QU' Queensland University of Technology
Brisbane, Australia

Trasmissione aerea di patogeni respiratori
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Formazione delle goccioline respiratorie
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¢ 0.1um particle deposited in the alveolar region | o 1um particle generated in the bronchioles
@ 2.5um particle deposited in the lung @ 5pum particle generated in the larynx

@ 10pm particle deposited in the mouth @ 50pm particle generated in the mouth

Morawska L., Buonanno G., 2021, Nature Reviews Physics, https://doi.org/10.1038/ s42254-021-00307-4



Distribuzione dimensionale delle goccioline durante il parlato
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From Johnson et al., J. Aerosol Sci. (2011)
Black line is best estimate
Emitted respiratory particles when speaking



Il grande errore commesso da Autorita Sanitarie, virologi, epidemiologi,

immunologi, infettivologi,

Superfici (fomiti)
* Trasmissione indiretta
* Lavaggio mani
* Sanificazione

Deposmone
Large droplets droplets
* D>5um
* Rapida deposizione al suolo Effetto dlstanza -
* Contatti ravvicinati

[ J

O Lavaggio mani
_ Rischio trascurabile?!?

0 Distanziamento

Purtroppo per loro questa pandemia sta durando molto piu della SARS-CoV-1...




Sanificazione superfici?

. the risk of SARS-CoV-2 infection via the fomite transmission route is low, and
generally less than 1 in 10,000, which means that each contact with a contaminated
surface has less than a 1 in 10,000 chance of causing an infection.

https://www.cdc.gov/coronavirus/2019-ncov/more/science-and-research/surface-transmission.html

If less than 24 hours have passed since the person who is sick or diagnosed with COVID-19 has
been in the space, clean and disinfect the space.

If more than 24 hours have passed since the person who is sick or diagnosed with COVID-19 has
been in the space, cleaning is enough. You may choose to also disinfect depending on certain
conditions or everyday practices required by your facility.

If more than 3 days have passed since the person who is sick or diagnosed with COVID-19 has
been in the space, no additional cleaning (beyond regular cleaning practices) is needed.

https://www.cdc.gov/coronavirus/2019-ncov/community/disinfecting-building-facility.html




Outdoor molto piu sicuro di indoor: droplets?
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MEWS FEATURE - 30 MARCH 201

Why indoor spaces are still prime COVID
hotspots

Risks shoot up when virus particles accumulate in buildings, but it's not clear
how best to improve ventilation.

Dyani Lewis

Farli
Should, To

Outdoor contribuisce allo 0.1% dei contagi...

Health Protection Surveillance Centre (HPSC), marzo 2021




Petition to WHO of the 36-group

1 April 2020

Dr. Tedros Adhanom Ghebreyesus
Director General

World Health Organization
Avenue Appia 20

1211 Geneva, Switzerland

Dear Dr. Tedros Adhanom Ghebreyesus,

We, scientists from around the world, who have worked for many years on the characteristics
and mechanisms behind the transport of droplets expired by humans, and on airflow patterns
in buildings, appeal to you to recognize the m@;ﬁcance of the airborne spread of
SARS-CoV-2 (COVID-19) and advocate for preventive measur measures to mitigate t s

The current advice from the WHO is to wash your hands and maintain a social distance of
l about 1.0 m. However, these measures do not adequately protect the population from the

small virus-carrying particles exhaled by infected people, and inhaled by others who share the
| same not-well-ventilated environments. These particles can travel tens of meters and remain
: airborne for prolonged periods.

Health ecare workers are amnno thnee whn hest adhere ta the recommendationg and are well



Disinformazione degli scienziati o negazionismo al'OMS?

FACT CHECK: COVID-19 is NOT airborne

The virus that causes COVID-19 is mainly transmitted through droplets
generated when an infected person coughs, sneezes, or speaks. These
droplets are too heavy to hang in the air. They quickly fall on floors

ar surfaces

COVID -19 1S CONFIR
AS AIRBORNE
B HR

You can be infected by breathing in the virus if you are within 1 metre of a
person who has COVID-19, or by touching a contaminated surface and then
touching your eyes, nose or mouth before washing your hands.

To protect yourself, keep at least 1 metre distance from others and
disinfect surfaces that are touched frequently. Regularly clean your hands

Th L eruriaa e sprrading o sodisl rreela

thoroughly and avoid touching your eyes, mouth, and nose. A incorrect. elp 50D nusformaton

e iyt Tad L Befare wharing

March 28 2020 sCoronavirus #COVIDIS



Maggio 2021: la trasmissione aerea esiste anche all’lOMS

£73% World Health
‘3-‘;___} Organization

COVID-19

Science

Homa [ Newsroom | Q&A Detail | Coronavirus disease (COVID-19): How is it transmitted?

# Scence & Hesearch Scientific Brief: SARS-CoV-2 Transmission
Coronavirus disease (COVID-19): How is it transmitted? : ' s
Weakly Revew
VAT ABMEN 20 | A Scierce Briefs Summary of recent changes
;::.::l:::l i Updates as of May 7, 2021

The English version was updated on 30 April 2021,
= This science brief has been updated to reflect currant knowledge about SARS-Cod-2 transmission and
reformatted to be more concise

* Maodes of SARS-CoV-2 transmussion are now categorined a5 inhalation of virs, depouition of virus on exposed
ek vt e N o e SNt S i
How does COVID-19 spread between peaple? ° .

+ Although how we understand transmission ocours has shifted, the ways to prevent infiection with thes venus
have not. Al prevention measunes that CDC recommends remain efective for thess forms of transmission

We know that the disease s caused by the SARE.CoV.2 virus, which spreads between people in several different
Ways.

The virus can spread from an infected parson’s mouth or noes in small liquid particles whan they cough, sneeze,
spaak, sing or breathe, Thesa particles ranga from larger respiratory droplats to smaller aerosols.

= Current evidence suggests that the virus spreads mainly between people who are in close contact with each
other, typically within 1 matre (short-range). A parson can be infected when aenosols or droplats containing the
vines ara inhaled or coma diractty into contact with the eyes, noss, or mouth

» The virua can also spread in poorly ventilated andior crowded indoor sattings, whare people tend 1o apand
longer parinds of time. This is because aerosols remain suspended in the air or travel farher than 1 matre (long-
range),




Modalita di trasmissione di un virus

Superfici (fomiti)

Close proximity

* Trascurabile (1/10000),
https://www.cdc.gov/coronavirus/2
019-ncov/more/science-and-
research/surface-transmission.html

Large droplets

* D=100-1000 um

* Lenta evaporazione

* Rapida deposizione al
suolo

* contatti ravvicinati

* Deposizione meno
infettiva della inalazione

* Concentrazione virale
maggiore aerosol °

Alte
concentrazionj

Deposizione
droplets

Ambienti indoor ed outdoor

<—Effetto distanza—

Long range
Ambienti indoor

Sharing indoor air
Ambienti indoor

-]
-

» Basse
concentrazioni
(omogenee) - .
. . .

A -

Aerosol ,

* Trascurabile
Cortellessa, ..., Buonanno, 2021, Close proximity risk assessment for SARS-
CoV-2 infection, Science of the Total Environment, 148749

Airborne droplets

« D=1-100 pm

* Rapida evaporazione (es. da 100 a 20 um)

* Restano in sospensione (aerosol)

* Contatti ravvicinati e non ravvicinati indoor

Adattata da Li, 2021

Le esalazioni non consistono solo di goccioline muco-salivari che seguono traiettorie
di emissione semibalistiche a corto raggio ma, cosa importante, sono principalmente
costituiti da una nuvola di gas turbolento multifase (puff) che trascina I'aria ambiente
e intrappola e trasporta al suo interno gruppi di goccioline con un continuum di
dimensioni delle gocce.

L. Bourouiba (Massachusetts Institute of Technology, MIT, Boston)



Trasmissione per via aerea attraverso colonne fecali

Guangzhou Block X: The infected families lived in 3 vertically aligned flats connected by drainage pipes in the master bathrooms.

2502 or 2702 /\

* Family 1502 visited
Wuhan and got
infected

* 2502 and 2702 used
their master bedrooms,
stayed at home most
of time

LnL- k. .l'/\

» Lift video available

» Tracer dispersion on 21
Feb
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We have found >10 such similar vertical outbreaks about
Kang et al. Probable evidence of fecal aerosol transmission of sars-cov-2 ingshigh-rise building. 1% of the confirmed cases in HK, and performed tracer
Annals of Internal Medicine. https:/ /doi.org/10.7326/M20-0928 gas studies in 5 of them.




Rischio nelle brevi distanze

approach

Modelling
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distnbution
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Sharing room air while
maintaining distancing
(well-mixed - 0D models)

Close contact
(spatially dependent - 3D transient models)
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Anisotropic infection has just been
demonstrated for SARS-CoV-2 with
monkeys

(https://www.biorxivorg/content/

10.1101/2021.04.27.441510v1

For all the pathogens where it has
been measured, they are

more concentrated on aerosols
than large droplets. And in

smaller rather than larger aerosols.
(Fennelly KP Particle sizes of
infectious aerosols: implications for
infection control. Lancet Respir
Med 2020; 8: 914-24.)



Trasmissione aerea su distanze maggiori

ventilation [
L % (Y avk,
= ) inactivation H dt H 1
( concentration of
settling ', infectious virus in
4 aerosols of diameter d

* Settling velocity v depends on diameter d
* Diameter depends on RH
* Inactivation rate k depends on RH

relative humidity (RH)




Modello emissivo (Buonanno et al., 2020)

1000
* Volume droplets emesse (attivita espiratoria)

* Portata d’aria emessa (attivita fisica) 100
* Caricavirale 10
* Dose minima per infezione 1
0.1

&
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* Durata
Dinamica Esposizione dell’esposizion
delle droplets A&l iETiNE A HHELL e

e del virus * Contatti non ravvicinati * Modelli
dosimetrici

Modelli dose- Rischio di
risposta infezione




Approccio per la stima del rischio infezione indoor

Novel approach for quantitative assessment of the
individual infection risk of airborne transmission of
SARS-CoV-2

Probability of infection
“Four step approach”

rate
Estimate of
concentration Individual
infection risk
received

dose-response
model

Application of the approach to prospective and
retrospective assessments

» Determination of the maximum exposure time to
guarantee an acceptable individual infection risk

> ldentification of “superspreading event”



Airbone Infection Risk Calculator (AIRC)
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\erifica sperimentale sulla emissione durante speaking
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C, = 2.3 106 RNA copies/mL, 75t percentile...




Come minimizzare il rischio a scuola: classe di 50x3 m3,

25 studenti, insegnante infetta su 2 ore che splega ad alta voce,
ventilazione naturale, tempo esposizione 300 min

possibill
SN contaglati

Rischio Massimo MNumeno

individuale numern  massimo o
infezione dipersone dipersone
(%) contagiate per avere
RO<1
1 Zero precauzioni 15 12 2
@ \Ventilazione 6,3 4 9
forzata (3 vol/h)
2 Mascherine 76 7 3
® Microfono 27 14 9
(bassa voce)
® Mascherine 2.2 2 11
+ Ventilazione forzata
3 Mascherine 0.8 Q.4 30>25
+ventilazione forzata

+micmfono




Schools with mechanical ventilati

Mechanical
ventilation syst

Input of parameters to Calculates the Sets the constant

define the scenario: required AER flow rate of the Provides the set (constant)
* emitting subject » to obtain » mechanical » flow rate to guarantee the
* exposure time Revert < 1 ventilation system required AER.

* classroom volume No feedback is needed.

Schools without mechanical ventilation
Control unit Visual Alert

Defines tentative window opening and Remi.nds when  manually
Input of parameters closing periods for the 15t manual airing opening or closing the
to define the scenario: cycle windows at each airing
* emitting subject cycle through a visual
* exposure time alert.

________ end of 1%t manual airing cycle ...

* classroom volume

Estimates the CO, emission rate

Input of the number
of persons & their

activi Calculates the actual AERy;, and
» AERyy on the basis of the measured

CO,., measurement: COy, trend
o) A Defines the manual airing cycles to be
o Windows

adopted for the remaining four hours on
the basis of actual values of AERya
and AERy\y

Actual (measured)
COy, trend

end of 274 manual airing cycle _ _

Repeats the correction at each cycle

time




R; In ristoranti

ricambio orario per persona (L s p)
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Articoli scientifici

* Buonanno, Stabile, Morawska, 2020. Estimation of airborne viral emission: Quanta emission rate of SARS-CoV-2 for infection
risk assessment. Environment International;

* Buonanno, Stabile, Morawska, 2020. Quantitative assessment of the risk of airborne transmission of SARS-CoV-2 infection:
Prospective and retrospective applications. Environment International;

* Moreno, Buonanno, Stabile, et al., 2021. Tracing surface and airborne SARS-CoV-2 RNA inside public buses and subway trains.
Environment International;

* Stabile, Buonanno et al., 2021. Ventilation procedures to minimize the airborne transmission of viruses at schools. Building and
Environment;

* Cortellessa, Stabile, Buonanno, et al., 2021. Close contact risk assessment for SARS-CoV-2 infection. Science of the Total
Environment;

* Tang, Buonanno, et al., 2021. Dismantling myths on the airborne transmission of severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2). Journal of Hospital Infection.

* Miller Nazaroff, Buonanno et al.,, 2021. Transmission of SARS-CoV-2 by inhalation of respiratory aerosol in the Skagit Valley
Chorale superspreading event. Indoor Air;

* Mikszewski, Stabile, Buonanno, Morawska, 2021. Estimating the vaccination threshold for control of sars-cov-2: application of
airborne infection risk modeling. PNAS.

* Mikszewski, Stabile, Buonanno, Morawska, 2021. The airborne contagiousness of respiratory viruses: a comparative analysis
and implications for mitigation. Journal of Infectious Diseases.

* Morawska, Buonanno, 2021. The physics of particle formation and deposition during breathing. Nature Reviews Physics;

» Torkmahalleh, Stabile, Buonanno et al., 2021. Global air quality and covid-19 pandemic: Do we breathe cleaner air? Aerosol
and Air Quality Research.

* Morawska, Buonanno et al., 2021. Paradigm shift to combat indoor respiratory infection. Science



e pur si muove ...

Raccomandazioni ad interim sulla
sanificazione di strutture non sanitarie
nell’attuale emergenza COVID-19:
ambienti /superfici

Aggiornamento del Rapporto ISS COVID-19 n 2512020
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Mob. +39 3889585444

e-mail buonanno@unicas.it

Adjunct professor
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