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BASIC YF DATA COMES FROM EARLY
XX CENTURY



In 1881, Carlos Juan Finlay, a physician in Havana, first
proposed that yellow fever was a mosquito-borne illness,
which subsequently was proven by Walter Reed and

colleagues.

U.S. Army doctor
Discovered the
Cause of Yellow

Fever
August 27, 1900



http://en.wikipedia.org/wiki/Image:WalterReed.jpeg
http://en.wikipedia.org/wiki/Image:WalterReed.jpeg

“I'THANK GOD that | did not accept anybody’s opinion on this subject, but determined to
put it to a through test with human beings in order to see what would happen... actual trial
proven that | was right...” - Walter Reed

“The Etiology of Yellow Fever an Additional Note,” read before the Pan-American Medical

Congress at Havana, in February, 1901
“1. The mosquito — C. facciatus — serves at the intermediate host for the parasite of yellow fever. “2. Yellow
fever is transmitted to the nonimmune individual by means of the bite of the mosquito that has previously
fed on the blood of those sick with this disease. “5. Yellow fever can also be experimentally produced by the
subcutaneous injection of blood taken from the general circulation during the first and second days of this
disease. “8. Yellow fever is not conveyed by fomites, and hence disinfection of articles of clothing, bedding,
or merchandise, supposedly contaminated by contact with those sick with this disease, is unnecessary. “10.
The spread of yellow fever can be most effectually controlled by measures directed to the destruction of
mosquitoes and the protection of the sick against the bites of these insects.”
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- Nobel Prize in Physiology or
’ Medicine

« Max Theiler — 1951 - "for his
discoveries concerning

yellow fever and how to
combat it

PRESCRIPTION ONLY MEDICINE

STAMARIL

YELLOW FEVER VACCINE (LIVE),

STABILISED

1 single dose vial contaiming = |
yellow fever vieus (170) and | (0.5 ml) dueee gyei




in this cemetery many victims of tfle
Great Yellow Fever Epidemic
of 1820

were buried.

i Nearly 700 Savannahians died
Yhat year, including two local
| physicians who lost their lives
| .' caring for the stricken.

Several epidemics followed. In 1854
The Savannahi‘Benevolent . ‘Association
was organized;to aid the families
of- the fever victims:




YELLOW FEVER VIRUS

Etiological agent:
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Transmission Cycles of yellow fever

Jungle yellow fever Urban yellow fever Ciclo de transmision del virus de la Fiebre amarilla

Aedes

: Mosqguito aegypti
Rainforest . ’as .
zone /' V‘ \ Ciclo selvatico Ciclo urbano

MOHKE‘F Monkey Human ey \ |
D/ \\ Ae \ N
Mosqmt a&gyptr’ Dry savanna

Urban areas
Haem@ugas spy
(South Amencaj Mosqmt{:
Ae africanus
(Africa) M k
onkey
Human Human
Moist savanna Monkey -
: Ae africanus
:g%gtatlﬂnéﬂ \ Ae luteocaphalus
Ae furcifer
___— Ae wittatus
Mosquito — Ae simpsoni complex
and other spp

Sylvatic vellow fever

(Al'rlca l)l'll!!'} Noemogogus op

Aedes oegypri
Figure 3. The fransmission cycles of yellow fever. The virus is maintained
by transmission between monkeys and tree-hole breeding mosquitoes.
Human beings acquire “jungle yellow fever” when exposed fo the bite of
mosquitoes that have previously fed on an infected monkey. The vectors
and ecology differ in Africa and South America. In Africa, tree-hole
breeding Aedes spp reach high densities in the moist savanna Febre Amarela: Doenga
vegetational zone and transmit the virus between people. In both 2 A

continents, Ae aegypti, which breeds in and around houses in man- nao erradlcave”
made containers, is responsible for inferhuman transmission of “urban”
yellow fever virus.
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Fonte: SVS/MS

Hosts

Cebus sp

(macaco prego)

Alouatta sp

_ _ Callithrix sp
(guariba, bugio)

(mico, soim)




SVS/MS

Vectors

N. Degalier, IRD, 2001

Vectors === Reservoirs Dissemination



THE DISEASE

Red Eyes

Fever ——

Headache
Bleeding

Vomiting Jaundice

b | A
Figure 5. Yellow fever patient during the period of infection. The patient '
febrile and acutely ill, with prominent conjunctival congestion. During th
pre-icteric phase, the illness is difficult to differentiate from many other
infectious diseases. Virus is present in the blood and the patient is
infectious for blood-feeding mosquitoes.

20-30% ebre e cefaléia
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Figura 6 - O ‘iceberg” da febre amarela. Distribuicdo das formas clinicas.



Figura 7- Febre amarela. Paciente em coma com
quadro maligno. Notar hemorragia.

Pedro Fernando da Costa Vasconcelos. Rev. Soc. Bras. Med. Trop. vol.36 no.2 Uberaba Mar./Apr. 2003



Period of infection
36 dars
(viraemic)

Clinical Headache
features Myalgia
Lumbosacral pain
Mausea
Malaise
Prostration
Dizziness

Conjunctival injection
Furred tongue, red at tip
Bradycardia

(Faget's sign)

Laboratory Leukopenia
features Meutropenia

4 AST=ALT
Proteinuria

Infection Viraemia
and
immunity

Period of intoxication
3-8 days

Convalescence
2= weeks

_ 1
RECOVERY

Headache | Aesthenia
Epigastric pain !
Vomiting
Prostration
Malaize
Jaundice
Dliguria =* anuria

Tender liver
Hypotension =+ shock
Stupor =+ coma
Hypothermia
Haemorrhage
Comvulsions

Thrombocytopenia
Leukocytosis

$ ASTSALT
proteinuria
Azotasmia

Hypoglycaemia
Acidosis

Antibody Antibody

Figure 4. Stages of yellow fever infection, showing the major clinical and laboratory feafures of the

disease.




YF Pathogenesis

Liver

Kupffer cells

Virasmia

Lymiph nnd

A;Cular
damage

Hypotsnsion
hasmomrhags

Dendritic call

Myocardial cslls

focal apoptosis ! Viral clearance
. CD4+ ;
FPreranal failure oTL Liver

Hypotension

) Hepatocytes
Day 9-11 oic Jaundics spoptosis

Haamatemsals

$ Midzonal necrosis

"'-i Shnck anoxia,
metabolic acidosis

DEATH

Tubular necrosis

THE LANCET Infectious Diseases Vol 1 August 2007



CURRENT SITUATION OF YFV



YELLOW FEVER VIRUS TRANSMISSION RISK




EPIDEMIC IN AFRICA
2016
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EPIDEMIC IN AFRICA (DEMOCRATIC REPUBLIC OF THE CONGO AND ANGOLA)
2016
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YELLOW FEVER CASES IN
BRAZIL

01/12/16 -31/05/17

Figura 1 - Distribuicdo geografica dos casos suspeitos de febre amarela notificados a SVS/MS até 31 de maio de 2017, com
inicio dos sintomas a partir de 01 dezembro de 2016, por municipio do LPI e classificagao.

= Casos conﬁrmados /f'-,‘ 100 0 100 200 300 400 km
. . ~, I/":
B Casos em investigagao =




CASES OF YELLOW FEVER IN BRAZIL
2016 - 2017

Tabela 1- Distribuicdo dos casos de febre amarela notificados a SVS/MS até 31 de maio de 2017, com inicio dos sintomas
a partir de 01 dezembro de 2016, por UF do Local Provavel de Infec¢do (LPI) e classificacdo.

Classificacdo dos casos

Municipios com casos

REGIAO UF do LPI notificados Casos Casos em Casos Total de casos
Confirmados Investigacédo Descartados notificados
Goias 19 1 9 65 75
CENTRO OESTE  Distrito Federal 1 1 4 49 54
Mato Grosso do Sul 3 0 1 8 9
Mato Grosso 2 1 0 11 12
Amapa 1 0 1 4 5
Tocantins 9 1 10 19 30
NORTE o
Rondénia 1 0 3 6 9
Para 11 a4 12 29 45
Bahia 12 0 6 20 26
NORDESTE )
Maranhdo 2 0 2 13 15
Espirito Santo 59 260 180 390 830
Minas Gerais 173 487 223 885 1595
SUDESTE . .
Rio de laneiro 18 17 9 56 82
S3o Paulo 67 20 37 313 370
Rio Grande do Sul 11 0 4 20 24
SuUL Santa Catarina 7 0 2 14 16
Parana 11 0 16 15 31
Descartados por outras UF's? - 0 0 12 12
Total? 407 792 519 1929 Ey.L ]

LCasos descartados por outras UF's (AM, CE, RR, RN e PI)
2excluidas as duplicidades de registros na base de dados nacional

MINISTERIO DA
5”5+ SAUDE

FoOFERND FEDER R

Ministério da Satide :
Instituto de Tecnologia (
o 4) em imunabiolégicos y 45
v o i ;
y Fundagéo Oswaldo Cruz é Bio-Manguinhos .
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FATAL CASES OF YELLOW FEVER IN BRAZIL

2016 -2017

Tabela 2 - Distribuicao dos obitos suspeitos de febre amarela entre o total de casos notificados a SVS/MS até 31 de maio
de 2017, com inicio dos sintomas a partir de 01 dezembro de 2016, por UF do Local Provavel de Infeccdao (LPI) e
classificagao.

Classificacdo dos dbitos

Municipios com

Regido UF do LPI Sbitos Obitos Obitos em Obitos Total de 6bitos
Confirmados Investigacdo Descartados notificados
NORTE Para 3 4 0 2 6
Tocantins 1 0 1 0 1
Goias 3 1 1 4 6
CENTRO OESTE L.
Distrito Federal 1 1 1 6 8
Mato Grosso 1 1 0 1 2
Espirito Santo 33 85 17 20 122
Minas Gerais 61 165 15 44 224
SUDESTE , _
Rio de Janeiro 7 7 1 3 11
Sdo Paulo 15 10 0 37 47
SUL Parana 1 0 1 0 1
Descartados por outras UF's? - 0 0 7 7
Total 126 274 37 124 435

! Obitos descartados por outras UF's (AM, AP, BA, MA, RS e 5C)

Ministério da Satide
Instituto de Tecnologia i
_— 4) em imunabiolégicos 4
y ‘i Fundacéo Oswaldo Cruz # Bio-Manguinhos



GEOGRAPHICAL DISTRIBUTION OF EPIZOOTICS IN
BRAZIL

Figura 5 - Distribuicdo geografica das epizootias em primatas ndo humanos suspeitas de febre amarela notificadas a
SVS/MS até 31 de maio de 2017, com data de ocorréncia a partir de 01 dezembro de 2016, por municipio do Local Provavel
de Infecgdo (LPI) e classificagao.

I Epizootias confirmadas para FA
I Epizootias em investigagdo para FA
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YELLOW FEVER VACCINE



History of Virus Attenuation of Wild Yellow Fever

Asibi Strain

30/06/1927
ASIBI virus,

Mahaffi &
Bauer

94 passages
in rhesus
monkeys

December 1933. Minced tissue were inoculated with monkey sera
infected with Asibi strain

18 18 passages in minced mouse embryo tissue

76 58 passages in minced whole chick embryo

130 designated 17D strain

114 passages using chick embryo without nervous tissues

195 begin the 17DD strain

1936 - At 227th and 229th passages — experimental
;m—ﬂ vaccination in Rockefeller Foundation employees. Acceptable
’ = tolerability, development of neutralizing antibodies




Yellow Fever seed virus
passage in different
Manufacturers

Genealogy of yellow fever
vaccine strains. All strains are
derived from the Asibi strain
and the 176 strain derived
from it by passage. The
divergence of the different
seed strains is shown.

(ms://doi.Srgglo.@or/i.virol.zﬁmﬂﬁd’gi‘n‘?z"“
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https://doi.org/10.1016/j.virol.2015.03.032

PASSAGE HISTORY OF 17DD SUBSTRAIN

In vitro Egg
subcultures passages Brazil Senegal
243 0
283 40 EP 774
51 S1

284 41 w||3 4TB—’

S1
285 42 S‘E S|2 1 El A

52
286 43 Vv

?5|—1

287 44 v

Flgure 38-19 Passage history of the 170D substrain (derivation
shown in Figure 38-17) to prepare seed viruses and vaccines in Brazil
and Senegal. From Brés P Koch M. Production and testing of the WHO
yellow fever primary seed ot 213-77 and reference batch 168-73.WHC Expert
Committee on Biological Standardization, 36th Repornt. Geneva: World Health
Drganization; 1987, with permission.
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VACCINE PRODUCTION PROCESS
(1942)
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VACCINE PRODUCTION
PROCESS (2017).
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VACCINE PRODUCTION
PROCESS (2017).
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Media centre

Media centre Yellow fever vaccination booster not needed % % f ¥ & +

News release
| ~ News

* News releases

17 MAY 2013 | GENEVA - The yellow fever ‘booster’ vaccination given ten years Related links
Previous years after the initial vaccination is not necessary, according to WHO. An article published
E in WHO'’s Weekly Epidemiological Record (WER) reveals that the Organization’s Weekly Epidemiological Record
» Statements Strategic Advisory Group of Experts on immunization (SAGE) has reviewed the latest (WER)
| eV|d§nce an_d cont?luded that a smglt_a dose of vaccination is sufficient to confer life- About SAGE
» Notes for the media long immunity against yellow fever disease.
Yellow fever fact sheet
» Commentaries Since yellow fever vaccination began in the 1930s, only 12 known cases of yellow More on yellow fever
fever post-vaccination have been identified, after 600 million doses have been
» Events dispensed. Evidence showed that among this small number of “vaccine failures”, all

[ES————— cases developed the disease within five years of vaccination. This demonstrates that



DURATION OF IMMUNITY

A Anti-17DD YF Neutralizing Antibody Titers
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Rev SalGde Pdblica 2004:38(5):671-8

www fsp usp be/rsp

Immunogenicity of WHO-17D and Brazilian
17DD yellow fever vaccines: a randomized trial

Imunogenicidade das vacinas contra febre
amarela WHO-1/7D e 1/DD: ensaio
randomizado

Luiz Antonio Bastos Camacho?®, Marcos da Silva Freire®, Maria da Luz Fernandes Leal®,
Savitri Gomes de Aguiar®, Jussara Pereira do Nascimento®, Takumi lguchi’, José de Azevedo
Lozana®, Roberto Herrique Guedes Farias® and Collaborative Group for the Study of Yellow

Fever Vaccines'

*Escola Nacional de Saude Publica. Fundacao Oswaldo Cruz (Fiocruz). Rio de Janeiro, RJ, Brasil.
®instituto de Tecnologia em Imunogiologicos. Bio-Manguinhos. Fiocruz. Rio de Janeiro, RJ, Brasil.
“Instituto de Biologia do Exercito. Rio de Janeiro, RJ, Brasil




Successful Use of Fractioned Doses (1/5%)

« Backed up by SAGE ~7, 5 m people >2y vaccinated
in Kinshasa

« Strong political buy-in

« 2 months from decision to implementation

« Technical, Operational & Logistical challenges

— Syringe supply, vaccine reconstitution. training of
HCW. social mobdization...

« Coordinated effort among muiltiple partners
(MoH, NGOs, National and International PH
agencies, donors, community)

« INRB/CDC immunogenicity study ongoing on
742 individuals

* SAGE will meet mid-October to provide
recommendations on FD

td
.

World Mealth Organtzation |




SERIOUS ADVERSE EVENTS OF YF VACCINE

Time after
Age . .
Case Place, year r’ Sex | vaccination Clinical and laboratory summary Outcome
yea s I‘Q‘TQ

Virology 290, 308-319 (2001 B
doi: 10.1006/viro. 20011168, availablz online at htpyAww.idealibrargcom on |IE &I.

Phenotypic and Molecular Analyses of Yellow Fever 17DD Vaccine Viruses Associated with
Serious Adverse Events in Brazil

R. Galler®' K. V. Pugachevt C. L. S. Santos# S. W. Ocran,t A. V. Jabor,* S. G. Rodrigues,§ RB. 5. Marchevsky,”
M. 5. Freire,” L. F C. Almeida,” A C. B. Cruz,§ A M. Y. Yamamura,” |. M. BoccoF E. 8. Travassos da Rosa§
L. T. M. Scuza* F F C. Vasconcelos,§ F Guirakhoo, T and T. P. Monatht

*instituto Dewaldo Cruz and instituto de Tecnalogie em Imunabia/dgicos, Fundagdo Oswaldo Cruz, 210456-800 Rio de Janeiro, RV, Brazil;
tcambis, inc, Cambridgs, Massachusetts; Fnstituto Adolpho Lut, 5§o0 Pasuwo, 5P Brazil; and §instituto Evandro ChagasfFundacio
MNacional de Salde, BEslsm, B4, Grazil

Recoived July 6 20071 returned to author for revision August 20 2009, saccepiod August 21 2007




SERIOUS ADVERSE EVENTS OF YF VACCINE

*¢* Dados internacionais

* Eventos adversos severos: eventos
viscerotropicos (0,3/100.000 doses)

* Eventos neurolégicos (0,4/100.000 doses)
* Anafilaxia (0,8/100.000 doses)

Source: Hayes EB, 2007



YELLOW FEVER VACCINE:
TECHNOLOGICAL IMPROVEMENT



PRODUCTION OF YF 17/DD VACCINE IN CEF

Available online at www sciencedirect.com

.u..ua.@m.w ?vf%&ﬁ&

Waccins 23 (1005) 24922510

wwwLelsevierncomdlocaie vaccine

Production of yellow fever 17DD vaccine virus in primary culture of
chicken embryo fibroblasts: yvields. thermo and genetic stability,
attenuation and immunogenicity

Marcos S. Frewre®, George F. Mamn®™*! Renata . Marchevsky®, Anna MY, Yamamura®,
Luiz F.C. Almeida®, Alfredo V. Jabor®. Jose M.N. Malachias?®,
Evandro S.F. Coutinho®, Ricardo Galler®
A Fundacag Onwalds Cris, Insntute de Tecnaloera em Imunobisldgicos, Avenida Brasil £365,
Adanguwinhas, Rip de Jametme 21045-500 Brazi
® Ercola Nacional de Saude Piiblica, Rio da Janaivo, BT Brazil
¢ fnstitut (swaide Cruz, Rio de Jangir, R Brazii
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maturidade da tecnologia

YELLOW FEVER VACCINE: TECHNOLOGICAL IMPROVEMENT

Bio-Manguinhos/Fiocruz

VFA inativada

VFA DNA
VFA subunit

Bio-Manguinhos/Fiocruz
Fraunhofer/iBio

VFA atenuada

tempo @o%%go‘?@*

Ministério da Saude
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Maturidade da tecnologia

YELLOW FEVER VACCINE: TECHNOLOGICAL
IMPROVEMENT

VFA inativada

Bio-Manguinhos/Fiocruz

Xcellerex/GE HealthCare
VFA subunit

Bio-Manguinhos/Fiocruz
Fraunhofer/iBio

VFA atenuada

NP
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AN INACTIVATE VACCINE AGAINST YF

Contents lists available at SciencaDirsct

Jowrnal of
YVirological

Journal of Virological Methods Methods

journal homepage: www.elsevier.com/locate/jviromat

Pressure-inactivated yellow fever 17DD virus: Implications
for vaccine development

Luciane P. Gaspar®*, Ygara S. MendesP®, Anna M.Y. Yamamura?, Luiz EC. Almeida?, Elena Caride?,
Rafael B. Goncalves™! Jerson L. SilvaP?, Andréa C. Oliveira®, Ricardo Galler3, Marcos S. Freire?

* programa de Vacinas Vinais, Instituto de Temologla em Imumoboldgicos, Fundadoe Oswaldo Oz, Rlo de fanetro, B 271045-900, Brasl)
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ABSTRACT: Yellow fever virus (YFV) replication is highly dependent on host cell
factors. YFV NS4B is reported to be involved in viral replication and immune evasion.
Here interactions between NS4B and human proteins were determined using a GST pull-
down assay and analyzed using 1-DE and LC—MS/MS. We present a total of 207
proteins confirmed using Scaffold 3 Software. Cyclophilin A (CypA), a protein that has
been shown to be necessary for the positive regulation of flavivirus replication, was
identified as a possible NS4B partner. 59 proteins were found to be significantly increased
when compared with a negative control, and CypA exhibited the greatest difference, with
a 22-fold change. Fisher’s exact test was significant for 58 proteins, and the p value of
CypA was the most significant (0.000000019). The Ingenuity Systems software identified
16 pathways, and this analysis indicated sirolimus, an mTOR pathway inhibitor, as a
potential inhibitor of CypA. Immunofluorescence and viral plaque assays showed a
significant reduction in YFV replication using sirolimus and cyclosporine A (CsA) as
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inhibitors. Furthermore, YFV replication was strongly inhibited in cells treated with both inhibitors using reporter BHK-21-rep-
YFV17D-LucNeolres cells. Taken together, these data suggest that CypA-NS4B interaction regulates YFV replication. Finally, we

present the first evidence that YFV inhibition may depend on NS4B-CypA interaction.

KEYWORDS: yellow fever virus, NS4B, proteomics, protein interactions, systems biology, cyclophilin A, cyclosporine A, sirolimus
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& = Arboviruses, arthropod-borneviruses, are frequency associated to human outbreak
l ““ 13 .;IE and represent a serious health problem. The genus Flavivirus, such as Yellow Fever
S A Virus (YFV) and Saint Louis Encephalitis Virus {(SLEV), are important pathogens with

8 || [ [T high morbidity and mortality worldwide. In Brazil, YFV is maintained in sylvatic cycle, but
X many cases are notified annually, despite the efficiency of vaccine. SLEV causes an
Il.l acute encephalitis and is widely distributed in the Americas. There is no specific antiviral
A drugs for these viruses, only supporting treatment that can alleviate symptoms and
- prevent complications. Here, we evaluated the potential anti-YFV and SLEV activity of a

series of thiosemicarbazones and phthalyl-thiazoles. Plague reduction assay, flow
cytometry, immunoflucrescence and cellular viability were used to test the compounds in
ADVERTISEMENT X vitro. Treated cells showed efficient inhibition of the viral replication at concentrations that
presented minimal toxicity to cells. The assays showed that phthalyl-thiazole and

THE LA N_CET phenoxymethyl-thiosemicarbazone reduced 60% of YFV replication and 75% of SLEV
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RNA interference inhibits yellow fever virus replication in vitro

and in vivo
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Abstract RNA mterference (RNAI1) is a process that is
mduced by double strinded RNA and involves the degra-
dation of specific sequences of mRNA in the cytoplasm of
the eukaryotic cells. It has been used as an antiviral ool
against many viruses, including flaviviruses. The genus
Flavivirus contains the most important arboviruses in the
world, 1.e., dengue (DENV) and yellow fever (YFV). In our
study, we investigated the in vitro and in vivo effect of
RNA1 against YFV. Using stable cell hnes that expressed
RNA1 against YFV, the cell hnes were able to inhabat as
much as 97% of the viral replication. Two constructions

(one against NS1 and the other agamnst E region of YFV
genome) were able to protect the adult Balb/e mice against
YFV challenge. The histopathologic analysis demonstrated
an important protection of the central nervous system by
RNAi after 10 days of viral challenge. Our data suggests
that RNA1 15 a potential viable therapeutic weapon against
yellow fever.

Keywords RNAi - Yellow fever - Flavivindae -
Arboviruses
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BUT NO CLINICAL DEVELOPMENT
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Abstract RNA mterference (RNAI1) is a process that is
mduced by double stranded RNA and involves the degra-
dation of specific sequences of mRNA in the cytoplasm of
the eukaryotic cells. It has been used as an antiviral ool
against many viruses, including flaviviruses. The genus
Flavivirus contains the most important arboviruses in the
world, 1.e., dengue (DENV) and yellow fever (YFV). In our
study, we investigated the in vitro and in vivo effect of
RNA1 against YFV. Using stable cell hnes that expressed
RNA1I against YFV, the cell hnes were able to inhabat as
much as 97% of the viral replication. Two constructions

(one against NS1 and the other agamnst E region of YFV
genome) were able to protect the adult Balb/e mice against
YFV challenge. The histopathologic analysis demonstrated
an important protection of the central nervous system by
RNAi after 10 days of viral challenge. Our data suggests
that RNA1 15 a potential viable therapeutic weapon against
yellow fever.
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Take Home Lesson

a) YFV is re-emerging in South America and Africa
with higher than usual number of cases

b) There is a good vaccine

c) There is not enough vaccine available. The stocks
are in record low

d) There is technology for new vaccines.

e) No drug available
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