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Material genético dos virus

ss DNA Virus (can be + or -)

ds DNA [-t-] Vlrus \ /ds DNA Intermedlate ss RNA (+) Retrovirus
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ss RNA (+) Virus

ss RNA (-) Virus
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Gripe aviaria: por que o virus H5N1
preocupa cientistas e pode causar
proxima pandemia
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https://www.youtube.com/watch?v=ZMCVgtV2sG4&feature=youtu.be




Eventos mais relevantes na virologia

786 Edwesd Janner sdministers: the frst smellpox vaocine, whict: & hemidac.as the 1886 French scientists, Louis Pasteur and Emile Roux, develop the first effective
world's first vaccine. The vaccine consists of fluid from a cowpox blister, a virus similar to rabies vaccing. The virus is grown in rabbits and a vaceine is made from dried
smallpax, which is scraiched ontao the skin of an Byear old boy. When the boy is later rabbit nervous system tissue, which is successfully administered to & boy that
inoculated with smallpox matter, no disease develops. was bitten by & rabid dog ;

\f
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1892 Dmitri lvanovsky shows that tobacco mossic disease, a single 1’353_ Martt;nus r?euennc:l; _{c; I:cl:{.i:els the T’I::I'-EI’DE
stranded RNA plant virus, can be transmitted by extracts passed ] mﬁE”TEH s_ﬂ; ey tmlr d vano-.'sT \_;an
through porcelain Pasteur-Chamberland filters, which exclude the e ks e miecuols-apan thal couses WMo
masaic disease a "virus”, which he descoribes as a

smaliest known bacteria. = . 5
contagium vivum fluidum” or “contagious living

fluid". Beijerinck slong with Wanovsky are
A considered to be the founders of virology.
i w ®
i 1898 The first amimal virus, known as foot and

mouth disease virus, Is discovered by German
scientists, Friedrich Loeffler and Paul Frosch. They
1901 Walter Reed heads the U.5. Army Yellow Fever show that cows and sheep can be vaccinated
Commission, which discovers that yeilow fever is &— against the virus using a heat-inactivated, filtered
transmitted by the bite of an Aedes aegypti mosquito vesicle extract.

rather than by direct contact

1911 Peyton Rous discovers Rous sarcoma
virus (RSV). the first oncogenic retrovirus to
be described, which s found to cause .—
sarcoma in chickens. Rous shares the Nobel

Prize in Physiology or Medicine in 1966 for his
discovery of tumor-inducing viruses.

1933 Cottontail rabbit papillomavirus (CRPV) is discovered and is shown
1o be the first oncogenic DNA virus in 1935, CRPY causes skin tumors and
warts that are typically located on the heads of infected rabbits.

1936

1836 lohn Bittner reports that an infectious, filterable agent present in the milk of certain
CANCEr-prone Mouse strains can be transmitted to newbomn, cancer-resistant mice by suckling and
it can lead to the development of mammary tumars. This infectious agent later came to be known as
MOUSE Mammary tumor virus.

1935 Wendell Stanley produces the first crystals of tobacco mosaic virus
and shows that the virus remains active after crystallization. Crystailization
of the virus was the first step toward proving that the virus is particulate.




Eventos mais relevantes na vurologla
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1937

1937 Max Theiler grows the yellow fever virus in chicken eggs and produces a vadcine from an attenuated
sirain. In 1951, he receives the Nobel Prize in Physiology or Medicine for his discovery of an effective y
fevar vaccine, the only Nobel Prize ever awarded for the development of a virus vaccine.

1951.—

1981 Ludwik Gross identifies the first murine leukemia virus.

1953-

1953 lonas Salk announces on a national radio show and Eater reports in The Jowmnal of
the American Medicel Associstion that he has successfully developed and 1ested an
injectable. killed-virus vacoine against poliovirus, the virus responsible for poliomyelitis.
Testing of the vacoine starts in 1954 and in 1955, it is announcad that the vaocine is safe
and affective. In 1862, an oral vaccine developed by Albert Sahin using a weakened form
of the live vines bascomes available.

in proposes the full structure of (obacco mosaic virus, suggest-
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1839 Emory Ellis and Max Delbruck estabiish the concept of the one-step virus growth
@ vile, which serves as the basis for understanding viral replication and the virus life cycle.
2 demonstrate that virus particles do not grow, but rather are assembled from
pmied companents.
T2 wirus with radioactively labeled DMNA T2 wirus with radioactively labeled protein
]. 952 ) 4
—® Eul S d j

1952 Hershey and Chase demonsirate that

MNA alone. not profein, enters a bacter
cell upon infection with enterobacteria
phage T2, which i a virus that infects and
kilis E. coii.

1954 John Franklin Enders, known as “The Father of Modermn Vaccines™, along with
Thomas Hucklbe '-'-'el'er and Frederick Cha r Robbins share the Nobel Prize in
& for their discovery that poliovirus could be grown in cultures
= JI tissues withou! needing an intact arganism. This finding
allowed both Ird..‘ll\.:lt"d and kve polio vaccines to be produced for the first tim

and was critical to being able to create large quantities of different Kinds of vinses
for research

using varous

ing that the virus contains a single strand of RNA that spirals i a helical groove

|| inside the center of the viral proteins. Solving the structure of the tobacco mosaic

plant virus paved the way for solving the structure of animal viruses, which Fran 5

/ lab subseguently pursued, leading to a publication following her death that

described the crystal structure of poliovirus.

18962 John Trentin reparts that human adenovirus is capable
of causing t rs in experimentally-infected animals. This is
e first known human vires reported to be capable of inducing

@

1959

1959 The Mobel Prize in Physiclogy or Medicing i jointly awarded to Severo Ochoa and
Arthur Mormnberg for their discovery of mechanisms in the biolog
ribonucleic acid and deoxyribonucledc acid. Ochoa discovered an enzyme that could
synthesize RNA, while Komberg discovered an e e that could synthesire DNA. Komberg
iater showed that DNA synthesized in & test tube D. purified enzymes could produce all of
the features of a natural virus using the bacteriophage Phi X 174, a single-stranded DNA
Virus, as a moded.
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Eventos mais relevantes na virologia

Tumor Suppressor Geng

= L. New Promater -
Two copies/cell
E— #a /TN -
Mutat = ~  Chomosome !
fon 2
1988 Ed Harow and David Livingston . HeTAnENen - Lst mutation —
demonstrate that viruses can promote cancer = -_ susceptibie to
either by activating the products of cellular cancer
proto-oncogenss. o by Inactivating  the Gene Amplification |
products of cellular tumor suppressar genes. [Onooaenes] 2":1 eatatisn
or loss

._
(G ]

1984 Luc Montagnier and Francoise Barré-Sinoussi discover the human i
clency virus {HIV], a retrovirus that attacks lymphocytes, which is later shown to be the
causative agent of AIDS. Luc Montagmer and Francoise Baré-Sinouss are awarded
y the Mobal Prize in Physiology or Madicine in 2008 for their discovery, along with
Harald rur Hausen, who identified the link between human papifiomaviruses and
cervical cancer.

1994 Yuan Chang and Patrick Moore discover
Kaposi's sarcoma herpesvirus (KSHV) in
Kaposi's sarcoma tissue from AIDS patients. In
addition to being the causative agent of

15955

1989 Michael Houghton and his colleagues at Chiron Corporation along with Dan
Bradiey at the CDC discover the hepatitis © virus (HCV). Chronic HCY infection is
found to be associated with hepatocellular carcinoma (HCC).

Kaposi's sarcoma, KSHV s also associated
with Castleman's disease, primary effusion
lymphoma, and KSHY  inflarmmatony
cytokine syndrame.

1999~

1899 The first documented cases of West Nile Virus
(WNV) infection in the Westerm Hemisphere are
orded in New York City in August of this year
following reports of a number of severe cases of
encephalitis and avian deaths. During August and
September, 59 patients are hospitalized with WNV
infection. This initial outbreak is followed by years of
progressive spread of the vines throughout the LS.,
with the largest annual epidemic of WNVY in MNorth
America occuring in 2003,

-

Mosquito Vector
Y

l\.\ (‘? /"I

2003 The Centers for Disease Control and Prevention and Canada's National Microbiology
Laboratory identify the severe acule respiratory syndrome (SARS) coronavirus gename,
which is ater confirmed to be the causative agent of SARS.

s Bird Amplifier Host
Dead End Host

2006

2006 A vaccine protecting against the two cancertausing strains of human papilloma-
virus (HPV} is approved by the LS. Food and Drug Administration. While more than 100
HPV types have been identified, HPY 16 and HFV 1B are two strains that have been
found to cause T0% of cervical cancars. The HPV vaccine approved in this year targets

Dead End Host

-2005

Natheastem ltaly
2005-2006 A severe Chikungurya outbreak occurs on the islands of 2 3
Maunitius and Réunion in the Indian Ocean with more than 272,000 cases C)lm!'a
being reported. This outbreak is followed by an outbreak in India in 2008 and

2007 during which more than 1,500,000 cases of Chikungumya or dengue

fever are reported. In 2007, a localized outbreak occurs in northern italy, the o Mauritius
first cases to ever be reported in Europe. Chilungunya is found for the first Réunion

time in the Americas in late 2013 on islands in the Caribbean.

R systems
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both of thesa strains and two other low-risk HPV typas. HPV 6 and HPV 11.

2006 The U.5. Food and Drug Administration approves a vaccine for preventing
rotavirus, a double-stranded RNA virus that s easily spread among children. Infaction
with rotavirus can have devastating complications including severe diarthea, abdomi-
nal pain, vomiting, and even death, particularty in developing countries.

-2009

2009 The World Health Qrganization declares the HIN1/Influenza A, or swine fiw,
outbreak that coours in this year to be & global pandemic. The HIN1 virus responsi-
ble for the outbreak is found ta have a unique combination of swine, avian, and
human genes that had not been seen before. Although the 2008 pandemic was
causad by human-to-human transmission, it was called “swine flu” because ganetic
analysis of the virus showed that it was most similar (0 HINL viruses with swine
origins. President Obama declared the swine flu outbreak in the LS. to be a national
emergency in October of this year.

()




Eventos mais relevantes na virologia

2011

2011 Rinderpest, a contagious viral disease of ruminant mammals
primarily cattle, is declared to be fully eradicated by veterinary
epidemiclogists, making it only the second disease in history
following smallpox to be globally eradicatad.

2014-

2014 The largest Ebola outbreak in history occurs in West Africa,
resuiting in the death of more than 11,300 people in Guinea, Liberia,
and Sierra Leone. In September of this year, the CDC confirms the first
laboratory-confirmed case of Ebofa to be diagnosed in the LS., which
was found in @ man who had traveled from Liberia to Texas.

2012 The first case of Middle East Respirato
® ry Syndrome (MERS) is reported in Saudi
Arabia. it is found to be caused by Middie
East Respiratory Syndrome coronavirus

{MERS-CoV), which is thought to have come
from an animal scurce, possibly camels, in
the Arabian Peninsula.

2016 Due to the rapid spread of the Zika virys across Latin America and
the Caribbean along with the dramatic increase in the number of reported
cases of prenatal microcephaly and adult neurnlogical disorders such as
Guillain-Barré syndrome in Brazil and other areas affected by the virus,

L
2018 The world's second largest Ebola outhreak on record begins in August of this year with
four cases being confirmed in North Kivu Province in the Democratic Republic of the Congo

{DRC). On July 17, 2019, the outbreak is declared a Public Health Emergency of International
Concern by the World Health Organization as there are more than 2.500 cases and more than
1.600 deaths reported by the DRC Ministry of Health. By March 16, 2020, more than 3,400
cases of Ebola virus disease are confirmed, and more than 2,260 people have died since the
outbreak was first declared.

—®

L . the World Health Organization declares a public health emergency of
international concerm.

2019

2019 In late December of this year, a novel coronavirus called severe acute respiratory syndrome
(SARS)-CoV-2, is found to be responsible for an outbreak of respiratory illness that was first reported
inthe city of Wuhan in the Hubei Province of China. The disease caused by SARS-CoV-2 is designated
as corgnavirus disease 19 (COVID-18), which in severe cases; can lead to potentially life-threatening
complications including preumonia and respiratory failure. On January 30, 2020, the outbreak is
declared a global health emergency by the World Health Organization (WHO) as nearly 8,000 cases
are reported worldwide and there is evidence that the virus can be transmitted from person-to-per-
son. Six weeks iater on March 11, 2020, the WHO deciares COVID-19 to be a pandemic as there are
over 118,000 cases reported in more than 114 countries and territories around the world, and
4.29] people are reported to have died from the disease.
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Ubiquidade dos virus

e Todos e qualquer organimo é potencialmente parasitado por
algum tipo de virus

onsequencia evolutiva



Tamanho dos Virus

E. coli (a bacterium)
{1000 nm x 3000 nm)

Tamanho da particula: 15 a 300 nm

Red blood cell
{10,000 nm in diameter)

00 = . ..  / 1nm = 1/10.000.000 cm

Virus Vaccinia / Variola (maior virus
animal/humano)

Bacterial

ribosomes ;
Small pox virus
o k3nm (200 nm x 300 nm)
-
Poliovirus
(30 nm) \
@ Bacteriophage T4
- (50 nm x 225 nm) <
EEESSSSSSSSSSS——— nm ) Baﬂe'& P'r':?'%e Ms2 Tsharco mosale vl
0 75 150 225 300 (15 nm x 300 nm)

()

Virus da Poliomielite (menor virus humano)



Estrutura Viral Basica

_______ » Envelope
(Lipideos + receptores)

__.——-» Capsideo (proteina) <.

-+ Cerne (DNA ou RNA)

Espiculas ou receptores virais = «------ ‘
Proteinas e carboidratos



Tamanho

Virus e
Celulas )
animais Bactérias ribossomos  Proteinas
e " s )
| | I | | | I l |
10° 107 10+ 10°® 10° 107 10° 10% 1™
(1em) (1mm) (0,1mm) (10pm) (1um) (0,1pm) (10nm) (1nm) (1A)

Microscopia otica
Microscopia eletronica




Genoma Viral
WaVa¥

+ DNA

— '
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Acido Nucleico

simples fita ou dupla fita
- sSDNA, dsDNA, ssRNA e dsRNA

- linear ou circular

- segmentado ou nao-segmentado (continuo)

- ex: 1,2 milhGes pares de bases




Acido nucleico

A miw  0A%
dRNA JFIRNA

B dsDNA  EssDNA [EldsRNA - DI (+)RNA O (-)RNA EIRNA-RT B DMNA-RT

B =

] Plants

Animals ' Unicetlular
(n=513) _ (n=137) | . (n=78)
______ i FA o
= o

Koonin et al. 2021 Microbiology and Molecular Biology Reviews Vol. 85, No. 3. DOI: https://doi.org/10.1128/MMBR.00053-21




Capsideo

Capsideo: funcao de
material genético

- subunidades
capsomeros

-1 ou mais tipos
(protomeros)

proteger o

estruturais:

de proteinas

Mature viron
Five protomsars {12 penfomers)

Pentomer
Copsomers



Capsideo

- Morfologia viral baseada na 4
estrutura do capsideo nucleic acid

- helicoidais: lembram longos
bastonetes, genoma no interior
de capsideo cilindrico oco. Ex.:

raiva ——— capsid

capsomere

Tortora et al., 2016



Capsideo

e poliédricos

e Capsideo tem forma de
icosaédrico.

* Capsomeros de cada face formam
um triangulo equilatero.

* Ex.: adenovirus

¥P4 VP VP3 WPI
=, = =




RNA

Morfologia baseada na estrutura do capsideo

3 Membranous
Capsomere |
_ DNA envelope

Head
Capsid Tail

sheath S

I'l.
% .

Capsid< = jill#l
II'\. a5 B 8 8
- B N O

g oot ¥

= ey
f
- ‘-Jb.-r*

Glycoprotein | Glycoprotein
70-90 nm (diameter)

80—200 nm (diameter) 80 x 225 nm

. Bt
20 nm 50 nm 50 nm
(a) Tobacco mosaic virus (b) Adenoviruses

50 nm
(c) Influenza viruses  (d) Bacteriophage T4



Capsideo

- Morfologia baseada na
estrutura do capsideo

- complexos:

poliédrico + =
estruturas adicionais
(helicoidal).

i

- Ex.: bacteriofagos




Proteinas virais

- Estruturais:

- Participam da construcdo e “arquitetura”/estrutura do
virus = presentes no virion

- Nao-estruturais:

- Produzidas durante o ciclo replicativo, nao participam da
“arquitetura” do virion = atividades enzimaticas e/ou
regulatorias



Proteinas virais

- lipideos (fosfolipideos e colesterol) + proteinas virais +
carboidratos

- derivado de membranas da célula hospedeira (plasmatica,
reticulo endoplasmatico, Golgi) através de mecanismo
denominado brotamento

- 1abil: acidos, bases, calor, detergente, ressecamento

- espiculas ou peplomeros:




Envelope viral

Membrane
__ glycoprotein (M)

Nucleocapsid protein (N)

- -

Spike
protein (S)

Envelope
protein (E)




Matriz

- camada protéica recobrindo
externamente o nucleocapsideo

s Megative-
; sense

; -. ‘ -‘ “‘: ’-.' ssHMNA

. ~ ._.M‘.i
- faz interacao entre
nucleocapsideo e envelope

glicosilada

H,

Copyright & 2005 Mature Publiizhing Groug
MNature Reviews | Microbiology
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— Genamic RMA

— Lipid membrans

Influenza virus

i W
iy (L™

Mature Reviews | Microbiology
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Proteinas do envelope

= monomeros, homo ou
heterodimeros, trimeros ou ——
tetrameros

4 MAJOR
ANTIGENI

= geralmente: proteinas integrais

LIPID BILAYER

of ENVELOPE
i ;.r' 'H;



Replicagao viral — 6 fases

> Adsorcao: ligacao com os receptores

= Penetracao: endocitose ou fusao

= Desnudamento ou Descapsidacao

- Biossintese: acido nucléico + proteinas virais

> Morfogénese ou montagem das particulas virais

- Liberacao (lise ou brotamento)




Replicagcao Viral - 6 fases

Membrana 2 - Penetragao 3 - Desnudamento
Citoplasmatica

’ L)
g R, o . AN
- Adsorgao - heceptor '
: celular Q O,OM

6 - Liberacao

Meio Extracelular

Citopl S
itoplasma 5 - Morfogénese



Taxonomia viral

—#%



Similaridade de seqiiéncia genomica

Caracteres discriminatorios entre
diferentes espécies virais

Hospedeiros naturais (amplitude)

Tropismo tecidual e celular
Patogenicidade e citopatogenicidade
Propriedades fisico-quimicas dos virions

\ . Propriedades antigénicas dos virions

Complex Yinises Envelopad Vireses HNaked Virusas

‘ RNA VIRUSES ‘
_;:I A5 i ‘ T 1
: T SINGLE STRANDED SINGLE STRANDED " 5
Bk . positive sense negative sense
o, I . | | |
; NONENVELOPED | ENVELOPED | NONENVELOPED COCaEIvat
) i ol I I RN TRLE
VTSN
[ IcosarEDRAL | HELICAL | | ICOSAHEDRAL HELICAL | ICOSAHEDRAL —

[ [ [ I
FLAVIVIRIDAE CORONAVIRIDAE PICORNAVIRIDAE ORTHOMYXOVIRIDAE REOVIRIDAE

TOGAVIRIDAE CALICIVIRIDAE PARAMYXOVIRIDAE

RETROVIRIDAE RHABDOVIRIDAE

FILOVIRIDAE
I - BUNYAVIRIDAE
i) 8} n i ARENAVIRIDAE

()
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“The number of virus particles on Earth is on the
order of 103"

Hendrix et al., 1999

R. W. Hendrix, M. C. Smith, R. N. Burns, M. E. Ford, and G. F. Hatfull, Proc Natl Acad Sci U S A
96:2192-2197, 1999



Virus em Bactérias

sSRNA+
ssDNA

dsDNA

Major habitats =

Total bacterial and
archaeal cell numbers
on Earth:

=1x10"

Deep oceanic subsurface: 4 x 10%

Minor habitats

* Croundwater: 5x 10

* Phyllosphere: 2 10°¢

* Cattle: 4x 107

= Termites: b 10

* Pigs: 710"

* Humans: 4 104

*» Sea surface layer: 2% 10%
= Atmosphere: 5107

T

Deep continental subsurface: 3 x 104

“Because phage particles are typically present in five- to 10-fold excess over bacterial cells, it is plausible
that tailed phages are not only the most abundant organisms on Earth but, in fact, constitute an absolute

majority of organisms.”

Nasir et al. Front Microbiol. 2014; 5:194 / Hendrix at al. Proc Natl Acad Sci U S A 96:2192-2197, 1999.
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SPIDERS .26 v. CRABSE MAMMALS

Zhang YZ, et al. Cell. 2018 Mar 8;172(6):1168-1172.




CONSENSUS STATEMENT

https://doi.org/10.1038/541

The new scope of virus taxonomy: partitioning
the virosphere into 15 hierarchical ranks

International Committee on Taxonomy of Viruses Executive Committee*
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Base de Dados para a Taxonomia Viral

* International Committee on Taxonomy ICTV

E 6rgéo Internacional que governa a nomenclatura e a
relacao taxondmica de todos os virus Archaea
Bactérias
Fungos
Algas

Até 2015: Apenas de Ordem a Espécie Plantas
Animais

Depois de 2015: de Dominio a Espécie




ICTV

* Principio 1. A taxonomia de virus deve ke
refletir a historia evolutiva dos virus Subreaim
Kingdom

* Principio 2. As propriedades do virus
podem orientar a atribuicao de
classificacdes para maximizar sua
utilidade

* Principio 3. Uma taxonomia evolutiva é
apenas um dos muitos meios possiveis
para classificar virus Family _ AAS

* Principio 4. Atribuicoes taxondmicas de .
virus inferidos a partir de sequéncias TS }\ NS
metagendmicas requerem rigoroso .
controle de qualidade de sequéncia

ydom folds/motifs

Core genes

Species -

https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.3001922  https://www.instagram.com/p/CpVooquJPY/ I\




A evolug¢ao do conhecimento,

#

Baltimore
classes

()



Taxonomia Viral

= Realm: Riboviria

= Kingdom: Orthornavirae Realm: Riboviria

i
o
i
o
o
0
i
0
o
= Class: Insthoviricetes Subphylum: Polyploviricotina (i ]

= Order: Articulavirales Class: Insthe (i ]

= Genus: Alphainfluenzavirus Family: Orthomyxoviridae (1]
(1]

‘ Species: Alphainfluenzavirus influenzae  Genus: Alphainfluenzavirus

Ex: Virus da Influenza



Como identificar os virus?
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Isolamento viral

1.Cultivo celular Efeitos citopaticos (CPE)
Hemabsorcao
Imunodetecc¢ao

2. Ovos embrionados Lesdes na CAM

Hemaglutinacao
Corpusculos de inclusao

3. Animais Doenca ou morte



Isolamento viral

*|Inoculacao em animais
*|Inoculacao em ovos embrionados

* Cultivos celulares
*3 tipos
* Métodos imunoquimicos




Isolamento viral em ovos embrionados




Isolamento viral em ovos embrionados




Isolamento viral em cultivo celular




Isolamento viral em cultivo celular

 Cultivos primarios (células diploides)

* Linhas celulares
 Cultivo semi continuo
* Dipldide, 40 passagens
 Cultivo continuo
* Numero de passagens indefinido



Isolamento viral em cultivo celular

e EFEITO CITOPATICO

* E 0 dano que o virus causa a célula !
* Lise
* Arredondamento
* Vacuolizacao
* Formacao de sincicios
* Inclusdes
* Picnose
* Apoptose



Isolamento viral em cultivo celular

igado
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Isolamento viral em animais




Deteccao do agente (direto)

1. Microscopia eletronica

de transmissao ou varredura morfologia dos agentes

2. Detecc¢ao do antigeno immunofluorescéncia, ELISA, IHC, teste rapido, etc.

3. Microscopia de luz Histopatologia
Corpusculo de inclusao

4. Deteccao do genoma Técnicas moleculares, hibridizacao com sondas
especificas de acidos nucléicos PCR, RT-PCR



Microscopia Eletronica

Light Microscopy

Light Source
(Lamp)

Condenser
& - ——

Lens

____ Specimen
(Tissue Sections)

Objective
jective

Lens

T

Eyepiece

- —

Photos of Rtavirus CDC

Image Viewed
Directly




Microscopia eletronica de transmissao

Herpesvirus 1

&

Influenzavirus A

Coronavirus




Microscopia eletronica de transmissao

Figure 1

Diversity of amoebae-infecting viruses, Electron microscopy images evidence the structural diversity and
complexity of viruses isolated from different amoebae hosts: (#) mimiviras, (8) cedratvirus, (o) tupanviras,
{d) pithovirus, {¢) orpheovirus, (f) marseilleviros, (g) pandoravires, and (8) kaumoebavirus.

Queiroz et al. Annu. Rev. Virol. 2022. 9:11.1-11.20 i\



Microscopia eletronica de transmissao

PDJW'!RUS

HERPESVIRUS

ADENDHIHUS !I i
. 200nm
ROTAVIRUS

200nm
REOVIRUS

CORONAVIRUS
k| lﬂ

200nm
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Microscopia eletronica de varredura

Traquéia mostrando colonizagao epitelial por E. coli e C. baileyi com
perda severa de cilios. Grupo I, 13 dias de idade, 2000 X.

{ )



Imunohistoquimica e imunofluorescéncia

* Direta
* Anticorpo marcado sobre material infectado

* Material infectado (suspeito)
* Anticorpo especifico marcado com FITC ou Peroxidase

e Luz UV ou luz branca




Imunohistoquimica e imunofluorescéncia

* Indireta
 Utilizacao de dois anticorpos

Material infectado (células ou tecidos)

Soro especifico (ex: soro galinha)

Conjugado anti-lgG especifico (ex. anti-1gG galinha/FITC ou
Peroxidase)

Luz UV ou Luz branca




Identificacao viral

IFA — VERO infectadas com NDV E i\



Identificagcao viral

et § ——————




Imunohistoquimica e imunofluorescéncia

Coronavirus - Intestino

Adenovirus - Pancreas

(N



Testes rapidos de deteccao

ATIEEN Rapid Test Kit

NDV Ag | e
| Positivo |

WOV Ag ﬁ r ;

Negativo

http://www.cfsph.iastate.edu/video.php?link=antigen-detection

—3%




ELISA (DIRETO)

—— http://www.cfsph.iastate.edu/video.php?link=1dexx-elisa
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Biologia Molecular
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Biologia Molecular
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RT- PCR

Delta Rn

1.0e+000

1.0e-001

1.0e-002

1.0g-003

1.0e-004

1.0e-005

1.0g-006
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Cycle Number

RT-gPCR
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Sequenciamento

210 220 230 240 250 260 270
G ATAMMMATCTTTAATATTATTCCATGCTGGAGTATTCALGG CATATGCCTGCTTTAAGCACTCTA

AL I LA AL LA A




Epidemiologia molecular

G

L34032{atrain CVL14/1)
# SHSBREGZ/03

# SHSBREGD/D3

# SHSBREGA/D3

# chicken/A/BR/121/05
# chicken/A/BR/110/85
L34030{strain 1556)

# TRTBR1ES i
o ¢ AYT2B266(isckate [2r/1708/02)
L34031{strmin 2118} ]
W | L34034{strain B7IS)

ahiPAE

JaMP“'.-'.'E

L3403 3 {strain E574 )
A1285046(isokate Fria5/2) 7
( s akiPViD

_
WL A12510RS]isolate Frya5i1)

wo [AY198333(isolate Minnesote 24)

o

Loy 1598324 (isolate Minnasots 7}
aY2e6034(isalate NL/LS9) alPC ard HIMPY

| AYFF0692(strain Minnesota LA]

@ | AYEODED1(strain Colorada)

HRSY

()



Outras técnicas moleculares

* DNA fingerprint
 LAMP
* Microarray

ABCD

Normal Light




Metagenomica




Importancia dos virus e os
alimentos

B



Virus de origem alimentar

* Apenas algumas particulas sao necessarias para produzir doencas;

* Um elevado numero de particulas virais € derramado nas fezes de
pessoas infectadas (até 1011 particulas por grama de fezes relatadas
para rotavirus);

* Os virus precisam de células vivas especificas para se replicar e,
portanto, nao podem fazé-lo em alimentos ou agua;

e Os virus de origem alimentar normalmente sao bastante estaveis fora
do hospedeiro e sao resistentes ao acido.




Virus transmitidos por alimentos ou agua

Likelihood of food- or waterborne transmission of enterically transmittable viruses, according to the type of illness associated with infection

Likelihood of food- or waterborne Illness
transmission
Gastroenteritis Hepatitis Other
Common Norovirus Hepatitis A virus
Occasionally Enteric adenovirus (types Hepatitis E virus Enterovirus?
40/41) (waterborne)

Rotavirus (group A-C)
Sapovirus

Astrovirus
Coronavirus

Aichivirus

#Enteroviruses [e.g. poliovirus) are associated with a range of symptoms, including neurclogical symptoms.




Virus nos produtos de animais

Table 1.

Summary of date avarlable i the lerature on the presence of HPAT viruses in poultry commodities

13 g

Experimental Infectmg dose Titres {logy, EID/e) Reference
Commodity Species Strain {E} or natural (N} infection {ElD sy logia) detected in commeodity {first author)
Meat Chickens Adduck/Anyang/ AVL-1/01 (HSN1) 6.1 ml 531055 Tumpey, Kishida, Swayne
Adchicken/Pennsylvaniafl 370¢1 983 (H3N2) E 61 ml 231032
Aftern/South Afncafal (HSN3) TN ml =4
Turkeys Alturkey/ltaly/ 4580099 (HTN 1) E THLL ml 438 Tolfan
Ducks Alduck! Anyang/AVL-1/01 (H5N1) Eand N &ML ml Jw4 Tumpey, Li
Algoose/Vietnam/32005 (H3N1) E 611 ml 3 Pantin-Jackwood
AfVietnam/ 1 2032004, AMThaland PBG23 102004 E 501 ml 4 to 6 (2-week-old birds)
AdcrowsThailand/2004, A/Egret/ HK/757 212002 (H5N1) 2 1o 4 {5-week-old birds)
Alepret/ HE/TS7.2/2002 (HSNI) E HA01 ml 7
AdchickenYamaguchif /2004 (HSN1) E TAL ml 1.5
Alduck/Vietnam/ 1212007 (HAN1)
Epgs Turkeys Almrkey/Ontariof 773266 (HSNY) N Mot reported Not reported Cappucci, Marayan
HAN2 ( Virginia/1985) E Not reported Not reported
Chickens H5N2 (Virginm/1985) N Not reported Not reported Cappuco
Ducks and geese HSN1 (stramn niot reported) N Mot reported Mot reported Li
Quail H35M1 {strain not reported) M MNot reported 4.6t 6.2 Promkuntod
Feathers Chickens, turkeys, AlchickenYamaguchi/ 72004, Alchicken/Miyazaki/K 112007, E 5810 62001 ml  Not investigated Perkins
quail, guinea fow] AfchickenHong Kongl22041%997
Ducks AdchickenYamaguchif /2004, Alchicken/MiyazakuK 11720407 E 0.1 ml Mot investigated Yamamoto
Turkeys H35MN1 (stram not reported) N Mot mvailable Mot investigated Slomka
Liver Ducks AdchickenVietnam/ 122005 (H3N1) E TALL ml Mot reported Beato
Blood Chickens Adtern/South Africw'd] (HSN3) E TH0.1 ml 4 Kishida, Swayne
Adchicken/Pennsylvaniafl 37001983 (H5M2) &L ml Not reported
Pigeons, geese Alturkey/Ontariof 7732066 (HAND) E 805 mi Mot recovered Narayan
Turkeys Adturkey/Ttaly/4580/99 (HTN1) E 6.1 ml 158 Toffan
Adturkey/Ontariaf 7732066 (HSNG) 27005 ml 271037
Ducks Adchicken/Vietnam/ 1 2/2005 (HEN1) E THLL ml Mot reported Beato, Narayan
Adturkey/Ontariaf TT3266 (HANG) E S5 ml Mot recovered
Skin Ducks Adchicken/Yamaguchif 772004 E A0 ml 25w44 Yamamato
Creese AlchickenYamuguchi 7/ 2004 E S0, mi 15 Yamamoto
Adchicken™yazalki/k 112007 E 4.5

Beato et al. Avian Pathology, 38:3, 193-200, DOI: 10.1080/03079450902912200




Virus nos produtos de animais

Table 2.  Swnmary of data avatlable in literature on the presence of LEAT vireses in powltey compodities

Matural (N) or experimental Infecting dose Titres Eeference
Commodity Species Strain {E) infection {E1Dy, loga) (logyn ElDsye (first author)
Mecat Chickens Ajchickenfag-Y-55/01 (HINZ), E 701 ml l.6 ta 2 Kishida
Alchickenfag-Y-13501(HINI) E 0.1 ml 1.6 ta 2
Turkeys Alturkey/Italy/ 3675099 (HTNI) E 0l ml Toffan
AdturkeyVirrmia/ 15951 202002 (HTNZ) E B0 ml Mo infectious virs detected
Adchtcken/Mew York/215386-899 (HTN2) E 601 mi
Ducks No data available
Eggs Turkeys Alturkey/California/meleagrmum/td; Adturkey/Californials 142066 E 2 25/0.2 mi Mo mmfectious virus detected . Shalaby
Chickens Adchicken/Alabama/T3058/75 (H4NE) b Mot reported Mo mfectious virus detected Shalaby
Ducks and geese Mot mvailable
Feathers Avian species Not available
Liver Avian spocies Mot available
Blood Chickens Adchickenfag-Y-55/01 (H9NZ) E {co infection with S awrews) 0.1 ml Mot reported Kishada, Swayne
Alchicken/Beijing/ 2097 (HYN2) 0.1 ml
Turkeys Alvarkey/Ttalyf 367590 (HTN1) E 601 ml =1 Toffan
Ducks Mo data available

Beato et al. Avian Pathology, 38:3, 193-200, DOI: 10.1080/03079450902912200




Virus nos produtos de animais

Foodborne Germs and lllnesses

Espafiol {Spanishy | Krewdl (Creols) | Print

COC estimates that each year 45 million people get sick from a foodborne iliness, 128,000 are hospitalized, and 3,000 die.

Causes of Food Poisoning

Top 5 Germs Causing lliness, Hospitalizations, and Deaths From Focd Eaten in the United States
liinesses Hospitalizations Deaths

1. Salmonelia (non-typhoidal) 1. 5almonefia (non-typhoidat)

2. Salmonelia (non-typheidal) 2. Toxoplasma gondii

3. Clostr, perfringens 3. Campylohacter 3. Listeria monocytogenes
4. Campylobacrer 4. Toxgplasma gondli

5. Staphwococcus surans 5. E colf0157 5. Campyiobacrer

» Salmonelia can cause salmoneliosis and typhoid fever and paratyphoid fever,

» Botulism is most often caused by Clostridiun botulinum.

* Some other germs that cause feodborne iliness include Cryptosporidium, Cydlospora, hepatitis A virus, Shigells, snd
Yersinia.

* Seeacomplete A-Z index of foodborne illnesses.
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por tras do surto de diarreia em
Florianopolis
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Virus apontado como causador de
surto de diarreia é encontrado em
rio de Floriandpolis

Agente foi detectado no Rio do Bras, gue chega até areia da praia de Canasvieiras, totalmente
improgria para banho. Especialista aponta que falta de saneamento basico pede ajudar na
drculagdo dovinus,
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Rotavirus no Brasil

WO DRIGUES

'

Misis die 6.2 mil casos die diversas virses, incluindo o rativines humand,
foram registrados entre povembro de 20022 e janero deste ano, em 530

Lowrengo da Mata, no Grande Recife [veja video acima),

Errata: O g1 erow oo publicar ng reportagem que 05 Cases regsirmdos ey
S dle rolanarLs urnaro. Bi5e dedo ol repossodo pelo @ssessnnn g
comnicagte do Unidad de Pronio Atenaimento (LUPA) do municios, Além
RS, OF Sk fovgem regisiraaog ane novembro de 2022 @ foned de 2027
Ae informacies foram corngioas &5 Tha2 deste quinto (4).

Sepundoa LIPS di cdade @205 doergas atingem majontarameenis
Craryas 2 causam diarresa, wimino e desidratagdo, podendo levar 3 mome
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