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CURRENT VACCINES: PROGRESS & 

CHALLENGES

The resurgence of Yellow Fever and role of 
the vaccine



Yellow Fever

Aetiologic agent: 

Family: Flaviridae; Genus: flavirus – small enveloped with RNA 

genomes of 9000 – 13 000 bases



Yellow Fever: 200,000 annual cases and 
30,000 deaths - 2010

Yellow Fever: endemic regions

Source: Gardner CL, Ryman KD. Clin Lab Med. 2010 Mar;30(1):237-60.



 Yellow Fever global
2013 – 84.000/170.000 cases

29.000 deaths

 Endemic in 47 countries

34 countries in Africa

13 countries in Central and South America



 2006 – WHO - The Initiative 
against Yellow Fever

 2016 – EYE - Eliminating Yellow Fever Epidemics
WHO, UNICEF, GAVI

- Protect at-risk population

- Prevent Intl spread

- Contain outbreaks rapidly

 Eliminating YF (2016-2026)

 Targeting 40 countries; 50 partners; 40 billion
YF doses over 10 years



In the 21th Century, Yellow Fever 

virus has circulated in Paraguay, 

Argentina, Bolivia, Colombia, 

Venezuela, Peru....

YF in Latin America



BRAZIL  - Epidemiological evolution

1685
1849

1685 – Recife - ship from Green Cape, via Santo Domingo –

dissemination of epidemic waves with thousand of deaths. 

Spread-out to other geographic regions

1849 – Introduction of YF in Rio de Janeiro 

brought by USA Navarre ship, coming from 

Bahia with sick people

1850 1876

1873

1850 – 266,000 inhabitants
– 90,658 sick & 15,000 death

1873 – 3,659 death1876 - 3,476 death

1903
1907

1958
1942

1903 - Oswaldo Cruz assigned by  Rodrigues Alves as Director of Health Services

- Adopt Carlos Finlay theory of Aedes aegypti vector transmission 

- Establish YF Prophylaxis Service (YFPS):

. Mosquito-kill Brigade; Sulphur and píretro; 

. Isolation of sick people in São Sebastião Hospital;

. YFPS adopt the Fire Corps procedures;

1907 - Eradication of the urban vector Aedes aegypti and 

Yellow Fever from the city of Rio de Janeiro

1942 – Sena Madureira, Acre – the last urban YF case in 
Brasil – 69 years without urban YF cases 

Brazil has erradicated Aedes aegypti in two 
occasions – 1958 and 1973

1937

1937, inicio da vacinação no Brasil



In 1900, the Federal Serotherapeutic Institute was 

created, today Oswaldo Cruz Foundation - to control 

and eliminate pestis, small pox and Yellow Fever

from Rio de Janeiro. Oswaldo Cruz took over Carlos 

Finlay´s Discovery (1881) on Yellow Fever 

transmission and erradicated Aedes aegypti from 

Rio de Janeiro – Walter Reed/William Gorgas did 

the same during Panama Canal (1901) construction 

YF in Brazil



Sources: SVS/MS
Gardner CL, Ryman KD. Clin Lab Med. 2010 Mar;30(1):237-60.
Vasconcelos PF. Rev Soc Bras Med Trop. 2003 Mar-Apr;36(2):275-93

Transmission cycles: primates reservoir and vectors



Áreas de Risco Febre Amarela e com recomendação para vacinação, 1997 a 2008
Fonte: SVS/MS.

Brazil, risk areas - 1997 to 2008

1997 2008

Endemic
Transition
Potential risk
Indene

YF immunization recommended
YF immunization not recommended



Brazilian regions according to the recommendation of 

vaccination of Yelllow Fever, Brazil, 2017 



Geographic distribution of NHP epizooties suspects YF cases notified to SVS/MS 

from 01 December 2016, up to 31 may 2017, per municípalites and classified as 

Confirmed and under investigation for YF  



Yellow Fever Human cases and case fatalities. 

Brazil 1930-2017

 Started Dec 2016 and still on going, the largest epizootic Yellow Fever 

registered over the last 90 years.... 



Update on Yellow Fever cases in Brazil

 From Dec 2016 to 30 June 2017 – 3.564 cases notified; 2.270 dismissed; 213 

under investigation; 304 no conclusion

 772 confirmed; 261 deaths;

 From 01 July 2017 to 30 June 2018 - 7.518 cases notified – 5.364 dismissed; 778 

under investigation

- 1.376 cases confirmed; 483 deaths

 Case Fatality rate – 34-35%

 Intensive vaccination enforced in the regions with NHP epizooties

 New areas recommended for YF vaccination

 All the country will be vaccinated by 2019

- Since May 2018, decay of YF cases

Source: Boletim epidemiológico MS   



YF cases in Brazil

All YF cases were classified as sylvatic; the vectors

involved were Haemagogus or Sabethes. 

No cases involved Aedes aegypti vector, although

many human and NHP cases ocurred in peri-urban

areas and parks inside of cities

This situation poses a potentiality of re-

urbanization and the control of A. aegypti is

essential







Vaccination at Fazenda Pedra Preta, on Três Pontas, MG, August 15, 1937

• 1937 March  - H. Smith trouxe a cepa 17D e iniciou a produção da vacina no 

Brasil – Henrique de Azevedo Penna, o parceiro brasileiro

 Um ano depois > 60.000 pessoas foram vacinadas

 Smith, Penna e Paoliello, concluiram que “ existe um método seguro para 

produziru a vacina da FA em larga escalar”.

-Bica, Alfredo, Anais Simpósio 50 aniversário da introdução da cepa 17 D no Brasil, 1988

81 years of Yellow Fever Vaccine production in Brazil

 Formulation of vaccine

 Scale-up of production

 Seed-lot system

 Several production procedures

 Use of SPF chicken embryo



• Use - from 1937 to 1986 – 154.383.814 vaccinated

– Rodopiano de Oliveira, A. In Anais Simpósio 50 aniversário da introdução da 

cepa 17 D no Brasil, 1988 

 Supply to NIP

 Last 30 decades, 690 million doses 

• From 2011 to 2017- 190.857.195 doses  

• Only in 2017 – 64.117.500 doses 

• 2018 program: 40.523.100 doses - 18.500.000 doses already supplied

• Production expansion: CMO/Libbs – additional 30 million doses 

 Exportation - since 2001 – PQ/WHO, 120 million doses exported

Source: Derem/Bio-Manguinhos, 2011

Production and use/supply YFV in Brazil



Fractioned dose was used to 
control the YF epidemic in 
Kinshasa/RDC in 2016 and in 
Brazil in 2018



Dose-response in adults 02



Grupo 
UI/dose

Total Proporção IC 95%

27.476 UI 131 97,7 93,5; 99,5

10.447 UI 115 99,1 95,3; 100,0

3.013 UI 132 97,7 93,5; 99,5

587 UI 131 96,9 92,4; 99,2

158 UI 122 88,5 81,5; 93,6

31 UI 118 66,9 57,7; 75,3

P = 0,000

Seroconversion rates – Nt Ab according to vaccine dosage*. All the 

participants seronegatives before vaccination  N = 749

* Serology 30 days after vaccination

WHO – 1.000 IU minimmal dose recommeded





Serology of dose-response study 8 years later 

Vaccine dosage

Participants with YF Ab at

protective level (>2,7 mUI/mL)

Total

examined

N % I.C.95% N

27.476  UI 56 82,3 71,2 - 90,5 68

10.447  UI (1/3) 44 86,3 73,7 - 94,3 51

3.013 UI (1/9) 54 80,6 69,1 - 89,2 67

587 UI (1/58) 55 93,2 83,5 - 98,1 59

158 UI (1/173) 40 80,0 66,3 - 90,0 50

31 UI (1/886) 22 95,7 78,1 - 99,9 23

Total 271 85,2 80,8 - 88,9 318

P = 0,159 Fisher
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