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Microrganismos e células — comparacao dos tamanhos
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Figure 1. The relative sizes of various microscopic and nonmicroscopic objects. Note that a typical virus measures about 100 nm, 10 times smaller than a typical
bacterium (™1 um), which is at least 10 times smaller than a typical plant or animal cell (*10-100 pm). An object must measure about 100 um to be visible without a
microscope.

https://courses.lumenlearning.com/microbiology/chapter/types-of-microorganisms/



Controle microbiano por UVC — diferentes MOs
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Figure 2. Differential UVC (254nm) sensitivity of a wild strain and
mutants of E. coli. The curves represent the survival of a radiation
proficient (B/r, circles) and deficient (Bs, squares) mutant compared to
the sensitivity of a wild-type (wt, triangles) E. coli (10).

TP Coohill and JL Sagripanti. Photochem Photobiol 84 (2008)
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Figure 3. UVC (254 nm) sensitivity of several vegetative bacteria
relevant to human health. The graph represents that bacterial cell
fraction surviving after irradiation at the fluence indicated on the
x-axis. Data shown is for: (a) Vibrio cholerae (diamonds [31]), Yersinia
enterocolitica (squares [30]), Salmonella typhi (triangles [32]); and (b)
vegetative cells of Bacillus anthracis Sterne (squares [38]), Shigella
sonnei (diamonds [27]), and Burkholderia pseudomallei (triangles [39]).
E. coli (wt [28]) is included in both panels (circles) for comparison.
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Estrutura do SARS-Cov-2

The virus is 1/1000th.the width
of a human hair.

Coronavirus
RNA fita simples (26 a 32 kb)
~120 nm

https://visual-science.com/projects/sars-cov-2/animation/




Acao germicida da radiacao UVC - virus

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)

spike glycoprotein (S) \

membrane protein (M)
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genomic RNA

envelope small membrane protein (E) hemagglutinin-esterase (HE)
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SARS-CoV-2
The coronavirus SARS-CoV-2, the cause of the COVID-19 pandemic.

Encyclopaedia Britannica, Inc./Patrick O'Neill Riley

Energia de dissocia¢ao
N-H =3,2 eV
C-C=3,6-3,9eV
C-H=3,5eV

X-H em aa (intervalo): 3,32 a 5,49 eV

BN Moore and RR Julian. Phys Chem Chem Phys 14 (2012)

X-rays uv Visible light

Vacuum UV UV-C  [uv-| UV-A

100 200 280 315 1 400 Wavelength (nm)

Spectral curve of cell inactivation

T Dai et al. Exp Rev (2012)

E254nm =4.88 eV



Dano da radiacao UVC em RNA-virus envelopados

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
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Danos induzidos no RNA

- Oxidacao, clorinacgao, nitracao e alquilacao
- Fotoprodutos - EROs

https://www.sciencemag.org/news/2017/04/new-
report-halves-number-people-infected-hepatitis-c-
worldwide

Virus da Hepatite C
Flavivirus

55a65nmm

RNA fita simples (9,6 kb)



Inativacao do virus de hepatite C em
perfusato de orgaos para
transplante

Pulmao
(University Health Network - Prof. Marcelo Cypel)
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Solid organ transplants data (Global Observatory on
Donation and Transplantation)

Number of organs transplanted »
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“data from the Global Observatory on Donation and Transplantation

146 840 transplants reported in 2018
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Organ Donation Statistics

How many people are waiting for a transplant? Who receives organs, and what organs are
most needed? Scroll down to explore data from the Organ Procurement and Transplantation

Network.

Statistics at a Glance
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transplantation
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2018*
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6 475 lung transplants reported in 2018

6% increase vs 2017



HCV+ organs for HCV- patients

In the US, 1000 patients die yearly while waiting for heart or lung transplantation.

Direct-acting antivirals (DAAs) for HCV treatment “has raised the possibility of substantially
increasing the donor organ pool by enabling the transplantation of hearts and lungs from
HCV-infected donors into recipients who do not have HCV infection.”

“In our trial, hearts and lungs from HCV-infected donors were transplanted safely with

excellent graft function at 6 and 12 months,” the authors concluded. “However, longer-term
data are needed to fully define the risk-benefit profile.”

A Wooley et al. New Engl J Med 2019



Ex-Vivo Lung Perfusion: R (" Potential Interventions
The Toronto Method ﬁ( ) 4
A Platform for Donor Lung Assessment and Treatment ] ‘
Prior to Transplantation / Immncmerapes Gere Theracy
S \a
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G Makdisi et al. AM 5(2017)
Ex-Vivo Lung Perfusion: The Toronto Method (3 Copy link © Vote
Terrance Ku
Description

lllustrated is the Toronto method of ex-vivo lung perfusion (EVLP). The donor lung is cannulated on
the pulmonary artery and the atrial cuff. Oxygenated perfusate exits from the atrial cannula into the
reservoir. The centrifugal pump then propels the perfusate through a deoxygenator and heat
exchanger. Lastly, the perfusate returns through a leukocyte filter into the pulmonary cannula. EVLP
serves as a platform to assess and potentially treat grafts with therapeutics prior to transplantation.

M Cypel, A Neyrinck, TN Machuca. Intensive Care Med 45 (2019)
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PDT and UVC — lung graft decontamination

ARTICLE

https://doi.org/10.1038/541467-018-08261-z OPEN

Inactivating hepatitis C virus in donor lungs using
light therapies during normothermic ex vivo lung

perfusion

Marcos Galasso!, Jordan J. Feld?, Yui Watanabe!, Mauricio Pipkin1, Cara Summers', Aadil Ali, Robert Qaqishw,
Manyin Chen, Rafaela V.P. Ribeiro!, Khaled Ramadan’, Layla Pires!, Vanderlei S. Bagnato3, Cristina Kurachi3,
Vera Cherepanovz, Gray Moonen, Anajara Gazzalle!, Thomas K. Waddell!, Mingyao Liu', Shaf Keshavjee1,

Brian C. Wilson?, Atul Humar® & Marcelo Cypel”®

Availability of organs is a limiting factor for lung transplantation, leading to substantial
mortality rates on the wait list. Use of organs from donors with transmissible viral infections,
such as hepatitis C virus (HCV), would increase organ donation, but these organs are gen-
erally not offered for transplantation due to a high risk of transmission. Here, we develop a
method for treatment of HCV-infected human donor lungs that prevents HCV transmission.
Physical viral clearance in combination with germicidal light-based therapies during nor-
mothermic ex-vivo Lung Perfusion (EVLP), a method for assessment and treatment of injured
donor lungs, inactivates HCV virus in a short period of time. Such treatment is shown to
be safe using a large animal EVLP-to-lung transplantation model. This strategy of treating
viral infection in a donor organ during preservation could significantly increase the availability
of organs for transplantation and encourages further clinical development.

—

Solution outpyt

External
power

ICU ventilator

EVLP chamber
with lungs

(86% N,, 8% CO,, 6% O,)

M Galasso et al., Nat Commun, 2019



% Viral load
o 8888

% Viral load

- 88828
o 4

% Viral load
o388 8

8

8

% Viral load

% Viral load
o888 8
o1

o8 8888

% Viral load
o 88888




4% 4 H Post EVLP
4 9 he §
R K —
? /‘1"‘ ? «g 'y 4 n.s
o I e T
E {*' d -.' _». g § 3 R
@ '.j>v 3N \* g 2 . ee
£ A 2
} o’ ¢ o
51 .
)

Control uve PODT

Control

VYorss
’ g 3 g:“' ‘l,:

Post reperfusion

Control uvc PDT

TUNEL-positive/total cells
P-4

n.s b

- it 4 n.s Post EVLP
g ,"F"&;* . — 1 ns
8 AN AN, o o3 XX . I ns. }
[ "0 B g % % 8 —
@ - \ ~ [ o =
= "ﬁi* 22 . o By s
g ] - @
& "t’:() J g\ 1 ]

I 3 8

Control UVC PDT

Control uvc PDT

Post reperfusion
n.s.
r ns. |
8 I 1
-
o+ jL -
, 1
-
0
™ 2
0
Control  UVC PDT

Pre-clinical large animal safety studies using EVLP/LbT treatments. a Lung
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injury score after transplantation, scale bar =100 um. b Cell death assessment
(TUNEL) after transplantation, scale bar =400um (N.S. after one-way ANOVA
statistical analysis). MB: methylene blue; CIT: cold ischemia time; PDT:
photodynamic therapy; Ultraviolet C (UVC) irradiation; EVLP: ex vivo lung

perfusion; LbT: Light based therapy. Error bar indicates standard deviation
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Fig. 5 Pre-clinical large animal safety studies using EVLP/LbT treatments. a Schematic of a pre-clinical EVLP and lung transplantation model, designed
to assess potential acute lung injury in donor lungs after LbT applied during EVLP (n =4, each group): (1) Control (standard EVLP technique); (2) UVC
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tissue after transplantation (N.S. after one-way ANOWVA statistical analysis. Error bar indicate standard deviation)
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Clonogenic cell assay performed in six-well plates, with clones produced by LL
24 ATCC ® CCL-151™ human fibroblasts. Steen was previously irradiated for 3 h
while circulating in the mini-circuit and samples were taking hourly. a Cells
were cultured for 12 days in a mixture of fresh Steen and media (control, upper
images) and in a mixture of UVC-treated Steen and media (UVC, bottom
images). No cytotoxic effect of the UVC was seen. b Survival fraction curves of
LL 24 ATCC ® CCL-151™ human fibroblasts (n = 3 replicates). The survival curves



Prevention of viral transmission during lung transplantation 9@"'\@

with hepatitis C-viraemic donors: an open-label,

single-centre, pilot trial

Marcelo Cypel*, Jordan | Feld*, Marcos Galasso, RafaelaV Pinto Ribeiro, Nikki Marks, Magdalena Kuc zynski, Deepali Kumar, lona Bahinskaya,
Vanderlei S Bagnato, Cris tina Kurachi, Arthur S Slutsky, Jonathan C Yeung, Laura Donahoe, Marc de Perrot, Kazuhiro Yasufuku, Andrew Pierre,
Matthew Binnie, Cecilia Chaparro, Tereza Martinu, Manyin Chen, Jussi Tikkanen, Chung-Wai Chow, Aman Sidhu, Thomas K Waddell

Shaf Keshavjee, Lianne G Singer, Atul Humar
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Figure 1:Trial profile

EVLP-ex-vvo lung perfusion HCV <hepatit s Cvins UVC=ultraviolet €

HCV-negative donors  HOV-positive donors

(n=187) (n=22)
Age, years 52 (30-65) 33293
Donor from the USA 11(6%) 16 (73%)
PfF, mm Hy 424 (366-489) 383(315495)
Donorwas & smoker BB (47%) 20(90%)
Donor had a cardiac 50 (27%) 2{9%)
death
Excwwvoling perfusion 65 (35%) 22(100%)
Dataaremedian POR) ar n %) P/F=partalp { aygen/fa f o predd
cxygen
Table 1: Donorcharacteristics

HCV-negative recipients HOV-positive recipients
(n=187) (n=22)
Age, yean 60{47-67) 65 (60-68)
Reason for transplant
Interstitil ung 108 (58%) 13 (59%)
dnease
Chink 47(25%) 7(31%)
ols tructive
pumonary
dnease
Cystx fross 24(13%) 2(9%)
Status 23 125(67%) 11{50%)
Posttive 26 (14%) 4(18%)
crossmatch
Single king 30(16%) 11(50%)
Wiaiths1” time, 42(13-169) 17(13133)
days
Data ase median (IR ) orn (%) *Canadan wasthst stans 1 p stable
an low f cocygen, status 2, pat qumng hugh coxygen
or pulk oy hyp arbath status 3 pateents with a raped
dedune i hung func tian, generadly hasptalsed an ward o i smtem e care
Table 2: Redpient characteristics

day-1 viral load, e is the natural logarithm, x is time
variable, and a is the slope of the curve when plotted on a
logarithmic axis, We assigned viral loads that were less
than the limit of quantitation to a nominal value of
1.0 log, 1U/mL. We calculated viral load doubling
time for each patient using the equation (In2)/a. We
compared doubling times between groups using the
Mann-Whitney U test, All statistical analyses were done
with GraphPad Prism 8 orR 3.5.0, with summary statistics
within groups presented as median values with IQRs (for
numerical data) or counts and percentages (for categorical
data).

M Cypel et al., Lancet Resp Med, 2019



PDT and UVC — lung graft decontamination
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Figure 4: Serum viral load in the first week and atday 7

Medians presented with IQRs. (A) Kinetics of HCV viraemia in first week after
transplantation in recipients receiving HCV-positive denor lungs. (B) Recipient
medianviral load at day 7 aftertransplantation in EVLP or EVLP plus UVC
groups. EVLP=ex-vivo lung perfusion. HOV=hepatitis Cvirus. UVC=ultraviolet C.




UVC and Photodynamic Inactivation of S aureus




Delineamento experimental
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> Testes usando a camara para filtragem (esfregaco das col6nias de bactérias)
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Quantidade média de UFC/mL do remanescente bacteriano nas membranas

Media log 10 UFC (UFC/mL)

Testes

M, M, M ;

Sem irradiagao 3,53 +0,07 3,66 +0,02 7,10+ 0,04

Com irradiagao 2,9+0,2 3,0+0,1 6,50 + 0,08

Yordania Matos Gamez



