 hr
E.g. plastic,

cardboard

And metals

Based on quantifying infectious virions. Tested at 21-23°C
and 40-65% relative humidity. Numbers will vary between
conditions and surface types (ref).

Viral RNA observed on surfaces even after a few weeks (ref)

CtabunbHoCcTb BUPYCHbIX YacTul B Opr)KaIOI.I.I,eﬁ cpepe

3HAYMMOCTb ANs NMNYHOW 6e30MacHOCTM He yCTaHOBNEeHa
Mepuop nonypacnaga Mepuop cokpalleHus KonnyecTsa BUPYCHbIX YacTuy B 1000 pa3

Aerosols: =Ty =4-24 4
Surfaces:  =1-7y4 =4-96 4
Hanpumep, nnactuk,

KapToH

W MeTannbl

Ha ocHoBaHuu noacyeTa MHGULMPYHOLLMX BUPYCHbBIX YacTul,. MpoTecTupoBaHo Npu TemnepaTtype 21-23°C
1 OTHOCUTENbHOW BIAXHOCTH BO3ayxa 40-65% . Pe3ynbTaTbl NOACYETOB 6yAyT BapbUpoBaTh B 3aBUCMMOCTY OT YCIIOBUI 1 TUMa NoBepxHOCTY ()
Monekynbl PHK Bupyca 6binu BbISIBIEHbI [JaXke CyCTA HECKONbKO Hegenb ().

“Characteristic” Infection Progression in a Single Patient
Basic reproductive number, R,: typically 2-4, but varies further across space and time
(number of new cases directly generated from a single case)
Incubation period (median): =5 days (99% < 14 days unless asymptomatic)
Diagnosis after =5 days
Latent period: =3 days
Infectious period: =4 days
Recovery: mild cases: =2 weeks

severe cases: ~6 weeks

Case Fatality Rate: =0.8%-10% (uncorrected)
Infected Fatality Rate: =0.3%-1.3%
Inter-individual variability is substantial and not well characterized. The estimates are parameter fits for population median in China and do not describe this variability (ref, ref).
Note the difference in notation between the symbol =, which indi “approxi ly” and accuracy to within a factor of 2, and the symbol ~, which indi “order of i
within a factor of 10.

de”

or accuracy to

XapaKTepHaﬂ KJ/IMHU4YeCKasl KapTuHa
Basosoe penpoaykrueHoe Yncno, Ry: 06b14HO 2-4, HO MOXET BapbUPOBaTh B NPOCTPAHCTBE U BpEMEHU
(cpepHee KoNMYeCTBO N, HaNPAMYIO MHOULMPOBAHHDBIX 6OMIbHBIM B TEYEHUE BCEro 3apa3Horo nepuosa)
WUHKy6aumoHHbIi nepuos (cpeaHuit): =5 aHeit (99% < 14 AHew, KpoMe 6eCCUMNTOMHbIX Clly4Yaes)
[wnarHocTupyetcs nocne: =5 gHein
[laTeHTHbIA Nepuoa: =3 AHS
3apaaHblil Nepuos; =4 AHA
BoccTaHoenenue: Jlerkve cnyyau: =2 Hefienb

Taxenble cnyyan: ~6 Heaenb
KoatbduumeHt neranbHocty: =0.8%-10% (He OKOHYaTeNbHbIE AaHHbIE)
Koadduument cmMepTHocTr OT utderumu: =0.3%-1.3%
Bapua6enbHOCTb Mex Ay naLMeHTamm CyLlieCTBEeHHa U HeJOCTaTOYHO onucaHa. OLeHKM CAenaHbl C UCNONb30BaHNEM NapaMeTpOB, YCPeAHEHHbIX MO AaHHbIM, MONyYeHHbIM A1 HaceneHus Kutas, u He
YUYMTbIBAIOT 3Ty BapuabenbHocTb (ref, ref).

OﬁpaTMTe BHWUMaHWe Ha pasHuuy B 0603HaYeHunx Mexay CUMBOJIOM =, KOTOprl7I O3Havaet <<I'Ip|/16I1VI3MTeI'IbHO» C TOYHOCTbIO B nNpegenax ﬂBpraTHOVI BE€JIMYUHbI, U CUMBOJIOM ~, KOTOprVI YKa3biBaeT Ha
«NOPAAOK BEIMYMHBI» C TOYHOCTbIO B Npejaesnax o4HOro nopsiaka.
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Abstract

The current SARS-CoV-2 pandemic is a harsh reminder of the fact that, whether in a single human host or a wave of infection across continents, viral dynamics is often a story about
the numbers. In this snapshot, our aim is to provide a one-stop, curated graphical source for the key numbers that help us understand the virus driving our current global crisis. The
discussion is framed around two broad themes: 1) the biology of the virus itself and 2) the characteristics of the infection of a single human host. Our one-page summary provides
the key numbers pertaining to SARS-CoV-2, based mostly on peer-reviewed literature. The numbers reported in summary format are substantiated by the annotated references
below. Readers are urged to remember that much uncertainty remains and knowledge of this pandemic and the virus driving it is rapidly evolving. In the paragraphs below we
provide “back of the envelope” calculations that exemplify the insights that can be gained from knowing some key numbers and using quantitative logic. These calculations serve to
improve our intuition through sanity checks, but do not replace detailed epidemiological analysis.

Pestome

HblHewHsa naHaemna SARS-CoV-2 HarnsiiHo nokasana, YTo BHE 3aBUCUMOCTM OT TOrO, UAET SN peub O eAUHUYHOM 3apaXKeHUU UK 06 SNUAEeMUM, OXBaTUBLLEN Lienble
KOHTUHEHTbI, ONUcaHWe AUHaAMUKKN BUPYCHOW MHbeKLMK 6asmpyeTcs Ha undpax. MoaToMy Halla 3agava - co3aaTb e4MHbIN 06HOBSEMbIV FpadUyecKnii UICTOYHUK KITHOYEBbIX
[aHHbIX, KOTOPbI MOMOXET HaM JlyyLUe NOHATb BUPYC, BbI3BABLUMIA CETOAHSALIHWI FNo6anbHbli Kpuanc. OnucaHme CTpOUTCS BOKPYF ABYX OCHOBHbIM TeM: 1) 6Monorusi caMoro
BUpYCa 2) XapaKTEPUCTUKMN NMPOTeKaHUA MHDEKLMM NPpU 3apaXkeHnn Yenoseka. Mpu onucaHum KtoyeBbix CBOMCTB BUpyca SARS-CoV-2 Mbl CTapanuch CCbiNaTbCs raBHbIM
06pa3oM Ha ny6imKaLum B peLleH3NpyeMblx XXypHanax. Bce faHHble, NpeAcTaBieHHbIE B KPAaTKOM ONUCAHWK, CHabXeHbl MPUBEAEHHBIMU HUXE CCbISIKaMU Ha UCTOYHMKM.
YuTaTensiM Tak)Ke CTOUT MOMHUTb O TOM, YTO B 06CY)XAAaEeMOV TEME eLLe MPUCYTCTBYET MHOIO HEOMPEAENIEHHOCTH, U YTO HoBasi MHbOPMaLMs 06 aNUAEMUM 1 O BbI3BaBLLEM ee
BUpYyce 6bICTPO HakanaMBaeTcs U 06HOBASAETCS. B nocnefytoLmx pasgenax Mbl rnokasbiBaeMm, Kak rpybble pacyeTbl, C UCMOJIb30BaHWEM NULLb HEKOTOPbIX KOYEBbIX
XapaKTepUCTUK BMPYCa U KOTMYECTBEHHOMN NTOMMKM, MOMOTatoT Jlyylle OLEHUTb TEKYLLYHO CUTyaumto. 9TU pacyeTbl AeTaNU3MPYIOT HaLIK NMPOrHO3bl OTHOCUTENBHO 3NUAEMUY, U

BepHbI C TOYKN 3peHNA 34paBoro CMbicra, HO He cnyXaT 3ameHon I'IO,D,pOéHOI'O aNnUaemMmnosiormn4eckoro aHanumaa.

1. How long does it take a single infected person to yield one million
infected people?

If everybody continued to behave as usual, how long would it take the pandemic to
spread from one person to a million infected victims? The basic reproduction
number, Ry, suggests each infection directly generates 2-4 more infections in the
absence of countermeasures like social distancing. Once a person is infected, it
takes a period of time known as the latent period before they are able to transmit
the virus. The current best-estimate of the median latent time is =3 days followed by
=4 days of close to maximal infectiousness (Li et al. 2020, He et al. 2020). The exact
durations vary among people, and some are infectious for much longer. Using R =4,
the number of cases will quadruple every =7 days or double every =3 days. 1000-fold
growth (going from one case to 10°) requires 10 doublings since 2'° = 10% 3 days x
10 doublings = 30 days, or about one month. So we expect =1000x growth in one
month, million-fold (10°) in two months, and a billion fold (10°) in three months. Even
though this calculation is highly simplified, ignoring the effects of “super-spreaders”,
herd-immunity and incomplete testing, it emphasizes the fact that viruses can
spread at a bewildering pace when no countermeasures are taken. This illustrates
why it is crucial to limit the spread of the virus by social distancing measures. For
fuller discussion of the meaning of R,, the latent and infectious periods, as well as
various caveats, see the “Definitions” section.

1. CKonbKO BpeMeHU NOHAZ06MTCA OAHOMY 3apa)KeHHOMY YEJI0BEKY,
YyTO6bI 3apa3uTb MWIJIMOH NofAen?

Ecnu 6b1 BCce NpofofixKanu BeCTH cebsi Kak 06bI4HO, KaK A0/F0 NPULLNIOCH 6bl
XAaTb NaHAEeMUN, Koraa oT OAHOro MHMULIMPOBAHHOIO YesloBeKa 3apasuanch bbl
MUNIVOHBI Nitofaei? basoBoe penpoayKTUBHOE YNCNO, Ry, yKasbiBaeT Ha TO, 4TO
Npy OTCYTCTBWM CMeLManbHbIX Mep, TaKMX Kak couuanbHas AUCTaHLUS, OANH
MHOULMPOBaHHbI 3apaxaeT 2-4 yenoseka. C MOMeHTa 3apaXKeHnst 4O MOMEHTA,
KOrfia YesloBEK MOXET 3apaXkaTb APYruX Stofei, MPOXoAUT Bpems, KOTopoe
HasblBaeTCs NaTeHTHbIN Nepuod. Ha aaHHbIi MOMEHT cpeaHssa
NPOAOMKUTENbHOCTb TATEHTHOrO NepuoAa oLeHWBaeTcs Kak =3 fHs, 3a
NaTeHTHbIM NEpUOAOM Cpasy cnefyeT Hambosee 3apasHblil NEPUOA ANUHOW =4 fHA
(Li et al. 2020, He et al. 2020). TouHaa NPOACIHKUTENBHOCTb AAHHOrO Nepuoaa
BapbUpyeT OT YesioBeka K YeNoBeKY, U B HEKOTOPbIX CNy4YasX ANUTCS ropasao
nonbie. Mcnonbays 3HaYeHne Ry=4 MOXHO paccuuTaTb, YTO YACNO cnyyaes 6yaeT
YBENNYMBATBLCSA B YeTbIpe pasa Kaxzble =7 AHEN, Unv yaBanmBaTbCs Kaxable =3
AHsA. 1000-KpaTHbIN pocT (To ecTb ABMrasch OT ofHOro ciydas Kk 10°) Tpe6yet 10
yaBoeHui, Tak kak 2'° ~ 10% 3 gHs x 10 yasoeHuii= 30 AHeit, Ui oanH MecsL,.
Takum 06pa3oM, Mbl oxxugaem =1000-KpaTHbINA POCT B TEYEHME OJHOIo Mecsiia u
pocT B MunnunoH pas (10°) uepes asa Mecsiua, U B Munnunapg pas (10°) uepes Tpu
Mecsla. [laxxe ecnim y4ecTb, YTO 9TV pacyeTbl CUIbHO YMPOLLEHbI, U HE NPUHUMaIOT
BO BHUMaHus 3¢ deKTbl "cynep-pacnpocTpaHuTenein”, KONNeKTUBHbIA UMMYHUTET 1
He0CTaTOYHO BbICTPble TEMIMbl TECTUPOBAHMS, OHW ACHO MOKa3blBaIOT, Kak
6bICTPO MOXET PacnpoCTPaHUTLCA BUPYCHas MHPEKLMUSA NPU OTCYTCTBUN
KOHTpMep. U noyemMy KpaiiHe BaKHO OrpaHUuYKUTb pacrnpocTpaHeHne Bupyca ¢
NOMOLLbIO Mep coLnanbHON AUcTaHuumn. [1na 6onee noagpo6HOro 03HaKOMJIEHUS C
nHbopMaLmei o 3HaueHusX R, naTeHTHOM U MH(EKLMOHHOM Mepuoaax, v aAns
03HaKOMJIEHUs C PSAOM NpefocTepexeHunit, cM. pasgen «MoapobHee 06
onpepeneHnsax 1 MeToaax U3MepeHus».

2. What is the effect of social distancing?

A highly simplified quantitative example helps clarify the need for social distancing.
Suppose that you are infected and you encounter 50 people over the course of a day
of working, commuting, socializing and running errands. To make the numbers
round, let’s further suppose that you have a 2% chance of transmitting the virus in
each of these encounters, so that you are likely to infect 1 new person each day. If
you are infectious for 4 days, then you will infect 4 others on average, which is on
the high end of the R, values for SARS-CoV-2 in the absence of social distancing. If
you instead see 5 people each day (preferably fewer) because of social distancing,
then you will infect 0.1 people per day, or 0.4 people before you become less
infectious. The desired effect of social distancing is to make each current infection
produce < 1 new infections. An effective reproduction number (R,) smaller than 1
will ensure the number of infections eventually dwindles. It is critically important to
quickly achieve R, < 1, which is substantially more achievable than pushing R, to
near zero through public health measures.

2. KakoB a(p¢eKT coumnanbHOro guctaHuMpoBaHua?

MpocToi KONNYECTBEHHbI NPUMEP NMOMOXET 06bACHUTL HEO6XO0AUMOCTb
coumanbHo aucTaHumnu. NMpeanosioXunM, YTo Bbl 3apakeHbl, U 3a ieHb paboTbl,
06LLEHMS U BbINOIHEHWUSA NOPYYeHWit Bbl BCTpeTuTe 50 YenoBek. YTo6bl OKPYrnnTb
ymncna, faBanTe NPefnosoXuM, YTOo y Bac eCcTb 2% LUaHC Ha nepefadvy BMpyca npu
Ka)KAoW U3 3TUX BCTPeY, TaK YTO Bbl, BEPOATHO, 3apa3nTe 1 HOBOro YenoBeka B
AeHb. Ecnu Bbl 3apasHbl B TeYeHune 4 fHew, TO Bbl 3apasuTe B CpefHeM elle 4
4YenoBeKa, YTo ABNAETCA BEPXHUM Npeaenom 3HavyeHun R, ana SARS-CoV-2 B
OTCYTCTBME coLManbHon aucTaHumumn. Ecnm BMecTo aToro 6narofaps coumanbHon
JAMCTaHLMK Bbl NOBCTpeYaeTe 5 YenoBek B fieHb (/lyyLue MeHblue) , To 3apa3uTe 0,1
yenoseka B fieHb unn 0,4 yenoseka, Npexae YeM CTaTb MeHee 3apasHbIM.
Xenaemblin adeKT counanbHOWM AUCTAHLMM - 3aCTaBUTb KaXAbI TEKYLLMWIA
MCTOYHUK MH(DEKLWM BbI3blBaTb <1 HOBbIX MHdeKUnii. dhdekTUBHOE Uncno
pasMHoxeHus (R,) HWXe 1 o6ecneunT cokpalleHne Ymcna MHPULMPOBaHHbIX.
Ype3sBblvaitHO BaXXHO 6bICTPO foCTUYb R, <1, 1 3TO siBNIsieTCs ropasfo 6osiee
nerkov 3afiayeit No CpaBHEHUIO C AOBEAEHNEM R, 10 6/IM3KOM K HYIHO C NOMOLLbIO
Mep 06LLEeCTBEHHOTO 3paBOOXPAHEHMUS.

3. Why is the quarantine period two weeks?

The period of time from infection to symptoms is termed the incubation period. The
median SARS-CoV-2 incubation period is estimated to be roughly 5 days (Lauer et al.
2020). Yet there is much person-to-person variation. Approximately 99% of those
showing symptoms will show them before day 14, which explains the two week
confinement period. Importantly, this analysis neglects infected people who never
show symptoms. Since asymptomatic people are not usually tested, it is still not
clear how many such cases there are or how long asymptomatic people remain
infectious for.

3. MoueMy cpok KapaHTUHa cOCTaBNsAET ABe Hepenu?

OTpe3ok BpeMeH/ OT MOMEHTa 3apaXXeHWs A0 NOSABIEHNSA CUMNTOMOB
Ha3blBaeTCs MHKYGALMOHHBIM NepuoaoM. CpefiHuUit MHKY6aLMOHHbI Nepuog
SARS-CoV-2 coctaBnseT npumepHo 5 aHeit (Lauer et al. 2020). TeM He MeHee, ero
ANUTENIbHOCTb MOXET BapbUPOBaTbCA OT YenoBeka K Yenoseky. MpumepHo 99% n3
TeX, Y KOro nposBiaoTCA CUMIMTOMBbI, MOKa3bIiBakoT UX 40 14 ,D,Hel?l, YTO 06bACHAET
ABYXHefeNbHbI nepuog n3onsauun. BaxHo oTMeTUTb, YTO B 9TOM aHanuae He
YYMTbIBAOTCA MHPULMPOBAHHbIE NOAN, Y KOTOPbIX CUMNTOMbI He NMPOSABAAITCA.
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MockonbKy 6eCCMMMNTOMHbBIX JIFOAEN 06bIYHO He TECTUPYIOT, BCE €LLe HESICHO,
CKOJIbKO CYLLLECTBYET TaKuUX CNy4aeB UM KakK A0SIro 6eCCUMMNTOMHbIE oM
ocTatoTCs 3apa3HbIMU.

4. How do N95 masks block SARS-CoV-2?

N95 masks are designed to remove more than 95% of all particles that are at least
0.3 microns (um) in diameter (NIOSH 42 CFR Part 84). In fact, measurements of the
particle filtration efficiency of N95 masks show that they are capable of filtering
=99.8% of particles with a diameter of ~0.1 pym (Regnasamy et al. 2017).
SARS-CoV-2 is an enveloped virus ~0.1 um in diameter, so N95 masks are capable
of filtering most free virions, but they do more than that. How so? Viruses are often
transmitted through respiratory droplets produced by coughing and sneezing.
Respiratory droplets are usually divided into two size bins, large droplets (> 5 pm in
diameter) that fall rapidly to the ground and are thus transmitted only over short
distances, and small droplets (< 5 pm in diameter). Small droplets can evaporate
into “droplet nuclei,” remain suspended in air for significant periods of time and
could be inhaled. Some viruses, such as measles, can be transmitted by droplet
nuclei (Tellier et al. 2019). At present there is no direct evidence showing
SARS-CoV-2 transmission by droplet nuclei. Rather, larger droplets are believed to be
the main vector of SARS-CoV-2 transmission, usually by settling onto surfaces that
are touched and transported by hands onto mucosal membranes such as the eyes,
nose and mouth (CDC 2020). The characteristic diameter of large droplets produced
by sneezing is ~100 pm (Han J. R. Soc. Interface 2013), while the diameter of
droplet nuclei produced by coughing is on the order of ~1 um (Yang et al 2007).
Therefore, N95 masks likely protect against several modes of viral transmission.

4. Kak macku N95 3agepxxuBatot SARS-CoV-2?

Macku N95 npegHasHaueHbl A1 3afiepXXnBaHus 6osee 95% pasnnyHbIxX YacTuL,
anameTtpom >0,3 mkm (NIOSH 42 CFR Part 84). Ha camom gene nsmepenus
apdhekTUBHOCTU bunbTpaunm YyacTul, y Mmacok N95 nokasbiBatoT, UTO OHU
crnoco6Hbl 3aaepxuBatb =~99,8% yacTuy auametpom ~ 0,1 MkM (Regnasamy et al.
2017). SARS-CoV-2 npeacTtaBnsieT co6oi BUpYC ¢ 0607104KOM guameTpom ~ 0,1
MKM, N03ToMy Macku N95 cnoco6Hbl hunbTpoBaTh 60MbLIMHCTBO CBOGOAHBIX
BMPYCHbIX YacTuL, HO OHM CMOCOG6HbI Ha Gonbluee. Kak Tak? Bupycbl yacTto
nepefaroTca Yepes Mesikue Kannu, BblensieMble U3 bixaTeNbHbIX NyTen npu
Kallne U YnxaHumn. ITU Kanau AenaTcs no pasMepy Ha: KpynHble Kanau (> 5 MKM B
LMaMeTpe), KOTopble 6bICTPO NaAaoT Ha 3eMJTHO U, TaKUM 06pa3oM, MOryT
nepefaBaTbCs TONbKO Ha KOPOTKUE PAacCTOSIHUSA, U MeNKue Kannu (s 5 MKM B
AnameTpe). Menkue Kanam MoryT UCnapaTbCa B «KanesibHble aapa», oOcTaBaTbCs
BO B3BELLUEHHOM COCTOSIHUW B TeYEHWe ASIMTENIbHOrO BPEMEHU U BMOCNEeACTBUM
BAbIXaTbCA. HekoTopble BUPYChI, Takne Kak KOpb, MOTYT NepeAaBaTbCs C
nomolubto KanenbHbix aaep (Tellier et al. 2019). B HacTosiLLee BPeMS HET NPSAMbIX
[loKasaTesNibCTB, Noka3sbiBatoLwmnx nepegavy SARS-CoV-2 ¢ noMoLLbo KanenbHbIX
apep. MpeanonaraeTcsi, YTO OCHOBHbIM crioco6oMm nepefaun SARS-CoV-2
ABNSAOTCA 60NbLUME Kanu, KOTopble ocefast Ha MOBEPXHOCTSX, MepeHOCATCA
pyKamu Ha cnm3nucTble 060/104KM rnas, Hoca 1 pTa npu kacaHuu. (CDC 2020).
TUNWYHBIA AMaMeTp KpYMHbIX Kanesb, 06pa3yoLmxcsi pyU YNXaHUK, COCTaBASIET ~
100 MkM (Han J. R. Soc. Interface 2013), B To BpeMs Kak AMaMeTp KanesbHbIX
anep, o6pasytoLmxcs npu Kalune, coctaBnsiet nopsgka ~ 1 Mkm (Yang et al 2007).
WUcxoas u3 aTux gaHHbix Macku N95 ¢ 60/1bLLIOI BEPOSITHOCTbIO CMOTYT 3alLUTUTb
OT BUPYCHOW MHMEKL MW NepesaBaeMoit HECKOJIbKUMU Crnoco6amu.

5. How similar is SARS-CoV-2 to the common cold and flu viruses?
SARS-CoV-2 is a beta-coronavirus whose genome is a single =30 kb strand of RNA.
The flu is caused by an entirely different family of RNA viruses called influenza
viruses. Flu viruses have smaller genomes (=14 kb) encoded in 8 distinct strands of
RNA, and they infect human cells in a different manner than coronaviruses. The
“common cold” is caused by a variety of viruses, including some coronaviruses and
rhinoviruses. Cold-causing coronaviruses (e.g. 0C43 and 229E strains) are quite
similar to SARS-CoV-2 in genome length (within 10%) and gene content, but different
from SARS-CoV-2 in sequence (=50% nucleotide identity) and infection severity. One
interesting facet of coronaviruses is that they have the largest genomes of any
known RNA viruses (=30 kb). These large genomes led researchers to suspect the
presence of a “proofreading mechanism” to reduce the mutation rate and stabilize
the genome. Indeed, coronaviruses have a proofreading exonuclease called ExoN,
which explains their very low mutation rates (~10 per site per cycle) in comparison
to influenza (=3x10° per site per cycle (Sanjuan et al. 2010)). This relatively low
mutation rate will be of interest for future studies predicting the speed with which
coronaviruses can evade our immunization efforts.

5. Hackonbko SARS-CoV-2 noxo>x Ha BMpycCbl NPOCTyAbl U rpunna?
SARS-CoV-2 - 3T0 6eTa-KOpOHaBMPYC, FEHOM KOTOPOro CocTaBnsieT ogHa HUTb PHK
AnvHow = 30 T.n.H. [punn e BbI3blBaeTCA COBEPLUEHHO APYrMM CEMENCTBOM
PHK-BupycoB, Ha3biBaeMbIx BUpycamu rpunna. Bupycbl rpunna, y KOTopbIX reHoOM
MeHbLue (=14 T.N.H.) U NpeAcTaBeH 8 pasnuyHbiMu hparmeHTamu PHK,
MHOULMPYIOT KNeTKM YenoBeKa He TaK, Kak KOpoHaBupychbl. «[pocTyaa» MOXeT
BbI3blBaeTCA pasdHbIMK BUpyCaMu, BKJIHOYasA HEKOTOPble KOPOHaBMPYCbl 1
p1HOBMpYCbI. Bbi3blBatoLme NpocTyay KOpoHaBUpYChbl (Hanpumep, Wwrammbl 0C43
1 229E) o4eHb Noxoxu Ha SARS-CoV-2 no gnuHe reHoma (B npegenax 10%) u
cofiep>KaHuto reHoB, Ho oTnmyatoTess oT SARS-CoV-2 ceoeit PHK
nocnefoBaTesibHOCTbHO (50% MAEHTUYHOCTM HYKNEOTUAHO
nocnefoBaTeNIbHOCTH) U TSXKECTbIO MHPEKUMUU. OfHUM UHTEPECHBIM acneKToM
KOPOHaBMPYCOB SIBASIETCA TO, YTO UX Fr€HOMbI Camble 60JbLLUne CPeun BCEX

13BeCTHbIX PHK-BUpycoB (=30 k6). 3T 60blune reHOMbl 3acTaBUIn
uccnegoBaTenei 3anof403puUTb HaMume «KOPPEKTUPYHOLLLErO MeXaHU3May,
KOTOPbIN 6bl NO3BOMWI CHA3WUTL YacTOTY MyTaLMii U CTaBUNU3UPOBATb FEHOM.
JencTBuTENbHO, y KOPOHABUPYCOB €CTb KOPPEKTUPYIoLLLas 9K30HYyK/1easa nog,
HasBaHMeM ExoN, UTo 06BACHAET UX O4eHb HU3KMe YacToTbl MyTaumil (~10° Ha
CaWnT Ha LMKIT) N0 CpaBHEHMIo ¢ BUpYcoM rpunna (=3x107° Ha cailT Ha umkn(Sanjuan
et al. 2010)). 9Ta OTHOCUTESIbHO HU3Kas YacToTa MyTaLuii ByaeT UHTepecHa Ans
6yAyLLMX UCCe0BaHNI, MPefCKasbiBatoLLMX CKOPOCTb, C KOTOPOi KOPOHaBUPYChI
MOTFYT YKNOHATLCA OT HaLUWX YCUIINIA MO UMMYHMN3aLUN.

6. How much is known about the SARS-CoV-2 genome and proteome?
SARS-CoV-2 has a single-stranded positive-sense RNA genome that codes for 10
genes ultimately producing 26 proteins according to an NCBI annotation
(NC_045512). How is it that 10 genes code for >20 proteins? One long gene,
orf1ab, encodes a polyprotein that is cleaved into 16 proteins by proteases that are
themselves part of the polyprotein. In addition to proteases, the polyprotein encodes
an RNA polymerase and associated factors to copy the genome, a proofreading
exonuclease, and several other non-structural proteins. The remaining genes
predominantly code for structural components of the virus: (i) the spike protein which
binds the cognate receptor on a human or animal cell; (i) a nucleoprotein that
packages the genome; and (i) two membrane-bound proteins. Though much
current work is centered on understanding the role of “accessory” proteins in the
viral life cycle, we estimate that it is currently possible to ascribe clear biochemical or
structural functions to only about half of SARS-CoV-2 gene products.

6. Yto nsBecTHO 0 reHome 1 npoteome SARS-CoV-2?

SARS-CoV-2 - ato (+)PHK cogepxalumin Bupyc, ero reHom cogepxut 10 reHos,
KOTOpblE B KOHEYHOM UTOre NPou3BoanT 26 6enkos, cornacHo aHHoTauum NCBI
(NC_045512). Kak nony4aetcs, 4to 10 reHoB kogupytoT 6onee 20 6enkoB? OanH
ANUHHBIN reH orflab koaupyeT nonunenTua, KOTOpPbIN paciyennsieTcs Ha 16 6enkos
npoTeasamu, KOTOpble camu SBMSAOTCSA YacTbio nonunentuaa. Kpome npoteas atot
nonunenTua koampyeT BupycHyto PHK-nonnmvepasy n cBsisaHHble C Hel chakTopbl
Ansl KONUPOBaHUSI FEHOMA, 3K30HYKMEeasy C KOPPEKTUPYIOLLEN aKTUBHOCTbIO U
HeKoTopble Apyrue HecTpyKTypHble Benku. OcTanbHble reHbl NPenMyLLEeCTBEHHO
KOAMPYIOT CTPYKTYPHbIE KOMMOHEHTbI BUpYca: (i) S-6enok, KoTopbln oTBeYaeT 3a
CBsi3blBaHWE C peLenTopaMmn Ha NOBEPXHOCTM KINETOK XMUBOTHbIX U YenoBseka; (ii)
6enok, KOTOpbIN y4acTByeT B ynakoBke reHoma; u (iii) ABa 6enka, BXOASLLMUX B
coctaB MeMbpaHsbl. M xoTs 6onbLuas YacTb TEKYLLMX UCCNEAoBaHWA
COCpeAOoTOYEHbl Ha ONNCaHUK Ponu "BeroMoraTtenbHbIX" 6EMKOB B XU3HEHHOM
LyKne BMpyca, Mbl Npeanonaraem, 4To YeTkne GUoXMMmUYeckne n CTPYKTypHble
M3MepeHUs MoMyYeHbl MULLbL A5 NONOBUHBI MPOoAyKToB reHoB SARS-CoV-2.

7. What can we learn from the mutation rate of the virus?

Studying viral evolution, researchers commonly use two measures describing the
rate of genomic change. The first is the evolutionary rate, which is defined as the
average number of substitutions that become fixed per year in strains of the virus,
given in units of mutations per site per year. The second is the mutation rate, which
is the number of substitutions per site per replication cycle. How can we relate these
two values? Consider a single site at the end of a year. The only measurement of a
mutation rate in a B-coronavirus suggests that this site will accumulate ~10°®
mutations in each round of replication. Each round of replication cycle takes ~10
hours, and so there are 10° cycles/year. Multiplying the mutation rate by the number
of replications, and neglecting the potential effects of evolutionary selection and
drift, we arrive at 10° mutations per site per year, consistent with the evolutionary
rate inferred from sequenced coronavirus genomes. As our estimate is consistent
with the measured rate, we infer that the virus undergoes near-continuous
replication in the wild, constantly generating new mutations that accumulate over
the course of the year. Using our knowledge of the mutation rate, we can also draw
inferences about single infections. For example, since the mutation rate is ~10°®
mutations/site/cycle and an mL of sputum might contain upwards of 107 viral RNAs,
we infer that every site is mutated more than once in such samples.

7. YTo Mbl MOXXEM y3HaTb U3 YacTOTbl MyTaLMii Bupyca?

WN3yyas aBontoumto BUpyca, MccneaoBaTeny 06bI4HO UCMOSb3YHOT fiBa KpUTepus,
OMnKMCbIBaoLLME CKOPOCTb M3MEHEHWS reHoMa. lNepBbii - 3TO CKOPOCTb 3BOJTIOLIMN,
KOTOpasi onNpefensieTcs Kak cpefHee KOMMYeCTBO 3aMeH Ha OfMH CaiT, KOTopoe
NOCTOSIHHO B TEYEHWe rofa y LiTaMMa BUpyca U u3MepsieTcsl B eAUHULAX MyTaLuii
Ha caiT 3a rog. Bropoe - aTo yacToTa MyTaLuii, KoTopasi NpeAcTaBsseT cobomn
KOJIMYECTBO 3aMeH Ha CaiT 3a OAUH payHZ pennvkaummn. Kak Mbl MOXEM CBsi3aTb
9TW [iBa 3Ha4YeHMs1? PacCMOTPUM OAMH CaiT B KOHLe rofa. iamepeHue 4acToTbl
MyTauui B 6eTa-KOpoHaBMUpyce NpeAnosiaraeT, YTo B 3TOM caiite 6yaet
Hakannmeatbes ~ 10° MyTaLmit 3a Kaxabli UMKA penankauun. OAWH LMKN
pennukaumm saHnmaeT ~ 10 yacos, a Bcero y Bupyca 10° umkna pennukauum B rog.
YMHOXMB YacTOTy MyTaLi Ha KOJIMYECTBO penunKaLuii, ecnv npeHe6peyb
noTeHLManbHbIM ahheKToM 3BOIFOLIMOHHOrO 0T60pa 1 Apeiida, Mbl nonyyaem 10°
MyTaLWKW Ha CaliT B rof, YTO COOTBETCTBYET CKOPOCTM 3BOJIOLUM, MOSTYYEHHON U3
OTCeKBEeHVMPOBaHHbIX FEHOMOB KOPOHaBupyca. [oCKobKy Halla OLeHKa
COOTBETCTBYET U3MEPEHHOI CKOPOCTH, Mbl IefIaeM BbIBOJ, YTO BUPYC
nojBepraeTcs NOYTW HENPEPbIBHON pennnkKauuv B AMKOWM Npupoge, NoCTOAHHO
reHepupysi HoBble MyTaLMK, KOTOpble HaKanInBalTCs B TeueHue roga. Mcnonb3ays
HallW 3HaHWS O YaCTOTE MyTaLMii, Mbl Tak)Xe MOXeM CAenaTb BbiBOAbl 06
OAMHOYHbIX 3apaXkeHusIX. HanprmMep, NOCKONbKY YacToTa MyTaLuii COCTaBNSIET ~
10 MyTaumii / canT / UMK, a OANH MUAMANTP MOKPOTbI MOXET COAepXaTb
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cebiwwe 107 BupycHbix PHK, To Mbl MOXXeM caenathb BbIBOA, YTO B Takmx 06pasLiax
KaXxablii caT MyTupoBan 6oJsiee 0fHOro pasa.

8. How stable and infectious is the virion on surfaces?

SARS-CoV-2 RNA has been detected on various surfaces several weeks after they
were last touched (Moriarty et al. 2020). In the definitions we clarify the difference
between detecting viral RNA and active virus. The probability of human infection
from such exposure is not yet characterized as experiments to make this
determination are very challenging. Nevertheless, caution and protective measures
must be taken. We estimate that during the infectious period an undiagnosed
infectious person touches surfaces tens of times. These surfaces will subsequently
be touched by hundreds of other people. From the basic reproduction number R,
=2-4 we can infer that not everyone touching those surfaces will be infected. More
detailed bounds on the risk of infection from touching surfaces urgently awaits
study.

8. HackonbKo yCTON4YMB U 3apa3eH BUPMOH Ha MOBEPXHOCTAX?

PHK Bupyca SARS-CoV-2 6bi1a 06Hapy>KeHa Ha pasnivyHbIX MOBEPXHOCTAX CMyCTs
HecKo/bKO HeAesNb nocsie NocneAHero K HUM npukocHoBeHus (Moriarty et al.
2020). B yactv OnpeaeneHusi Mbl pa3bsCHAEM pasHULYy MeXAY 06HapyXeHUEM
BUpycHoM PHK 1 akTMBHbIM BUPYCOM. BEPOATHOCTb 3apa)keHus YenoBeka ot
TaKoro BO3JeNCTBMSA MOKa He OXapaKTepusoBaHa, Tak Kak 9KCMepuMeHTbl Mo
YCTaHOBJIEHUIO 3TOrO (hakTa ABAAIOTCS OYEHb CIOXHbIMU. TeM He MeHee, cneayeT
co61t0jaTb OCTOPOXHOCTb U MepbI 3aluThbl. [10 HalWKUM OLEeHKaM, B Te4eHne
MHbEKLMOHHOIO NepPUoAa HeANArHoCTUPOBaHHbIN MHOULMPOBaHHbIN YenoBek
KacaeTCsi pa3HbiX MOBEPXHOCTEN AecATKM pas. [lo 3TUX MoBepXHOCTEN
BMOCNEACTBUM AOTPOHYTCA COTHU APYrux ntogeit. U3 6asoBoro penpoayKTMBHOrO
uncna R, =2-4 MOXXHO caenaTb BbIBOJ, YTO He BCe, KTO KacaeTcs aTux
noBepxHoCTe, 6yayT 3apaxkeHbl. bonee feTanbHas oLeHKa pucka 3apaxxeHusi oT
NPUKOCHOBEHUSA K MOBEPXHOCTSAM TpebyeT HEMeLNEHHOTO U3YYEeHUS.

Glossary

Clinical Measures

Incubation period: time between exposure and symptoms.

Seroconversion: time between exposure to virus and detectable antibody response.

CnoBapb

KnuHnyeckue TePMMUHbI

MHKyGaLWIOHHbIﬁ nepuoAa: BpeMA MeXAy 3apakeHnem n cumntomamu.
CepoKOoHBepCHs: BpEMSA MeXAY 3apaXXeHUEM U 06HapYXXEHWEM B OpraHusme
aHTUTen.

Epidemiological Inferences

R,: the average number of cases directly generated by an individual infection.
Latent period: time between exposure and becoming infective.

Infectious period: time for which an individual is infective.

Interval of half-maximum infectiousness: the time interval during which the
probability of viral transmission is higher than half of the peak infectiousness. This
interval is similar to the infectious period, but applies also in cases where the
probability of infection is not uniform in time.

AnuaeMmUonormyeckue TepMmHbI

R,: cpeHee yncro cnyyaeB, BbI3BaHHOE OfHOM MHBEKLMEN.

JlaTeHTHbIi Nepuoa;: Bpems Mexay 3apaxeHMeM 1 MOMEHTOM, KOrAa YesloBeK
CTaHOBUTCA 3apasHbIM.

WHdeKLMOoHHBIN NepuoA: BpeMs, B TeUEHNE KOTOPOro YeNTOBEK 3apaseH.
WHTepBan nonoBMHHOI 3apa3HOCTU: UHTEPBA BPEMEHU, B TEYEHWE KOTOPOro
BepOATHOCTb Nepefayn BUpyca Bbille YeM NoJIOBUHA NMMKOBOW 3apa3HOCTU. ATOT
WHTepBan aHanorn4yeH VIHdJeKLWIOHHOMy nepuoay, Ho NpUMeHAETCH TakKXe B TeX
Cnyvasx, Koraa BepOSTHOCTb 3apaXKeHUsi HEOAUHAKOBA BO BPEMEHU.

Viral Species

SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2. A B-coronavirus
causing the present COVID-19 outbreak.

SARS-CoV-1: B-coronavirus that caused the 2002 SARS outbreak in China.

MERS: a B-coronavirus that caused the Middle East Respiratory Syndrome outbreak
beginning in Jordan in 2012.

MHV: Murine herpes virus, a model B-coronavirus on which much laboratory
research has been conducted.

TGEV: Transmissible gastroenteritis virus, a model a-coronavirus which infects pigs.

229E and 0C43: two strains of coronavirus (a- and B- respectively) that are cause a
fraction of common colds.

Pa3HoBMAHOCTU BUPYCOB

SARS-CoV-2: 6eTa-KOpOHaBMPYC, BbI3blBaOLLMIA HACTOSALLYO BCMbIWKy COVID-19.
SARS-CoV-1: 6eTa-kopoHaBuMpyc, Bbl3BaBLMi Berblllky SARS B 2002 rogy B
Kutae.

MERS: 6eTa-KOpOHaBUpYC, BbI3BaBLUMI BCMbILIKY PECNMPATOPHOro CUHAPOMA Ha
BnuxHeM BocToke, koTopasa Hayanach B MoppaHuu B 2012 roay.

MHV: BUpyC MbILIMHOIO Frepneca, Mofie/NbHbli 6eTa-KOPOHABUPYC, HAa KOTOPOM
6b1/10 NPOBEAEHO MHOr0 NabopaTopHbIX UCCNeA0BaHUNA.

TGEV: TpaHCMUCCUBHbI BUPYC raCTPOIHTEPUTA, MOAENbHbIN
anbda-KopoHaBUPYC, KOTOPbI 3apaXaeT CBUHEN.

229E 1 0C43: aBa LWTamMMa KopoHaBupyca (anboa- u 6eTa- COOTBETCTBEHHO),
KOTOPbI€ BbI3bIBAIOT YaCTb NMPOCTYAHbIX 3a601€BAHUN.

Viral Life-Cycle

Eclipse period: time between viral entry and appearance of intracellular virions.
Latent period (cellular level): time between viral entry and appearance of
extracellular virions. Not to be confused with the epidemiological latent period
described below.

Burst size: the number of virions produced from infection of a single cell. More
appropriately called “per-cell viral yield” for non-lytic viruses like SARS-CoV-2.
Virion: a viral particle.

Polyprotein: a long protein that is proteolytically cleaved into a number of distinct
proteins. Distinct from a polypeptide, which is a linear chain of amino acids making
up a protein.

YKusHeHHbI UMK BUpyca

Jknunc-nepuoa: BpeMsi Mexay NPOHUKHOBEHNEM BUpYCa U NOsiIBNIEHNEM
BHYTPUKINETOYHbIX BUPUOHOB.

JlaTeHTHbIW nepuoa (KNeToYHbIN YPOBEHb): BpEMS MeXAy NPOHUKHOBEHNEM
BUpYCa 1 NOSIBNEHNEM BHEKIEeTOYHbIX BUPUOHOB. He cneayeT nyTathb €
AMNAEMMONOTNYECKM NAaTEHTHLIM NEPUOAOM, ONMUCAHHBIM HUXE.

Bbixoa BMpyca: KonnyecTso BUPNOHOB, NPOM3BEAEHHOE OHOW 3apaXKEHHON
kneTkoi. bonee Lenecoobpa3Ho Ha3biBaTb «ypoXan BUpyca Ha KneTky» Ans
HenMTMYecKknx BUPYyCcoB, Taknx kak SARS-CoV-2.

BupmoH: BupycHas vacTuua.

MonunpoTenH: ANNHHbLIN 6enoK, KOTOPbIN NPOTEONMTUYECKN PaCLLENNAETCA Ha paf
oTAenbHbIx 6enkoB. OTnMyaeTcsa oT nonunenTuaa, NpeacTaensoLWwero cobon
JIMHEVHYI0 LienoYKy aMMHOKUCIOT, COCTaBNsAoLWmMX 6erok.

Human Biology

Alveolar Macrophage: immune cells found in the lung that engulf foreign material
like dust and microbes (“professional phagocytes”)

Pneumocytes: the non-immune cells in the lung.

ACE2: Angiotensin-converting enzyme 2, the mammalian cell surface receptor that
SARS-CoV-2 binds.

TMPRSS2: Transmembrane protease, serine 2, a mammalian membrane-bound
serine protease that cleaves the viral spike trimer after it binds ACE2, revealing a
fusion peptide that participates in membrane fusion which enables subsequent
injection of viral DNA into the host cytoplasm.

Nasopharynx: the space above the soft palate at the back of the nose which
connects the nose to the mouth.

Buonorus yenoseka

AnbBeonsipHble Makpodaru: UMMYyHHble KNeTKU NIErKUX, KoTopble NoriowaroT
MHOPOAHbIE BELLECTBA, Takne Kak Mbliib U MUKPOGbI («<NpodeccroHanbHble
daroumnTbi»).

MHeBMOLMTBI: HEMMYHHbIE KNeTKM NErKKX.

ACE2: aHrMoTeH3MHMNpeBpaLLaoLmin GepMeHT 2; peLenTop Ha NOBEPXHOCTU
KJ1IETOK MJIEKOMUTAIOLWMX, KOTOPbIN cBA3biBaeT SARS-CoV-2.

TMPRSS2: TpaHcMeM6paHHasi npoTeasa, CepuH 2; cepuHoBasi mpoTeasa
CBsi3aHHasi C MEMBPaHON KNeTOK MIEeKONUTaoLWMX pacLLensiseT TpuMMep
BUpYyCHOro S-6enika nocne ero ceA3biBaHusA ¢ ACE2, BbicBo60Xan nentug
CNUSAHUSA, KOTOPbIA y4acTBYeT B CIMAHUM MeM6PaH, YTo AieniaeT BO3MOXHbIM
nocnepytollee BrnpbicknsaHune supycHomn JHK B uutonnasmy xossmHa.
HocornoTtka: npocTpaHCTBO Haj, MArkMM HEGOM B 3afiHei 4acTu Hoca, KOTopoe
COefMHSAET HOC C PTOM.

Notation

Note the difference in notation between the symbol =, which indicates
“approximately” and connotes accuracy to within a factor 2, and the symbol ~, which
indicates “order of magnitude” or accuracy to within a factor of 10.

MpumeyaHue

06paTuTe BHUMaHWE Ha pa3Hu1LYy B 0603HaYEHUSIX MEXAY CUMBOJIOM =, KOTOPbIA
O3Ha4aeT (<I'IpI/I6}1I/I3VITe}1bH0» C TOYHOCTbIO B npeaenax ABpraTHOI?I BeJIU4YUHDbI, N
CUMBOJIOM ~, KOTOprVI YKa3sblBaeT Ha «NopAAOK Be/IMYUHbI» C TOYHOCTbIO B
npeaenax ogHoOro nopsgka.

More on definitions and measurement methods

What are the meanings of R, “latent period” and “infectious period"?
The basic reproduction number, R,, estimates the average number of new infections
directly generated by a single infectious person. The 0 subscript connotes that this
refers to early stages of an epidemic, when everyone in the region is susceptible (i.e.
there is no immunity) and no counter-measures have been taken. As geography and
culture affect how many people we encounter daily, how much we touch them and
share food with them, estimates of R, can vary between locales. Moreover, because
R, is defined in the absence of countermeasures and immunity, we are usually only
able to assess the effective R (R,). At the beginning of an epidemic, before any
countermeasures, R, = R,. Several days pass before a newly-infected person
becomes infectious themselves. This “latent period” is typically followed by several
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days of infectivity called the “infectious period.” It is important to understand that
reported values for all these parameters are population averages inferred from
epidemiological models fit to counts of infected, symptomatic, and dying patients.
Because testing is always incomplete and model fitting is imperfect, and data will
vary between different locations, there is substantial uncertainty associated with
reported values. Moreover, these median or average best-fit values do not describe
person-to-person variation. For example, viral RNA was detectable in patients with
moderate symptoms for > 1 week after the onset of symptoms, and more than 2
weeks in patients with severe symptoms (ECDC 2020). Though detectable RNA is
not the same as active virus, this evidence calls for caution in using uncertain,
average parameters to describe a pandemic. Why aren’t detailed distributions of
these parameters across people published? Direct measurement of latent and
infectious periods at the individual level is extremely challenging, as accurately
identifying the precise time of infection is usually very difficult.

Moapo6bHee 06 onpepeneHUsx U MeToaax U3MepeHus
Yro TaKoe R, «naTeHTHbIN NepUoA» U «<MHHEKLMNOHHbIA nepuoa»?

Ba3oBoe penpoayKTUBHOE YnCno, R, oLleHMBaEeT cpegHee YMCNO HOBbIX MHBEKLUHNA,
HenocpeACTBEHHO BbI3BaHHbIX OAHUM MHPULIMPOBaHHbIM YenosekoM. MHaekc 0
03Hayaer, 4To R, NPMMEHUM K paHHUM CTaauaM anMAeMun, Korga Bce Nioan B
nccnesyeMoM permoHe YyBCTBUTENBHbI K BUPYCY (TO €CTb KONINEKTUBHbI
MMMYHUTET He CPOPMUPOBAH), U eLLe He NPUHATbI KOHTPMePbI. MoCKoNbKy
reorpadus 1 KynbTypa KOHKPETHOrO paioHa BAIUSIIOT Ha KOMIMYECTBO JItoAeN, C
KOTOPbIMU Mbl CTank1MBaeMcCsi eXXeAHEBHO: HAaCKOJIbKO 6JIM3KO Mbl KOHTaKTUpyeM
C HUMW MPU BCTpeYe, Kak YCTPOEH COBMECTHbI NpUeM efibl, — OLieHKU R, MoryT
BapbUpoBaTbCA B 3aBUCMMOCTY OT pernoHa. bonee Toro, nockonbky Ry
onpepensieTca B OTCYTCTBUE KOHTPMEP U UMMYHUTETA, Mbl 06bIYHO MOXEM
OLeHWUTb ToNIbKO addekTUBHbIN R (R,). B Hayane anupemuu, 4o NpUHATUSA
KaKux-nn6o KOHTpMEP, R, = Ry. MPOXOANT HECKONIbKO AHEN, NpeXae YeM BHOBb
3apaXXeHHbIN YenoBeK CTaHOBUTCS 3apa3HbiM. 3@ 3TUM «aTeHTHbIM NEPUOJOM»
06bI4HO ClielyeT HECKOJIbKO [iHEN, Korfa YeNoBeK MOXeT nepefaBaTh BUPYC
LAPYrUM NIOASIM, STOT Nepuof HasbiBaeTcs «<MHOEKLMOHHBIM NEPMoAoM». BaxkHo
NoHWMaTb, YTO CoOobLLaeMble 3HaYeHUsA AN1A BCEX 3TUX NapaMeTpoB NpeAcTaBsaioT
co6oii cpefHue Ans NONyNALUMN OLIEHKH, BbiBEfIEHHbIE U3 3NUAEMUOSIOrNYECKUX
Mogene, NoAXoAALLMX ANs NoAcYeTa UHPULMPOBAHHBIX, CUMITOMAaTUYECKUX U
yMUpatoLmx naLmeHToB. MOCKobKY TeCTUpOBaHWe BCeraa ABSETCS HeMOoHbIM,
NOAroHKa MoJieN HeCoBepLLEHHa, a laHHble BapbUPYIOT OT PervoHa K PErmoHy,
coobLiaeMble 3Ha4YeHUst MOTYT 6bITb HETOYHbIMU. KpoMe TOro, 3Tu pacuyeTHble
3HaYeHMA He OMUCbIBalOT MHAMBUAYANbHbIX Bapuauui. Hanpumep, BupycHasa PHK
BbISIB/IANACh Y NaLMEHTOB C YMEPEHHbIMU CUMMTOMaMM B TeYEHNE OQHOW Heaenu
nocre nosiBNEHUsi CAMNTOMOB, 1 6osee ABYX HefleNb Y NaLMeHTOB C TSXKENbIMU
cumnToMamu (ECDC 2020). XoTsi KonuyecTBo onpeaensiemoil PHK He
COOTBETCTBYET KOJIMYECTBY aKTUBHbIX BUPYCOB, 3TN AlaHHble YKasbIBatloT Ha TO,
YTO HY>XHO C OCTOPOXHOCTbIO UCMOJIb30BaTb CPefHWE NapaMeTpbl AJA OnucaHus
naHgemuu. Mouemy He ony6aMKoBaHO NOAPO6GHOE pacnpeaesneHne aTux
napameTpoB C y4eTOM WHAMBUAYaNbHbIX Bapuaumii? MNpsmoe nsmepexmne
NaTeHTHOro M MHGEKLIMOHHOMO NEPUOAOB KaXoro YenoBeka sBseTcs
YypesBblYaitHO CNOXHOWN 3afajein, Tak Kak 06bl4HO TPYAHO 6e30WNB0YHO
onpefenuTb TOYHOE BPEMS 3apaXKeHus.

What is the difference between measurements of viral RNA and
infectious viruses?

Diagnosis and quantification of viruses utilizes several different methodologies. One
common approach is to quantify the amount of viral RNA in an environmental (e.g.
surface) or clinical (e.g. sputum) sample via quantitative reverse-transcription
polymerase chain reaction (RT-gPCR). This method measures the number of copies
of viral RNA in a sample. The presence of viral RNA does not necessarily imply the
presence of infectious virions. Virions could be defective (e.g. by mutation) or might
have been deactivated by environmental conditions. To assess the concentration of
infectious viruses, researchers typically measure the “50% tissue-culture infectious
dose” (TCIDs,). Measuring TCID,, involves infecting replicate cultures of susceptible
cells with dilutions of the virus and noting the dilution at which half the replicate
dishes become infected. Viral counts reported by TCID, tend to be much lower than
RT-qPCR measurements, which could be one reason why studies relying on RNA
measurements (Moriarty et al. 2020) report the persistence of viral RNA on surfaces
for much longer times than studies relying on TCIDg, (van Doremalen et al. 2020). It
is important to keep this caveat in mind when interpreting data about viral loads, for
example a report measuring viral RNA in patient stool samples for several days after
recovery (We et al. 2020). Nevertheless, for many viruses even a small dose of
virions can lead to infection. For the common cold, for example, ~0.1 TCIDg, are
sufficient to infect half of the people exposed (Couch et al. 1966).

B uem pasHuLia MeXxay oueHKoi konuyectea PHK Bupyca un
MH(EKLUMOHHbIX YacTuy?

[lnarHocTnKa v KonmyecTBeHHas OLleHKa BUPYCOB OCYLLECTBAETCH C MOMOLLbIO
HecKosbK1x MeToAnK. OAHUM U3 pacnpoCTpaHEHHbIX NOAXOA0B ABAsETCA
onpeaeneHune konuyectsa BupycHo PHK B npupofHbix o6pa3suax (Hanpumep, Ha
NMOBEPXHOCTU) WS KIIMHUYECKON Npobe (Hanpumep, MOKpOTe) C MOMOLLbLO
nonumepasHo LenHon peakumuu (MLP) c o6paTHoO TpaHCKPUNLMEN B pexxume
peanbHoro Bpemenu (RT-gPCR). 3TOT MeToA NO3BOMSIET OLEHUTb KOMYECTBO
Konuii BUpycHoi PHK B o6pasue. MpucyTtcteue BupycHoi PHK He o6si3aTenbHO

noapasymeBaeT NpUCYTCTBUE UHPEKLIMOHHBIX BUPUOHOB. BUPUOHBI MOryT 6bITb
nfedekTHbIMU (Hanpumep, BCIEACTBUE NPOU3OLLEALIEN MyTaLUK) UK MOTYT 6bITb
MHaKTUBMPOBaHbl BO3AECTBMEM OKpYXKatoLLel cpefbl. YTo6bl OLeHUTb
KOHLIeHTpaLuto MHbEKLMOHHbIX BUPYCOB, UCCIef0BaTeNN 06bIYHO U3MEPSIIOT
«50% MHDEKLMOHHYIO [03y ANA TKaHeBon KynbTypbi» (TKULs,). U3amepeHune
TKWOs, BKNOYAET 3apaXkeHne pacTyLlei KynbTypbl YYyBCTBUTESbHbIX KNETOK
pasBefieHMeM BUpyca U BbISBIEHNE pa3BefeHus, NP KOTOPOM NONOBUHA
pacTyLuei KynbTypbl KNETOK CTaHOBUTCS MHOULMPOBaHHOW. KonnyecTBo BUPYCOB,
onpepeneHHoe MetoaoM TKN[g, Kak NpaBuI0, HAMHOIO HUXXE, YEM U3MepEeHUs,
nosiy4yeHHble ¢ nomolybto RT-qPCR, 4To MOXET 6bITb OAHON U3 MPUYMH, NOYEMY
nccnefoBaHusl, OCHOBaHHbIe Ha 3MepeHusix konnyectsa PHK (Moriarty et al.
2020), coobLuatoT 0 coxpaHeHun BUpycHon PHK Ha NnoBepXHOCTSAX ropasao
JosibLUe, YeM UCCnefioBaHus, MpoBeaeHHble no metoanke TKN,, (van Doremalen
et al. 2020). 3T0 BaXKHO yYnUTbIBATb MPW UHTEpPMNpeTaLun faHHbIX O
KOJINYECTBEHHOW OLieHKEe BUPYCOB, Hanp1MMep B HeAaBHEM UCCIIelOBaHWN, Tae
NpoOBOAWNOCH U3MEpPeHMe KonuyecTea BupycHoi PHK B o6pa3uax cTyna nauveHTa
B TEYEHWNE HECKONbKUX AHel nocne Bbidgoponerust (We et al. 2020). OfHaKo He
CTOMT 3abbIBaTb, YTO AJI MHOMMX BUPYCOB Aaxke HeGonbluas f03a
YXM3HECMNOCO6HbIX BUPUOHOB MOXET NPUBECTYU K 3apakeHuto. Hanpumep, ans
npoctyapl ~ 0,1 TKU[s, LOCTAaTOYHO, YTOGbI 3apa3uTb MONOBUHY NOAEN,
KOHTaKTMPOBaBLUMX C 3apa)keHHbIM YenioBekoMm (Couch et al. 1966).

What is the difference between the case fatality rate and the infection
fatality rate?

Global statistics on new infections and fatalities are pouring in from many countries,
providing somewhat different views on the severity and progression of the
pandemic. Assessing the severity of the pandemic is critical for policy making and
thus much effort has been put into quantification. The most common measure for
the severity of a disease is the fatality rate. One commonly reported measure is the
case fatality rate (CFR), which is the proportion of fatalities out of total diagnosed
cases. The CFR reported in different countries varies significantly, from 0.3% to
about 10%. Several key factors affect the CFR. First, demographic parameters and
practices associated with increased or decreased risk differ greatly across
societies. For example, the prevalence of smoking, the average age of the
population, and the capacity of the healthcare system. Indeed, the majority of people
dying from SARS-CoV-2 have a preexisting condition such as cardiovascular disease
or smoking (China CDC 2020). There is also potential for bias in estimating the CFR.
For example, a tendency to identify more severe cases (selection bias) will tend to
overestimate the CFR. On the other hand, there is usually a delay between the onset
of symptoms and death, which can lead to an underestimate of the CFR early in the
progression of an epidemic. Even when correcting for these factors, the CFR does
not give a complete picture as many cases with mild or no symptoms are not tested.
Thus, the CFR will tend to overestimate the rate of fatalities per infected person,
termed the infection fatality rate (IFR). Estimating the total number of infected
people is usually accomplished by testing a random sample for anti-viral antibodies,
whose presence indicates that the patient was previously infected. As of writing,
such assays are not widely available, and so researchers resort to surrogate
datasets generated bytesting of foreign citizens returning home from infected
countries (Verity et al. 2020), or epidemiological models estimating the number of
undocumented cases (Li et al. 2020). These methods provide a first glimpse of the
true severity of the disease.

B ueM pasHuLa Mexay Ko3(pPULIMEHTOM NeTaNnbHOCTU U

K03 PULMEHTOM CMEpPTHOCTH OT UHGeKuun?

CyMMapHble CTaTUCTUYECKME flaHHbIe O HOBbIX Cly4asnx 3apaxeHus u
CMepTeNbHbIX UCXOAaX NMOCTYNalT M3 MHOXECTBa CTPaH, U 3TU AaHHble
CYLLLECTBEHHO Pa3HATCS B OL|EHKaX TSXECTU U CKOPOCTW NPOTEKaHWs NaHAeMUN.
OLeHKa CTeneHn TAXEeCTU NaHAEMUN MeeT BaXXHOE 3HaYeHue AN NPUHATUS
NOSINTUYECKMNX PeLLeHNI, NOSTOMY Ha NMPOBeAEeHNE KOIMYECTBEHHOro aHanmnsa
3aTpauvBaeTCsi MHOro ycunuit. Hanéonee pacnpocTpaHeHHbIM nokasaTenem
TAXecTn 3abofieBaHNA ABNAETCS YpOBEHb CMepTHOCTU. OAHUM U3 Hanbonee 4acTo
coobLLaeMbix NokasaTernei ApnseTcs koabduumeHT netanbHoctu (KJ1), KoTopbiit
npeAcTaBnseT cob6oi 400 CMepTeNbHbIX UCXOA0B OT 06LLero Yncna
ANarHocTpoBaHHbIX cnyyaeB. B pasHbix cTpaHax oueHku KJ1 SARS-CoV-2
BapbupytoT oT 0,3% Ao 10%. HeckonbKo KitoyeBbIX pakToOpoB OKa3biBaloT
BNusiHne Ha KJ1. Bo-nepBbiX, AeMorpaduyeckme napaMeTpbl U CTUSb XUSHY,
KOTOpbI€ MOTyT NOBbILIATb AW MOHUXKATb PUCK 3apaXKeHUs, 3HaYUTeNbHO
BapbupyIOT B 3aBMCUMOCTU OT permoHa. K Takum napameTpam OTHOCSITCS,
HanpuMmep, pacnpocTpaHeHHOCTb KypeHUs, CPefHWI BO3pacT HaceneHus u
KayecTBO CMCTEMbI 3 paBOOXpaHeHus. [lecTBUTENbHO, 6ONbLUMHCTBO NtOAEN,
ymupatowux ot SARS-CoV-2, UMetoT cyLecTBOBaBLUME paHee Npo6ieMbl CO
3[0pPOBbEM, TaKWe KaK cepAevHo-cocyAucTble 3aboneBaHunsa unu kypexsue (China
CDC 2020). CyuiecTByeT Tak)Ke BO3MOXHOCTb HEO6beKTUBHOMN oLeHKu KJ1.
Hanpumep, TeHAEHUWS K BbISIBNEHUIO 6onee Cepbe3HbIX Cy4YaeB
(HeO6BbEKTUBHOCTb B OTGOPE paccMaTpuUBaeMblx CllyyaeB) 6yAeT NPUBOANUTD K
3aBblLLeHto oLeHKM KJ1. nu ke Hao60poT, 3aHUXeHHas oueHka KJ1 B Hayane
3ANUAEMUU MOXET 6bITb CIEACTBUEM €CTECTBEHHOIO NMPOMEXYTKA BPEMEHU
MeXJy NosiBNeHneM nepebiX CUMNTOMOB U CMepPTbIO. [Jaxe nocsie KOPPEKTUPOBKU
aTux paktopos KJ1 He AaeT CTONPOLIEHTHO NPaBUNbHO OLIeHKK, TaK Kak BO
MHOMUX cnyYasx 601e3Hb MPOTEKaeT Nerko unu 6eCCUMNTOMHO, U Takue criyyaun He
OMarHOCTUPYIOTCS U He NonagatoT B CTaTUCTUKY. Takum obpasom, KJ1 6ynet
CK/IOHEH NepeoLieHNBaTh A0JIH0 CMEPTESbHbIX CNyYaeB Ha o6LLee Yucno
MHOULMPOBaHHBIX JIOAEN, MOKa3aTenb, KOTOPbI MOYYnn Ha3BaHue
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k03t dnuUMeHT cMepTHOCTYM OT UHdekummn (KCU). Ouerka obLiero uucna
MHOULMPOBaHHbIX Nt0AEN 06bIYHO OCYLLECTBIAETCS NyTEM TECTUPOBaHUS
cny4aiiHoi BbIGOPKM tofAel Ha Hannyme B 06pasLiax KpOBU aHTUBUPYCHbIX
aHTUTeN, NPUCYTCTBME KOTOPbIX YKa3blBAeT Ha TO, YTO MaLMeHT 6bin paHee
MHOULMPOBaH JaHHbIM BUPYCOM. Ha MOMEHT HanncaHusa 3Toi cTaTbyu Takue
aHanusbl He 6blN LUMPOKO JOCTYMHbI, U NOSTOMY TaKue OLeHKU NPOBOANSINCH
60 He OCHOBaHWUM HabopaM AaHHbIX, MOJTyYeHHbIX B pe3ynbTaTe TeCTUPOBaHUSA
rpa)xaaH, Bo3BpaLllatoLLMxca OMOW U3 CTPaH C BbICOKUM MPOLEHTOM 3apaXXeHns
(Verity et al. 2020), nnv anMAEMMONOrnYeCKX Mofesel, OLleHMBaKOLLMNX
KOJIMYECTBO He3aperncTpmpoBaHHbIx cnyyaes (Li et al. 2020). 3T MeToAb! fatoT
nepBoe NpeAcTaBfieHNe 06 UCTUHHON TAXECTN INUAEMUN.

What is the burst size and the replication time of the virus?

Two important characteristics of the viral life cycle are the time it takes them to
produce new infectious progeny, and the number of progeny each infected cell
produces. The yield of new virions per infected cell is more clearly defined in lytic
viruses, such as those infecting bacteria (bacteriophages), as viruses replicate
within the cell and subsequently lyse the cell to release a “burst” of progeny. This
measure is usually termed “burst size.” SARS-CoV-2 does not release its progeny by
lysing the cell, but rather by continuous budding (Park et al. 2020). Even though
there is no “burst”, we can still estimate the average number of virions produced by
a single infected cell. Measuring the time to complete a replication cycle or the burst
size in vivo is very challenging, and thus researchers usually resort to measuring
these values in tissue-culture. There are various ways to estimate these quantities,
but a common and simple one is using “one-step” growth dynamics. The key
principle of this method is to ensure that only a single replication cycle occurs. This
is typically achieved by infecting the cells with a large number of virions, such that
every cell gets infected, thus leaving no opportunity for secondary infections.
Assuming entry of the virus to the cells is rapid (we estimate 10 minutes for
SARS-CoV-2), the time it takes to produce progeny can be estimated by quantifying
the lag between inoculation and the appearance of new intracellular virions, also
known as the “eclipse period”. This eclipse period does not account for the time it
takes to release new virions from the cell. The time from cell entry until the
appearance of the first extracellular viruses, known as the “latent period” (not to be
confused with the epidemiological latent period, see Glossary), estimates the
duration of the full replication cycle. The burst size can be estimated by waiting until
virion production saturates, and then dividing the total virion yield by the number of
cells infected. While both the time to complete a replication cycle and the burst size
may vary significantly in an animal host due to factors including the type of cell
infected or the action of the immune system, these numbers provide us with an
approximate quantitative view of the viral life-cycle at the cellular level.

YTo Takoe BbIXoA BMpyca U BpeMs pennukaumun?

[ByMA BaXKHbIMW XapaKTepUCTUKaMM XWU3HEHHOTO LiKNa BUpyca ABNAIOTCA
BpeMsi, KOTopoe TpebyeTcsi AN1F BbIpaGoOTKN HOBOrO UH(EKLIMOHHOIO NOTOMCTBA, 1
KOJIMY4eCTBO NOTOMCTBA, KOTOPOe NMPOU3BOAUT KaXKAas MHOULMPOBaHHas KneTka.
BbIxof, HOBbIX BUPMOHOB 13 MHAOULIMPOBaHHON KNeTKM fierye onpeaenntb Ans
NINTUYECKNX BUPYCOB, Takux Kak 6akTepuodaru (BUpychl, 3apaxatolume 6akTepum),
MOCKOJIbKY MOC/e penMKauum BUpYCbl NMU3NPYIOT (pa3pyLuatoT) KeTKy,
BbICBO6GOX/4as MHOXECTBO BUMPYCHbIX YaCcTUL, OAHOBPEMEHHO Hanogo6bve
"B3pbIBa". TEPMUH, KONMYECTBEHHO OMUCHIBAIOLLMIA 3TO COBLITUE, 3BYYUT Kak
"BbIX0f, BUpYca". 3penble BUPYCHble YacTuubl SARS-CoV-2 He NU3NPYIOT KNeTKy
X035MHa, HO OTAENIATCA OT KNETKU NyTeM OTMOYKOBbIBaHWS, NPU 9TOM He
paspywas ee (Park et al. 2020). HecMoTpsi Ha OTCYTCTBUE «B3pbIBa», Mbl BCE Xe
MOXEM OLIEHWUTb CpefiHee KOIMYECTBO BUPUOHOB, MPOAYLIMPYEMbIX OAHON
3apaXeHHOW KNeTKOoii. I3amepeHne BpeMeHW penavkaLuum uam Bbixoga Bupyca in
Vivo SIBNIIETCSI OYEHb CJI0XHOI 3afiayel, U No3TOMy UCCnefoBaTenm 06bIYHO
OLIEHUBAIOT 3TU NapaMeTpbl B Ky/bType TKaHu (in vitro). CyLiecTBYIOT pasnnyHble
€noco6bl OLLeHKM 3TUX BEIMUYUH, HO Hanbosiee pacnpoCTpaHeHHbIM U MPOCTbIM
ABMSIETCA UCNONb30BaHNE KPUBOW OJHOCTYNEHYaToro Lykia pocTa Bupyca.
KntoueBoi NpyHLUMN 3TOro MeToAa 3aKtoyaeTcs B TOM, YTO6bl 06ecneunTb
npoTeKkaHue ToNbKO OAHOMO LMKa penankaumm supyca. O6bI4HO 3TO AoCTUraeTca
nyTem 3apa)KeHusi KNeToK KySibTypbl 60/1bLLIMM KOJTMYECTBOM BUPYCa, TakK YTOOGbI
Kaxxgas knetka B nonynsiuum 6bina MHGUUMpoBaHa eAMHOBPEMEHHO, He OCTaBIsAA
BO3MOXHOCTU N5 BTOPUYHON MHbeKLMW. TpK yCNoBUM, YTO MPOHUKHOBEHME
BMpYCa B KNIETKM NMPOUCXOAMUT 6bICTPO (MO HALLMM OLieHKaM, 3TO 3aHUmaeT 10 MuH
ans SARS-CoV-2), Bpemsi, He06X04MMOE A5 POM3BOACTBA MOTOMCTBA, MOXHO
OLIeHUTb NMyTeM KOIMYECTBEHHOr0 onpeaeneHns 3aAepXKn MeXay MHOKYNALMEN 1
NOSIB/IEHWEM HOBbIX BHYTPUKJIETOYHbIX BUPUOHOB, TaKXXe U3BECTHbIX KaK
«3KNUMNC-NEPUOL». ATOT SKIUNC-NIEPUOA HE YUUTbIBAET BPEMS,, HEOGXOAUMOE NS
BbIXOAa HOBbIX BUPMOHOB W3 KNeTKW. Bpemsi OT NPOHNKHOBEHNSA B KNETKY 10
NOSIB/IEHWS MEPBbIX BHEKNETOYHbIX BUPYCOB, U3BECTHOE Kak «J1aTEeHTHbI Nepuoay»
(He cnepyeT nyTaTh C 3NUAEMUONIONMYECKUM NATEHTHBIM NEPUOAOM, cM. CnoBapb),
ABNAETCA MepoW NPOAOIHKMTENbHOCTM NOJHOTO LKA penavkauun. Boixoa
BMpYyca 06bI4HO OLLeHMBAETCS MO 3aBepLUeHUM NPOAYKLIMN HOBbIX BUPUOHOB, @
3aTeM JeneHuns o6LLero Ymcna BbilWeALWNX BUPYCOB Ha KONNYECTBO
MHOULMPOBaHHbIX KNeToK. MpuHUMasa BO BHUMaHKE, YTO Bpems 3aBepLueHus
LMKna penavkauum n BbIXOA BUpyca MOTYT 3Ha4YMTENbHO BapbupoBaTh B
opraHusMe XV1BOTHOr0-X03MHa B 3aBUCUMOCTHM OT TUMa 3apaXKeHHOW KNeTKN nnu
[eNCTBUSA UMMYHHOW CUCTEMbI, HY)XHO MOMHUTb, YTO 3TN LiUdPbI AalOT HaM
npu6InsnTENbHOE KOIMYeCTBEHHOE NPeACTaB/IEHNE O XXM3HEHHOM LMKIe BUpyca
Ha KNeTOYHOM YpOBHE.

References and excerpts
Note that for about 10 out of 45 parameters, the literature values are from other
coronaviruses. We await corresponding measurements for SARS-CoV-2.

CcbInKku n uuTaTbl

06paTuTe BHUMaHWe, 4To Ans NpubnnsnTenbHo 10 M3 45 KONMYECTBEHHbIX OLEHOK
NPUBOAATCSA AaHHble, NONyYeHHble paHee A5 ApyrMX KOPOHaBMpycoB. Mbl
0oXKngaem nosiBNeHns COOTBETCTBYOLMX OLeHOK ans SARS-CoV-2.

Size & Content

Diameter: (Zhu et al. 2020) - “Electron micrographs of negative-stained 20719-nCoV particles were
generally spherical with some pleomorphism (Eigure 3). Diameter varied from about 60 to 140 nm."
Volume- Using diameter and assuming the virus is a sphere

Mass: Using the volume and a density of ~ 1 g per mL

Number of surface spikes trimers: (Neuman et al. 2011) - “Our model predicts ~90 spikes per
particle.”

Length of surface spikes trimers: (Zhu et al. 2020) - “ Virus pam’cles had quite distinctive spikes,
about 9 to 12 nm, and gave virions the appearance of a solar corona.”

Receptor binding affinity (K,): (Walls et al. 2020) - Walls et al. reports K, of =1 nM for the binding
domain in Table 1 using Biolayer interferometry with k,, of =1.5x10° M" s™ and k of =1.6x10*s™.
(Wrapp et al. 2020) - Wrapp et al. reports K, of =15 nM for the spike (Fig.3) and =35 nM for the
binding domain (Fig.4) using surface plasmon resonance with k,, of =1.9x10° M" s™ and k; of
=2.8x10% s for the spike and k,, of =1.4x10° M" s™ and k. of =4.7x10° s for the binding domain.
The main dlsagreement between the studies seems to be on the k .

: (Neuman et al. 2011) - “Using the M spacing data for each virus (Eig.6C),
this would give ~1100 M2 molecules per average SARS-CoV, MHV and FCoV particle”
Envelope (E: 75 aa): (Godet et al. 1992) - “Based on the estimated molar ratio and assuming that
coronavirions bear 100 (Roseto et al., 1982) to 200 spikes, each composed of 3 S molecules
(Delmas and Laude, 1990) it can be inferred that approximately 15- 30 copies of ORF4 protein are
incorporated into TGEV virions (Purdue strain).”

Nucleoprotein (364 aa): (Neuman et al. 2011) - “Estimated ratios of M to N protein in purified
coronaviruses range from about 3M:1N (Cavanagh. 1983, ES&QLS&L&L.ZD_O_L&) to TM: 1N (Hogue and
Brian, 1986, Liu and Inglis. 1991), giving 730-2200 N molecules per virion.”

Genome

Type: (ViralZone) +ssRNA “Monopartite, linear ssRNA(+) genome”

Genome length: (Wu et al. 2020) - Figure 2

Number of genes: (Wu et al. 2020) - “SARS-CoV-2 genome has 10 open reading frames (Eig. 2A)." or
(Wu et al. 2020) - "The 2019-nCoV genome was annotated to possess 14 ORFs encoding 27
proteins".

Number of proteins: (Wu et al. 2020) -"By aligning with the amino acid sequence of SARS PP1ab
and analyzing the characteristics of restriction cleavage sites recognized by 3CLpro and PLpro, we
speculated 14 specific proteolytic sites of 3CLpro and PLpro in SARS-CoV-2 PP1ab (Eig. 2B). PLpro
cleaves three sites at 181-182, 818-819, and 2763-2764 at the N-terminus and 3CLpro cuts at the
other 11 sites at the C-terminus, and forming 15 non-structural proteins.”

Evolution rate: (Kovama et al. 2020) - “Mutation rates estimated for SARS, MERS, and 0C43 show a
large range, covering a span of 0.27 to 2.38 substitutions x10-3 / site / year (10-16).” Recent
unpublished evidence also suggest this rate is of the same order of magnitude in SARS-CoV-2.
Mutation rate: (Sanjuan et al. 2010) - “Murine hepatitis virus ... Therefore, the corrected estimate of
the mutation rate is i, = 1.9x10°/ 0.55 = 3.5 x 10°.”

Genome similarity: For all species except pangolin: (Wu et al. 2020) - “After phylogenetic analysis
and sequence alignment of 23 coronaviruses from various species. We found three coronaviruses
from bat (96%, 88% and 88% for Bat-Cov RaTG13, bat-SL-CoVZXC12 and bat-SL-CoVZC45,
respectively) have the highest genome sequence identity to SARS-CoV-2 (Eig._1A). Moreover, as
shown in Eig. 1B, Bat-Cov RaTG13 exhibited the closest linkage with SARS-CoV-2. These
phylogenetic evidences suggest that SARS-CoV-2 may be evolved from bat CoVs, especially
RaTG13. Among all coronaviruses from human, SARS-CoV (80%) exhibited the highest genome
sequence identity to SARS-CoV-2. And MERS/isolate NL13845 also has 50% identity with
SARS-CoV-2." For pangolin: (Zhang et al. 2020) - Figure 3

Replication Timescales

Virion entry into cell: (Schneider et al. 2012) - “Previous experiments had revealed that virus is
internalized within 15 min” and (Ng et al. 2003) - “Within the first 10 min, some virus particles were
internalised into vacuoles (arrow) that were just below the plasma membrane surface (Fig. 2,
arrows). ... The observation at 15 min postinfection (p.i.), did not differ much from 10 min p.i. (Fig.
4a)"

Eclipse period: (Schneider et al. 2012) - “SARS-CoV replication cycle from adsorption to release of
infectious progeny takes about 7 to 8 h (data not shown).” and (Harcourt et al. 2020) - Figure 4
shows virions are released after 12-36 hrs but because this is multi-step growth this represents an
upper bound for the replication cycle.

Burst size: (Hirano et al. 1976) - “The average per-cell yield of active virus was estimated to be
about 6-7x 102 plaque-forming units.” This data is for MHV, more research is needed to verify
these values for SARS-CoV-2.

Host Cells

Type: (Shieh et al. 2005) - “/mmunohistochemical and in situ hybridization assays demonstrated
evidence of SARS-associated coronavirus (SARS-CoV) infection in various respiratory epithelial cells,
predominantly type Il pneumocytes, and in alveolar macrophages in the lung.” and (Walls et al.
2020) - “SARS-CoV-2 uses ACE2 to enter target cells” and (Rockx et al. 2020) - “In
SARS-CoV-2-infected macaques, virus was excreted from nose and throat in absence of clinical
signs, and detected in type | and Il pneumocytes in foci of diffuse alveolar damage and mucous
glands of the nasal cavity....In the upper respiratory tract, there was focal 5 or locally extensive
SARS-CoV-2 antigen expression in epithelial cells of mucous glands in the nasal cavity (septum or
concha) of all four macaques, without any associated histological lesions (fig. 21).”

Type | and Type Il pneumocyte and alveolar macrophage cell number: (Crapo et al. 1982) - Table 4
and (Stone et al. 1992) - Table 5

Epithelial cells in mucous gland cell number and volume: (ICRP 1975) - surface area of nasal
cavity, (Tos & Mogensen, 1976) and (Tos & Mogensen, 1977) - mucous gland density,
(Widdicombe 2019) - mucous gland volume, (Ordofiez et al. 2001) and (Mercer et al. 1994) -
mucous cell volume. We divide the mucous gland volume by the mucous cell volume to arrive at
the total number of mucous cells in a mucous gland. We multiply the surface density of mucous
glands by the surface area of the nasal cavity to arrive at the total number of mucous glands, and
then multiply the total number of mucous glands by the number of mucous cells per mucous
gland.
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Type |l pneumocyte volume: (Fehrenbach et al. 1995) - “Morphometry revealed that although
inter-individual variation due to some oedematous swelling was present, the cells were in a normal
size range as indicated by an estimated mean volume of 763 + 64 ym*"

: (Crapo et al. 1982) - “Alveolar macrophages were found to be the
largest cell in the populations studied, having a mean volume of 2,491 ym®"

Concentration

Nasopharynx, Throat. Stool, and Sputum: (Woelfel et al. 2020) - Figure 2. and (Kim et al. 2020) -
Figure 1 and (Pan et al. 2020) - Figure. We took the maximal viral load for each patient in
nasopharyngeal swabs, throat swabs, stool or in sputum.

Antibody Response - Seroconversion

(Zhao et al. 2020) - “The seroconversion sequentially appeared for Ab, IgM and then IgG, with a
median time of 11, 12 and 14 days, respectively” and (To et al. 2020) - “For 16 patients with serum
samples available 14 days or longer after symptom onset, rates of seropositivity were 94% for
anti-NP IgG (n=15), 88% for anti-NP IgM (n=14), 100% for anti-RBD IgG (n=16), and 94% for anti-RBD
IgM (n=15)"

i : (Wu et al. 2007) - “Among 176 patients who had had
severe acute respiratory syndrome (SARS), SARS-specific antibodies were maintained for an
average of 2 years, and significant reduction of immunoglobulin G-positive percentage and titers
occurred in the third year.”

Virus Environmental Stability

Half life on surfaces: (van Doremalen et al. 2020) - For half-lives we use Supplementary Table 1.
For time to decay from ~10*to ~10 TCID,/L" air or mL™ medium, we use the first time titer
reached detection limit in Figure 1A for surfaces. For aerosols, we use ten half-life values
(1000-fold decrease from 10% to 10, meaning 10 halvings of concentration) from Supplementary
Table 1. More studies are urgently needed to clarify the implications of virion stability on the
probability of infection from aerosols or surfaces.

RNA stability on surfaces: (Moriarty et al. 2020) - “SARS-CoV-2 RNA was identified on a variety of
surfaces in cabins of both symptomatic and asymptomatic infected passengers up to 17 days after
cabins were vacated on the Diamond Princess but before disinfection procedures had been
conducted (Takuya Yamagishi, National Institute of Infectious Diseases, personal communication,
2020)."

“Characteristic” Infection Progression in a Single Patient
Basic reproductive number, R: (Li et al. 2020) - “Our median estimate of the effective reproductive
number, Re—equivalent to the basic reproductive number (R0) at the beginning of the epidemic—is
2.38(95% Cl: 2.04-2.77)" and (Park et al. 2020) - “Our estimated RO from the pooled distribution
has a median of 2.9 (95% Cl: 2.1-4.5).”
Latent period (from infection to being able to transmit): (Li et al. 2020) - "In addition, the median
estimates for the latent and infectious periods are approximately 3.69 and 3.48 days,
respectively.” and Table 1 and (He et al. 2020) - We use the time it takes the infectiousness to
reach half its peak, which happens two days before symptom onset based on Figure 1b. As
symptoms arise after 5 days (see incubation period), this means the latent period is about 3 days.
: (Lauer et al. 2020) - “The median incubation
period was estimated to be 5.1 days (95% Cl, 4.5 to 5.8 days), and 97.5% of those who develop
symptoms will do so within 11.5 days (Cl, 8.2 to 15.6 days) of infection. These estimates imply that,
under conservative assumptions, 101 out of every 10 000 cases (99th percentile, 482) will develop
symptoms after 14 days of active monitoring or quarantine.” and (Li et al. 2020) - “The mean
incubation period was 5.2 days (95% confidence interval [CI], 4.1 to 7.0), with the 95th percentile of
the distribution at12.5 days."

:(Lietal 2020) - "In addition, the median
estimates for the latent and infectious periods are approximately 3.69 and 3.48 days, respectively.”
and Table 1 and (He et al. 2020) - We quantify the interval between half the maximal
infectiousness from the infectiousness profile in Figure 1b.

Disease duration: (WHO 2020) - “Using available preliminary data, the median time from onset to
clinical recovery for mild cases is approximately 2 weeks and is 3-6 weeks for patients with severe
or critical disease”

Time until diagnosis: (Xu et al. 2020) - We used data on cases with known symptom onset and

case confirmation dates and calculated the median time delay between these two dates.

Case Fatality Rate: (ECDC geographic distribution of cases from 29/03/2020) - We use data from
all countries with more than 50 death cases and calculate the uncorrected raw Case Fatality Rate
for each country. The range represents the lowest and highest rates observed.

Infected Fatality Rate: (Verity et al. 2020) - “We obtain an overall IFR estimate for China of 0.66%
(0.39%,1.33%)" and (Ferguson et al. 2020) - “The IFR estimates from Verity et al.12 have been
adjusted to account for a non-uniform attack rate giving an overall IFR of 0.9% (95% credible interval
0.4%-1.4%)."

Acknowledgements

We thank Uri Alon, Niv Antonovsky, David Baltimore, Rachel Banks, Arren Bar Even,
Naama Barkai, Molly Bassette, Menalu Berihoon, Biana Bernshtein, Pamela
Bjorkman, Cecilia Blikstad, Julia Borden, Bill Burkholder, Griffin Chure, Lillian Cohn,
Bernadeta Dadonaite, Emmie De wit, Ron Diskin, Ana Duarte, Tal Einav, Avigdor
Eldar, Elizabeth Fischer, William Gelbart, Alon Gildoni, Britt Glausinger, Shmuel
Gleizer, Dani Gluck, Soichi Hirokawa, Greg Huber, Christina Hueschen, Amit Huppert,
Shalev Itzkovitz, Martin Jonikas, Leeat Keren, Gilmor Keshet, Marc Kirschner, Roy
Kishony, Amy Kistler, Liad Levi, Sergei Maslov, Adi Millman, Amir Milo, Elad Noor, Gal
Ofir, Alan Perelson, Steve Quake, Itai Raveh, Andrew Rennekamp, Tom Roeschinger,
Daniel Rokhsar, Alex Rubinsteyn, Gabriel Salmon, Maya Schuldiner, Eran Segal, Ron
Sender, Alex Sigal, Maya Shamir, Arik Shams, Mike Springer, Adi Stern, Noam
Stern-Ginossar, Lubert Stryer, Dan Tawfik, Boris Veytsman, Aryeh Wides, Tali Wiesel,
Anat Yarden, Yossi Yovel, Dudi Zeevi, Mushon Zer Aviv, and Alexander Zlokapa for
productive feedback on this manuscript. Figure created using Biorender.


https://doi.org/10.1002/ar.1092430107
https://www.ncbi.nlm.nih.gov/pubmed/7074238
https://doi.org/10.1101/2020.03.05.20030502
https://doi.org/10.3346/jkms.2020.35.e86
https://doi.org/10.1016/S1473-3099(20)30113-4
https://doi.org/10.1101/2020.03.02.20030189
https://doi.org/10.1016/S1473-3099(20)30196-1
https://dx.doi.org/10.3201%2Feid1310.070576
https://doi.org/10.1056/NEJMc2004973
http://dx.doi.org/10.15585/mmwr.mm6912e3
https://doi.org/10.1126/science.abb3221
https://doi.org/10.1101/2020.01.30.20019877
https://doi.org/10.1126/science.abb3221
https://doi.org/10.1101/2020.03.15.20036707
https://doi.org/10.7326/M20-0504
https://doi.org/10.1056/NEJMoa2001316
https://doi.org/10.1126/science.abb3221
https://doi.org/10.1101/2020.03.15.20036707
https://www.who.int/docs/default-source/coronaviruse/who-china-joint-mission-on-covid-19-final-report.pdf
https://doi.org/10.1038/s41597-020-0448-0
https://www.ecdc.europa.eu/en/publications-data/download-todays-data-geographic-distribution-covid-19-cases-worldwide
https://doi.org/10.1101/2020.03.09.20033357
https://www.imperial.ac.uk/media/imperial-college/medicine/sph/ide/gida-fellowships/Imperial-College-COVID19-NPI-modelling-16-03-2020.pdf

