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Importancia dos virus e os
alimentos
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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;

* 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 daca available fn the fiterature on the presence of HPAT vinuses in powliry commodiries

i i g

Expermmental lnfectmg dose Titres (log;q EIDsygh Reference
Commodity Species Strain {E) or nutural i) mnfection (E1D s login) detecied 1 commodity (first author)
Meat Chickens Adduck/Anyang/AVL-1101 (H5N1) &1 ml 531055 Tumpey, Kishida, Swayne
Adchicken/Pennsylvania/ 137001983 (H5M2) E 640.1 ml 221032
Adtern/South Africa’al (HIN3) TH0.1 ml =4
Turkeys Adrurkey/Mtaly 4380099 (HTN1) E Tt ml 438 Toffan
Ducks Adduck/Anyang/AVL-1101 (H5N1) E and N &i0.1 ml Jw4 Tumpey, Li
Algoose/Vietnam/ 32005 (HAN1) E &1 ml 3 Pantin-Jackwood
AlVietnam/ 12052004, AMThailand PBG231/2004 E 500.1 ml 4 to 6 2-week-old birds)
AderowdThatland/2004, AfEgred/HES/757 22002 (H5N1) 2 o 4 {S-week-old birds)
Alepret HEST57.202002 (HSN1) E H0.1 ml 7
AdchickenYamaguchi 72004 (HSN 1) E 7M1 ml 1.5
Adduck/Vietnam/1 22007 (HSMN1)
Eggs Turkeys Adturkey/Ontariof 773266 (HIND) N Mot reported Not reported Cappucci, Marayan
HAMN2 {Virgmind 1985) E Mot reported Mot reported
Chickens H5N2 (Virgmia/1985) N Not reported Not reported Cappucci
DPucks and geese HSNI1 (strain not reported) N Mot reported Not reported L1
Chail H5M1 {sirain not reported) N Not reporied 4.0 o 6.2 Promkuntod
Feathers Chickens, turkeys, AdchickenYamaguchi T/2004_ Afchicken/Mivazaki/K 112007, E 58w 6201 ml Mot mnvestigated Perkins
quail, guinea fowl Alchicken™ong Kong/22001997
Prucks AdchickenYamaguchiT/2004, Afchicken/Miyazaki/K 1172007 E /0.1 ml Mot investigated Yamamoto
Turkeys H5M1 {strain not reporied) N Not wvailable Mot investigated Slomka
Liver Ducks AldchickenVietnamd1 22005 (HAN1) E TR mi Mot reported Beato
Blood Chickens AdterniSouth Africa/6] (H5N3) E 7.1 ml 4 Kishida, Swayne
Adchicken/Pennsybvania/ 137001983 (HSN2) 0.1 mil Not reported
Pigeons, geese Adturkey!Ontario/ 773266 (HAND) E 8.5 mi Not recovered MNarayan
Turkeys Adturkey/Mtalyd 580099 (HTN1) E &1 ml 1o 58 Toffan
Adturkey/Ontariof 7732066 (HIN) #7035 ml 271w 3T
Ducks Adchicken Vietnamd 1 202005 (HAN1) E T mi Not reported Beato, Narayan
Adturkey/Ontario/ 773266 (HSNG) E 8.5 ml Mot recovered
Skin Ducks AdchickenYamaguchi/ T/2004, E #0.1 ml 25wd4 Yamamato
Creese AdchickenYamaguchi T/ 2004 E 8101 mi 3.5 Yamamoto 4:
AdchickenMiyazaki/k 1 1/2007 E 4.5 2
Z

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




Virus nos produtos de animais

Table 2.  Swmmary of data aeailable in lteramre on the presence of LPAT viruses in poultry cormmoditfes

Natural (M) or experimental Infecting dose Titres Reference
Commaodity Species Strain {E) infection (EID;, log, ) (logn ElDy/a {first author)
Meat Chickens Adehickenfag-Y-5501 (HIN2); E 701 ml 1.6 to 2 Kishidn
Alchickenfag-Y-13501{HIN2) E 0. ml i.6ta2
Turkeys Adturkey/taly/ 3675099 (HTNI) E &1 ml Toffan
AdturkeyVirgmia/ 1595122002 (HTN2) E f0.1 ml Mo infectious virus detected
Alchicken/Mew York/21586-809 (HTN2) E 6401 ml
Ducks Mo data available
Egps Turkeys AdturkeyviCalifornia'meleagriumdéd; Alturkey/Californiaf5142066 E 2.25/0.2 mi No mfectious virus detected  Shalaby
Chickens Alchicken/Alabama/T395/75 (H4ANE) N Mot reported Mo mfectious virus detected  Shalaby
Ducks and geese Mot svailable
Feathers Avian species Mot wailable
Liver Avian species Not availzble
Bloed Chickens Adchickenfag-Y-55/01 (HOMN2) E {co infection with 5 aurews) &/0.1 ml Mot reported Kishida, Swavne
Adchicken/Beijing/2/%7 (H9N2) 6401 ml
Turkeys AdturkeyTaly 3675059 (HTN1) E 61 ml =1 Tollan
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 llinesses

Espaficd {Spanish) | Kreyd| [Crecle) |

COC estimates that each year 48 million people get sick from a foodborne iliness, 128,000 are hospitalized, and 3,000 die.

Causes of Food Poisoning

Top 5 Germs Causing Iliness, Hospitalizations. and Deaths From Food Eaten in the United States

linesses Hospitalizations Deaths
1. Salmanelia {non-typhoidal) 1. Salmoneila (non-typhoidal}
. gifa (non-typhoidal) 2. Toxoplasma gondii
. Clostrigium perfringens 3. Campylobacter ig

: Campylobacter 4. Toxoplasms gongii 4. Morovirus

5. £ coli0157 5. Campylobacter

moo W

*  Salmonells can cause salmonstiosis and typhoid fever and paratyphoid fever.

s  Botulism is most often caused by Clostridium borulinum.

* Some other germs that cause foodborne iliness include Cryptospordium, Cydlaspora, hepatitis A virus, Shigelia; and
Yersinia.

= See 3 complere A-F index of foodborne ilinesses.




Norovirus no Brasil

Virus apontado como causador de
surto de diarreia é encontrado em

rio de Florianopolis

Agente foi detectado no Rio do Bras, que chega até areia da praia de Canasvieiras, totalmente
impropria para banho. Especialista aponta que falta de saneamento bdsico pode ajudar na

circulacao do virus.

Por Joana Caldas e Juan Todescatt, g1 SCe NSC TV
23/01/2023 06h57 - Atualizado ha 2 meses

6 v © O M

S M SEGUNDO JORNAL B ALEMANHA
4= - = g -
" W Frova do Masterchef Espanha deixa 40 pessoas com intexicacao alimentar Brasileiras que tiveram malas

Norovirus: como prevenir 0 microrganismo

por tras do surto de diarreia em SN
Florianopolis h

Medidas de prevencéo incluem praticas de higiene e de consumo adequado de alimentos

Medidas de prevengiio incluem praticas de higiens e de consumo adeguado de alimentos
Fran Jacguier/Unspiash
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Rotavirus no Brasil

PERNAMBUCO

Sdo Lourengo da Mata registra mais de 6 mil casos do rowvinus

Mais de 6,2 mil casos de diversas viroses, incluindo o rotavirus humanao,
foram registrados entre novembro de 2022 e janeiro deste ano, em Sao
Lourenco da Mata, no Grande Recife (veja video acima).

Errata: O g1 errou ao publicar na reportagem que os casos registrados eram
56 de rotavirus humano. Esse daclo foi repassado pela assessoria de
comunicacdo da Unidade de Pronto Atendimento (UPA) do municipio. Além
disso, os casos foram registrados entre novembro de 2022 e janeiro de 2023.
As informacées foram corrigidas as 7h52 desta quinta (9).

Segundo a UPA da cidade, essas doencas atingem majoritariamente
criancas e causam diarreia, vomito e desidratacdo, podendo levar &8 morte
(veja aqui os sintomas).

«  Compartilhar no WhatsApp
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A DOENCA E A VACINA, UMA HISTORIA INACABADA

C OVI D ] 9 Gripe aviaria: por que o virus H5N1

Coronavirus Disease 2019 ;}reocupa 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

1796.

1796 Edward fenner administers the first smallpox vaccine, which is heralded as the
warld's first vaccing. The vaccing consists of fluid from a cowpox blister, a virus similar to
smialipox, which is scratched onto the skin of an B-year old boy. When the boy is later
inoculated with smallpox matter, no disease develops.
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1892 Dmitri Ivanovsky shows that tobacco mosaic disease, a single-
stranded RNA plant virus, can be transmitted by extracts passed T W
through porcelain Pasteur-Chamberland filters, which exclude the W .

smaliest known bacteria.

1901 Walter Reed heads the U.S. Army Yellow Fever

Commission, which discovers that yellow fever is ._'
transmitted by the bite of an Aedes aegypti mosguito

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 —
sarcama in chickens. Rous shares the Nobel

Prize in Physiology or Medicine in 1966 for his
discovery of tumorsinducing virusas.

1935F

b

1935 Weandell Stanley produces the first crystals of iobacoo mossic virus f"‘"ﬁ i

and shows that the virus remains active after crystallization. Crystallization ’;L\:\ R
o

of the virus was the first step toward proving that the virus is particulate.

fluid™. Beijerinck along with Wanovsky are
considerad to be the founders of virology.
1898 The first animal virus, known as foot and

R systems
a bietechne brand

1885 French scientists, Louis Pasteur and Emile Roux, develop the first effective
rabies vaccine. The virus is grown in rabbits and a vaccine s made from dried
rabbit nervous system tissue, which is successfully administered to a boy that
was bitten by & rabid dog.

1898 Martinus Beijennchk replicates the filtration
experiments performed by Dmitri Ivaenovsky and
calls the infectious agent that causes tobacco
mosaic disease a “virus”, which he desoribes as a
“contagium vivum fluidum”™ or “contagious living

mouth disease virus, |s discovered by German

scientists, Friedrich Loeffler and Paul Frosch. They
show that cows and sheep can be vaccinated
against the virus using & heat-inactivated, filtered
vesicle extract.

1955

1933 Cottontail rabbit papillomavirus (CRPV) is discovered and is shown
o 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

1936 lohn Bittner reporis 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.
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Eventos mais relevantes na virologia

Vi R R T

Ta
Entry of Ptiage -’§'| ~~"~ Phage DNA Replicatin/

1937 -

1937 Max Theiler grows the yellow fever virus in chicken eggs and produces a vaccine from an attenuated vines
i In 1851 he receives tha Nobel Prize in Physiology or Medicine for his dscovery of an effective yeliow
fever vaccine, the only Mobel Prize ever awarded for the developmeant of a virus vaccine.

¥ 1951

1851 Ludwik Gross identifies the first murine leukemia virs.

Pl gmﬂ&?egkﬁ Feobenl Stedis - Aszambly — s Release
ey / (7] - % '
" Bacterial DNA = o ¥ x %
s z

1839 Emary Elfis and Max Delbruck estabfish the concept of the one-step vinus growth
@ cycle, which serves as the basis for understanding viral replication and the virus life cycle.
They demonstrate that vius particles do not grow. but rather are assembled from
preformed components.
T2 virus with radioactively labeled DNA = T2 virus with radioactively labeled progein

1952 Hershey and Chase demonsirate that =

1953 lonas Salk anno < on a national radio show and later reports in The Jounal of
the American Medical Association that he has successfully developed and tested an
injectable, killed-virus vaccine against poliovirus, the virus responsible for poliomyelitis,
Testing of the vaccing starts in 1954 and in 155! s announced that the vaccine is safe
and effective. In 1952, an oral vaccine developed by Albert Sabin using a weakened form
of the live vires beoomes available.

DMA alome, not pr . entars a b

cell upon infection with entsrobacter

phage T2, which & a virus that infacts and

hilis E. cofi.
1954 lohn Franklin Enders, known as “The Father of Modemn Vaccines”™, along with
Thomas Huckle Weller and Fra ch Chapman Robhins share the Nobel Prize in
Physiology or Madicine for ther discovery that poliovirus could be grown in cultures

y '
¥ ing that the virus contains a strand of RNA that spiralks in & helical groove
J 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 vineses, which Franklin's
lab subsequently pursued, leading to a publication following her death that
,q______/ described the crystal structure of poliovires.
@
18962 John Trentin reparts that human adenmvirus s capable
of causing tumors in expermentally-infected animals. This is
the first know 2

cancer.

@

using various types of tissues withowt needing an intact organism. nding
aliowed both inactivated and live polio vaccines to be produced for the first time
and was critical to being abie to create farge quantities of different kinds of viruses
for research

-1959

1958 The Mobsl Pnze in Physiology or Medicine s jointly awanded to Severo Ochoa and
Arthur Momberg for their discovery of the mechanisms in the biological synthe af
riborucleic acid and deowyribonucleic acid. Ochoa discovered an enmyme that could
yrthesize RNA, while Komberg discoverad an enzyme that could synthesire D armberg
test tube by purified enzymes could produce all of
lestranded DNA

igter showed that DNA synthesized in
the featuras of a natwral virus using the bacieriophags Phi X 174, 5 i
Virus, s a moded.

RID systems

a bietechne brand
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Eventos mais relevantes na wrologla
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1965

1970

1970 The first retroviral oncogene, v-5re, is discovered in Rous
sarcoma virus. This gene encodes a tyrosine kinase involved in
cell growth and differentiation.

1870 Reverse transcriptase is discovered by Howard Temin in
RSV virions and independently isolated by David Balimore
from two RNA tumor vineses, B-MLY and RSV. The enzyme is
wsed by retroviruses to generate complementary DNA from an
RMNA genome. which is then stably integrated into the chromo-
somal DNA of the host. Temin and Baltimore are jointly
awarded the Nobel Prize in Physiclogy or Medicine in 1875,
slong with Renato Dulbecco, for their discoveries.

Celtular gena

Genome of Rous sarcoma virus

V-5IT

1965 Baruch Blumberg and his colleagues discover a new antigen in the serum of an |
Australian aborigine that reacts with an antibody in the sera from patients with hemophilia
who had received blood transfusions. This antigen is called the Austradian antigen, and is &
later found to be a surface antigen on the hepatitis B virus (HBV). In addition to discovering &
HBY, Blumberg later develops a screening test for the virus and an approach for developing pe
avaccing. In 1876, he shares the Nobel Prize in Physiology or Medicine for his discovery of 1 \
the new mechanisms for the origin and dissemination of infectious diseases.

-y 1971

1971 The measles, mumps, rubella (MMR) vaccine is developed by Maurice Hilleman at
Merck Pharmaceuticat Co. The vaccing is 8 misture of the three attenuated viruses. Over his
lifetime, Hilleman is credited with developing over 40 vaccines and saving millions of ves

——— |

e Smmd
1976 The first known putbreaks of Ebola virus disease (EVD)
oocur in South Sudan and in the Democratic Republic of the
Conga, and are found to be caused by two distinct subtypes of

Y, Ebolavins. While the natural host of Ebola remains unknown,

\...____;; bats are now believed to be the most likely raservoir.

Do
mf

Dumer

Non-human Primate

Humar-to-Human

1980

1980 Robert Gallo discovers the first human retrovirus, Human
T-Lymphotmphic Virus (HTLV-1), by visuslizing viral particles in
cuftured human T cell lymphoma ceils:

through his efforts.

1875 Baruch Blumberg discovers a link between chronic hepatitis B virus (HBV) infection
and hepatooellutar carcinoma (HCC). This link is confirmed in a 1981 paper by Beashey,
R.P. et al. pubfished in The Lancet, which reports that chronic HBV infection is associated
with a 100-fold increase in the risk of developing HCC.

—= 1977

1977 Frederick Sanger completes the first
full genome seguencing project for an

S S RGL L GG ReETr

organism using DNA from the bacterio- -
phage Phi X 174, a single-stranded DNA -
wirus. :
-
GCAT

& 1979 The giobal eradication of smalipox is certified in
December of this year, with the fast known natural case I ——————
tecurting in Semadia in 1977, This certification is later M) c
endorsed by the World Health Assembly in 1980, SYSTEMS

a bietechne brand
%,

Q)

1981 The U.S. Food and Drug Administration (FDA] licenses Maurice Hileman's hepatitis B virus ®

1983-1984 Harald zur Hausen shows that two strains of the human papillomavirus {HPV) cause
mast cases of cervical cancer, a discovery for which he was awarded jointly the Nobel Prize in
Physiology or Medicine in 2008, along with Luc Mentagnier and Francoise Barré-Sinouwssi, who
discovered HIV.

(HBV} vaccine, known as Hept B, which was ped at Merck F Co.
Hillerman made the vaccine by purifying a HEV surface protein called the Australian antigen from
bivod collected from HBV-infected donors that had been heat- and formaldehyde-treated to
Inactivate the virs. In 1988, a recombinant HBY surface antigen vaccine is produced due to
safety and cost concerns associsted with the first vaccine. This vaccine is the first to be produced
based on recombinant OMNA technology.

_Q1983-
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Eventos mais relevantes na virologia

Tumor Suppressor Gene

E = MNew Promater
- Two copies/cell
I i J |\ -l
= S~ Chromasome |
1988

Mutation
Ed Harow and David Livingsto | Heanangansk —_— 1t mutation —

demonstrate that viruses can promote cancer -_ susceptibie to
either by activating the products of cellular Cances
proto-oncogenss of by Inactivating  the Gene Amplification |
products of cellular tumor Suppressor genes. e = Dl mukaticn

= or loss.

: o

| Cancer | Ca

e

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

1989 The first documented cases of West Nile Virus /
(WNY) infection i the Western Hemisphers are ¢
recorded in MNew York City in August of this year

foliowing reports of a number of severe cases of 8 . 5 a/ \‘
encephalitis and avian deaths. During August and £F ’ L B L

Mosquito Vector

September, 59 patients are hospitalized with WNY | /
mfection. This initial outbreak is followed by years of 4 b ﬁ/
progressive spread of the wvirus throughout the US., i | Ll (.‘”" y
with the largest annual epidemic of WNV in Maorth >
America ocouring in 2003, | J
Fi A Bird Amplifier Host

Dead End Host Diead End Host

1884 Luc Montagnias and Francoise Baré-Sinoussi discover the b
ciency virus {HIV], a retrovirus that attacks lymphocytes. which is latar shown to be the
causative agent of AIDS. Lut Montagnier and Francodse Bamé-Sinoussi are awarded
jointly the Nobsl Prize in Physiology or Medicine in 2008 for their discovery, atong with
Harald rur Hausen, who identified the link between human papiiomaviruses and
cervical cancer.

19894 Yuan Chang and Patrick Moore discover
Kaposi's samoma hempesvirus (KSHVE in
Kaposi's sarcoma tissue from AIDS patients. in
addition 0 being the causative agent of
Kaposi's sarcoma, KSHY & also associated
with Castleman's disease, primary affusion
hymphoma, and KSHY inflamamatory
cytokine syndrome.

2003 The Centers for Disaase Control and Prevertion and Canada’s National
Labaratory ientify the severe acute respiratory syndrome (SARS) coronavirus ganome,
which is kater confirmed to be the causative agent of SARS.

2006°

2006 A vaccine protecting against the two cancercausing strains of human papilloma-
HPV} i approved by the U.S. Food and Drug Administration. While more than 100
HPY types have baen identified, HPY 16 and HPV 18 are the two strains that have been
foumnd to cause 70% of cervical cancers. The HPV vaceine approved in this year targets
both of these strains and two other low-risk HPV types. HPV 6 and HPV 11,

2008 The US. Food and Drug Administration approves a vaccine for preventing
motavirus, a doubde-stranded RNA virus that s easily spread among chidren. Infection
with rotavirus can have devastating com s including severs diarhea, abdomi-
nal pain, vomitmg, and even death. particulary in developing countries.

» 2000 iz

T—
2005-2008 A szevers Chil unya outbreak occurs on the islands of Olﬂd'
=]

Mauritius and Réunion in the Indian Ocean with more than 272,000 cases

being reported. This outbreak is followed by an outbreak m Indiz in 2006 and

2007 during which more than 1,500,000 cases of Chikungunya or dengue )
fever are reported. In 2007, a localized outbreak occurs in narthern italy, the o Mauritius,
first cases to ever be reported in Ewrope. Chikungunya is found for the first Réunion
time in the Americas in late 2043 on islands in the Caribbaan.

-2009

2009 The Warld Health Organization declares the HIN1/influenza A, or swine fiuw,
outbreak that ccowrs in this year to be a global pandemic. The HINL virus responsi-
bie for the outbreak & found to have a unique combination of swina, avian, and
human genes that had not been seen before. Although the 2009 pandemic was
causad by human-to-human transmission, it was called “swine flu™ because genetic
analysis af the virus showed that it was most similar to HINI viruses with swine
origins. President Obama declared the swine fiu outbreak in the LS. to be a national
emergency in Dctober of this year.

RIDsvystems
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Eventos mais relevantes na virologia

011

2011 Rinderpest, a contagious viral disease of ruminant mammals,

. 2012 The first case of Middle East Respirato
. ry Syndrome (MERS) is reported in Saudi

Arabia. It is found to be catsed by Middie

East Respiratory Syndrome coronavirus

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

2016 Due to the rapid spread of the Zika virus across Latin America and
‘ 2 the Caribbean along with the dramatic increase in the number of reported
fi | cases of prenatal microcephaly and adult neurological disorders such as

primarity cattle, is declared to be fully eradicated by veterinary
epidemiclogists, making it only the second disease in history
following smallpox to be globally eradicated.

e —— J,-" | \ Guillain-Barré syndrome in Brazl and other areas affected by the virus,
2014 The largest Ebola outbreak in history occurs in West Africa, @ the World Health Organization declares a public health emergency of
resulting in the death of more than 11.300 people in Guinea, Liberia, intemnational concermn.

and Sierra Leone. In September of this year, the CDC confirms the first
laboratory-confirmed case of Ebola to be diagnosed in the 1.5, which
was found in @ man who had traveled from Liberia to Texas.

i 2019 In late December of this vear, a novel coronavirus called severe acute respiratory syndrome
. : : . (SARS)-CoV-2, s found to be responsibie for an outbreak of respiratory illness that was first reported
2018 The world's second largest Ebola outbreak on record begins in August of this year with in the city of Wuhan in the Hubei Province of China. The disease caused by SARS-Cov-2 is designated

four casas being confirmed in North Kivu Province in the Democratic Republic of the Congo as coronavirus disease 19 (COVID-18), which in severe cases, can lead to potentially ife-threatening
(DRC). On July 17, 2019, the outbreak is declared a Public Health Emergency of International complications including pneumonia and respiratory failure. On January 30, 2020, the outbreak is
Concern by the World Health Organization as there are more than 2,500 cases and more than declared a global health emergency by the World Health Organization (WHO} as nearly 8,000 cases
1,600 deaths reported by the DRC Ministry of Health. By March 18, 2020, more than 3,400 are reported worldwide and there is evidence that the virus can be transmitted from person-to-per
cases of Ebola virus disease are confirmed, and more than 2.260 peaple have died since the son. Six weeks later on March 11, 2020, the WHO declares COVID-19 to be a pandemic as there are
outhreak was first declared. over 118,000 cases reported in more than 114 countries and territories around the world, and
4.231 people are reported to have died from the disease.

RIDsystems I\
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Ubiquidade dos virus

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




Tamanho dos Virus

E. coli {(a bacterium)

Red blood cell
{10,000 nm in diameter)

Bacterial
ribosomes
{25 nm)

9
Poliovirus
{30 nm)
Bacteriophage T4
(50 nm x 225 nm)

Bacteripphage M52

nm { nm}

I i "
0 75 150 225 300

Virus da Poliomielite (menor virus humano)

{1000 nm x 3000 nm)

Tamanho da particula: 15 a 300 nm

1nm =1/10.000.000 cm

Virus Vaccinia / Variola (maior virus
animal/humano)

Small pox virus

{200 nm x 300 nm)

&
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Tobacco mosaic virus
(15 nm x 300 nm)
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Tamanho

Poxvirus
Células bV irus e )
animais Bactérias rioossomos Proteinas
I I I I | | I I |
10* 10° 1 10° 10° 107 10° 10° 10"
(1cm) (1mm) (0,1mm) (10pm) (1um) (0,1um) (10nm) (1nm) (1A)

Microscopia eletronica )




Poxvirus -

Células lel‘rus 8 )
animais Bactérias rpossomos Proteinas
L \ | | \ | | | |
10° 10° 10* 10° 10° 107 10° 10° 10"
(1cm) (1mm) (0,1mm) (10um) (1um) (0,1um) (10nm) (1nm) (1A)

Microscopia Eletronica

Transmission Scanning
Electron Microscopy Electron Microscopy

N ——1F  Electron Source | ————
(Lamp)
= = Condenser ' Condenser = =
Lens % Lens

___ Specimen ______ Il >

(Tissue Sections)

Objective Condenser
Lens % Lens %

Light Microscopy

E" Eyepiece Projection ; ; 0
Lens Lens 3

Electrons

3-Dimensional
Specimen

Image Viewed Image Viewed on Image Viewed
Directly Fluorescent Screen on Moniter



Estrutura Viral Basica

S » Envelope
/~ (Lipideos + receptores)

__.——-» Capsideo (proteina) <.

-+ Cerne (DNA ou RNA)

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




Dogma da biologia molecular e

~

DNA

RNA » PROTEIN

<7
H / 2
| . , - : : R -
FIG 1 Tha central dogmia of molzcular biclogy. The figure is redrawn from Crick's 1970 article, The solld arrows represent the mainstream routes
of information fiow. snd the dashed arrows show [putstive| “special routes sfter Crick. Adaptsd fram refersnce 10 with permizsion of Springer
Maturs 1 \
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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




Material genético dos virus

ss DNA Virus (can be + or -)

. ‘, .," A i l.-,:: ‘ i ’ & \J " ‘-:I;;EI ¥, II G ,“1,1 / =
ds DNA {+) Virus \ / ds DNA Intermediate ss RNA (+) Retrovirus

f\/"‘«/o

ss RNA (+) Virus

ss RNA (-) Virus




Genoma Viral

N\ Comparison of Genome Size:

+ DNA

Heaan
(O CROEE R T

| 0 |
\J’a\\J’n\\; ‘.l'\\.l'\~‘ Marrirnals

+ RNA ™ _DNA —» +DNA o e
£ S, ) Flants
£ cifi
Lot T ) —
Fungi
M W \N\ m b 4
+ RNA = _RNA —9» | + mMRNA |¢— + RNA + Bacteria
I 0 I @ Mimieims
Viruses + (500,000)
e e et i e mE weE o aolf? ol

W Sime of genome (hod
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Acido nucleico

A

Archaea

(n=35)

Bacteria
(n=712)

M dsDNA [IssDNA  [JdsRNA  [1(+)RNA [ (-)RNA

B 1%

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

0.1128/MMBR.00053-21

CJRNA-RT B DNA-RT

Unicellular

(n=76)
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Capsideo

Capsideo: funcao de proteger o
material genético

- subunidades estruturais:
capsdomeros

-1 ou mais tipos de proteinas
(protomeros)

Nucleic acid

Mature viron
Five profomers {12 peniomers|

Pentarmer



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 :;--5" J‘.»"



Capsideo

* poliédricos
e Capsideo tem forma de
icosaédrico.

» Capsomeros de cada face formam
um triangulo equilatero.

e Ex.: adenovirus ‘= e

& ."‘.' LS
20 per virus _@NEARLEE
’ RS L

L BTN
(38

(BB X
eI JODIC)
4

L v €
AL
&)

0
pentasymmetron
12 per virus
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A
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Morfologia baseada na estrutura do cap5|deo

RMNA Gapsosre | Membranous
DNA envelope

e

hiil---

YR e e

Head
Capsid Tail
sheath

DNA

r

Capsid <

»
-4 ‘ia_"’a" -

Glycoprotein | Glycoprotein

70-90 nm (diameter) 80200 nm (diameter) 80 x 225 nm

p—— —
—— 20 nm 50 nm 50 nm 50 nm

(a) Tobacco mosaic virus (b) Adenoviruses (c) Influenza viruses  (d) Bacteriophage T4
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Capsideo

- Morfologia baseada na
estrutura do capsideo

- complexos:
poliédrico +
estruturas adicionais
(helicoidal).

-
e
-
-
-
.
]
-
—_—
-
—
e
-
s
-
-
-
—
-
=
=
-

- Ex.: bacteriéfagos




Proteinas virais

- Estruturais:

- Participam da construgdo 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
regulatdrias




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

MNucleocapsid protein (N) Membrane
_ glycoprotein (M)

Spike i
protein (S) a

Envelope
protein (E)




Matriz

- camada protéica recobrindo
externamente o nucleocapsideo

- faz interacao entre
nucleocapsideo e envelope

- glicosilada

Copyright © 2005 Nature Publishing Group
Nature Reviews | Microbiology
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— G@enomic RMNA

~— Lipid membrane

Influenza virus

Mature Reviews | Micrabiolagy
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Proteinas do envelope

= monomeros, homo ou
heterodimeros, trimeros ou e
tetrameros

4 MAJOR
ANTIGENI

- geralmente: proteinas integrais

LIPID BIL AYER

of ENVELOPE .
g ;1 \E



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)




Replicacao Viral - 6 fases

Membrana 2 - Penetracao 3 - Desnudamento
Citoplasmatica

Virion
\\\~> \\
4 \
------- © A
1 - Adsorcdo ! Receptor s A AN
celular Q ‘o
, o : 9 i A\Y/A
. o o
6 - Liberacdo b AP, %o " A YAN

Meio Extracelular Citoplasma

5 - Morfogénese



Taxonomia viral
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Caracteres discriminatorios entre
diferentes espécies virais

Complex Viruses

Enveloped Viruses

Naked Viruses

(h)

Similaridade de seqliéncia genomica
Hospedeiros naturais (amplitude)
Tropismo tecidual e celular

Patogenicidade e citopatogenicidade

: , Propriedades antigénicas dos virions

‘ RNA VIRUSES ‘
SﬁGLE__S‘II'RANDED ‘ SINGLE STRANDED
positive sense negahve sense

I
ENVELOPED NOMNENVELOPED

HELICAL | | ICOSAHEDRAL

[ IcosarEDRAL |
|

| ENVELOPED

| NDNENVE LOPED

HELICAL |

ICOSAHEDFML
I

FLAVIVIRIDAE CORONAVIRIDAE PICORNAVIRIDAE ORTHOMYXOVIRIDAE REOVIRIDAE

TOGAVIRIDAE

RETROVIRIDAE
|

CALICIVIRIDAE

PARAMYXOVIRIDAE

RHABDOVIRIDAE
FILOVIRIDAE
BUNYAVIRIDAE
ARENAVIRIDAE

Propriedades fisico-quimicas dos virions

SBV SOCIEDADE
BRASILEIRA DE
VIROLOGIA

<
Q
B

(B



CRABS & MAMMALS

REPTILES

SEGM ENTED

WORMS P G bl = -
% . - = NEWTS
P BRYOZOA FISH
MOLLUSCS o
N (<" sheLLs SEASQUIRTS

ROUNDWORMS

FLATWORMS R
e e STARFISH

/\3 & SEA URCHINS
NEMERTINE WORMS

SPONGES

PROTOZOA

RST TRUE ‘CELLS’







“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 US A
96:2192-2197, 1999




Major habitats Total bacterial and Minor habitats
archaeal cell numbers = Croundwater 5x 10°"
on Earth: * Phyllosphere: 2 10
=1x10% = Cattle: 4 < 10"
» Termites: 6x 10
= Pigs: 710"

* Humans: 4x 10"

* Sea surface layer: 2% 10"
* Atmosphere: 5% 107

* Etc.

Virus em Bactérias

sSRNA+
ssDNA

dsDNA

Deep continental subsurface: 3 x 10

¢ -

o~ D

Upper aceanic sediment: 5§ x 1011

Deep oceanic subsurface: 4 x 10%F

“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.







SPIDERS CRABS & REPTILES
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SPIDERS ¢
CIC) ‘

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




CONSENSUS STATEMENT

hitps://doi.org/10.1038/s41

""i"hzéh}new scope of virus taxonomy: partitioning
the virosphere into 15 hierarchical ranks

International Committee on Taxonomy of Viruses Executive Committee*

= i
R -
- ¥ S PRSP R 4 =T 3
- = 5 L] - T o I_- o’ T -
- - ¢ : . . ‘-\\_
=- ¥ '



Base de Dados para a Taxonomia Viral

* International Committee on Taxonomy ICTV

E 6rgao 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 UGS oo s 5 W—
refletir a historia evolutiva dos virus B
Kingdom .....................

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

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

* Principio 4. Atribuicdes taxondmicas de

Subkingdom - - - : folds/motifs

Core genes

Order

, . ) . A R Genus - - - - - -/ R - . . .
virus inferidos a partir de sequéncias A A NS
metagendmicas requerem rigoroso Species - - Aufimintainiain/aisiinistuistuiioiaine . .. ..
controle de qualidade de sequéncia

https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.3001922  https://www.instagram.com/p/CpVooqulPYl/ f{ v




Riboviria

Ribozyviria

Monodnaviria

Adnaviria

Baltimore
classes

3000000000
DNA-RT
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Taxonomia Viral

= Kingdom: Orthornavirae Realm: R

=+ Phylum: Lenarviricota
= Phylum: Negarnaviricota
=+ Subphylum: Haploviricoting
= Subphylum: Polyploviricotina
=+ Class: Fllioviricetes  Subphylum: Polyploviricoting
— Class: Insthoviricetes  Subphylum: Polyploviricoting

= Order: Articulavirales C

= Family: Orthomyxoviridae Order: Articulavirales

o
= Genus: Alphainfluenzavirus  Family: Orthomyxoviridae [1]
0

‘ Species: Alphainfluenzavirus influenzae  Genus: Alphainfluenzavirus

Ex: Virus da Influenza M./



Como identificar os virus?
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Isolamento viral

1.Cultivo celular Efeitos citopaticos (CPE)
Hemabsorcao
Imunodeteccao

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 dipldides)

* Linhas celulares
 Cultivo semi continuo
* Diploide, 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

élulas de Figado

C

Adenovirus —




Isolamento viral em animais




Deteccao do agente (direto)

1. Microscopia eletronica

de transmissao ou varredura

2. Detecg¢ao do antigeno

3. Microscopia de luz

4. Deteccao do genoma

morfologia dos agentes

immunofluorescéncia, ELISA, IHC, teste rapido, etc.

Histopatologia

Corpusculo de inclusao

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
-
d Eyepiece
-

Photos of Rotavirus 1 CDC

Q)

=

Image Viewed
Directly

(B



Microscopia eletronica de transmissao

Herpesvirus 1

R -
- g "’?:P’ "

A

Influenzavirus A

Coronavirus




Microscopia eletronica de transmissao

Figure 1

Diversity of amoebae-infecting viruses, Electron microscopy images evidence the stroctural diversity and

complexity of viruses isolated from different amoebae hoses: () muniviros, (6) cedratvirus, (o) wpanviras, i
{d) pithovirus, {¢) orpheovirus, {£) marseilleviros, (g) pandoravirus, and (7) kaumoebavirus. <

Queiroz et al. Annu. Rev. Virol. 2022.9:11.1-11.20 /R



Microscopia eletronica de transmissao

POXVIRUS

ADENOVIRUS L HERF’SVIUS

200nm
200nm
REOVIRUS
CORONAVIRUS
. : ?‘7‘? ®
. 200nm

Taken by .
Vanessa A
Ceeraz

()



Microscopia eletronica de varredura

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

&
oy

(B



Imunohistoquimica e imunofluorescéncia

* Direta
* Anticorpo marcado sobre material infectado

* Material infectado (suspeito)
* Anticorpo especifico marcado com FITC ou Peroxidase
* 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-lgG galinha/FITC ou
Peroxidase)

Luz UV ou Luz branca




Identificacao viral

IFA — VERO infectadas com NDV



Identificacao viral

B




Imunohistoquimica e imunofluorescéncia

Coronavirus - Intestino

Adenovirus - Pancreas
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Testes rapidos de deteccao

ATIEEN Rapid Test Kit
NDV Ag Y -
| Positivo
NDVAg T
™ c-
Negativo

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

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

afe
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o I ; antigen in
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fly N patient's sample
|
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Biologia Molecular -> PCR

1° ciclo

oDesnaturagéo

Modelo de DNA
com sequéncia de

interesse >

N an
5 3
nf T an
T
3 5

» N\

Primers
dNTPs

j & W

Polimerase
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o Alinhamento

/vll

\Il

T
A

Ay

v

ol

o Extensao

WL

g

3I

\II

iy 2
L}

1

5 My

T

2° ciclo 3° ciclo
J” T N

> I UL
AT PTTITI
TITrreeeee

> WY

Wi UL
T e
FRETTH T
> T
> M PULLLIL
Uik W

PO

n ciclos

produto PCR

~2" copias



Biologia Molecular
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RT-PCR PCR-RFLP




Biologia Molecular

1,26 x 108 EID50/RXN =

\

RT- PCR




Sequenciamento

200
CLATAMG

210
ALAG AT AN

|

220
AMAMATCTT

b A %&M

. \W@u I

230 240 0 260 270
TAATATTATTCCATG CTGGAGTATTCAAGGCATATGCCTGCTTTAAGCACTCTA




Epidemiologia molecular

G
€ SHSBR662/03
€ SHSBR669/03
€ SHSBR668/03
alMPWV/A
¥ chicken/A/BR/121/95
4 chicken/A/BR/119/95
L34030(strain 1556)
4 TRTBR169 |
5 AY728268(isolate Isr/1708/02)
L34031(strain 2119)
aMPV/B
80 L.34034(strain 8725S)
L34033(strain 6574)
AJ288946(isolate Fr/85/2)

4| alMPV/D
w0 | AJ251085(isolate Fr/85/1)

ioo |AY198393(isoiate Minnesota 2A)

L AY198394(isolate Minnesota 7)
AY296034(isolate NL/1/98)  |aMPV/C and HMPV

|AY590692(strain Minnesota 1A)
M |AY590691(5train Colorado)

7z

59

—ﬁ{— ORSV
HRSV

a9

— BRSV




Outras técnicas moleculares

* DNA fingerprint
 LAMP
* Microarray

ABCD

Normal Light




Metagenomica
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