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Resposta imune contra agentes infecciosos

Generalidades:

- A defesa contra microrganismos € mediada pelos mecanismos efetores da
imunidade inata e adaptativa.

- O sistema imunologico responde de maneira especializada e distinta a diferentes
tipos de microrganismos para combater esses agentes infecciosos da forma mais
eficaz possivel.

- A sobrevivéncia e a patogenicidade dos microrganismos em um hospedeiro séo
criticamente influenciadas pela capacidade dos microrganismos para evadir-se ou
resistir aos mecanismos efetores da imunidade.

-Muitos microrganismos estabelecem infeccdes latentes ou persistentes, nas quais a
resposta imune controla, mas nao elimina o microrganismo e, 0 microrganismo
sobrevive sem propagar a infeccao.

- Em muitas infecc0Oes, as lesdes teciduais e doencas podem ser causadas pela
resposta do hospedeiro ao microrganismo mais do que pelo préprio microrganismo.
 Defeitos hereditarios e adquiridos na imunidade inata e adaptativa s&do importantes
causas de susceptibilidade a infeccoes.
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Resposta imune a Parasitas

Immunity to helminths at peripheral tissues

Local mmunity to heiminths at mucosal tissues
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Virus

Morfologia, classificacao e replicacao
Doencas causadas por virus em
humanos, animais e plantas

it

&% ViralZone

Estimado de aproximadamente 103! virus no planeta
(Breitbart and Rohwer, 2005)

doi: 10.1093/nar/gkq901 Source: ViralZone:www.expasy.org/viralzone, SIB Swiss Institute of Bioinformatics)



Estrutura dos virus

Protecdo do genoma pelo capsideo viral.
Os capsideos sao constituidos por proteinas virais com propriedades de auto
reconhecimento, o que propicia a formagcao de complexos chamados
protdbmeros.

Envelope proteins

nucleic acid (2B-gN)

Lipid envelope

— capsid

DNA

capsomere

Nucleocapsid

Nao Envelopados

(Adenovirus) Envelopados (Herpesvirus)

No caso dos virus envelopados o capsideo passa a ser chamado de nucleocapsideo.
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VIRUS RNA
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Adenovirus, Parvoviridae
HIV Hepatite B Herpes e Variola (Verrugas)
(+) ssRNA dsDNA dsDNA ssDNA
\
DNA/RNA hybrid

\ ssRNA
dsDNA
dsDNA
\ / Rotavirus

\Y% 111

Influenza, Raiva,
Sarampo, I
caxumba, Ebola
(-) ssRNA Polio, Febre aftosa,
resfriados, enterovirus,
The Baltimore Classification I I V encefalitis em equinos, Febre
amarela, dengue, Hepatite A e
(+) ssRNA C, Zika, Chikungunya,

Coronavirus



The Baltimore Classification e Transcricao Viral

Group Example Genetic Material Processing
Group 1 \OROVK = BN AED Adenoviru:::, Herpes e
dsDNA désONA  DgRp ~ MRNA Variola
Group 2 NN = 3ORVOVR = AN Parvoviridae
+ssDNA +ssDNA dsDNA mRNA (Verrugas)
Parvovirus DdDp DdRp
Group 3 NN = NN AL Rotavirus
dsRNA dsRNA dsRdRp mRNA
Groun 4 Jj,;-_’.‘, @ AR Polio, Febre aftosa, resfriados,
P NN NS = NN = AT anterovirus, encefalitis em equinos,
+ssRNA M +sSRNA -sSRNA mRNA :
Coronaviruses sstRp sstRp Febre amarela, dengue, Hepatite Ae C
Zika, Chikungunya, Coronavirus
Group 5 L COL)
-SSR’I\jA /_\SQA/\ == V\m/R}A/ Influenza, Raiva, Sarampo,
ssRARp caxumba, Ebola
Group 6 ) RT Q D)
P ey VAN = MRRNK =+ MRNONR —> NN
+ssRNA-RT g +sSRNA dSRNA dsDNA MRNA HIV
ssRdRp RdDp (RT) DdRp
Group 7 — \NANS = MR o MRODR =+ ANNASLEE
dsDNA-RT 5 dsDNA-RT +sSRNA dsRNA dsDNA mRNA
Hegatiie o DdRp ssRARp RdDp (RT)  DdRp

Created in BioRender.com bio



Visao geral das infecgdes virais

Encefalite/

meningite Resfriado comum Infecgdes oculares

-Virus JC - Rinovirus - Virus do herpes simples

- Sarampo - Virus Parainfluenza - Adenovirus

-Virus da CML - Virus sincicial - Citomegalovirus

- Arbovirus respiratorio

Palva r Parotidite ,Pneumonia

/ - . -Virusda / - Virus Influenza
Faringite Gengivoestomatite tipos A e B
-Adenovirus - Herpes simples tipo 1 - Virus
- Virus Epstein-Barr Parainfluenza
- Citomegalovirus - Virus sincicial
respiratorio
Cardiovascular - Adenovirus

- Virus Coxsackie B

- Coronavirus SARS

FEpA G Mielite

- \(urus :theCpaélte - Poliovirus
tipos A,B,C,DeE CHTLV-1

Infecgdes da pele -

- Virus varicela-zoster . Gastroenterite

- Herpesvirus humano 6~ %", - Adenovirus

- Variola e 7\ - Rotavirus

- Molusco contagioso R RV, - Norovirus

- Papilomavirus humano " Doencgas sexualmente - Astrovirus

- Parvovirus B19 transmissiveis - Coronavirus

- Rubéola - Herpes simples tipo 2

- Sarampo - Papilomavirus humano Pancreatite

- Virus Coxsackie A

-HIV - Virus Coxsackie B

*John Cunningham (JC)

Créditos da imagem: "Prevention and treatment of viral infections: Figure 1, por OpenStax College,

Biology, CC BY 4.0. Modificado do trabalho original de Mikael Haggstrom.
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r Adaptive immunity
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Interacao Virus-Hospedeiro

The cellular RIG-like receptors
(RLR) belong to an innate sensor
pathway that recognize RNA
virus products and activates
cellular antiviral state.

- Apoptosis
- Producéo de IL
- Sintese de Interferon

1SGs
ANTIVIRAL STATE

Source: ViralZone:www.expasy.org/viralzone, SIB Swiss Institute of Bioinformatics)

DELAYED ANTIVIRAL RESPONSE
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Pandemia

De acordo com a OMS, uma pandemia pode comecar quando se reunem trés
condicoes:

- O aparecimento de uma nova doenca na populacao;

- O agente infecta humanos, causando uma doenca seria;

- O agente espalha-se facil e sustentavelmente entre humanos.

PREPARING FOR AN INFLUENZA PANDEMIC
Pandemic influenza occurs at irregular and unpredictable intervals, and is the result of a major antigenic
change known as “antigenic shift”, which occurs only in influenza A.

2 The influenza virus 3 Eras of human influenza viruses
ASHTN ASHTNI
Haemagglutinin spikes (H} H1-H18 i m
. invohved in cell attachment ASHANG Gripe espanhola A/IRSI\Q
* l4separate H types in influenza &
«— Neuraminidase (N} N1-N11 Gripe asiética Gripe de Hong Kong

* enzyme involved in release AAHZNE ASHZMNZ
from infected cell
RNA genome Typs B Gripe asiatica

¢ single-stranded BNA Is hichly mutable - =
+ 8 separate segments permit genatic

“reassortment” etween viruses cduring 1968

doubsle infection 1899 1918 1957 1677 2005

* = Pandemic 2009 — Pandemia A /H1IN1

Myxovirus influenzae,também denominado virus influenza. Virus envelopados de RNA de fita simples
segmentadas e subdividem-se nos tipos A, B e C, sendo que apenas o0s do tipo A e B tém relevancia clinica
em humanos.

doi: 10.5694/j.1326-5377.2006.th00705.x - 2006



Coronavirus

1962 €D | 2005 4
HCoV-OC43 HCoV-229E SARS-CoV HCoV-NLB3 HCoV-HKUA MERS-CoV SARSCoV-2
Epidemia Epidemia Pandemia
Types Genera Disease
SARS-CoV-2 Setacoronavirus Coronavirus disease 2019 (COVID-19).
(2019-nCaoV) As of 20th Mar, =240,000 infected, =9,800 death
% SARS.CoV Setacoronavirus Seve re ac ute respiratory syndrome(SARS),
mortality rate 9%
MERS-CoV Betacoronavirus M |ddle. East respiratory syndrome(MERS),
mortality rate =30%
HCoWV-HKU Betacoronavirus Upper and lower respiratory tract disease
« HCoW-MLBE3 Alphacoronavirus Common cold
HCoW-0C43 Betacoronavirus Common cold
HCoV-223E Alphacoronavirus Common cold

https://lwww.sinobiological.com/research/virus/coronavirus-overview
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Vacinas
a - 4

Vacinas em desenvolvimento

Um lengo caminho tem sido percorrido pelo Butantan no desenvolvimento de vacinas e adjuvantes, desde a pesquisa basica e a aplicacéo em etapas
piloto, até o escalonamento em nivel industrial, envolvendo equipes multidisciplinares em colaboracfes nacionais e internacionais.

A aplicacéo de ferramentas biotecnologicas tem contribuido para avancos no desenvolvimento de novos antigenos e adjuvantes, o que aumenta a
seguranca sem comprometer a eficacia dos novos produtos.

Vacina da Dengue 1, 2, 3, 4 (atenuada)

Vacina Influenza H/N9

Uma estratégia da Organizac&o Mundial da Sadde (OMS) definiu o desenvolvimento e a producio de uma vacina contra a gripe causada pelo
virus Influenza aviario A (H7N9). O Butantan foi escolhido para ser um dos laboratdrios mundiais a produzir e fornecer essa vacina, na
iminéncia de uma pandemia pelo virus HTN9. A vacina encontra-se em ensaio clinico fase |l para a comprovacéo da seguranca e eficacia.




SARS-CoV-2

2 . Proteinada
‘ Membrana (M)

Proteina da
Nucleocapside (N)
(envolve o RNA*)

Novel Coronavirus SARS-CoV-2

Transmission electron micrograph of SARS-CoV-2 virus particles, isolated
from a patient. Inage captured and color-enhanced at the NIAID Integrated
Research Facility (IRF) in Fort Detrick, Maryland. Credit: NIAID

Lipidio da Membrana

E um novo virus do género B coronavirus, familia de virus RNA (~30 kb) de cadeia
simples e positivo, com envoltorio, de morfologia esférica ou pleomaorfica com um
diametro de 80-120 nm, que podem infectar, principalmente o trato respiratorio e
intestinal, de diferentes espécies, causando uma ampla gama de sintomas em
animais e pessoas

doi.org/10.1146/annurev-micro-020518-115759
doi.org/10.1186/s12985-019-1182-0



Um novo coronavirus (SARS-CoV-2) é uma nova cepa que néao foi
previamente identificada em humanos e causa a doenca que foi
denominada "doenca de coronavirus 2019" (abreviada como "COVID-19")

- Spike glycoprotein
trimer (S)

Mucleoprotein (N)
and RMA genome

Membrane protein

(M)

i-." r
4 T ——Envelope small membrane protein

pentamer (E)

In the last two decades, coronavirus has caused two large-scale pandemics, SARS in 2002 and the Middle East
respiratory syndrome (MERS) in 2012. In December 2019, a novel coronavirus (SARS-CoV-2) induced an outbreak of
pneumonia in Wuhan, China, restated the risk of coronaviruses posed to public health. The infection routes and
pathogenesis of SARS-CoV-2 are not fully understood, and the study of SARS-CoV-2 host cell receptor ACE2 could be

valuable for the prevention and treatment of the COVID-19.



Origem de SARS-CoV-2

“O salto de Espécie”

Figure 2. Cartoon model of the structural superposition between the homology model of the 2019-
nCoV in blue and the[Nucleocapsid protein pf SARS Coronavirus (PDB code 2jw8.1) in orange. the
presence of an alpha-helix on the SARS-CoV and not present on the 2019 n-CoV structure and e
positional difference of the beta-sheets.

Figure 3. Cartoon model of the structural superposition between the homology model of the 2019-
nCoV in blue and the [spike glycoprotein |0f SARS Coronavirus (PDB code 6acc.1) in orange. the
red circle highlights the presence of a variable region on the 2019 n-CoV at the beginning of the
protein while the blue square highlights the presence of 2 beta-sheets on the 2019 n-CoV {(401:KYR
and 440:L.ND) that are not present on the SARS-CoV structure. doi.0rg/10.1101/2020.01.24.915157
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Arvore
filogenética

Clade 3

Clade 2

Clade 1

Sarbecovirus

AY485277|SARS-CoV_Sinol-11
AY390556|SARS-CoV_GZ02|Guangzhou
AY278489|SARS-CoV_GDO1
KT444582|WIV16|Yunnan
KY417146|Rs4231|Yunnan
KY417151|Rs7327|Yunnan
KY417152|Rs9401|Yunnan
MK211376|BtRs-BetaCoV/YN2018B|Yunnan
K)473816|BtRs-BetaCoV/YN2013|Yunnan
KY770859|Anlong-112|Guizhou
KY417145|Rf4092|Yunnan
MK211377|BtRs-BetaCoV/YN2018C|Yunnan
KY417142|As6526|Yunnan
KY417148|Rs4247|Yunnan Bat-SL-CoV %
K)473815|BtRs-BetaCoV/GX2013|Guangxi
JX993988|Yunnan2011
100 MK211374|BtRI-BetaCoV/SC2018|China
JX993987|Shaanxi2011
K)473814|BtRs-BetaCoV/HuB2013|Hubei
DQ648857|Bat_CoV_279/2005|Hubei
GQ153547|HKU3-12|HK/2005
Q084200|HKU3-3|HK/2005
GQ153542|HKU3-7|HK/2007
KF294457|Longquan-140|China
WH04/|2020-01-05
YS8011/2020-01-07
WH01|2019-12-26

100, AY508724|SARS-CoV_NS-1
SARS-CoV f

100

100

86

100

WH03|2020-01-01
WH19002[2019-12-30 ;
WH19008|2019-12-30 ARG f
WH02|2019-12-31
76| WH19001/2019-12-30

100 WH19004/2020-01-01
WH19005/|2019-12-30
i \ 100 Lt MG772933|bat-SL-CoVZC45|Zhejiang | HsELCaV »
100t MG772934|bat-SL-CoVZX(21|Zhejiang
KY352407|SARS-related_coronavirus|BtKY72|Kenya
100 Hibecovirus Ll GU190215|Bat_coronavirus|BM48-31/BGR/2008|Bulgaria
- KF636752|Bat_Hp-betacoronavirus/Zhejiang2013
Nobecovirus 100 —— KU762338|Rousettus_bat_coronavirus|GCCDC1_356|China
EF065513|Bat_coronavirus_HKU9-1|BF_005I|Guangdong
100 EF065509|Bat_coronavirus_HKUS5-1|LMHO03f|Guangdong
Merbecovirus 100 i|_—|: EF065505|Bat_coronavirus_HKU4-1|B04f|Guangdong
JX869059|Human betacoronavirus_2c EMC/2012|HCoV EMC|Saudi Arabia MERS-CoV @
K( wcoronavirus_Erinaceus/VM EU/2012|Erinaceus( )1 GE )12|German

Embevovirus

100 AY391777|Human_coronavirus_0C43|ATCC_ VR- 759|UK
100 r‘l KM349744|Betacoronavirus_HKU24|HKU24-R050101|China @’

ID_Q{:H647223|Murine_coronavirus_l\/\HV-1|USA (-
MK167038|Human_coronavirus_HKU1|SC2521|USA

doi.org/10.1016/S0140-6736(20)30251-8



SARS-CoV-2 Genoma

A IVDC-HB-01/2019 (~29.8kb)
[E]M] 7asp [N]
o —*—-ﬂ SN
9b orfl4
3860 4141
e T T W ) T T
181 819 2764 3264 3570 3943 :Iy

6799 6453 5926 3325

O genoma de ~30 kb, codifica para ~14 ORFs, com a seguinte ordem:

5" - UTR 265 nucleotideos (nt)-ORF1l1ab (codifica 16 proteinas ndo estruturais,
nsp) - proteina Spike (S) - ORF3a-ORF3b-proteina do envoltorio (E); proteina da
membrana (M)-ORF6-ORF7a--ORF7b- ORF8-proteina do nucleocapsideo (N)---
ORF9b-ORF9c-ORF10(14)-229 nt UTR -3~

Os genes S, E, M e N codificam proteinas estruturais, sendo a proteina S a
responsavel pela ligacao ao receptor Enzima Conversora da Angiotensina 2
(ECA 2) em humanos.

doi.org/10.1016/j.chom.2020.02.001

doi.org/10.1101/2020.03.22.002386
doi.org/10.1038/s41586-020-2008-3



SARS-CoV-2 - Transducao

Mol. weight Seq. similarity

Protein (kDa) with SARS-CoV Description
M=o 198 91 1% Suppressss host antiviral response
Mep2 705 82 9%
MNsps 173 o6 5% Mep3-Nspd-Nep complex involved in
viral replication
Nsp 56 2 90.5%, Map3-Nspd-NspE complax involved in
viral replication
[ IMsps 33.0 YG. % M ain protease (3C-like)
Nspf 330 94 5%, Mep3-Nspd-Nept complex involved in
viral replication
Nep7 go 1000 (R MepF-MNsps complex is part of RMA
poymerase
Nsp& o1 g a9 (e Mep7-MNspS complex is part of RMA
poymerase
Mspg 124 98.2% ssRMA binding
Nsp10 14.8 99 354 Essential for Nep18 methyltransferase
activity
Mep1 13 923% Short peptide
| [Hspi1z2 105,/ 98.35% RMNA pdymerase
Mep13 66.9 100.0R4 Helicassatriphosphatase
Mepl14 59.8 98 7% 3'—5" exonuclease
Mep15 388 95 7% Lridine-specific endoribonucl ease
Mep16 333 93 (7% R A-cap methytransferase
Lls 1412 87.0% Spike protein,mediates binding to ACE2
Crf3a 311 85 1% Activates the NLRPS inflammasome
Orf3b 6.5 9.5%
E a4 96 1% Envelope protein, involved in virus
morphogensss and assembly
M oF, 1 96.4%, Membrane glycoprotein, predominant
compecnent of the envelope
Orf 5 73 85 7% Type 1 FM antagonist
Orf7a 137 90.2% Virus-induced apoptosis
Orf7h 52 84 1%
O 13.8 45.3%
M 456 94 3%, Mucleocapsid phcephoprotein, binds to
_ RMNA genome
Orf9b 108 4. 7% Type | IFN antagonist
Crf9c g0 T8 1%
Orf10 4.4 -

Alvo para Inibidor
Alvo para Vacina

Alvo para Inibidor
Alvo para Vacina

Alvo para Inibidor
Alvo para Vacina

Alvo para Inibidor
Alvo para Vacina

doi: https://doi.org/10.1101/2020.03.22.002386. - 2020
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Figure 3: SARS-CoV-2 Protein-
Protein Interaction Network. In total,
332 high confidence interactions are
represented between 26 SARS-CoV-2
proteins and their human interactors.
Red diamonds represent a SARSCoV-2
viral protein, interacting human host
proteins are represented with circles,
with drug targets in orange. Edge color
Is proportional to MiST score and edge
thickness proportional to spectral
counts. Physical interactions among
host proteins are noted as thin black
lines, protein complexes are highlighted
in yellow, and proteins sharing the
same biological process are highlighted
in blue.

doi.org/10.1101/2020.03.22.002386.



Ciclo geral de replicacédo de coronavirus

Attachment
» and entry

/M'embrane

Figia 1 Uncoating
RNA
o g m
3a {
. o™ {-) gRNA UuU
«30 3b Replication ‘1
. = {+) gRNA LAA
&
— 4
pplab (i () saRNAS Y
&\_/ Transcription  ©)s9niAs —HHH
Proteolytic ooy
cleavage °
LY ° 5
@) ‘AAA
080 ) sots oSN T
O’O o ._Mi Translation
F—
nsps \ Structural proteins
Membrane
rearrangement ‘ Q Spike protein
) Envelope protein
® Mernbrane protein
Q o Nucleocapsidprotein
Nucleus

humanos (HCoVs)

1. Adeséo e ingresso do virus a
célula hospedeiro;

2. Remocao da envoltura e
liberacdo do gRNA;

3a. Sintese de proteinas virais;
3b. Sintese de novas moléculas
de gRNA,;

4. Sintese de pequenas e novas
moléculas de gRNA;

5. Sintese de proteinas virais;

6. Montagem de novas patrticulas
virais;

7. Liberacao ao meio extracelular

doi.org/10.1146/annurev-micro-020518-115759



Proteina S

S1 subunit S cleavage site S2 subunit
sans.cov NI | R e R
SP 318 513 662 1104
S1 subunit S cleavage site S2 subunit
MERS-CoV —-—_ -__1206
S1 subunit 5 cleavage site S2 subunit
SARS-CoV-2 _-— ___1273

https://doi.org/10.1002/jmv.25726



1273 aa e 141.2 kD.
SARS-CoV-2 utilizes an extensively ACE2 G
glycosylated spike (S) protein that
protrudes from the viral surface to bind to
angiotensin-converting enzyme 2 (ACE2)
the host cell receptor, to mediate cell
entry. The S protein is a trimeric class |
fusion protein that is composed of two CAGOABE
functional subunits responsible for
receptor binding (S1 subunit) and
membrane fusion (S2 subunit), with each
trimer displaying 66 N-linked glycosylation
sites

? N-terminal helix

C336-C361

. 2019-nCoV RBD 2019-nCoV RBD
doi.org/10.1101/2020.03.26.010322 d0i.0rg/10.1101/2020.02.19.956235
w ACE2 ACE2 ACE2
SARS-2002 | |
COVID-19

23 HCoV-NL63

COVID-19 SARS-2002 HCoV-NL63

Interacao de residuos ECA2 Estratégia de ligacao
doi:10.3390/v12050497



nspl2 RNA-dependent RNA polymerase (RdRp)

The SARS-CoV nspl2 is 932 a.a. in length and 106,7 kD; Complex of nsp8 and the nsp7-nsp8
complex within the viral RNA synthesis complex.

H_ .H

, - . "JI\>

D

Remdesivir
O remdesivir é incorporado na Adenosing. ...
cadeia crescente de RNA, a N
presenca do grupo CN faz com <, ~N
gue o formato do agucar fique //I

deformado, o que, por sua vez, N

distorce o formato da cadeia de
RNA, de forma que apenas mais
tré_s _nucleotl'deos possam ser HO OH
adicionados. Isso termina a

sintese da cadeia de RNA e a

replicacdo do virus.

T (1
=

“Sofosbuvir

/
- /
: Y
.
.

Galidesivir

doi.org/10.1016/j.1fs.2020.117592
Remdesivir

carbon-carbon
bond

cyano group

doi.org/10.1038/s41467-019-10280-3



Nsp5 — Protease (3C-like main protease, MP©, 3CLP)

ORF1ab encodes replicase polyprotein 1 ab. After cleaved by two proteases (3CLpro and Plpro), replicase proteins showed
multifunction involved in transcription and replication of viral RNAs. PLpro cleaves three sites at the N-terminus and 3CLpro
cuts at the other 11 sites at the C-terminus, and forming 15 non-structural proteins. Among them, Nsp3 is proteolytic enzyme

Plpro; Nsp5 is 3CLpro, Nsp12 is an RdRp, and Nspl3 is helicase. One crystal structure of 3CLpro has been deposited in PDB
(pdb code: 6LU7).

Structure-based design of antiviral drug candidates

|Cite as: W. Dai et al., Science

targeting the SARS-CoV-2 main protease  io110sienceasvass coxo)

A T26 B

H164
T25 L C1 . Residuos de H164

Cys145

aminoacidos

H163 da proteina Mrr ek H163
: D187 ~
G143 M162 T (o
6 & M49 =
. N33 RS N142
F140 V186 F140
Q189
71 P168
Inibidor 11a Inibidor 11b

Ligagao dos Inibidores 11a (A) e 11b (B) na Protease MP™© de SARS-Cov-2.
Mostra que o grupo aldeido de 11a e 11b ligam na Cys145 de MP', apresentando

boa atividade inibitoria e contra infec¢gdo por SARS-CoV-2 in vitro.
(Adaptado de: DOI: 10.1126/science.abb4489)



COVID-19

HOW DOES IT AFFECT YOU?

Coronavirus Disease 2019 (COVID-19) is a pandemic
caused by Severe Acute Respiratory Syndrome
Coronavirus 2, also called SARS-CoV-2. Despite the
widespread awareness regarding COVID-19, many are
still unaware about how it affects the human body.

SARS-CoV-2 starts its journey in the nose, v
mouth, or eyes and travels down to the alveoli in
the lungs. Alveoli are tiny sacs of air where gas
exchange occurs.

L4

Greatly hindered
gas exchange

Designed by Avesta Rastan
@ www.ozuravesta.com
© @ozuravesta
@czuraviz

b 4 —7 . Gas Exchange

g

Red blood cell Each sac of air, or alveolus, is
wrapped with capillaries where
red blood cells release carbon
dioxide (CO,) and pick up oxygen
(0,). Two alveolar cells facilitate
gas exchange; Type | cells are
thin enough that the oxygen
passes right through, and Type Il
cells secrete surfactant - a
substance that lines the alveolus
and prevents it from collapsing.

Capillary wall

Typel
alveolar cell

Surfactant

Type ll
alveolar cell

gas exchange -

SARS-CoV-2 Structure Viral Infection

jQ Memb protein
A"& Nucleoplasmid
o’ (enclosed RNA)
y
d 3 ‘& 5 Lipid membrane
L
S - ,:' - Envelope protein
& A l - Spike protein
o

Infected

The spike proteins covering the
coronavirus bind ACE2 receptors
primarily on type Il alveolar cells,
allowing the virus to inject its
RNA. The RNA “hijacks” the cell,
telling it to assemble many more
copies of the virus and release
them into the alveolus. The host
cell is destroyed in this process
and the new coronaviruses infect
neighbouring cells.

Immune Response

zﬁSWi""M - @) After infection, Type Il cells release inflammatory
increase gy Home h. i i 1Is).
k permeability) signals that recruit macrophages (immune cells)

Mactophiace o Sk ©3 Macrophages release cytokines that cause
. cough, “".‘Z vasodilation, which allows more immune cells to

Cytokines

::9"::;:“‘“ ) Fluid accumulates inside the alveolus.
Reduced €) The fluid dilutes the surfactant which triggers the

surfactant onset of alveolar collapse, decreasing gas
exchange and increasing the work of breathing.

come to the site of injury and exit the capillary.

Hospitalization

Infected Type
1l alveotar cell
gas exchange Neutrophils are recruited to the site of infection
and release Reactive Oxygen Species (ROS) to

destroy infected cells.

high-cisk individuats; e
secondary infections
may ooour

Impaired Gas Exchange

Fluid-filled interstitium  when the immune system attacks

Intensive Care (ICU) 1 and Il cells are destroyed, leading to the
the area of infection it also kills O Tye oyed "

llapse of the alveolus and ing Acute

Patients may require

Loss of surfactant healthy alveolar cells. This results in mod Respiratory Distress Syndrome (ARDS).

three things that hinder gas Iife-support
Neutrophil exchange: © Ifinflammation becomes severe, the protein-
Protein and 1) Alveolar collapse due to loss of related 15 chh ﬂffm c?: :,::w bloot ';;?m';:;fm_
cellular debris surfactant from Type |l cells may occur matory Response m (SIRS).

2) Less oxygen enters the blood-
stream due to lack of Type | cells
3) More fluid enters the alveolus

Formation of

Wih proper car, patients IRS may lead to septic d multi
oo, © SIRS may lead to septic shock and multi-organ

m this ,:;mm failure, which can have fatal consequences.

https://www.visualcapitalist.com/visualizing-what-covid-19-does-to-your-body/



Hypothesis for potential pathogenesis of SARS-
CoV-2 infection-a review of immune changes in
patients with viral pneumonia

# B cell in Blood
. . . . . . @ Tcellin Blood
Ling Lin, Lianfeng Lu, Wei Cao & Taisheng Li
@ Inflammatory factor
A nner
To cite this article: Ling Lin, Lianfeng Lu, Wei Cao & Taisheng Li (2020) Hypothesis for potential D-Digaes
A pathogenesis of SARS-CoV-2 infection-a review of immune changes in patients with viral # "\ Viral nucleic acid

The trend of each indicator n patients

pneumonia, Emerging Microbes & Infections, 9:1, 727-732, DOI: 10.1080/22221751.2020.1746199
To link to this article: https://doi.org/10.1080/22221751.2020.1746199
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Potential therapeutics for severe acute respiratory syndrome (SARS) and MERS.

Stage of Development
Treatment
SARS (Notes) MERS (Notes)
Host protease . L
o Effective in mouse models [138] In vitro inhibition [138]
mnhibitors
Viral protease L .
o In vitro inhibition [139] In vitro inhibition [140]
mnhibitors
Monoclonal and Effective in mouse, ferrets, golden Syrian o )
Effective in mouse, rabbit, and non-human
polyclonal hamster [124 141 147] and non-human ] ~
o - . primate models [10,145]
antibodies primate models [143 144]
Convalescent ) _ Effective in a mouse model; clinical trial
Off-label use in patients [146,147
plasma approved [10]
Off-label use in patients (often in Effective in non-human primate models; off-
Interferons combination with immunoglobulins or label use in patients (often in combination with
thymosins) [146.147 a broad-spectrum antibiotic and oxygen) [10]
Off-label use in patients (often in Effective i a non-human primate model; off-
Ribavirin combination with corticosteroids) label use 1n patients (often in combnation with
[146,147] a broad-spectrum antibiotic and oxygen) [10]
o Off-label use in patients (improved the o .
Lopinavir and , o o Effective in a non-human primate model; off-
) ) outcome in combination with ribavirin) i _
ritonavic label use i patients [10, 148]
[146.147]
Commeon Feature MNone of these therapeutic agents are approved for commercial use in humans

doi: 10.3390/v11010059



Vacina Pfizer

Componentes:

- 100 ug MRNA
- Lipidios [(4-
hidroxibutill)azanedil)bis(hexano-6,1-
diil)bis(2-hexildecanoato)

- 2 (polietilenogicol)-2000-N,N-
ditetradecilacetamida

- 1,2-distearoil-sn-glicero-3-
fosfocolina e colesterol)]

- Cloreto de potassio

- Fosfato de potassio monobasico

- Cloreto de sodio

- Fosfato de sodio dibasico di-
hidratado e sacarose.




Fig. 1: Cellular and humoral immune responses induced by messenger RNA (mRNA)

vaccine.
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Antivirals

Targets in the HIV lifecycle

Entry Inhibitors 1 HIV Monocional ’
antibodies (mADb) *

fostemsavir
combinectin
(GSK3732394)—

UB-421 (opa receptor)

\ " VRCO1 (opa4 receptor) 3
W 3BNC117a10-1074

PGDM1400+4PGT121

NRTIs/NtRTIs
(nukes)

EFdA (MK-8591)
GS-9131

NNRTIs
(non-nukes)

doravirine
elsufavirine
rilpivirine LA

INIs (or INSTIs)

cabotegravir
cabotegravir LA

HIV i-Base (www.i-Base.info)

@

HIV attaches to a CD4 cell.
HIV enters a CD4 cell and
HIV proteins and enzymes
are released into the cell.
Reverse transcriptase (RT)
makee double strand HIV.
Integrase enables HIV to
join the cell DNA.

Protease cuts and
reassembles new HIV.
Each cell produces
hundreds of new virions.

Protease Inhibitor

GS-PS1

Capsld Inhibitor

GS-CA1

Maturation
Inhibitor

GSK3640254

http://i-base.info/htb/wp-content/uploads/2018/07/PIPELINE-2018-full-version.pdf



Nucleosideos Inibidores de Transcriptase reversa (NRTIs)
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ALVEOLUS

HOST CELL

Y <

ACE2 receptor

Camostat mesylate

% Arbidol

Targets S protein/ACE2
interaction

Inhibits membrane fusion

Prevents viral cell entry
- J/

Inhibits TMPRSS2

i {): |— Prevents IL-6 receptor

S protein IL.6 CH activation

TMPRSS2 ! v
@/ Soluble IL-6 receptor

Tocilizumab
Sarilumab

Binds IL-6 receptor

Inh|b|ts IL-6 5|gnal|ng

Membrane fusion :
| | and endocytosis [ Chloroquine

\of the viral envelope

Uncoating

RNA

Hydroxychloroquine

Translation

Polypeptidles ——— > Nonstructural —> RNA-dependent
RNA polymerase

\.

Inhibits viral entry and endocytosis
by multiple mechanisms as well as
host immunomodulatory effects

Lopinavir
Darunavir

Inhibits 3-
chymotrypsin-
like protease

Proteolysis proteins

Structural proteins 4

Ribavirin
Remdesivir
Favipiravir

Inhibits viral RdRp

(RdRp)

Assembly

Translation

RNA

RNA synthesis

doi:10.1001/jama.2020.6019



Crystal structure of SARS-CoV-2 main protease
provides a basis for design of improved a-ketoamide
inhibitors

Linlin Zhang', Daizong Lin'#, Xinyuanyuan Sun'-<, Ute Curth®, Christian Drosten’, Lucie Sauerhering®’, Stephan Becker®’,...
+ See all authors and affiliations

Science 20 Mar 2020:
eabb3405
DOl 10,1126/ science.abb3405

Abstract

An attractive drug target among coronaviruses is the main protease (M, 3CLP™), due to its essential role in processing the
polyproteins that are translated from the viral RNA. We report the X-ray structures of the unliganded SARS-CoV-2 MP™ and its
complex with an a-ketoamide inhibitor. This was derived from a previously designed inhibitor but with the P3-P2 amide bond
incorporated into a pyridone ring to enhance the half-life of the compound in plasma. Based on the structure, we developed
the lead compound into a potent inhibitor of the SARS-CoV-2 MP™. The pharmacokinetic characterization of the optimized
inhibitor reveals a pronounced lung tropism and suitability for administration by the inhalative route.

14b



Human Coronavirus Antigens Host Receptor of Human Coronavirus

CoV Antigens Description HCoV Types Host receptors

Receptor binding and membrane fusion HCo\-229E APN ( aminopeptidase N, CD13 )

Target for antiviral treatment and vaccines
HCoV-MLE3 ACEZ2 ( angiotensin-converting enzyme 2 )

. Nucleocapsid Ger?ome relplication and cell signaling regulation HCoV-HKLU1 O-ac Sia

A diagnostic marker
HCoV-0C43 O-ac Sia

Receptor interaction MERS-CoV DPP4 ( dipeptidyl peptidase 4 )
SARS-CoV ACEZ ( angiotensin-converting enzyme 2 )

Wiral polyprotein cleavage and host innate immune

response blockage: Target for drugs development SARS-CoV-2 ACEZ2 ( angiotensin-converting enzyme 2 )

Envelope

Polypeptides cleavage and IFM signaling inhibition
Target for drugs development

Assembly and release of the virus
Waccine candidates; Target for drugs development

Membrane and virion structure M-Protein




Ensaio
padrdo

Testes
rapidos

Intensidade de resposta

Infecgao

Diagnostico

PCR

Inicio dos
sintomas

Exame de alta sensibilidade, detecta :
fragmentos do genoma do virus a partir do :
primeiro dia de manifestacdo dos sintomas !
I
]
I
I
[}

TESTE DE ANTIGENO

Ideal para a fase aguda da doenca, :
em geral a partir do 5° dia de :
infeccdao. Revela proteinas do virus :
circulando no organismo :
]
I

TESTE SOROLOGICO

S6 é eficaz alguns dias depois da
manifestacdo dos sintomas, quando o
organismo comegou a produzir anticorpos
contra o novo coronavirus

1

1 |
] ]
! 1
! ]
1

1 |
] ]
! 1
' !
1

] ]
' 1
4 1
1

" |
] ]
1 I
! 1
! ]
]

1 [
] ]
! [
! 1
1

] ]
1 |
1

Sintomas de
pneumonia Concentracao

Concentracdo
de antigeno

15

Ciclo da infecgao

FONTE ECO DIAGNOSTICA, UTILIZANDO COMO REFERENCIA O ARTIGO CELLULAR IMMUNE RESPONSES TO SEVERE ACUTE RESPIRATORY SYNDROME
CORONAVIRUS (SARS-COV) INFECTION IN SENESCENT BALB/C MICE: CD4+ T CELLS ARE IMPORTANT IN CONTROL OF SARS-COV INFECTION

1:1280

1:640

1:320

1:160

1:80

1:40

1:20

1:10

Titulagdo (carga viral no organismo)

https://revistapesquisa.fapesp.br/2020/04/09/



Oqueé
Amostra
{ ! Maior
~ eficacia

Onde

é feito
Resultado

Diagnostico

ENSAIO RT-PCR

Sigla para transcricao reversa seguida de
reacdo em cadeia de polimerase. Esse teste
molecular é o exame padrao para deteccao
da doenca no pais. Revela a presenca de
fragmento do genoma do virus na amostra
coletada

Secrecoes do fundo do nariz (nasofaringe) e
da garganta (orofaringe)

A partir do primeiro dia de manifestacao
dos sintomas

Em laboratério, com uso de equipamento
especifico e mao de obra capacitada

Cerca de 24 horas

EXAME SOROLOGICO

Teste rapido que verifica a resposta
imunolégica do organismo ao virus,
detectando a presenca dos anticorpos IgM
elgG

Sangue, soro ou
plasma sanguineo

A partir de alguns dias de manifestacao dos
sintomas, periodo em que o organismo ja
estad produzindo anticorpos

Em hospitais, postos de salide e unidades
volantes, com aparelho portatil facil de
manusear

Em até 30 minutos

FONTES PESQUISADORES E EMPRESAS CONSULTADOS PELA REPORTAGEM

TESTE DE ANTIGENO

Exame rapido que demonstra a presenca
de proteinas préprias do virus na amostra

Secrecées do fundo do nariz (nasofaringe)
e da garganta (orofaringe)

Na fase aguda da doenca,
quando os sintomas comecam
a se manifestar

Em hospitais, postos de salde e unidades
volantes, com aparelho portatil facil de
manusear

Em até 30 minutos

https://revistapesquisa.fapesp.br/2020/04/09/



Diagnostico: RT-PCR

Protocolos ja estabelecidos e reconhecidos (Protocolo de Berlim e Pasteur)

- Extracéo do RNA do material proveniente do Swab pelo método do Brazol

- RNA submetido a anélise por PCR quantitativo (QPCR ou PCR em Tempo Real), usando um conjunto de trés
primers, em reagdes individuais, em duplicatas:

1) Primer para avaliacdo da presenca de RNA humano (para a RNAseP), o qual indica a presenca de células humanas
nas amostras e o sucesso tanto da coleta quanto da extracao do RNA. Deve ser positivo para todas as amostras.

2) Primer para o gene E do virus. Deve ser positivo para amostras contendo RNA viral e para o controle positivo
(RNA sintético do virus).

3) Primer para o gene RdRp do virus. Deve ser positivo para amostras contendo RNA viral e para o controle
positivo, correspondendo a um teste confirmatorio que pode discriminar entre outros coronavirus.

Orf1a Orf1ab S E M N
MN908947 Wuhan-Hu-1
NC_004718 SARS-CoV
mp 5 = o> e
15,361 - 15,460 26,141 - 26,253
RdRp E

M

Cycle
Sample | Nucleic Acid | Data
Collection Isolation Analysis

& RT-qPCR doi: 10.2807/1560-7917.ES.2020.25.3.2000045



Autoteste
Antigeno
1 2 I

» ¢ Zoﬁ‘\m x5
!

COVID 19 ANTIGENTEST RESULT

covm 19 covu: 19 COVID19 covl ID 19
POSITIVE NEGATIVE L INVALID _—
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Y

Sample pad Conjugation pad Test line Control line  Absorbent pad
. Nanoparticle conjugated anti-SARS-CoV-2 NP mAb

Y’ anti-SARS-CoV-2 NP mAb ” anti-mouse IgG

Direction of sample flow by capillary attraction
® ' \/

Sample pad Conjugation pad Test line Control line Absorbent pad
B SARS-CoV-2 NP

Hwang YC, Lu RM, et al. J Biomed Sci. 2022 Jan 4;29(1):1. doi: 10.1186/5s12929-021-0(



HIV Genome

-------

HIV Glycoproteins]

Key to Terms

HIV capsid: HIV's bullet-shaped
core that contains HIV RNA

HIV envelope: Outer surface of HIV

HIV enzymes: Proteins that carry
out steps in the HIV life cycle

HIV glycoproteins: Protein “spikes”
embedded in the HIV envelope

HIV RNA: HIV's genetic material



Virus e o Meio Ambiente

Biomass Abundance

[ ] Prokaryotes

B protists
B viruses

Figure 1 | Relative biomass and abundances of prokaryotes, protists and viruses.
Viruses are by farthe most abundant biological entitiesin the oceans, comprising
approximately 94% of the nucleic-acid-containing particles. However, because of their

Figure 2 | Shunt and pump. The viral shunt moves material from heterotrophs and
photoautotrophs (represented by red and green arrows, respectively) into particulate
organic matter (POM) and dissolved organic matter (DOM). In this process there isa

https://doi.org/10.1038/nrmicro1750
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