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IL viruns

aruppo di oraanismi di natura vov cellulare e di dimensioni submicroscopiche costituiti da uw
acido nucleico rivestito da un involucro proteico (capside) incapaci di una sintesi proteica
antovoma e percid caratterizeati dalla vita parassitaria endocellulare obbligata.
(Treccani)
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IL viruws

SARS-CoV-2 (COVID-19) by the numbers
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Size & Content

Diameter: =100 nm

Valume: ~10% nm?® = 107 fL

Mass: ~10° MDa = 1 1g
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Spike trimer

Length: =10 nm
Copies per viron: =100
300 manamers,
measured for SARS-Cov-1)
Affinity to ACE2
receptor K2 =1-30 nM
primed by TMPRSS2
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Genome
Nucleotide identity to SARS-CoV-2
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Length: =30kb; B-coronavirus with 10-14 ORFs (24-27 proteins)

Evolution rate: ~10% nt™ yr'! (measured for S4RS-Cav-1)
Mutation rate: ~1ﬂ'& I'I'('.I :yl:le'1 {measured for MHV coranavirus)

Replication Timescales

in teggue-culture
Virion entry inta cell: ~10 min (measured for SARS-Cov-1)
Eclipse period: ~10 hrs

(tirme ta make intracellular viricns)

Membrane protein HMucleoprotein Envelope ein - -
P . pe prot Burst size: ~10° virlons  {measured for MHV coronairug)
=2000 copies =1000 copies =20 copies
(measured for (measured for (100 manamers, measured
SARS-COV-T) BARS-CoV-T) far TGEV coronavirus)
Host Cells Concentration

[tertativa kst number of cells per person)

Type | & Il pneumocytes (~10"" cells)
Alveolar macrophage (~10"0cells)
Mucous cell in nasal cavity (~107 cells)
Host cell volume: ~107 pm® = 10% L

virions not to scale

- maximal abserved values following diagnosis
T [Wioelfel et al, 2020; Kim et al, 20120; Pan et al. 2020}
" Nasopharynx: 10510 RNAs/swab
~_ Throat: 10%10° RNAs/swab

. . 1041 08
™ Stool: 10%10° RNAs/g
" sputum: 105107 RNAS/mL

RM& counts can markedly overestimate infectious vinons



Radvrazrone UV
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Intensity of Radiation / W/m?um

IU sole come sorgente du ragge UV
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In chhe sifnazione ei troviamo-

Droplet-borne route
Transmitted by
Medium or large

Short-range
airborne route

Transmitted by aerosols

Long-range

droplets airborne route

>
il DT /

fomite route
Ballistic trajectory of

large droplets
[ ]

| - - S —
e Large droplets (>100 ym) : Fast deposition due to the domination of gravitational force
*  Medium droplets between 5 and 100 ym
Small droplets or droplet nuclei, or aerosols (< 5 pm): Responsible for airborne transmission

Ci sono diversi «veicoli» per il SARS-CoV-2.:
- Goccioline di saliva;

- Aerosol;

- Superficie contaminate.

. Transmitted by aerosols

Quanto resiste il virus

Particelle Particelle
virali infettanti virali infettanti
rilevate scomparse
Superfici finoa dopo
Carta da s?ampa 30 minuti Aore
e carta velina
AW ressuto 1 giorno 2 giorni
A Legno 1 giorno 2 giorni
@' Banconote 2 giorni 4 giorni
™ Vetro 2 giorni 4 giorni
. Plastica 4 giorni 7 giorni
Q‘ Acciaio inox 4 giorni 7 giorni
Mascherine chirurgiche 4 giorni 7 giorni
' strato interno
Mascherine chirurgiche non
@ strato esterno L e determinato
Fonte: Ministero della Salute L'Ego-Hub



In chhe sifnazione ei troviamo-

Aerosolized viral particles
<5pm could potentially
travel longer distance
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lijaz et al. (2020), PeerJ, DOI 10.7717/peerj.9914



FOUR WAYS TO DESTROY CORONAVIRUS
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The History of Ultraviolet Germicidal
Irradiation for Air Disinfection

Figure 1. Overview of selected key events in the history of UVGI air disinfection
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Downes and Blunt' discover the ability of sunlight to prevent microbial growth. It is [ater shown that the ability of
light to inactivate microerganisms is dependent on the dose (intensity % time) and wavelength of radiation and
the sensitivity of the speafic type of microonganism.

Gates® publishes the first analytical bactericidal action spectrum with peak effectiveness at 265 nn, very near the
254 nm output of low-pressure Hg germicidal lamps,

‘Wells® presents the concept of airborne infection via “droplet nuclei”—evaporated droplets containing infectious
organisms that can remain suspended in the air for extended durations

‘Wells and Fair’ demonstrate the ability of LVGI to efficiently inactivate airborne microorganismes and prove the
concept of infaction via the airbome route,

Wells et al.* use upperroom UVGI to prevent the epidemic spread of measles in suburban Philadelphia day
schools where infection outside the school is unlikely.

Several studies's are unable to reproduce Wells et al.'s suceess in using UVGI to prevent the spread of measles
in schoolchildren, contributing to the disillusionment with and abandonment of LVGI for air disinfection. Thase
failures have since been attributed to infections occurring outside the irradiated schoals.

Riley" exposes guinea pigs to air erginating from an sceupied TB ward and proves that TB is spread via the
airborne route. A group of guinea pigs receiving infected air via a UVGI iradiated duct were not infectad, while a
group receiving air via a non-iradiated duct were infected,

Riley and colleagues™ conduct model room studies evaluating the use of upperroom UVGI to reduce the
concentration of aerosclized test organisms in the lower room. They also show that air mixing between the upper
and lower room is imperative for effective disinfection and confirm that UVGI s less effective at high humidity,

Riley et al.™ determine virulent tubercle bacilli and BCG to be equally susceptible to UVMGI and measura tha
disappearance rate of aemsolized BCG in a model room with and without upperreom UVGI. Upperroom VG is
shown te ke highly effective in disinfecting the lower room, quantitatively demonstrating the potential of upper
raam UVGI te reduce TB infecton.

After decades of decline, there is an unexpected rise in TB in the United States, leading to a renewed interest in
VG for air disinfection.”

Mew in-depth efforts are undertaken, aimed toward guantitatively examining UVGI efficacy and safety and
providing guidance for the proper use of UVGI,

Puosric HEavTa REporTs [/ Jasmvary=-FeEsruary 2010 /7 Vorowume 125
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Assorbumento- bromolecole
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Assorbendo la radiazione UV...

(a) Genome (b) Capsid Protein
Damage Damage

Dawneggiamento irreversibilimente il genoma: il virus non sa pint replicare;

Danvegaiamento le proteive del capside e aquindi il Virus «scoppiar» e commungue vow
evtra vella cellula;

Questo succede sostanzialmente con la radiazione UV-C e sovo meccanismi 6wdogcwi\

Erviver. 5ol Processes impacts, 2018, 20, 1089-1122



Assorbendo la radiazione UV...

(b) Capsid Protein
Damage

(a) Genome
Damage
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Figure 1: A) Scheme of UV-RNA-damaging mechani
emission spectrum of a low-pressure mercury va

GMS Hygiene and Infection Control 2020, Val, 15, 155N 2196-5226
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la replicazione (agevoma danveggiato)



Assorbendo la radiazione UV...

Endogenous Exogenous
Direct Indirect Indirect
PPRI
Virus 0,, 0,7, H,0,,
. -3
Capsid protein damage On, €Oy i S.t_ans. — AP J
Genome damage RHS (X', X;™) - N
A -
// '// l'
| f
Bacterium N \
Membrane-bound protein damage
Cytosolic protein damage
Genome damage
mostly UVB mostly UVB & UVA UVB, UVA & visible

light absorbed by organism

sensitized processes

(a) Genome (b) Capsid Protein

" s Famae - Nelllambiente possono esserci anche delle sostanze

the se illuminate riescono a reagire in modo tale da
i «rovinare» il Virus.

C® o *%(., - Sitratta di meccanismi esogeni.difficili n aria, pin
=™\, » probabili in acqua.

B4 j 0 - Questi meccavisimi possono attivarsi anche con UNV-B
=% | % & V-,

Environ. Sci Processes impacts, 2018, 20, 1089-1122
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Fractional Survival (Cy/C,ouv)

0.02

0.01 -
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Quantt UVC “servono’’?
Le lampade UV emettono un'intensita (irradianza) espressa solitamente v
mw/emZ, oppure W/vmZ;

Tl virus verra illuminato per un certo tempo;
La dose UC € la quantita importante ed é il prodotto delle due gquantita:

Dose = Trradiavea x Tewmpo di esposizione

La dose si misura v mJ[/emZ oppure in J/m?

N | Questo ¢ I'esempio del virus dell'influenza,
\\Q Bastano 14 J/wm? di WC a 254 nm
\:;\\ ; perché rimavga attivo solo il 2% (0.02)
™ . . . .
RS }1\ del virus. Ne abbiamo elimivato il Ad%%;
NGk % .
UL e s Con uva lampada al mercurio «normale»
N R?=0.992 O50% RH R .
SRERSS vmmLSSma =220 bastano pochi secondi.
NEREACN
O Y
25% | \\?\.\ 50%
y= o029 ttﬁ 1| y=e2
R? = 0.985 f \%> R? = 0.991
0 2 4 6 8 10 12 14 16

UV Dose - J/im?

(Appl Environ Microbiol. 2012 Mar; 78(6): 1666—1669. )



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3298127/

Le sorgentu du radiazione UVC
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Dosvw UVC a 254 num

Organisms: Energy posage of ;Jltravioleﬂ radi_ation (UV dose) Molds 90% 99%
. 'g:\if em” needed for k'";;‘:/:r Aspergillius flavus 60,000 99,000
Bacteria e At Aspergillius glaucus 44,000 88,000
Bacillus anthracis - Anthrax 4520 8,700 Aspergillius niger 132,000 330,000
Bacillus anthracis spores - Anthrax spores 24,320 46,200 Mucor racemosus A 17,000 35,200
Bacillus magaterium sp. (spores) 2,730 5,200 Mucor racemosus B 17,000 35,200
Bacillus magaterium sp. (veg.) 1,300 2,500 Oospora lactis 5,000 11,000
Bacillus paratyphusus 3,200 6,100 Penicillium expansum 13,000 22,000
Bacillus subtilis spores 11,600 22,000 Penicillium roqueforti 13,000 26,400
Bacillus subtilis 5,800 11,000 Penicillium digitatum 44,000 88,000
Clostridium tetani 13,000 22,000 Rhisopus nigricans 111,000 220,000
Corynebacterium diphtheriae 3,370 6,510 Protozoa 90% 99%
Ebertelia typhosa 2,140 4,100 Chilorella Vulgaris 13,000 22,000
Escherichia coli 3,000 6,600 Nematode Eggs 45,000 92,000
Leptospiracanicola - infectious Jaundice 3,150 6,000 Paramecium 11,000 20,000
Microccocus candidus 6,050 12,300 Virus 90% 99%
Microccocus sphaeroides 1,000 15,400 Bacteriopfage - E. Coli 2,600 6.600
Mycobacterium tuberculosis 6,200 10,000 Infectious Hepatitis 5800 8.000
Neisseria catarrhalis 4,400 8,500 Influenza 3.400 6,600
Phytomonas tumefaciens 4.400 8,000 Poliovirus - Poliomyelitis 3,150 6,600
E“’tezs vulgaris ?ggg 16665%% Tobacco mosaic 240,000 440,000
seudomonas aeruginosa \ ,
Pseudomonas fluorescens 3,500 6,600 FiEas S S
Salmonella enteritidis 4,000 7,600 Brewers yeast 3,300 6,600
Salmonela paratyphi - Enteric fever 3,200 6,100 Common yeast cake — 6,000 13,200
Salmonella typhosa - Typhoid fever 2,150 4,100 Saccharomyoes carevisiae 6,000 13,200
Salimonella typhimurium 8,000 15.200 Saccharomyces ellipsoideus 6,000 13,200
Sarcina lutea 19,700 26,400 Saccharomyces spores 8,000 17,600
Serratia marcescens 2,420 6,160
Shigella dyseteriae - Dysentery 2,200 4,200
Shigella flexneri - Dysentery 1,700 3,400
Shigella paradysenteriae 1,680 3,400
Spirillum rubrum 4,400 6,160 https://www.americanairandwater.com/uv-
Staphylococcus albus 1,840 5,720
Staphylococcus aureus 2,600 6,600 faCtS/UV'dosage ' htm
Staphylococcus hemolyticus 2,160 5,500
Staphylococcus lactis 6,150 8,800
Streptocaccus viridans 2,000 3,800
Vibrio comma - Cholera 3,375 6,500




Dosvw UVC a 254 num
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Phytomonas tumefaciens 4,400 8,000
Proteus vulgaris 3,000 6,600
Pseudomonas aeruginosa 5,500 10,500
Pseudomonas fluorescens 3,500 6,600
Salmonella enteritidis 4,000 7,600
Salmonela paratyphi - Enteric fever 3,200 6,100
Salmonella typhosa - Typhaid fever 2,150 4,100
Salmonella typhimurium 8,000 15,200
Sarcina lutea 19,700 26,400
Serratia marcescens 2,420 6,160
Shigella dyseteriae - Dysentery 2,200 4,200
Shigella flexneri - Dysentery 1,700 3,400
Shigella paradysenteriae 1,680 3,400
Spirillum rubrum 4,400 6,160
Staphylococcus albus 1,840 5,720
Staphylococcus aureus 2,600 6,600
Staphylococcus hemolyticus 2,160 5,500
Staphylococcus lactis 6,150 8,800
Streptocaccus viridans 2,000 3,800
Vibrio comma - Cholera 3,375 6,500

24,320

46,200

Poliovirus - Poliomyelitis 3,150 6,600
Tobacco mosaic 240,000 440,000
Yeast 90% 99%
Brewers yeast 3,300 6,600
Common yeast cake 6,000 13,200
Saccharomyces carevisiae 6,000 13,200
Saccharomyces ellipsoideus 6,000 13,200
Saccharomyces spores 8,000 17,600

https://www.americanairandwater.com/uv-
facts/uv-dosage.htm




E per il SARS-CoV-2?

Table 1: Summary of Ultraviolet Studies on Coronaviruses

Seq discussions, stats, and author profiles far this publication at: bttps: /i

2020 COVID-19 Coronavirus Ultraviolet Susceptibility

cmaTIoNs READS
20 138,857

) Dgy Dose ]
Microbe I UV Kk m4J Base Pairs kb Source
Coronavirus 6.6 0.35120 30741 Walker 20072
Berne virus (Coronaviridae) 7.2 0.32100 28480 Weiss 1986
SARS-CoV-2 (ltaly-INMI1) 12.3 0.18670 29811 Bianco 2020
Murine Coronavirus (MHV) 15.0 0.15351 31335 Hirano 1978
SARS Coronavirus (Frankfurt 1) 16.4 0.14040 29903 Eickmann 2020
Canine Coronavirus (CCV) 28.5 0.08079 29278 Saknimit 1988°
Murine Coronavirus (MHV) 28.5 0.08079 31335 Saknimit 1988°
SARS Coronavirus (CoV-P9) 40.0 0.05750 29829 Duan 2003°
SARS-CoV-2 (SARS-CoV-2/HU/DP/Kng/19-027) 41.7 0.05524 29811 Inagaki 2020
Murine Coronavirus (MHV) 103.0 0.02240 31335 Liu 2003
SARS Coronavirus (Hanoi) 133.9 0.01720 29751 Kariwa 2004
SARS Coronavirus (Urbani) 2410 0.00096 29751 Darnell 2004
Average 237 0.00972 including all studies
Average excluding outliers 47 0.04943 excluding Walker, Weiss & Darnell
Average for SARS-CoV-2 27 0.08528 two studies, 90% inactivation
& (Jingwen 2020) b (estimated) ° (mean estimate) d(at 3 logs)




E per il SARS-CoV-2?

Table 1: Summary of Ultraviolet Studies on Coronaviruses

. Dgy Dose 2 ]
Microbe I Uv k m<J Base Pairs kb Source
m
Coronavirus 6.6 0.35120 30741 Walker 20072
Berne virus (Coronaviridae) 7.2 0.32100 28480 Weiss 1986
SARS-CoV-2 (ltaly-INMI1) 12.3 0.18670 29811 Bianco 2020
Murine Caoronaviriis, (l\/ll—l\/) 150 N 1535”1 1337 Hirano 1978
SARS Coronavirus (Frankfurt 1) 16.4 0.14040 29903 Eickmann 2020
Canine Coronavirus (CCV) 28.5 0.08079 29278 Saknimit 1988°
i virus (MH\/) 285 0 08079 31335 Saknimit 1988°
SARS Coronavirus (CoV-P9) 40.0 0.05750 29829 Duan 2003°
SARS-CoV-2 (SARS-CoV-2/HUDPRNg/9-027) 2717 0.05524 208711 nagaki 2020
_Murine Coronavirus (MEN) 1030 002240 31335 Li12003
SARS Coronavirus (Hanoi) 133.9 0.01720 29751 Kariwa 2004
SARS Coronavirus (Urbani) 2410 0.00096 29751 Darnell 2004
Average 237 0.00972 including all studies
Average excluding outliers 47 0.04943 excluding Walker, Weiss & Darnell
Average for SARS-CoV-2 27 0.08528 two studies, 90% inactivation
& (Jingwen 2020) b (estimated) ° (mean estimate) d(at 3 logs)
2020 COVID-19 Coronavirus Ultraviolet Susceptibility
Per il SARS diverse pubblicazioni riportanc
e dosi tra16.e J/wmz e 1 2400 J/wmz |l
‘ .r.':‘e.slij;“.j ""7:"";”‘“ ‘i‘ we‘i‘l‘\l‘El:u.';II‘M.:dic\r;a‘:CIoYLr:rI..\jnw'a'sil,'anc Mew York Presbyterian Hospital
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E per il SARS-CoV-2?

Volevamo fare un esperimento il pid «pulito» possibile che simali
effetto della radiazione UV sul virus,

J

Virus in aerosol

4

Tl virns sospeso in un ligquido di cui conosciamo la composizione.

Prof. Biasin, Prof. Trabattovi, Prof. Clerici, Universita degli studi di Wilano
Dott. Lualdi, Dott. Cavalleri, Tstituta Naziovnale dei Tumori, Wilano



L’ esperumento- UV

//2 Lampade a neon 254 nm

_-—Cchip LED

|‘30 mm

ione da esporre

| 200 mm

[

Definito le condizioni di misura;
Shutter Scelto le cellule da infettare;
Scelti | fempi di esposizione (dosi) e di

Ci siamo dotati di lampade UV ‘ . .
e le abbiamo tarate con spettroradiometro.  Valutazione della replicazione virale.

Prof. Biasin, Prof. Trabattoni, Prof. Clerici, Universita d@@li studi di WMilano
Dott. Lualdi, Dott. Cavalleri, Tstituta Naziovnale dei Tumori, Wilano



L' esperumento- UV

//-'2 Lampade a neon 254 nm

30 mm

_-—Cchip LED

200 mm

ione da esporre

o ,l"..-- '\\ .-'""- -\.I‘ F \-.'.
II il L
| | | | | | I
t ! )
b b b,
\'l. e \-.
L q‘j &j &j

Definito le condizioni di misura;
Shutter Scelto le cellule da infettare;
Scelti | fempi di esposizione (dosi) e di

Ci siamo dotati di lampade UV ‘ . .
e le abbiamo tarate con spettroradiometro.  Valutazione della replicazione virale.

Tre concentraziont di virus:

o Bassa concentrazione (superficie contaminata)

*  Concentrazione media (gocciolive di saliva)

o Alta concentrazione media (tampone di una persona wmolto malata)

Prof. Biasiv, Prof. Trabattoni, Prof. Clerici, Universita degli studi di Wilavo
Dott. Lualdi, Dott. Cavalleri, Tstituta Nazionale dei Tumori, WMilavo
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Qualt lunghezze donda?
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Vediamo come il DMEW ha uvo spettro di assorbimento che dipende
fortemewte dalla lumghezza d'onda.
Bisogva tenerve conto per la valutazione della effettiva dose forvita

al virus.
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Concentrazione media, 5 MOT (goccioline di saliva)
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Bastano 3.F mJ/em?Z di UWC a 254 wn per disattivare completamente il virus!
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Bassa concentrazione
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Alta concentrazione media (tampone di una persona molto malata)

Se la concentraziove di virus & molto alta serve una dose wmaagiore per la
completa disattivaziove.
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Ruwltfotv o 273 nm

Concentrazione media (goccioline di saliva)
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Le dosi vecessarie per la completa inibizione sovo identiche a quelle a 254 nn...
niente di sorprendentel



SARS-CoV2 N1 copy number

Ruwlfofr oo 273 nm
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SARS-CoV2 N1 copy number

Ruwlfotv o 222 nm

Concentrazione media (goccioline di saliva)
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Anche vel far UC le dosi sono comparabili cow le altre lughezze d'onda UVC
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Concentrazione media (goccioline di saliva)
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Per UVE abbiamo almeno un fattore 50 di efficacia in mevo..servono 200 wJ/cm?
per la completa ibiziove.



Ruwltoft o 366 nm

Concentrazione media (goccioline di saliva)

E Virus Untreated
23107
107 * B 1000 mJiem2
134107 5%10
O 4000 mJicm2
1%107 =
z z 1%10% 7
Zim0° z 1m0t 2
= & a
a 3 £
§5a1n‘- S smio* N 5%10
. . =z
=z z
10 10 50 1
0 Lz';:—.d:c:‘ n[-L—:b—L—EI:D~ 0
Color Trasp Color Trasp Color Trasp
3%10° 1%10° 7
5107 2%¢10°
53107
1'10!-
2%107
N S imios T ERT AR |
zim10° M .
] a a s
H . -
S 1044 & s®10 £ sw10
. z =z
10 10T 50 T
,,-Ll:n_L:I:Iﬂ ,,-L:I:I:D_LD::I; 0

Color Trasp Color Trasp Color Trasp

36 Ore 72 Ore 5 Giorni

Per WA abbiamo almeno un fattore 1000 di efficacia in meno..servono 4000 wJ/cwm?
per la completa ibiziove.



Action spectrum...

222 nm 254 nm 273 nm 308 nm 366 nm
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Coso abbromo imparoto cire

£’ bello e coinvolgente lavorare con persone con una Visione
«del mondo» completamente diversa dalla wostral

B’ cruciale mettere a punto degli esperimenti un cui si hanvo
Tyt | parametri sotto controllo;

£’ opportuno fare esperimenti utili sia a auidare la
progettazione di dispositivi di disinfezione sia a capire cosa
succede a livello microbiologico;

Tl SARS-CoV-2 & (fortunatamente) un Viruns molto
suscettibile alla radiazione UVC;

Che l'efficacia della radiazione UWNB ed UA nown & pol cos)
male come si potrebbe pevsare dagli spettri di assorbimewto;



