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. Haemagghutinin (HA)
Promotes binding and entry
/ intothe host cell.

‘ | Allows budding and release
A NA / of the virus from the host cell.

ANTIGENIC DRIFT

Genetic mutations in type A viruses can
result n mnor changes to the surface
makes protection from previous
exposure to similar viruses incompleto.

strands each \ e TypeB

encode for a / antigenic

viral protein. drift,buttoa
lesser extent
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viruses.

IMPACT OF FLU

The World Health Organization
estimates that flu causes about

d-OMILLION

cases of severe iliness, and about

260K-500K

deaths annually worldwide,

= 4

5-10%

ATTACK RATE
Influenza has
an annual
attack rato of
about 5-10%

in adults and
20-30%

n children.

20-30%
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Multiplicagdo do virus da Influenza
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Figure 8 Single-cell reproductive cycle of
influenza A virus.



Bloqueadores de canais ionicos
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Bloqueadores de canais

ADP Viral membrane
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Bloqueadores de canais ionicos

Mecanismo de ag¢do

A pH no interior do endossomo .-~

bloqueando a etapa de
desnudamento viral




"
Aplicagdo clinica e efeitos colaterais

Redugdo da severidade dos sintomas de gripe
em 507% dos casos

Restricoes
» eficdcia sobre virus da Influenza tipo A
» administragdo na fase inicial da doencga

- efeitos colaterais: confusdo, dores de cabeca, insonia

-Desenvolvimento de resisténcia - M2-S31IN - 90% H3N2,
HIN1 pdm 100%
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Inibidores da Neuraminidase

The action of neuraminidase in replication of virions in influenza infection.
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The replication is blocked by neuraminidase inhibitors

Neuraminidase inhibitors
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Mechanism of Action of Neuraminidase inhibitors. o

Neuraminidase que cliva o dcido sidlico das glicoproteina
da membrana celular




Inibidores da Neuraminidase
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!nlglaores aa Neuraminidase

Of >4000 influenza A(HIN1)pdmO9 viruses tested
for susceptibility to the neuraminidase inhibitors,
69 carried an H275Y amino acid substitution in
neuraminidase which conferred highly reduced

P inhibition by oseltamivir and peramivir.
OSCHGmanI r , - Forty-one of these viruses were detected in Japan

(41/1467; 2.8%)
- Sixteen were detected in the United States of
America (16/2331; 0.7%). The majority of

All of the A(H3NZ2) viruses tested were sensitive to
neuraminidase inhibitors.

All but two influenza B/Yamagata/16/88 lineage
viruses were sensitive to neuraminidase inhibitors.

One virus carried an I221V amino acid substitution
in heuraminidase that resulted in reduced

peramivir inhibition, while the other contained an
I348T amino acid substitution in neuraminidase that
conferred reduced oseltamivir inhibition.

All but four of the influenza B/Victoria/2/87

TLNAMINMIE

lineage viruses were sensitive o neuraminidase
inhibitors. Both substitutions conferred reduced or
highly reduced inhibition by all four

neuraminidase inhibitors - oseltamivir, zanamivir,
peramivir and laninamivir.




Inibigdo da replicagdo do genoma viral

» Inibidores da RNA polimerase viral
Andlogos dos nucleosideos

Q Native nucleosides
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* Favipiravir
*Andlogo sintético da adenosina/guanosina
*Mecanismo de agdo:
‘Inibe a iniciagdo e elongagdo pela RNA
polimerase
» Teratogénico e embriotéxico.

» Aprovado no Japdo para uso em

Favipiravir Ribavirin emergéncias qdo outros anti-virais ndo
T NH2 foram efetivos
Unlabelled image\
e~ =  Ribavirin
S - Andlogo sintético da guanosina
Current Opinion in Virology 'Mecamsmo de agao:
Nucleoside analogs that inhibit RNA-dependent RNA polymerase. *Inibe a iniciag&'o e elongagﬁo pela RNA

Favipiravir and ribavirin are nucleoside analogs that shown broad-

spactrum inhibitory activity for multiple BNA viruses. pOllmerGSe

‘Inibe a inosina monofosfato
desidrogenase

‘Inibe a guanililtransferase e adigdo de
CAP

-Eficdcia comprovada in vitro e animais
‘Uso combinado



Novas drogas em estudo

Nucleozin Naproxen RK424

0

7\
W

Current Opinion in Virology

Inhibitors that interfere NP-NP or NP-BNA interactions. Nucleozin and BK424 were identified via high-throughput screening; naproxen that inhibits
cyclooxygenase | and Il were identified through virtual screening.

* Inibidor funcdo da RNP
*Mecanismo - interferir na interagdo NP-NP, NP-RNA, NP-NES
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Novas drogas em estudo
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Current Opinion in Virology

Small molecules that inhibits PB2 cap-binding and PA endonuclease activity.

Current Opinion in Virology 2016, 18:126-134



Prevencao - Vacinas



: vacma contra Influenza

Prevengdo e redugdo da propagagdo da doenga

Vacina trivalente, 15 mcg/dose de cada HA

Composigdo: Influenzavirus A (HIN1, H3N2) e B

Uma dose anual, imunidade em 2 semanas

Poucos efeitos colaterais e contra indicagcoes

Diminui¢do da gravidade e dos sinfomas da
doenca com reducdo de morbidade e
mortalidade

m Efetividade: 70 a 90%.

m Em idosos e portadores de doengas cronicas, induz
protegdo satisfatdria contra complicagdes,
hospitalizagdes e dbitos

m Redugdo de custos para o Sistema de Saldde
m +40 milhoes de vacinados em 2016 (~89% dos idosos)
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: vacma contra Influenza

m 1933 - Isolamento do Virus da Influenza

m 1935 - Primeira vacina de virus inativado

m 1940 - Ensaios clinicos em grande escala
Primeira vacinagcdo em massa

m 1970’ - Vacinas de virus fragmentado e inativado,
Vacinas de subunidades e Virus atenuado

m 1990 - Desenvolvimento de vacinas em culturas
de células

m 2003 - Vacina de virus vivo atenuado (hasal)

Whole inactivated vaccine  Split vaccine Subunit vaccine
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" S
WHO Collaborating Centers for Influenza
Worldwide

8000 cepas/ano;

1000 seq hemaglutinina/ano

@ WHO Collaborating Centers - Atlanta, London, Melbourne, and Tokyo
[] Countries containing at least 1 WHO influenza laboratory



B Centros Nacionais: desRejerenCiaRe ARSI LIS
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(CDC)

7

(Il@ Evandio Chagas)

Rio de Janeiro
(Fiocruz)

S%o Paulo
(Instituto Adolfo Luiiz)
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Vacina contra Influenza

Recommended composition of influenza virus vaccines
for use in the 2017 southern hemisphere influenza
season

October 6 2016

It is recommended that trivalent vaccines for use in
the 2017 influenza season (southern hemisphere
winter) contain the following:

Attenuated Donor A New Virulent
Master Strain Antigenic Variant

Strain

« an A/Michigan/45/2015 (HIN1)pdmQ9-like virus;
« an A/Hong Kong/4801/2014 (H3N2)-like virus; of Vo soainvth Vanes
« a B/Brisbane/60/2008-like virus. Strain

It is recommended that quadrivalent vaccines AIPR/8/34

containing two influenza B viruses contain the above
three viruses and a B/Phuket/3073/2013-like virus.

pathmicro.med.sc.edu



DESENVOLVIMENTO DA

prep

star

ormul

VACINA

Jan‘ Feb’ Mar Apr" May’ J'un’ J'ul’ Aug’ Sep’ ch’ Nov’ Dec
surveillance WHO/CDC)

select strains /CDC/FDA
nre reassortants /FDA
dardize antigen FDA
assign potency FDA

review/license FDA
ate/test/package manufacturers

vaccinate

> I clinic




TRA INFLUENZA
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, Rearranjo e reversdo genética
Rearranjo natural em ovos em células
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1. Rede Mundial de Vigilancia (OMS)

2. Selecéao das cepas vacinais

3. Producao (Agosto a Dezembro)

4. Controles

5. Envase e empacotamento

6. Distribuicao

7. Vacinacao (a partir de Abril)

Vacina contra Influenza

Annual Influenza Vaccine Production Timeline

Surveillance

* Irfluenzs vaccine protects against three promi-
rient virus strains, which must first be identified
before preduction can beain each year.

(1947 — 122 labs. , 94 paises)

YEAR-ROUND

* Ongoing global surveillance is key to pradict-
i which thres strains will circulate 2zch
influenza seasan.

Strain Selection

*'World health officizls’ analyze and identify the
dominant circulating strains.

* The strains are submitted to the Food and
Drrug Admrinistrztion (FDA) ta recommend
which three to include. The FD& distributes

JANUARY-MARCH

(4 Centros de Referéncia)

sead viruses to manufacturers to begin the
production process.

* Manufzcturers' scientists pradict the circulzting
strains for the coming season ard begin prepar-
ing vaccine =t risk before final FDA selection.?

* Each virus strain is produced separately and
later cambined to make one vaccine.

* Milliors of specially prepared chicken 2ggs
are usad to produce the vaccine. For seven
rmoriths, fertilized egags are delivered to the

JANUARY-JULY

Manufacturing and Production®*

manufacturer, Each eag is cleaned with a
disinfectart spray and injected with cne strain,

* The agags are incubated for severzl days ta
zllow the virus to multiply. After incubation the
virus-loaded fluid is harvested.

Purification and Testing**

* The virus fluid undargass rmultiple purifization
steps and a special chemical treatment to
ensure the virus is inactivated, ar "killed.™

* The virus iz split by chemiczlly disrupting the
whale virus,

JUNE-OCTOBER

* Viral fragrments frorm 2ll three strains ars cal-
lected from different batzhes, z2nd combined
upan completion of quzlity contral tests,

* Manufacturers and the FOM test the vaccine
concentrate to determine ameount and yisld
«of the virus to ensure concentrate is adequate
for immunization.

VACCINE

Filling and Packaging

* Upor FDA zpproval znd licenzing, the
vaccing is released far distribution in time
for immunization.

* Manufacturers begin filling the doses into
vials and syringes, which are then s=aled and

JULY-DECEMEER
|

carefully inspectad before labsls are zpplied
ta show the vaccine batch, lot numbers 2nd
axpiration date.

* Ezch lot must be specifizally "released” by
the FO&A before manufacturers can ship.

Shipping

* "Yaccine shipments typically beain in Augustd
September and cortinue inte Novernber,

#'With CDC's support, partial shiprerts are
sent early inthe sesson to zll custamers to
ensure brozd sccess for high-risk patients.

AUGUST-NOVEMEER; BEYOND AS NEEDED

* Depending on viral yields and virus activity,
additional dos=s may be releasad and distrib-
uted into December and beyond to support
late s2ason immunization,

Vaccination

* The CDC recommends particular high-risk
populations at risk for influsrza and related
complications to be immunized every year.
Cther persens whao wish to reduce their risk
far influenza may chooss to be immunizad.

OCTOBER AND BEYOND

* Immunization generally beains in Octaber or
a5 soon as vaccine becomes available and
<ontinues through the influenza season which
typically ends in March.

* Immurity develops spproximately twe weaks

following vaccination.*

influenza.com




ACINA CONTRA INFLUENZA
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Figure 3 | Estimated US launch dates of developmental influenza vaccines. Source for data in all figures: Datamonitor and
company-reported information.

Nature Reviews Drug Discovery 5: 183-184, 2006



acina contra Influenza
Laboratorios Produtores

: L + Immuncpreparat * Changchun (CCIBP) _\\1
. 1 8 pde uci ng cou ntI'IES + Products, immunologicals * Changchun Changshang
and drugs - S_h::lngh;:ll {SIBP)
* RIVS Saint Petersburg * Sinovac

« 37 producers : 350 Md/420 Md + Shenzhen APBP

+ Zhejiang Tianyuan
« Baxter + Chiron
Austria Germanmy

+ Beijing (BIBP)
7ID Biomedical

» Lanzhou (LIEFP})
+ Changzhou Yanshen
» Liaoning Tiancheng

+ Korea Green Cross
» Dong Shin
+ Korea Vaccines

» Danka
+ Kitasato

+* Kaketsukan
+ Biken

+ Madlmmunea

« Wyath

» Sancfi-Pasteur

+ Sanofi-Pasteur
France
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U.S.-licensed Seasonal Influenza Vaccines

Alfluria - CSL - ovos, p propiolactone, split com sodium taurodeoxicholate,

Agriflu - Novartis - ovos, formol, Split com cetyltrimethylammonium bromide (CTAB), T80
FluLaval - Quebec - ovos, UV e formol, Split com sodium deoxycholate- triton, T80

Fluarix - GSK - ovos, formol, Split com sodium deoxycholate - triton, T80, alfa tocoferol
(vitamin E), hidrocortizona,

Flublok - Protein Sciences - recombinate, cel de inseto - SF+ derivado de SF9, (Spodoptera
frugiperda), vetor = baculovirus, ex’rr'agao do rHA com Triton, 45 ug de cada HA, contem T20,
DNA e proteinas celular e de baculo virus

Flucelvax - Novartis - células MDCK, p propiolactone, Split com cetyltrimethylammonium
bromide, cell protein, DNA cetyltr. e p

Fluvirin - Novartis - sub unidades, ovos, p propiolactone, split (remove proteinas internas) com
nonylphenol ethoxylate,

Fluzone - Sanofi - ovos, formol, Triton, gelatina 0,05%

Flumist - quadrivalente - medimmune - intranasal, cold adapted (25° C), atenuado, ovos spf,
residuo de glutamato, gelatina, arginina, sacarose, 10x6,5-7,5 PFU

FluAd - Novartis - com adjuvante, ovos, formol, CTAB, adjuvante= esqualeno na fase oleosa,
estabilizado com o surfactante T80 e sorbitol frioleate em tampdo citrato, 25 ug de cada HA,
ova, formal, CTAB, bario.

MF59C.1 which is an exclusive adjuvant (Patent EP O 399 843 B1): 9.75 mg squalene,

1.175 mg polysorbate 80, 1.175 mg sorbitan trioleate, 0.66 mg sodium citrate, 0.04 mg citric
acid, and water for injections.

Excipients: sodium chloride
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