WHO tweet, Feb 2020 “FACT: #COVID19 is NOT airborne,”

Jak se doopravdy siri COVID?

Vladimir Zdimal

Akademie véd Ceské republiky
Ustav chemickych procesu
Oddéleni chemie a fyziky aerosolu

WHO webpage, Dec 23, 2021:
‘Coronavirus disease (COVID-19): How is it transmitted?’
“long-range airborne transmission”
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Globalni pandemie COVID-19
Pres 520 milionu pripadu ve 222 zemich a teritoriich
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Trocha nazvoslovi

Virus dostal jmeno:
SARS-CoV-2

Onemocneéni jim prenaseneé se nazyva:
COVID-19

Akademie véd
Ceské republiky



Zradni asymptomaticti prenaseci
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Dynamika prenosu lidskych koronaviru (CoV)

_ SARS-CoV-1 MERS-CoV SARS-CoV-2

Inkubacni doba, 4-6 dni, 4-6 dni, 4-6 dni,
Median (rozsah) (az 16 dni) (2-14 dni) (2-14 dni)
Presymptom.prenos Ne | Ne | Ano!

Virus SARS-CoV-2:

« Nejvyssi nakazlivost 1-2 dny pred nastupem priznaku (presymptomaticka) a
kratce potom

 Vyznamny podil prenosu nakazy, podle dnesnich odhadu vice nez 50 %, je od osob

bez priznaku (asymptomatiku)

Lauer 2020 Ann Intern Med:do1:10.7326/M20-0504. Du 2020, Emerg Infect Dis;:doi.org/10.3201/eid2606.200357.
Nichiura 2020.Int J Infect Dis:do1.org/10.3201/e1d2606.200357. Lipsitch 2003, Science:300(5627):1966-70.
Park 2018.BMC Public Health:do1.org/10.1186/s12889-018-5484-8




Jak prekonat sraz na infekcni krivce
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SARS-CoV-2: Infe
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(1) Oberdorster, G., Oberdorster, E., Oberdorster, J., 2005, Nanotoxicology: An emerging discipline evolving from studies of ultrafine particles,
Environ Health Persp, 113, 823-839 (2) Kovisto, A.l., 2013, Source specific risk assessment of indoor aerosol particles, Ph.D. dissertation (3)
Watanabe, T, Bartrand, T.A., Weir, M.H., et al., 2010, Development of a Dose-Response Model for SARS Coronavirus, Risk Anal



SARS-CoV-2: Infekcni davka

 Zatim nejsou zadné experimentalni
studie na lidech

« Zvireci studie na syrskych kreccich
prokazaly 100% pravdépodobnost nakazy
pri prenosu 1000 virionu SARS-CoV-2

» Vysledek je podobny pro virus
SARS-CoV-1 ID:, = <1000 infectious virus (PFU)

(1) Imai, Iwatsuki-Horimoto, Hatta et al “Syrian hamsters as a small animal model for SARS-CoV-2 infection and countermeasure development” PNAS 2020;
(2)Roberts, Vogel, Guarner et al “Severe Acute Respiratory Syndrome Coronavirus Infection of Golden Syrian Hamsters” J. of Virology 2005



Tak kapenky nebo aerosoly?
Hlavne se pani vedci dohodnéte.
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SARS-CoV-2;

Flugge C. Die verbreitung

der phthise durch Z Y b - ’ Update
prnTse puso y prenosu stanoviska
Staubformiges sputum CDC. 1€
und durch beim husten N 2020'. :ltob :
verspritzte trépfchen. Z 6 k.' ,e y
Hyg. Infektionskr. Erg Efzavrl d
1899; 30: 107-124. ;?e:Zspu”Pa
onemocnéni
kontaktem s
| Primy kontakt | | Neprimy kontakt povrchem.
Epidemiologicka . .q : | Epidemiologicks
definice kapének: T e * | definice aerosolu:
Jsou vétsinez 5 C"‘Tit'ce ”t‘ej‘s' nez>s
mikrometru a doleti nmelsgonr;\e/zrt.iuuihem o
maximalné 2 m s ) .
, , o delsi vzdalenosti.
Sprej: Velke kapenky | | Aerosolove castice |

Puvod tvrzeni, Ze kapénky jsou vétsi a aerosoloveé castice mensi nez 5 mikrometru je nejasny a v rozporu
se soucasnymi znalostmi aerosolové védy. Dlouho branilo spravnému chapani prenosu infekce.

Adapted from http://www.phac-aspc.gc.ca/cpip-pclcpi/annf/v2-eng.php



SARS-CoV-2: Zpusoby prenosu

velké
kapky:
sprej

aerosol

primy
kontakt

V mnoha studiich je

pozorovan prenos nakazy,
ale nevime, kterym

‘mechanismem k nemu doslo.



SARS-CoV-2: Zpusoby prenosu

Velké kapky jsou

jakoby sprejovany ] )

na povrch téla, Na zpusobu prenosu
kontaktni @ zavisejl:

prenos o Strategie ochrany
o Infekcni davka

_ o Vaznost onemocnéni
Aerosoly jsou

inhalovany do
dychaciho Ustroji

Fyzikou prenosu urceneé
rozhrani mezi kapénkami
a aerosoly je nekde mezi
60 - 100 mikrometru !

(1) Wells, W.F,, 1934, On air-borne infection. Study Il. Droplets and droplet nuclei, Am J Epidemiol (2) Xie, X., Li, Y., Chwang, A.TY., Ho, P.L., Seto,
W.H., 2007, How far droplets can move in indoor environments — revisiting the Wells evaporation—falling curve, Indoor Air (3) Tellier, R., Li, Y.,
Cowling, B.J., Tang, J.W.,, 2019, Recognition of aerosol transmission of infectious agents: a commentary, BMC Infect Dis (4) Lindsley, W.G., Noti,
J.D., Blachere, EM., et al., 2015, Viable influenza A virus in airborne particles from human coughs, Journal of Occupational and Environmental
Hygiene



SARS-CoV-2: Zpusoby prenosu nablizko

Na fyzice zalozeny model
spreje velkych kapek a oblaku
aerosolu produkovanych pri
reci a kasli

(1) Chen, W., Zhang, N., Wei, J., et al., 2020, Short-range airborne route dominates exposure of respiratory infectic

Pomer expozice spreji velkych
kapek k inhalaci aerosolu pri
kontaktu nablizko
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Soutez ve strelbé kapenek:
kychani, kasel, rec, zpev, krik a dech.
Mistri sveta ve strelbe
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Kasel jako zdroj aerosolu

12000 -
m chripka

» po zotaveni

Celkovy pocet castic v rozmezi 0.35-10
mikrometru: asi 75000 béhem nemoci:
asi 52000 po uzdraveni

6000 -

Zivy virus chripky A byl nalezen v kasli
7/17 jedincu, v aerosolovych casticich o
rozmérech 0.3-8 mikrometru
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Rozsah velikosti castic (mikrometry)

(1) Lindsley, W.G., Pearce, T.A., Hudnall, J.B., et al., 2012, Quantity and size distribution of cough-generated aerosol particles produced by
influenza patients during and after illness, J Occup Environ Hyg (2) Lindsley, W.G., Noti, 1.D., Blachere, FM., et al., 2015, Viable influenza A virus in
airborne particles from human coughs , J Occup Environ Hyg
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ec Jako zdroj aerosolu

Castice uvolnene vibraci hlasivek

Castice uvolnéne pri

- b e~ artikulacnich pohybech
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Morawska et al., 2009. Size distribution and sites of origin of droplets expelled during expiratory activities. Journal of Aerosol Science,

40: 256-269, 2009.
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Rec a kasel: porovnani
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(1) Johnson, G.R., Morawska, L., Ristovski, Z.D., et al., 2011, Modality of human expired aerosol size distributions, / Aerosol Sci, 42, 839-851 (2)
Wolfel, R., Corman, V.M., Guggemos, W., et al., 2020, Virological assessment of hospitalized patients with COVID-2019, Nature



Koncentrace, emise a stredni velikosti castic

N (particles/s)

Rychlosti emise / koncentrace)

i Asadi et al., 2019. Aerosol emission and superemission during human speech increase with voice loudness. Scientific Reports, 20;9(1):1-0
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Aerosoloveé castice produkovane dechovymi nastroji

I I I I I

Méren pocet castic v
litru vzduchu

(pramér castic mezi
0,5-20 mikrometru)

Hrani
] Ret
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Vysoke riziko

1.000




Neni rec jako rec
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Aerosol size distribution:
(TSI APS 3321)
0.542- 20 um, 52 size bins

Asadi et al., 2020. Effect of voicing and articulation manner on aerosol particle emission during human speech. PloS One, 15(1), p.e022769¢




Zavody gravitace s vyparovanim
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Velikost viru SARS-CoV-2

€PM25
Lids ky' vlas Combustion particles, organic
compounds, metals, etc.
50-70um

. e < 2.5um (microns) in diameter
(microns) in diameter

chripka SARS-CoV-2
© PM1 0.1 um 0.12 um

Dust, pollen, mold, etc.
<10 um (microns) in diameter

90 um (microns) in diameter

Zrnko pl'SkU na pléil Image courtesy of the U.S. EPA rhinOVirus adenOVIrUS
0.03 um 0.1 um

Virus SARS-CoV-2 je asi 500x mensi nez prumer lidského vlasu !

https://www.cdc.gov/flu/resource-center/freeresources/graphics/images.htm, http://solutionsdesignedforhealthcare.com/rhinovirus,
https://phil.cdc.gov/Details.aspx?pid=23312, https://pdb101.rcsb.org/motm/132



Velikost kapénky / aerosolové castice

1. Virus neseny vzduchem neni nahy

2. Velikost kapenky/aerosolove castice urcuje:

| Ne
% (% i
<> 1 ©
0.1 um resplrétory o
fluid
) |0
0.5 um
(0.2-100 um) O

Jak dlouho poleti

Jak daleko doleti

Jak rychle se usadi na povrch
Kde se deponuje v dychacim
ustroji

Jak snadno lze zachytit
respiratorem nebo rouskou
Fyzika je stejna pro vsechny viry

Rozdily: SARS-CoV-2 vs. spalnicky vs. jine viry: (1) virova

naloz v ruzné velkych kapénkach / aerosolech, (2) rychlost
inaktivace v kapenkach / aerosolech, (3) lokality a infekcni

davky



Konecny rozmer zavisi na
vlhkosti vzduchu
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(1) Mikhailoy, E., Vlasenko, S., Niessner, R., et al., 2004, Interaction of aerosol particles composed of protein and salts with water vapor:
hygroscopic growth and microstructural rearrangement, Atmos Chem Phys (2) Marr, L.C., Tang, J.W., Van Mullekom, 1., et al., 2019, Mechanistic
insights into the effect of humidity on airborne influenza virus survival, transmission and incidence, J Roy Soc Interface



Rychlost vyparovani vodni kapky (20°C, 50% RH)
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Vodni kapka o pocatecnim
prumeéru 10 mikrometru se dplné
vypari za 150 milisekund!
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Initial droplet diameter {um)

Rychlost vyparovani vodni kapky (20°C)
v zavislosti na relativni vlhkosti vzduchu

100 1 1 ] 1 -
Vyparovani vody z kapky
do vzduchu nasyceneho
vodni parou na 100% RH
se zpomali asi 100 x

proti pripadu s 50% RH |

10 50% RH

100% RH

1.0
-  Proto rousky funguji tak

dobre pro komunitni
ochranu, voda z kapéenek

0.001 0.01 0.1 1 10 00 Se nestaci vyparit !

Droplet lifetime (s)




Skutecneé rozmery castic se SARS-CoV-2
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(1) Liu, Y., Ning, Z., Chen, Y., et al., 2020, Aerodynamic analysis of SARS-CoV-2 in two Wuhan hospitals, Nature




Pripad vosiho hnizda
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Pocet kopii viru ve vzorku

Pokles virove naloze za rouskou: virus chripky
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mikrometru, s
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mikrometru,
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mikrometru,
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Leung NHL et al. 2020 Nat Med
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Pokles virove naloze za rouskou: koronaviry

| Coronavirus
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rousky rouskou rousky rouskou

N. H. L. Leung et al., Nature Medicine, 1-5 (2020).



Vliv komunitniho nasazeni rousek na zpomaleni
rustu nakazy COVID-19, duben - kvéten 2020

Referersis Period

Bez rousek S rouskami

Zména denniho narustu poctu
nakazenych v procentech

-»16 -15t0-11 -10tw-6 -5to-1 +1to+5 +6tWw+10 +11to+15 +16to +20 +>21
Dny od zacatku opatreni

Lyu W, Wehby GL. Health Affairs 2020; 39(8):1419-1425




Tak staci ty 2 metry?
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Oblak kapek emitovanych pri reci

https://www.youtube.com/watch?v=0sBGaWdHHyg



https://www.youtube.com/watch?v=OsBGaWdHHyg
https://www.youtube.com/watch?v=OsBGaWdHHyg

Castice nejsou emitovany jako jednotlivé kapky ale
jsou soucasti oblaku se kterym se pohybuiji
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Oblak emitovanych kapek
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Bourouiba New England Journal of Medicine (2016) aill @ i vimeo



Castice v turbulentnim oblaku doleti mnohem dale

nez kdyby se pohybovaly jako samostatne objekty

~ 8 m (26 feet)
Wide angle view

Bourouiba JAMA (2020) doi: 10.1001/jama.2020.4756



Pri ruznych aktivitach je oblaku udélovana ruzna
kineticka energie, ovliviuje miru turbulence

Re =Reynolds number = inertial/viscous forces

Turbulentni oblast
Hovor Re % O(10000)
Dychani
Zpev
Kaslani
Re ~ O(100 — 1000) Kychani

Laminarni oblast

Smeérem doprava vzrusta hybnost udélena turbulentnimu oblaku

© 2020 Bourouiba



Zachyt castic u zdroje: Hlavni duvod noseni rousky
Klic ke komunitni ochrane

Oblak jemneho aerosolu pri exhalaci sice unikne kolem rousky, ale vyrazné se snizi
postup oblaku smérem vpred, aerosol se naredi, virova naloz zmensi

Tang, Liebner, Craven, Settles (2009) JRSI



Je libo rousku nebo respirator?
Neoholenym vstup zakazan.
Na tvaru zalezi.

Hladky prujezd sikanou.

Akademie véd
Ceské republiky
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Méreni vyrezu filtracniho materialu




Méreni ochranneho prostredku na figurine




Vyhodnoceni vysledku
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Vysledky improvizovanych materialu rousek
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Proc je dulezite, aby respirator tésnil na obllcej
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—— Vyseknuty vzorek z respiratoru
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Neslo by ho vrazit do mrazaku?
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Jak dlouho prezije virus SARS-CoV-2 v aerosolu?
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Doba stravena jako aerosol (min)

Polocas zivota: 1.1 hodiny pri RH 65% Virus prezije az 16 hodin pri RH 53 %

(1) van Doremalen, N., Bushmaker, T., Morris, D.H., et al., 2020, Aerosol and surface stability of SARS-CoV-2 as compared with SARS-CoV-1, New
Engl J of Med, 382, 1564-1567 (2) Fears, A.C., Klimstra, W.B., Duprex, P., et al., 2020, Persistence of Severe Acute Respiratory Syndrome
Coronavirus 2 in aerosol suspensions, Emerging Infect Dis



Stabilita SARS-CoV-2 vliv_sluneéniho svitu
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- Schuit et al., JID 2020
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Stabilita SARS-CoV-2 v dychacim sekretu:

Polocas zivota v nosnim hlenu a slinach

Lo b Matson et al, EID 2018
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Doba zivota SARS-CoV-2 v hlenu

a slinach na povrsich je asi
polovicni proti zivné pudé bunék

*pooled human nasal mucus/sputum



Priklady prenosu aerosolem
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Sborovy zpeév, Skagit County, WA, brezen 2020

= 61 0sob, zkouska sborového zpévu dne 10. brezna trvala 2.5 hodiny
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Hamner L, et al. MMWR 2020; 69(19):606-610




Call centrum, Soul, Jizni Korea, 11.patro budovy
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(1) Park, S.Y, Kim, Y.-M., Yi, S., et al., 2020, Coronavirus Disease Outbreak in Call Center, suuui nuica, Linery nye



e Restaurace Y Guangzhou Cina
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Early Release - COVID-19 Outbreak Associated with Air Conditioning in Restaurz
Volume 26, Number 7—July 2020 - Emerging Infectious Diseases journal - CDC,| P renos
Li et al. - 2020 - Evidence for probable aerosol transmission of SARS.pdf, n.d.
Li, Y., Qian, H., Hang, J., Chen, X., Hong, L., Liang, P., Li, J., Xiao, S., Wei, J., Lt gerosolovou
@j College of Engineering & Applied Science probable aerosol transmission of SARS-CoV-2 in a poorly ventilated restaurant (g
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Dekuiji zaj_)odpo_ru a motivaci pri pripravé prezentace kolegum z aerosolové laboratore,
zejmena Jirkovi Smolikovi.

Dekuiji Billu Hindsovi za skvélou ucebnici Aerosol Technology a Philovi Hopke za
moznost chodit na jeho prednasky na stejne tema.

Dékuji také studentim kurzu Aerosolové inzenyrstvi za cetné dotazy a zpétnou vazbu,
kterou mi pri prednaskach poskytuji.

Dekuji ceskym i zahranicnim l_qrarm‘ovy’m agenturam za moznost podilet se na vyzkumu
u.

ve fascinujicim oboru aeroso
Konkrétni finanéni podpora - GA CR, projekty 18-02079S a 22-08358S.

Dekuji také ucastnikim skvelého workshopu o prenosu onemocnéni COVID-19,
konaneho dne 26. srpna 2020 na NIH.

Jurovi Kostykovi za pomoc s grafikou této prezentace.



