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• Incubation: 3-6 days

• Symptoms: asymptomatic, flu symptoms, 
mild  icteric haemorragic fever

• Mortality: CRF 20-60% of severe cases

• 200 000 severe cases/y, 30 000 deaths/y

• Endemic in 44 countries (900 x 106 )

• 90% in Africa

• Transmission by Aedes/Haemagogus spp 
(day biting mosquitoes)

• No treatment

Yellow Fever



HIV: epidemiology

• 35 millions people infected worldwide
• 25 millions infected patients in SSA

• 1.5 million infected patients in Latin America
(UNAIDS, 2013)
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Yellow Fever: a zoonose
• Reservoir: human and non-human primates

• Sylvatic (jungle): mosquitoes of forest canopy
non human primates, accidentally  humans 

(occupational, recreational) 

Spillover in population Herd immunity

• Intermediate: wild and peridomestic Aedesmonkeys, 
human 

• Urban: viremic human  Aedes aegyptii human

Outbreaks Herd immunity



Africa

• Sylvatic, intermediate and 
urban

• Immunity accumulates with 
age mostly infants and 

children

• 90% infections

• Herd immunity

America

• Sylvatic mostly 

• Mostly young adults 
(occupational)

• 10x less risk

• Herd immunity

High HIV prevalence
Frequent natural boost

Immunized once in a lifetime
Rare natural boost
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Nigeria
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YF vaccine

• 1936- live attenuated vaccine with 17D strain 

• >600 million doses worldwide

• 80% protective levels of neutralizing Ab after 10 
days, >99% by day 28

• Neutralizing ab (NT) ~ proxy for protective immunity/ 
cut-offs?

• « Data on the long-term immunity induced by YFV, 
which should guide vaccination policy, are still 

scarce » (Collaborative group on YFV,  Vaccine 2014)
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• HIV(-), non-endemic zone in Brazil, primovaccination only, 
excluded baseline + sero, cross-sectionnal design, real life, 
PRNT50

• 691 pts

• GMT slowly decreasing with time mostly and sharply at 1-4 
years post-YFV, as already described in other studies

Time from vaccine Seropositivity rate % (range) GMT (mUI/ml) (range)

30-45 days 93 (88-96) 8,8 (7,0-10,9)

1-4 y 94 (88-97) 3 (2,5-3,6)

5-9 y 83 (74-90) 2,2 (1,7-2,8)

10-11 y 76 (68-83) 1,7 (1,4-2,0)

≥ 12 y 85 (80-90) 2,1 (1,7-2,5)
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What is difficult in studies about YFV

• Differences in YF vaccines
• Differences in vaccinees: age, health conditions
• Cross-sectionnal (no RCT), small samples
• Baseline seroprevalence
• Number of YFV received
• Potential natural boosting by wild virus/ other flavivirus and how often?
• Vaccination procedures: conservation, administration, clinical trials or real 

life
• Laboratory methods in for Ab, positivity cut-offs
• PRNT: heterogeneous, sometimes not so reproductible
• Role of cellular immunity: conflicting data
• Immune activation in African patients
• What is acceptable as vaccine failure? Depending on kind of travel/country 

where pt live/…
• Need for herd immunity or not, recommendations for travelers versus 

resident
• …



12Source: Background paper on YF vaccine/ WHO 2013
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Role of cellular immunity

• Role of CD4+ as “helper” ( Ab): peak 7-14d

• CD8+: expansion 14-30d correlated to YF viral 
loadmemory cells (25y)

• Unclear if cellular response would work in 
challenge with wild YF in humans / conflicting 
(and few human) data

Watson and Klimstra « T-cell mediated immunity towards YF virus » Viruses 2017 
Amanna and Slifka «Questions regarding the safety and duration of immunity following live yellow fever 
vaccination » Expert Rev Vaccines 2016 
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Why are we worried for HIV-infected 
patients?

• Accelerated decay in Ab : 17-23% within 10 y 
(secondary failures) in a meta-analysis based 
on 3 retrospective studies

• Uncontrolled HIV viral load is deleterious for 
immune response to the following vaccines: 
YF, HAV, HBV, JE, Flu, Pneumo, VZV

• Low/ dysfunctionnal CD4

• Data on Immune activation
Pacanowski et al.  JAIDS 2012
Kerneis et al.  Clin Infect Dis 2014 A meta-analyse of long-term immune response in HIV patients
Muyanja et al.  J Clin Invest 2014



15

Pending questions in HIV-infected patients

• Is worse immune response to vaccination in 
HIV patients only leading to primary failure 
(Ab quality, AB titers, seroconversion rate) or 
secondary failure (duration of protection) or 
both?  

• Are « current patients » similar to HIV (-) 
patients?

• Would a/several booster(s) be effective?  

• When would a booster be necessary?
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Specificities of HIV studies

• YF vaccine before/after HIV infection

• CD4/HIV VL/ ART at time of vaccination, at NT 
determination

• Pre-HAART era/ beginning of HAART era/early 
(full) HAART era

• Parameters of Immune activation
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• Only 3 cohort studies including one in children
in pre-HAART era (no RCT)

• Only observationnal (high risk for bias)

• Total= 484 patients 

• Quality of evidence: low to very low for all 
outcomes

Yellow Fever vaccine for patients with HIV Infection, Cochrane Review 2014
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• Pacanowski et al. JAIDS 2012
- Prospective 364 pts

- 124 pts immunized before/ 240 immunized after HIV diagn

- 98% protected within a year/ 92% after 10 years

- Before HIV: x1.12 vaccine failure /year delay

- After HIV: OR 3.73 / log10 VL for vaccine failure in primovaccinated

- Trend to GMT decreasing with time associated with detectable/higher VL, 
duration of indetectability

• Veit et al. CID 2009:
- Retrospective 102 pts

- Compared to 209 HIV (-)

- Seroconversion: 17% non protected versus 3% p=0.01  (19% if primovaccinated)

- Higher NT associated to high CD4, low VL, females

- Decay pattern within 10 y: similar HIV (-) with most Ab loss within 5 y

Yellow Fever vaccine for patients with HIV Infection, Cochrane Review 2014
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Veit et al. Clin Infect Dis 2009 

• Swiss HIV Cohort, retrospective study

• 102 pts HIV+ who received YFV when already 
HIV

• 40% <SSA, 17% ≥2 YFV, 7% AIDS

• Comparison to historical HIV (-) pts

seroconversion 83% versus 97%

less NT Ab than HIV(-) RF CV<20, CD4

11 seroconverters lost Ab within 5 y
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From: Immunogenicity and Safety of Yellow Fever Vaccination for 102 HIV-Infected Patients
Clin Infect Dis. 2009;48(5):659-666. doi:10.1086/597006
Clin Infect Dis | © 2009 by the Infectious Diseases Society of America
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• 34 pts HIV(+) ART-treated (at inclusion) vs 58 
pts HIV (-)

• Only primovaccination

• 88% received YFV after HIV diagnosis

• GMT lower in HIV pts  (ajusted to 
sex/age/delay) p=0.024

• Associated with delay since YFV↑ and 
CD4/CD8 ratio after ajustment

Avelino-Silva et al.  JAIDS 2016



Veit et al.  Clin Infect Dis 2017

• 247 pts < Swiss HIV Cohort

• Primovaccination after HIV diagnosis
- 83% with VL<400 cop/ml

- med CD4=536/mm3

Overall

- baseline sero+ 46% (!)
- 1 year 95%
- 5 years 86%
- 10 years 75%

VL<400 cop/ml

- baseline sero+ 46% (!)
- 1 year 99%
- 5 years 99%
- 10 years 100%
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As of 22/01/2018: Total 716 patients 
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STUDY DESIGN

YF
vaccine

HIV routine visits INCLUSION
Delay from
YF vaccine 

= any

HIV Patient 

Retrospective
plasma in the year
before YFV (baseline
seroprevalence) 

Retrospective
plasma within 1 year
of YFV 
(YF seroconversion)

Timepoint 0 Timepoint 1 Timepoint 2

Any timepoint after
vaccination was accepted

for inclusion
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First results of YF study: preliminary!

• N= 230 patients
• Age: med 43 y F 56%

• HIV mode acq: Ht 75% MSM 19%

• From SSA 75%  

>10 y in YF 
endemic    countries: 84% pts/ travel 1 mo (med 

3x)

received YFV before HIV

received YFV when HIV+

7%

93%
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Immunovirological parameters

• At time of vaccination

• But… nadir CD4<200: 41%

AIDS event in 20% (mostly before YFV)

• At NT determination

• Med time between YFV and Ab determination
« delay » : 63 mo (3-455)

• Med time with ART during delay: 100%

- med CD4 564/mm³
- med HIV VL<20
- nadir CD4 230/mm³

-med CD4 650
-med HIV VL <20
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Results and analysis

• Risk factors for non-protection:
- YFV before or after HIV diagnosis p= 0.0283

- Age/ Sex/ ethnicity/ HIV acquisition mode  p=NS

- Med CD4 at time of vaccination p=0.0386

- Cat CD4 at time of vaccination>500 versus <500/mm³ p=NS

- Med CV at time of vaccination p=0.0008

- Cat CV at time of vaccination <50 versus >50/ml p=0.02

- Nadir CD4 p= NS

- Immunovirological parameters at NT determination p=NS

- Time under ART during delay YFV-NT determination p<0.0001

NT ≥ 1/10   80%
NT < 10       20%
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Missing…

• Very partial results

• Baseline seroprevalence (before YFV)

• Early seroprevalence (in the first year after
YFV)

• Estimation of YFV number in each patient

• …
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• Be careful in primovaccination: at least two 
vaccines will be needed (measles-like?)

• Delay before booster? Probably ≤ 5 years (1 year like 

pregnant women, children<2 and other LAV?)

• HIV VL controlled for vaccination/  max ART 
duration  early and universal ART

• Role of immune activation?

• « current » HIV patients ≠  patients HIV (-)?

• After 2 vaccines: ?  Data needed
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