Jaet b (19-2555) SARS-CoV-2

Yinon M. Bar-On', Avi Flamholz?, Rob Phillips* and Ron Milo™

T Weizmann Intitute of Science, Rehovot 7610001, Israel 2 University of California, Berkeley, CA 94720, USA

[y’ o
s eLife
0,‘ o
published in eLife, March 31%, 2020
https://elifesciences.org/articles/57309

3 California Institute of Technology, Pasadena, CA 91125, USA * Chan Zuckerberg Biohub, San Francisco, CA 94158, USA

ron.milo@weizmann.ac.il :J\ss 35 s S s 2 Ll )

https://bit.ly/2WOeN64 2k e (s 335 Sl 3 Ak (0 tadiast L 5kl 51y

| $isa 5ol
Siapli 100= kb
sl 107 i fiagls 10% spaa
o £ 51 = o B 10% tase

e e

S sli10 = id gk

b 00 (Gs s b @) Ay ddd

S a5 300)

(SARS-COV-T sy 22 158 » il
(e s ACEZ o238 4 M

Vs 53130 =

Gl 3l sad s 58 8 Yl
TMPRSS2

PP

L SARS-CoV-2 sas sl 6 ik

96% 91% 80% 55% 50%
e
s CoV o480 CoV e SARS-CoV-1 MERS Al CoV
S5 RNA S F2BPE =T}
a5 43 ORF1a ORF1b s 3a m 7bgN
PLpro  3CLpro RdRp Hel “E-féﬁ“"--.i_& 7a
| ool |
o O e LORF 226 14-10 L g 55 gy nslis S ¢ sksS 30= 105k
(cx55.2 24-27)

(SARS-COV-1 sl ss s 5€ o3sl) Jlw 53 3558853 33 103~ 1JalSS & i
(MHV st s S 51 02 50 o ) 052 53 850855 53 100 (e ¢ 58

G o 2l o3

jnmz%’:‘aﬁ g S A 55
Al L. - = -
e ssd s o) e bakedt o 100)
SARS.Coy] S sbuaf i) s 5 P 5 e gia
( (SARS-Cov-1 (TGEW wasns sl sl n
e sle Jsle
(oaid 4 3 o 3135 §  Tndia Cansl)

sl 10t 53 a5 S ulf o ga sy

Osbs 10"~ ¥ 501 3135 S0

s 10% 1 o jia )3 ol sla sl

il siad 10% = s Sae 105~ 20 e Jsla paa

el gyt St (51l el 3 L8 Oy

e it - oaly T Ay

350 20-10= 3 2 0sa o (Cohy) 2 1 seha

s 3-2= 1ol A oy aila
(SARS-COV-1 (s 5 s2i (s € » jlal)

s e ol

Cal eadidialy ‘Ua;.&_)h U.hg‘gd:uq._ilj

sy ug-‘Jﬂ
390 5% 1(A) (S 05

(22 e G Sl fas 3, 14 2 99%)
-f(Lauer et al, 2020; Li et al. 2020}?—“

s gl

iy S

(SARS-COV-1 sl s sxk (s 1€ o 3ll) 4883 10~ = shos 3 Gsa s 35005
el 10~ ;o sela a0

(MHY Dot LS oshn 038 558 o 51) 5305 1000~ el (5 o 30

ERAr

. G e a8 aaalta e Sl
\\ (Woelfel et al. 2020; Kim et al. 2020; Pan et al. 2020}

s RNA 1091068 18 lé5 3
s RNA 108104 6l

p2 »RNAs 10%-10% ;¢ s
i e 5 RNAs 10"-108 ;3

28 bl 3 e e s Dy oen 5 I e 40 315 e RNA U6l

e Sy pn Sa g iy e

i4—2|_§yu_)}l=4.l_Ra iM&@]ﬁa.}ﬁ
(Li et al. 2020; Park et al. 2020). sl 1 ks (e ) 5 Liad 4y 4w Lal
(b s 25 25 g <y ) Lagiinsa 4 3m 351 g Sland)

eflalga e g foa g i
Meal) 10%-0.8%=
a A a5 L A

1.3%0.3%=

D0 B ) e pasdlds

el

ey b 2 1000 e g
Cele 4-24= wele 1= Thed 33 alee 2 3
Ciel 4-06= Cela 1-7= sk H
Y5l Ylke .
(van Doremalen et al. 2020) 1 fie H
S

6540 et Syshay 5, (C*) 23-21 sler o e i se (sla § g g sl lad
[Otter et al. 2016) 252 3155 & glite gl Bl g had 15 (0 A
(Moriarty et al. 2020) . o34 ssaliia = gl (535458 B 3 Uy i s RNA

- s 3= Bl PR VY KRS WY PR

45k B= 1Al 3 4a

)a%u'f‘;uyﬁ.mﬁu.‘5u_\_,_,i_ﬁ_.;._‘l._\.zh.ﬂs_:..ua__,i«.,-,JJ\_\;E,.;\U.,L".:.U.;,_,-;J;-C,'::
Lietal. 2020; He et al. 2020) 35 o cipad ) g el 5w fpa

A gl 10 8 Ly i e s (A AS e sl 5 22 D Ly gy " S aS s snalad 3 gl 4y



Translated by: Seyed Khashayar Ghavami, Yeganeh Foroughijabbari, Amir Pandi
(for questions contact ron.milo@weizmann.ac.il)

Jael 4 (19-2555) SARS-CoV-2

S el o5 ol (£ 5 A (el B LIS S tden

WDl asmy @ sea ks )

) gisa g0 3l

e sili 100= ;_ké

Julsiad #10 = @xSa fiasil 10%~ aaa

PR 51 = sl B 10°~ o

(SARS-COV-1 (s i 02 5 58 o Jail) 433 2000~ el (44

(TGEV Usss bs S () o2 (55K o 31, ya sie 100) 4dusi 20 1l g (i g 3y
(SARS-CoV-1 (s 2 025 5 8 jlail) 435 1000~ s il 58

PN MC,L?
Jiasili10 = 1 sh
(SARS-CoV-1 (sl _n o2 (558 o J13)( e sie 300) 45 100= :iss e b (5) ) 4 4dus
N se 5530-1 = aa culs ACE2 o3 ;€ 4 Bl
TMPRSS2 Gk ) ead s K s 3
e
LS 30= asideh
14-10 :a )5 olaed
27-24 :\a (i gy daxs

(SARS-COV-1 (5! e (s 58 s o) Juw 52 a5l 50 1103~ (S = 30
(MHV G505 U8 sl moadi s 8 o i) o550 0 aisilS g5 100~ o a5 5
%50 &) 82,55k CoV ¢MERS 55% %80 o+ s SARS-CoV-1 ¢%91 ¢l 5k CoV %96 iléia CoV ;L SARS-COV-2 (525 IS o (gl
5 s aiilaa (e )

il i€

(SARS-COV-1 (5! 2025 5 8 o i) 488 10~ 1l do (yma 29 393

Cels 10~ sebio e

(MHV Us 505 UsS ) oai 5 58 o 1) 05935 1000~ 1_jkadil (g0 Yl

e s sl

(oans pa 53 Jsbu Mot ¢ Jlanie Cul)

Jsba 10"~ o0 ol 5 S i Cun ool

Jslu100~ Y i ol iy Sle

Il 10%~ 1 dwo jin jo i sl Jolus

Sl 58 10% =_sies S0 10°~ 1k hae Jolus pan

Ul ) G sddsaalia jlade jSlaa

o su 3 RNA 10%-10°8 085 8430

) su 5 RNA 108-10% :ala

2R »RNAs 10%-10* :g sise

sl e 2 RNAs10M-10° 13 %

S o) s Gl ) Gste W Osons e s DB ) e 40 58 e RNA Giled
o i - sl (A ey

53020-10% 13 2 0 2 () ol A L sele

(SARS-COV-1 (5! e (5,8 o o) Juw 3-2% (50l (A feuly il AL

U e sl
ol addiali  Gadd  sled 4y Al 5
hssé ) 21000 e dag
Gelu24-4x  celulx s o Gles il )
el 96-4= celu7-1% 7 shu
(Sl Sl Yl
5
s

(C°) 23-21 led 2 Ula )l . Ssie la (55 Jaad il
(ref)as 2l sa Gglita = shu ) 8 g dad 3 o 5o dB ) %65-40 (i sk
(Ref) .ol o2l s2aliia = shaus (55 438 Xia ) Gay (S 505 RNA


mailto:ron.milo@weizmann.ac.il
mailto:ron.milo@weizmann.ac.il

Slan G 0 Sl iy aaall

Qu\k”_i}ul«uu)}ha&‘uwu\ 4-2 J}A:.AJ}LMB ¢ a__‘a’l.AﬁAéL\_A} ..\.\.!E"J.\s
(49 028 3 55 350 Sy ) Lagiosa 45 3a 3 ) 0 e

(250 ADle (s 4S8 S 550 14 = %99) s, 5 ((Al) (eSS0 e

J305= 1)) Uy e

Js0 3= Shigie ye

BISY/ :Q}Lam,;“ona

08 2% 1Al 3 ) ga I

A8 B 10k Dl ge

(o235 £Ual) %10-%0.8% 132 a3 J pa pa 3 a3

%1.3-%0.3= Die 3 3 e s K paF

(ref ref.) . aSeai Chua il g 58 5 Sl i 52 Cumen 4hae slise 2005 4 ) (5 a5l ol 0083 (adilie (058 43 5 20 Cusasl (il j3 528 50
S da g 10 8 (i LSy A" oaiad (LB A4S ~ Sk 5 28l e D sy b M Sl AS  slaalal s sl 4y



LS

e S oyl el La ¢ sy O 2L and B 5 lael o 50 Gy (e (sl o8 G Sasll  oaseds 5 el Glidae S0 0 4n om0 4S Gl i o AU )i SARS-COV-2 58 S des (s lan
S Kol s B35 (Y 5 s 28 omli Ca ) () 1 ol s 3 jse 50 5 iy ol S SS len Jom 0 e sy ook L i S50 4 aS a1 B 5 dae) ) ead s deen dn S S S
SES A 58 e i U e sl gl e T Acadla B 3 0nd (5 Sae] Cand sa (53 e Wy (e 4S 303 e 40 1) SARS-COV-2 2550 3 538 sl Le 51 daibon S 4 bl (e
i Bl aS amage 4l ) | " edd! Clalaa La ) sl BRI 50l JalSS Jla 3 e s g o e Guss Ginen 5 8 a6 len 0 (5 e e B (lipen (535 Cmlad pe AS ML 1 o 4 25 Al A

L g al S 5s) saetnl (383 Jilad 4y 3a0 cp Sla Wl i Caadls (sl sk ) Le oS0 30 (51 el ) a4 qu;é&)\ sl b 5 sl sl adli b o)) 6 e 4S )

(30 zaa s (Sanjuan et al. 2010) 43 s Se 3 S s 1)) 4 Giea 3 x107° =) 13V i L anlia
3 e 4S 1 e el 3 b K ol d ) B As 553 se ol Clalllae (5 (s s G Ol (e Glea
S a it | 3R s i ) Cladla

2,252 9 SARS-COV-2 psfis g 5psi) 2yse 2 el Jiiads .6

26 Culgd 2 5 aSe X1, (5510 48 Gl (s21 5l ) Gifie s4ih ) S5 RNA & SARS-Cov-2 a5
S0 S 1 (51 20 3 Ui 0310 8a (NC_045512 tan e NCBI) 35 e a5 15 (s p
16 42 2580 38 (85 el Olad Jaws 55 48 (gla 3l 5 5y Jaws 534S 23S e XS (455 Y S corflab «alls 05
o5 S B sl 5 el RNA Gl of dajlisy s odle asdoe 4SS (i
G1a) Baee oS oy S e X1 otk e slaguiiy p s323 5 Gles gl (s US55 R
Juaia ssila b () Jsla 55 Giklie oxi 8 434S £ 0uig (i) S S5 Gus s s ale
S S 4 Q) L 4y Jasie (g 50 (fi) 5 48 e s |5 535 4S G 5 530S 55 S (f) €500
Lo Jlall 48 o joa (e85 Ll eandond 38 sie (s 5 643 2 0 (il LG5 g U el 550 S5S
a3 ga Uil ja ) ) SARS-COV-2 (35 &Y seane (s )l 5 (haandisn slad jSlac ) i 350a

ot dsal g Ulea £ 8 ) il a1 A 42 7

S e ool a 535 s ¢ s ) e 53 ) Y sena sy JaSG (saalllas Ja (Jiise
A8 e Sy o iatils slaien Max R0le il 02 Uiy el oy pemn (ol 43 4S Cad WSS £ 5 aaly ()
4 sdils slagien I8 b Gl s 4S Gl hea E 5 eaals Grasd Nsdioe Gl g s sl 0
e S 08 T e sS4y 1 a5 53 0l O on Al sy s Sntilan (5453 S 3 S b 1)
348 S e Mgy By Gug sbisS S U3 Ulen 50031 L 20 Sl s Jla sleil o 1 e85 )
3238 e sl el 10~ (s builan 50 58 Sy pand g 107~ oluaiilas 550 s 50 adi
5 s Jlsiilan daxd g (ea & 1w deala J) 80 Sy sa dls a3 leaiiler 50 10° 0 il
Moa Caad s Jla a3 3 s ) 4 ien 107 230 (i) 5 (b il (oo gl 1 ) lai a1
L Lo 0 aS (ol 31 0a (o shas W slis S a5 il ) ondl sy JalSS £ 53 L e ol 48
5l (5 Jlaiilan Jla 53 s g o) sem 4 L5 g a5 48 e A €2 )13 (1 shan 0 (5 5% il £
O ool L 3 a oy ment Gusns i) 0 Jle b 0 5 e s 4 2as Glagies a5k 4
3 e ) oS 5 Ranii 5 oms s S5l S 25e 53 il s e & ekt 258 sladindls
RNA 107 2538 Yl G sl hie S 5 Cad Js a3 Sl o8 1) 4 e 100~ ign £ 534S s
ol A0 en S ) Ui sl a3 Sl o 4S S (6 p8aa ol e )0 (o ns

2203 (Sl 5 s g ol oy sdEa mda g5y a8
ol a3 8 ) B iy 250 ke AT ) G ladiia Cilida - shas (555 SARS-CoV-2 4 (3l RNA
210 25y il Jad g g panddl s RNA Ganddl O 3 ga 50 oy i 5o (Moriarty et al. 2020
A e gtle 1 4S 1 ol a3 G Al 53 0nsns RNA L (aa)si s oin 3w gl (Kol Jlaial
il 5 Blial sy o b atien 380 Glls Jhee 3,50 Gy 2l JWial ol %N )
CCaloain s Gandi S0 gl 5 48 (slonton sl 0 8 Sy 4S ari e ped le 23,80 sl kil
2 a8 e 8 Ol 3 se 803 8 ladia i 6 G 7 shans L e G Cilida - sl 4yl Laes
LNsai 025l 20 i 2 sk o L AS (3 (sdan 48 a€ Bl ol Sie Ry=2-4 ledie Jie g
80 ) A Andlae 3550 Sing e dn e Mz she Gl a5 (Ko gl S 3l s S sla e

4alis §) g

b s ulida
ke 5 s GSal G e 1ersas o
Lo QB (ool A gely 5 (s b 4en) se On (e 1ppasm diaS

L g ca ot 03 sl 3 5 (S Jane 55 Laiiona 48 (53 )) 5 oot (p83ke 1R,

S lan i (Kol 5 02 o 4y 138 4 s s 038 35 G Gl o Rg 00

D215 0 K S5l (U 5358 S aS ile ) e Sl s Saanagi o

Ll (5 S ol Sy ol 3 G gy JUE Jlial G 248 Sl alald diadn 3 ani s 5ke sa gl 6
oot JaSy ey o aSeasll Jlaia) 4S8 &ia o ) o siee W) el (5 3l gl oy 50 4l o b o
LS sl

BYSTITICIES

58 COVID-19 (s sSams Jdle aS Ui g 53 usslis S 3.2 o (oudi o ydins a5 335 :SARS-COV-2
R

A8 G 12002 Jis 2 SARS g sad CelbaS Lag 5 s 555 S :SARS-CoV-1

g ood ) a8 282072 dus o 4l ysld (oandl o pdis g gad el AS Wy g 58 (g 5 S S MERS

0

g
il s k) (AL sla i 5 4S Canl Ui g 58 Gusaslin S S olise G asons IMHV
AN

LS a0 sl 1 S 5 o Wl g 55 g g5 S S 4S ) K o8 JUE) U8 a5 5 TGEV

5 Miga | 80 i ¢ salse K 20 580358 38 K4S 28 a J sk a4z 1
S oK aa oben of B 23S e Jsb e da didaee 4ddd) 53 4l S5 Jsera i, 4 3 R
HSagm g aie a8 aage i Ry (letie i g ae Sl (B8 28 (b S 4 025l (il
e oa gl 1 S 50142 adise jsha 4y 25 aa sl 38 S aS B e Lainl 5 K Alald aule IS
050 () sie CanS AS AES e sk (Sle ) e (S S | s s 84S Ol JE cadeasll ) G
O duia g 5 55 B (4ilae) Jans i gl 4y (Kiigie 550 ) (lad el 0 e 2 sdee Rl (Kiig
ey e (Li et al. 2020« He et al. 2020) 25 sl sd Culili g fiSIas ol e LS 2 Hg ) 4= 50
daxs (Ry=4 3 ool b o ool 3 5 AV sh s Wil 3 (A 5 Gl Sglitia S g o Sadl
219210% 48 o 3 2sde s 32 5503 A L s b A o Jlea Ha TR s 52 Nk 25
10 % 3553 €202 3 0ad 5 50 b 10 43 (2030 10° 42 2550 S 3l 8) 502 1000 285 e
ola 53 53 ¢y yla 1) x1000% 28 JUsH Le ole SG o 0 by ple SGasa b 55,30 = 25 ) 2 B
O s eadioals s dlae 0 4n R0 ole 4w 53 (10°) il e S 5 ¢(10°) dx sl S
48 30 Al Camdl 5 ol o Wl 258 e 1A G pea alli SR 5 oren Caigeaa MAJES "
e i O L2y S (3350 gl i e b 23 e lage sy (Jiie S d5a 5 pie Gy
S Ciny S5 (51 e sy elin) (5 IR Alals Jlaa b g s fossd 038 250ma e 48
LA saalii |y "y e (i et sl ot Ciman 5 o5 Jea sl 5 S sbe 50 Ry slina ol pe

feuun elaial g ) Ealali it .2
Sise Ladi 4S 35 b L e | eliinl 5 ALl (5 S cond sl a4y oS Jlhe S
Sael 4S5 Gy 1a 2 Sy sele 5 e a8 Gl ) Sa b 2 2850 L s dead
o Ladh Ol iy S e BB a8 4a ) Qs s 48 310 Jlaial %2 A 5 8 5248 S G il 3
Sisa )y B 54 (B Hsh g il Mise s e 40 D304 8 e oagll 1 61 Yldal Gy, 8
DBy € (i eldal 5 ) Ralals 255 53 SARS-CoV-2 sl Ry ¥l e Sy 48 2580
2 Ladi a0 3 (S L ) e lBle 355 2 5 5 b i B0 sl coelaial (o 1 Balals
6 Al 298 S Lk (g oa sl 4K ) U caiS e ina | 5 0.4 iy e2i€a i |y 538 0.1 D5y
o adgase 2SN )52 85 J) e Uit 35 58 48 258 (oo duala il e linl (5 )1 Ralials igllas
S SR, 4 g 0 L s8e oS )T 4 OB Jaxi a8 e | lisedl ) 1)) S (R,) ise
Ll BT e gae g Lpldl b g e 4 R, (0008 S35 4 Gt 5 Gl age Sl 1))

el 4in g3 43l f e el 3.3

(43h30) oo sie 48 00503 jrppedd 38 4K ()58 (g0 )50 cadle 50 U (Sagl 4 36 3 e salald 4
Sl ecalise A8 hwe 43 (Lauer et al. 2020) <wd 55, 5 L@ «SARS-Cov-2 0s<S o5
M3 14 5y 3 dE 1 caind ol | aBle 4S a8 %99 L a2 s 05eS Gos 2 )
AS 1 sl el AE Ul cp) L aas e i i | sl 53 (5 Alhai B (5050 Qe £ gnge (ul 4S NAd e
c2pdgnr 4 K s Y sana oBle g A8 ) 48 lad ) ap8 L S 50 daaal s 1) JDle o
Liile e 050 38 oyl G ax ) 5 g5 A Gl ) slaal As AS G jadldia G5l

923 38 4 SARS-CoV-2 15! 5 (s3us 4355 N5 slacsula 4

15 (SesSe) 05050 0.3 Jilas ki Ly < )3 54t %95 3 i 4S i pal jh 55k NO5 slacSuls
S ki 53 NO5 secSwle (IS (slags 1S 31l edls 52 (NIOSH 42 CFR Part 84)xS jils
Regnasamy et al.) 1S jlé 1, jias Sae 0.1~ ki b <)) %099.8% il 5ie 4S M3 ge Gl &l )3
NO5 (slacSule () s e jias Se 0.1 kB L Jlagidig (w5025 SARS-Cov-2 w525 (2017
W5 0s SR 21 S o 3 e b CSale o W cati€ ld | o ag s 3 S a8 6 e
o 1l GBS ) (oudf il 35 05 e X glion MG 48 5 dnbe ) G 4S (ol Il Lo 5 Y sane
3 A o (a3 (55 Do e 4 4S (JesSpe B SVl ) )5 k1 gl e a4l 5 43 Y pene
S Gkl (FSe S L JiesSae 5 b)) S S ki 5 disdoe Jiie oS slaalald 0 ol
Gloa b s ke Blaa | 53 (e s B8 Cae (51 5 30 i sl sla Aha® 4y d ) oy i
Tellier et al.) xisd Jitie glo ki (ola 4%t L 23 55 o « KA oo 2iila W gy ) (oamy 258 (3LATL 0
)5 25a g (slo Lk (sla 4int Jous 53 SARS-COV-2 Jil s ise paivea 28153 ssla Jla 53 (2019
G50 Y sene 48 2 58, 5 il i SARS-COV-2 Jil sl sobeal Jl 48 il (3 35msa sl 4L
O 5 i cpdia 3le (5 )5S 50 LR (5 o B s 5 N800 )8 s (i 350 4S (o shaus
ol fias Ssa 100 2538 c2sdce A5 (S ke 348 (85 i kS LS (CDC 2020) 2586~ i
03 2,8 4y (px 202 Al (gl ylad sla 4l 48 s jn ¢(Han J. R. Soc. Interface 2013)
Gsliie ggis) dide 50 L 3 N9 Sl ¢ b Yang et al 2007) <l jiesSoe 1 250
(S e il (a5 535 JEI

fay cabid W1 5 & Sussbow sWoisns 4 ssia SARS-Cov-2 .5
il SAS 30 Usk b 42555 RNA S50 0 o555 48 caul B g5 51 omes 2 sis55 SARS-Cov-2
VY 0 sla a5 s . 2 sien Aol 1 33V 58 (olasn g s Al 4 (5 slitia DLl (g 5 (503 588 S Jana 58 1 Y il
G Sl sy L1 el sladshe 5 3510 RNA slas a2k 8 3 1) (JlslS 14=) ¢ 555 S 55
5 bussstis S ales ) e Glagss s B My (Bl A€ e sagll ey lis S 4
229E 5 OCA3 (slady sms 2iile) 23 gk n (8 553l s Cay 4S (ld s a5l S L2 siign ol Lo s a5
o5 i ) SARS-COV-2 L cios SARS-COV-2 4n s 33 sl siae 5 0535 Jsh S 31 o
48 Caud Ol a5 55 S 3 5a o el 430 S il sl (5 s 0a gl ik (8585 Calud %50=)
PG as3dsh(OlslS 30%) a2 ead 4ialis A RNA sl i e 2215585 dsb 58,5
45 33 (proofreading) Cies esas ausilSa s s s G 4S Cad 03 S (y5ilaa | Glse Wgms s O
48 21 (e ol (s SIS 515 8 S L g gl S 2K Al 05k a8 N (BalS 1 (ga #
R (4 S ke 1)) 4 Gl 10° ~) Wess Of sl e 8 5 2500 020l EXON


https://doi.org/10.1126/science.abb3221
https://doi.org/10.1126/science.abb3221
https://doi.org/10.1101/2020.03.15.20036707
https://doi.org/10.1101/2020.03.15.20036707
https://doi.org/10.7326/M20-0504
https://doi.org/10.7326/M20-0504
https://doi.org/10.7326/M20-0504
https://www.cdc.gov/niosh/docs/96-101/default.html
https://www.cdc.gov/niosh/docs/96-101/default.html
https://www.cdc.gov/niosh/docs/96-101/default.html
https://doi.org/10.1080/15459624.2016.1225157
https://doi.org/10.1080/15459624.2016.1225157
https://doi.org/10.1080/15459624.2016.1225157
https://doi.org/10.1080/15459624.2016.1225157
https://doi.org/10.1080/15459624.2016.1225157
https://dx.doi.org/10.1186%2Fs12879-019-3707-y
https://dx.doi.org/10.1186%2Fs12879-019-3707-y
https://dx.doi.org/10.1186%2Fs12879-019-3707-y
https://dx.doi.org/10.1186%2Fs12879-019-3707-y
https://dx.doi.org/10.1186%2Fs12879-019-3707-y
https://dx.doi.org/10.1186%2Fs12879-019-3707-y
https://www.cdc.gov/coronavirus/2019-ncov/prepare/transmission.html
https://www.cdc.gov/coronavirus/2019-ncov/prepare/transmission.html
https://www.cdc.gov/coronavirus/2019-ncov/prepare/transmission.html
https://www.cdc.gov/coronavirus/2019-ncov/prepare/transmission.html
https://www.ncbi.nlm.nih.gov/pubmed/24026469
https://www.liebertpub.com/doi/10.1089/jam.2007.0610
https://doi.org/10.1128/JVI.00694-10
https://doi.org/10.1128/JVI.00694-10
https://doi.org/10.1128/JVI.00694-10
https://doi.org/10.1128/JVI.00694-10
https://www.ncbi.nlm.nih.gov/nuccore/NC_045512
http://dx.doi.org/10.15585/mmwr.mm6912e3
http://dx.doi.org/10.15585/mmwr.mm6912e3
http://dx.doi.org/10.15585/mmwr.mm6912e3
http://dx.doi.org/10.15585/mmwr.mm6912e3

40 4y dal e 53 CFR Osb () 40 ade 2l 5iee 48 cajls asms K e 5 oo ¢ 558 O i)
3 s 1 w0 i 4l 1y LS 0 CFR edal s o z30al aSia 3 (n a8 € dad (5 ey
il & 5 VL ) 4 CFRe G il 38 (e Jl s wDle (90 Ly (i oDle )3 48 3 ) 50
(IFR) tise 38 yae 5850 & i o s oty i 5 i I3 u;\ Aad 4S 2l Qi easll o 4y s
233 (33 (a5 5 2 Sy (BT I (Bl 4355 Sy (s b Y s 35l 258 S Haxd 35 n oaseli
4o ik i ae Jla 4y il 5353005 035 NE Jlany 4S 283 e LI Ly S O S sa s 4S (2 pdise
2B gl Gle )l ook 3l ek a8 laedy 4 seme (28 Gpills 4 Jugie Olise ola Cud i
sldwe Gk 3L «(Verity et al. 2020) x50 Se Jb 355 sbaila 4 u)xi sl siS ) 48 Nigda
umu&hl@&;uw,J o (Liet al. 2020) Yijee Cedd |y oadi G Gl 3 ) ga el (S5 o) saend

.AUL“ 0 oSl ke (A5

Sl i G s O (5 5l iilas ey g slaiil o il

daxi 5 as sie Qs Sa sl e Y ) Cme 1 dgmy oses (SN 4A e 2 pee Sy 2
o2l e Jsbe 58 2 3aa (sl s o) eafioall e Jslu oo Jaw s 023 Al sl s
i 5 i -y 4 (3 SL) S a ol 15 W (5 S 4S a sy o e Sl sla s
G Oy 3 sl B 35 oa Sl b Lilaia 5 3558 o K5 Jshos JAI3 03 W Gy 1) ¢ Cad o
3 diala 6l (5205 SARS-COV-2 (55,25 (e 020l " il o 320" Y gama (i (205 3 31 a0
Gl ) s 35 4 sm Gl ) (s e 1 45 (3 3T 0l Db 58 5L 1 G e s b 05
dami ol 6 a st L adl idlN sa s " Jadl " R s (Park et al. 2020) 8l G4 Glse Jsle
aj\ﬂ\h)ﬁﬁﬁs);d.\&ohjd)saj\ﬂ i 3r opadd |y o2 sl sl (S dans 53005 A 55 (sla (s gy 5 das sie
il i€ 4y yuolia cpl 58 0 90 5y Y sane Gl iy eciand ).\S.ll Gl e 3 Al o s
) (s eabe s dsane Gisy Sl €2 05m 5 b CueS ol el Gl iR sla (s LS e )
Ldsenae Hsh ol ol ESSAs 5 SoleBip i 3l lal) (o) Col ol el sl dlda e SO
s o b apdesl sl 58 4S5k ¢ 25 (on daala g s ool Famiap b Jsla alieal
154583 10 L) 255 oa b Jsbas 305 o pus 4y n a5 453 g8 L IR i L 45 sla (Kol sl
Oy oseh 5 (6 e 025ll) el G alals 8 010 b 05 oo (pi) o0 O3 SARS-COV-2 ¢! »
1) xs ot 5 51w a0 e ¢ 353 (om 3883 3 "y sels o s sie 434S ¢ (ol (50 e sa
lum 4 pselao 50 3l ot 255 33 sl 3 2am 6la sy 1 2S e s 48 e e 2 (edd
(oo L " Ko 5" 1y 4S gbe 7 A slemsns Ol Uilay U Jsle 40 2505 o e Jsb ) e
ASalKin 1 8 e 0 5 o ladil o 30 (13RS (5100255 (o0 (e3S 1) LIS JalS 43 a Ola) ade capd
O3S (Mo 503 S oa sl sladshos 3o gy sl 151 Gsas IS I35 G 5355 gLl W s WS
ool sl g 5 0 (bl o b 4 Cand (Simn Jlaiil o ol a5 (5 Sl iilad 4 jn a5 sl Sl 355
(7S el S el o L (38 i et B () e 42 0 b O pim e 09 ccsiad s 2 Sles
L2083 (48 1 Y sbos o 5 omns g9 (S5 45 50 o 8

oy R yailia
Lo Cund o ool B3 (ola (u g0 Uiy S (sl 0313 )l codliind 35 50 sl jial J3 45 1510 ) 0 4S aSan 8
.ot SARS-COV-2 (s sial 5l (il 5 58 o il (sla odls yliiia

| yiaa g0 il

Diameter: (Zhu et al. 2020) - “Electron micrographs of negative-stained 2019-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. 20 “Our model predicts ~90 spikes per
particle.”

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

: (Walls et al. 2020) - Walls et al. reports K, of =1 nM for the binding
domain in Table 1 using Blolayer 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 disagreement 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, EmLSﬁLaL._ZD_O_]_b) to TM: 1N (Hogue and
Brian, 1986, Liu and Inglis. 1991), giving 730-2200 N molecules per virion.”

5]
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: (Koyama 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 FEig. 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
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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 (Eerguson 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%).”
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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 10? plaque-forming units.” This data is for MHV, more research is needed to verify
these values for SARS-CoV-2.
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Type: (Shieh et al. 2005) - “Immunohistochemical 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 a
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.
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 um®"
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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.
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(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 1gG (n=15), 88% for anti-NP IgM (n=14), 100% for anti-RBD IgG (n=16), and 94% for anti-RBD
IgM (n=15)"

- “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.”
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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 TCIDg,/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)."
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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% CI: 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).”

i i i i it): (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 perlod) 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 (CI, 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."

i : (Liet al. 2020) - "In addition, the median
estimates for the latent and infectious periods are approx:mately 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.
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