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Background

Yellow Fever is a viral disease that is transmitted to humans by the bites of infected mosquitoes
It is prone to epidemics , and is preventable with a vaccine

Vector: Haemagogus and Aedes species(mostly)1

• Transmission after a blood meal from an 
infected animal/person1

• After ~10 days of incubation, YFV is 
secreted in saliva and transmissible to 
another host upon blood meal1
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As of 2023, 34 countries in Africa and 13 
countries in Central and South America are 
either endemic for, or have regions that are 
endemic for, yellow fever

1. Staples JE et al. 2023 Plotkin's Vaccines, 8th edition, Chapter 64 Yellow Fever Vaccine pp:1251-1321.e19; 
Adapted from Staples et al. 20181
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Yellow Fever Virus

• YFV = Arbovirus of the flavivirus genus
• Wild-type virus : only one serotype (high genetic stability) 
• 7 distinct genotypes: 5 in Africa & 2 in Latin America 

• Small (50 nm), enveloped

• Viral Genome ( 10 862 nt) positive sens ssRNA

• Polyprotein

The Prototype Member of the Flaviviridae (Latin flavus =“yellow”) Family of Viruses1

The Yellow Fever Virus virion2

(A) The immature (intracellular) and mature (extracellular) infectious 
virion and (B) arrangement of the E dimers 

Image From Vratskikh O, et al 20132

C: capsid; E: envelope protein E; M: monomer; prM: precursor of membrane; RNA: ribonucleic acid; sE: soluble form of Protein E; YFV: Yellow Fever virus.
1. Staples JE et al. 2023 Plotkin's Vaccines, 8th edition, Chapter 64 Yellow Fever Vaccine pp:1251-1321.e19; 2. Vratskikh O, et al. 2013 PLoS Pathog 9(6): e1003458.
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Yellow Fever Disease Symptoms

YF disease is often asymptomatic or causes 
minimal symptoms

The clinical spectrum of the YF disease is broad: 
from subclinical infection to a potentially fatal hemorrhagic disease

Phase 1 (Acute Phase):

• For symptomatic cases, incubation period = 3–6 days 
followed by nonspecific symptoms: fever, chills, headache myalgia 
that disappear within 3–4 days

• Recovery after 2–24 hour remission (most patients) 

Phase 2 (Toxic Phase):

• Progression to serious form in 12–15% of the patients2,3: jaundice, 
bleeding symptoms (e.g., mouth, nose, eyes or stomach [=black 
vomit]) shock and multisystem organ failure

• Evolution to death: 20–60% of the serious forms, within 7–10 days 
after patient entered toxic phase1-3,5

General Clinical Presentation1–4
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All Infections Among Severe cases

YF: Yellow Fever; YFV: Yellow Fever virus.
1. CDC Yellow Book: Health Information for International Travel. Edition: 2026. Accessed July 2025. https://www.cdc.gov/yellow-book/hcp/travel-associated-infections-diseases/yellow-fever.html; 2. WHO YF vaccine 
position paper 2013 Weekly Epidemiological Record, 88 (27): 269–83; 3. Johansson MA, et al. Trans R Soc Trop Med Hyg. 2014 Aug;108(8):482-7; 4. WHO. Yellow Fever Key Facts. Updated 31 May 2023. Accessed 
July 2025. https://www.who.int/en/news-room/fact-sheets/detail/yellow-fever; 5. Monath TP & Vasconcelos PFC. J Clin Virol. 2015 Mar;64:160-73. 

Adapted from WHO, 20194
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Yellow Fever Disease Treatment & Prevention

Treatment
• No specific treatment is available for YF
• Only supportive medical care according to the severity of the disease, 

ranging from symptomatic medications to hepatic transplant1

Prevention

 Vector Control1

• Prevention against mosquito bites
• Elimination of potential mosquito breeding sites
• Protection of reservoirs and water storage containers

 Vaccination1–2 

1. WHO. Yellow Fever Key Facts. Updated 31 May 2023. Accessed July 2025. https://www.who.int/en/news-room/fact-sheets/detail/yellow-fever; 
2. WHO. Immunization, Vaccines and Biologicals. Yellow fever vaccines. Accessed July 2025. https://www.who.int/teams/immunization-vaccines-and-biologicals/diseases/yellow-fever. 

Image from Microsoft 365 library (free of rigths)
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Yellow Fever 17D strain based Vaccines

N.K Stock, Vaccine 2012

17D-204
17DD

YF vaccine 
manufacturers 
worldwide1

YF vaccines WHO prequalified1 to 
supply vaccines for EPI and mass 
vaccination campaigns during 
routine and outbreaks

4

6 

• All currently approved YF vaccines are :

• live attenuated viral vaccines, 
originated from 2 sub-strains of 
17D vaccine: 17DD and 17D-2042 

• produced in embryonated 
chicken eggs. 
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Yellow Fever is a Vaccine-Preventable Disease
History of Yellow Fever Vaccines (Main Steps)1

1927
YFV strains 

isolation

1940s
First mass 

vaccinations
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campaigns with 
17D vaccine in 
South America

Mandatory 
vaccination with 
FNV in French 

Speaking Africa
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1988
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for YF 
vaccines

Theiler M obtained 
attenuated virus 

from Abisi strain 
to create the 17D 

vaccine

Institute Pasteur 
Dakar obtained 

attenuated virus from 
isolation of another 
strain and created in 

1932 the FNV

Safety concern with 
FNV: high rate of post-
vaccination encephalitis 
in children leading to the 
discontinuation of the 
FNV vaccine in 1982

Neurological 
adverse events 

were sporadic with 
17D vaccine and 
affected children 

<9 months of age

Recommended 
for use by WHO, 

PAHO and 
UNICEF in 

routine 
programs

1930s
1st YFV 

attenuated 
strains

1960s-
vaccination
concernsYF Post-vaccination

concerns

FNV: French Neurotropic Vaccine; IU: international unit; PAHO: Pan American Health Organization; WHO: World Health Organization; UNICEF: United Nations Int
ernational Children's Emergency Fund; 
YF: Yellow Fever; YFV: Yellow Fever virus. 
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Isolation of Asibi (1927)
from a Ghanaian patient suffering of mild YF

53 passages in monkeys

176 attenuation passages:
18 on minced mouse embryo + 58 on minced whole chick embryo + 

100 on minced chick embryo without brain & spinal cord

YF-17D

Attenuation 
monitored all 
along the 
passages in 
mouse (IC) & 
monkey (IC & 
SC)

17D-204
P204

YF-VAX
P238

Stamaril
P235

è Loss of viscerotropism & 
neurotropism in monkey

AB237
P232

Isolation of YF Vaccine Strains & Attenuation 

Isolation of French Viscerotropic Virus (FVV)  
from a Françoise Mayali (Senegal 1928) 

128 passages on Mouse Brain 

French Neurotropic 
Virus (FNV) 

è Loss of 
viscerotropism 

(infection of liver)  & 
mosquito 

competence

From Asibi Strain (1927) to 17D Vaccine Strains

But with increased neurovirulence (high rates 
of encephalitis in children , contraindicated below 
the age of 14 y old ,  and discontinued in 1982

vaccine used at mouse 
brain passage 260.
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Test in NonHuman Primates Description 
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Each new YF vaccine seed lot is to be tested for neurotropism, viscerotropism and 
immunogenicity in nonhuman primate (NHP)



WHO TRS 872WHO TRS 594

Tests in Nonhuman Primates Evolution 

Cases of encephalitis in Brazil in 1941
Studies in Monkey using IC inoculation 

Requirement for Test in 
NonHuman Primates
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WHO TRS 978

Manufacturer Study highlighting
variability of clinical scoring

Due to the intrinsic variability of the clinical scoring in the 
Monkey model as evidenced with 2011 and 2018 tests , the 
poor accuracy of clinical scoring in non-human primates , along 
with the use of in-house reference preparation with very low 
residual neurovirulence , may increase the risk of failing virus 
seeds lots that are sufficiently attenuated for vaccine 
production

Tests in Nonhuman Primates Evolution 

“It is acknowledged 
that the clinical 
evaluation may be
imprecise ”
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Alternatives to NHP test ? …with smaller animal  

Hamster

Hamster model that shows viscerotropic disease 

However, most wild-type strains (which need to be adapted to hamsters) and viruses 
from YEL-AVD cases do not show viscerotropic disease in this model.
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Alternatives to NHP test ? …with smaller animal  

Mouse
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Neurovirulence Test in Mice

IC inoculation 

DO D21

Daily clinical monitoring 

IC inoculation 

DO D21

Daily clinical monitoring 

DATE 15

IC inoculation 

DO D21

Daily clinical monitoring 

YF 17D 

N
eurovirulence
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Alternatives to NHP test ? …with smaller animal  

IC inoculation 

DO D21

Daily clinical monitoring 
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Neurovirulence Test in Mice &

IC inoculation 

DO D21

Daily clinical monitoring 

IC inoculation 

DO D21

Daily clinical monitoring 

IC inoculation 

DO D21

Daily clinical monitoring 

vYF-247 

DATE 17

IC inoculation 

DO D21

Daily clinical monitoring 

YF 17D 

N
eurovirulence

IN VITRO ALTERNATIVE ? 

In cellulo ?  

Sequencing ?  
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From Asibi Strain (1927) to 17D Vaccine Strains : Attenuation 

Attenuation-related mutations are shared all along the genome
YF-17D attenuation is based on >49 mutations inducing 24 AA 
changes 

Role of each individual mutation in attenuation is not known

Relative quasispecies structure is a plausible correlate of 
attenuation for live viral vaccines

Beck et al. JID 2014

WHO TRS 978 Annex 5

Rice CM et al. Science  1985
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Alternative to NHP Test 

In the absence of clear understanding of 17D attenuation ,  relevance of in cellulo approach as an 
alternative to NHP test might be challenged
Considering the sequence data alone might appear difficult since

-the importance of each attenuation-related mutation within the overall attenuation is unknown
- the interaction between mutations within the overall attenuation is unknown

In depth sequencing data should be considered within an overall characterization package, 

assessing genetic and phenotypic characteristics of the viral population 

=> To demonstrate the consistency of the viral population  (genetically and phenotypically) 
with previously qualified material ( such as a reference lot) rather than systematically

performing NHP test 
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Sequencing as an Alternative to NHP test

Leveraging Previous NHP Test results & Consistency of 
Sequences

“Although the precise mechanism and genetic basis of 
neurovirulence of yellow fever viruses are poorly 
understood, the level of residual neurovirulence of 
an attenuated virus is determined by the viral 
genome sequence. 

As a result, validated molecular methods are suitable 
alternatives to in vivo neurovirulence tests for the 
control of yellow fever virus seed lots.”
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Conclusion on Yellow Fever  Vaccines - Test in NHP 

Yellow Fever vaccines are very succesful live attenuated vaccines 
single dose, high and early immune response , long lasting protection , good safety profile 

But test in NHP is currently still required for new seed Lot 

While the relevance of an alternative in vitro model might be difficult to demonstrate , the 

consistency of the genetic and phenotypic characteristics of the viral vaccine 

with previously established material should be considered as an alternative to 

neurovirulence test 
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