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• No conflict regarding YF Vaccine

• Hold a patent regarding pharmacological 
treatment of YF using MAP Kinases inhibitors

• Honorary payments or grant support 
regarding dengue vaccine from: Sanofi-Pasteur 
and/or Butantā-NIH Vaccine

• Thanks to Dr. Marcos Freire - FIOCRUZ  and 
Prof. Betania Drumon -UFMG for sharing some 
data used in this presentation



BASIC YF DATA COMES FROM EARLY 
XX CENTURY



“I THANK GOD that I 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 I 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.”



YELLOW FEVER VIRUS

Etiological agent: 



Transmission Cycles of yellow fever

YF: impossible to 
erradicate



Hosts

Host Amplify Disseminate

Alouatta sp
(guariba, bugio)

Foto: Rodrigo del Valle

Callithrix sp
(mico, soim)

Cebus sp
(macaco prego)

Fonte: SVS/MS



Callicebus spp. (widow monkey)
Sapajus spp. (tufted capuchins)

Brazil: non-human primates (NHP): hosts for YFV

Genera: less 
susceptible to 
YFV

Callithrix spp. (marmosets) 
urban centers  

Allouata spp. (howler monkeys)

Genera: more 
susceptible to 
YFV

Susceptibility and wide occurrence: NHP -

sentinels for YF

Hunt et al, 1978; Vasconcelos, 2003; MS-BR, 2014



Vectors

Vectors Reservoirs Dissemination

SVS/MS



THE DISEASE



CURRENT SITUATION OF YFV 



YELLOW FEVER VIRUS TRANSMISSION RISK



EPIDEMIC IN AFRICA
2016



EPIDEMIC IN AFRICA (DEMOCRATIC REPUBLIC OF THE CONGO AND ANGOLA)
2016

Angola
884 confirmed cases
121 deaths among confirmed cases (case 
fatality rate, 13.7%)
4347 suspected cases
377 deaths among suspected cases (case 
fatality rate, 8.7%)

DR Congo
78 confirmed cases (57 imported from Angola, 
8 sylvatic, 13 autochthonous)
16 deaths among confirmed cases (case fatality 
rate, 21.1%)
2987 suspected cases
121 deaths among suspected cases (case 
fatality rate, 4.0%)

Kenya
2 confirmed cases
China 
11 confirmed cases

Approximately 30 million people 
were vaccinated in the two 
countries.

This depleted the WHO/UNICEF and 
Brazilian stocks



YELLOW FEVER IN THE AMERICAS



YF in Brazil

YF
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2016 to 2018: 2,153 confirmed cases

744 deaths

Southeast region

1980 to 2015: 1,575 cases

MS-BR, 2017, 2018

+ 5,000 

deaths

NHP



MS-BR, 2017, 2018

confirmed
Confirmed

2017
2018

475 cases 
162 deaths

528 cases 
– 177 deaths

YF: Brazil
Minas Gerais state

2016 – vaccination coverage

2017-2018: 1,003 cases 

339 deaths (33.9%)



A new lineage of YFV (South American GI) was 

responsible for outbreaks in Southeast - 2017

Bonaldo et al, 2017, Moreira-Soto et al, 2018, Goméz et al, 2018, Faria et al, 2018

9 unique aa substitutions in the polyprotein sequence 



Faria et al, 2018

Most recent common 

ancestor: 

July 2016

[95% BCI: Mar - Nov 

2016]
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South America II
South African

MRCA: 2015
(95%BCI = 2014-2016) 

Beast1.8.3Rezende & Sacchetto et al, 2018

Southeast 

Brazil



YF Sao Paulo 2016



1.641 feições





YFV positive Callithrix sp. – 2017 and 2018

Metropolitan region – Belo Horizonte 5.8 million inhabitants
Sacchetto et al, 

unpublished 

data



Forest pockets – commonly observed 

inside/boundaries  of  Brazilian cities 

Marmosets are very common in urban 

areas – Brazil

Vector surveillance - needed

YFV: Callithrix sp. – 2017 and 2018

Metropolitan region – Belo Horizonte 5.8 million inhabitants

Sacchetto et al, unpublished data



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

18 passages in minced mouse embryo tissue

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 
vaccination in Rockefeller Foundation employees. Acceptable 
tolerability, development of neutralizing antibodies

History of Virus Attenuation of Wild Yellow Fever
Asibi Strain

passages using chick embryo tissues without  
head and spinal cord and normal monkey or human serum

30/06/1927  

ASIBI virus,  

Mahaffi & 
Bauer

54 passages 
in rhesus 
monkeys



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.

https://doi.org/10.1016/j.virol.2015.03.032

28

https://doi.org/10.1016/j.virol.2015.03.032


VACCINE PRODUCTION PROCESS 
(1942)



Plataforma 

Ovos embrionados 

Princípio Ativo

Vírus atenuado cepa 
17DD

Substrato

Ovos SPF 
embrionados 

Ovoscopia

Incubação

Coleta

Trituração

Centrifugação e
Estabilização  

Congelamento

VACCINE PRODUCTION 
PROCESS (2017).

Inoculação viral

Suspensão 

viral 

(IFA)

Ovoscopia



VACCINE PRODUCTION 
PROCESS (2018-).

Formulação

Vacinas

•Hib
•Meningite AC
•Febre Amarela
•Tríplice Viral 

Liofilização

Rotulagem

Embalagem

Revisão

Envase



DURATION OF IMMUNITY



DURATION OF IMMUNITY











Case Place, year
Age,

years
Sex

Time after

vaccin

ation

days

Clinical and laboratory summary Outcome

1
Goiânia

1999
5 F 3

Fever, dyspnea, hyperemia of  oropharynx. AST and 

ALT: 4 x. Bilirubin 1,1 mg. Leukocytosis, 

anemia. R-X: Diffuse intersticial infiltration  at 

left. 

Death

5th  day

2 São Paulo 1999 11 M 3
Fever, malaise, diarrhea, jaundice, petechiae and 

epistaxis. AST: 162; ALT: 150; Total Bilirubin 

13,5; Cr 3,2.

Death

5th day

3 São Paulo 2000 22 F 4
Fever, myalgia, hyperemia of  oropharynx. Jaundice. 

AST and ALT: 10,5 x. Leukopenia left shift. 

Renal failure. Coagulation disorder.

Death

6th day

4
Minas Gerais, 

1999
12 F 3

Fever, asthenia, myalgia. Oral hyperemia, jaundice, 

hypotension and  bleeding. Leukopenia; 

thrombocytopenia and increase of  urea and 

creatinine.

Recovered

9th day

5
Minas Gerais, 

2001
19 F 3

Fever, myalgia, cephalea. AST and ALT 12 e 6 x. 

Bilirubin 6,0. Leukopenia with left shift. 

Coagulation disorder. 

Death

10th day

6
Rio Grande do 

Sul, 2001
4 M 4

Fever, prostration, petechiae. Lymphadenopathy. AST 

and ALT 20 x; Bilirubin  7,01. Leukopenia with 

left shift. Renal failure. 

Death

10th day

7
Rio de Janeiro, 

2003
67 M 4

Fever, asthenia, myalgia, cephalea and prostration. 

AST: 2572; TGP: 2525.  Leukopenia. 

Respiratory failure. Yellow fever neutralizing 

antibodies: 3533 mUI/mL (10 days after  

Recovered

48th day

SERIOUS ADVERSE EVENTS OF YF VACCINE



SERIOUS ADVERSE EVENTS OF YF VACCINE

 International Data

• Viscerotropic disease (0,3/100.000 doses) 

• Neurologic disease (0,4/100.000 doses) 

• Allergic reactions (0,8/100.000 doses)

• * death about 0,5/1.000.000. We need to 
vaccinate 80 Million people in Brazil

Source: Hayes EB, 2007; Estofolete & Nogueira, 2018



YELLOW FEVER VACCINE: 
TECHNOLOGICAL IMPROVEMENT
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VFA atenuada

VFA inativada

VFA subunit

Xcellerex

VFA DNA
Aggeu Magalhães/Fiocruz

Bio-Manguinhos/Fiocruz

Fraunhofer/iBio

Bio-Manguinhos/Fiocruz

YELLOW FEVER VACCINE: TECHNOLOGICAL IMPROVEMENT



Bio-Manguinhos/Fiocruz

AN INACTIVATE VACCINE AGAINST YF



Xcellerex

AN INACTIVATE VACCINE AGAINST YF



Aggeu Magalhães/Fiocruz

DNA VACCINE AGAINST YF



How to do a clinical trial of YF 
vaccine?

Cost? Market? 

Markers of protection?

Population?

Ethical Considerations



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. But is there 
interest on it?

e) No drug available



Zika in NPH Primates, Brazil

Mauricio L Nogueira, MD,PhD













Conclusions - II

• Zika was detected in dead NHP in urban 
environment

• The sequence is similar to the human cases

• The spatial distribution was assessed

• The virus can infect experimental monkeys, 
with viremia and IgG seroconversion
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