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Dengue - virologie

Famille: Flaviviridae

Genre: Flavivirus

Espèce: Dengue virus (DENV)

4 sérotypes: DENV-1 à 4



Dengue : une maladie, trois phases (d’après OMS 2009)



Situations à risque de dengue grave

• Grossesse (en particulier dernier trimestre, accouchement)

• Ages extrêmes (< 1 an ou > 65 ans)

• Fièvre élevée chez l’enfant avec antécédent de convulsions fébriles

• Maladies chroniques

⁃ Drépanocytose, thalassémie

⁃ Hémophilie, thrombopénie chronique

⁃ Diabète, asthme, insuffisance cardiaque, hépatopathie chronique

• Obésité

• Traumatisme, chirurgie ou accidents vasculaires cérébraux récents

• Traitements

⁃ Anticoagulants

⁃ Aspirine, anti-inflammatoire

⁃ Prise excessive de paracétamol



Drépanocytose et dengue

• Jamaïque (2010-2012)

• Guadeloupe, Martinique, Guyane (2005-2013)
⁃ 106 patients younger than 15 years with hospitalizations for dengue, 35 SS genotype, 35 SC 

and 36 without SCD or any other chronic disease

⁃ HbSC genotype were significantly associated with severe dengue(AOR 5,8 [2,1-16,4]).

• Martinique (1997-2021)

Rankine-Mullings A et al. EBioMedicine. 2015;2:937-41.

Elenga N et al. J Infect Public Health. 2019;S1876034119302503.

Bidaud B et al. Med Mal Infect. 2015;45:82-6.



Drépanocytose et dengue

• Aggravation réciproque des deux pathologies

• Susceptibilité des hématies SC à la déshydratation
⁃ Augmentation de la polymérisation de HbS

⁃ Facilitation de la falciformation

• Modifications fonctionnelles de l’endothélium capillaire
⁃ Augmentation de la viscosité capillaire

• Neoangiogénèse prononcée cher SC
⁃ Favorise la fuite plasmatique



Dengue – contrôle de l’infection

• Infection primaire (première infection par un DENV)

⁃ Immunité définitive pour le sérotype infectant

⁌ Anticorps neutralisants homotypiques

⁌ Cellules T mémoires

⁃ Pas de protection contre les autres sérotypes

⁌ Anticorps hétérotopiques (protection croisée temporaire)

• Infection secondaire (infection par un autre DENV)

⁃ Réponse immunologique initiale inadaptée
⁌ Anticorps non neutralisants 

Facilitation de la réplication virale

⁌ Expansion et activation clonale des cellules T mémoires spécifiques du premier DENV

Retard à la clairance virale

⁃ Principal facteur de risque de la fuite plasmatique (dengue grave)

• Infection post-secondaire (troisième ou quatrième infection)

- Anticorps neutralisants, réactivité croisée

- Le plus souvent asymptomatique



Objectif  de la vaccination

Induction d’une réponse immunitaire adaptative efficace et 
durable (mémoire immunitaire)

Invasion de 
l'organisme par 
un pathogène

Reconnaissance 
du pathogène

Immunité 
innée

Immunité 
adaptative

Contrôle de 
l'infection

Réponse pro-
inflammatoire 

Réponse anti-
inflammatoire



Vaccination et vaccins

La vaccination est le processus consistant à stimuler les

réponses immunitaires adaptatives protectrices contre des

agents pathogènes en exposant l’individu à des formes non

pathogènes ou à des composants de ces agents.

Un vaccin est une préparation antigénique ou d’acides

nucléiques qui a pour but d’induire chez la personne, une

réponse immunitaire spécifique d’un agent pathogène

capable de le protéger contre l’infection naturelle ou d’en

atténuer les conséquences

La substance active d’un vaccin est un immunogène



Vaccin monovalent ou tétravalent ?

• L’infection par un sérotype n’entraine qu’une protection durable 
homotypique

• La circulation simultanée de plusieurs sérotypes est de plus en plus 
fréquente

• La théorie de la facilitation immunologique conduit à préférer induire 
simultanément plus que séquentiellement, une protection contre les 
4 sérotypes

➥Développement de vaccins tétravalents



Quelle feuille de route pour un vaccin contre la dengue ?

• Vaccin tétravalent

• Quels antigènes dans ce vaccin ?



Quel corrélat de protection pour le vaccin contre la dengue ?

• Pas de modèle animal

• Protection contre la dengue

⁃ Réponse anticorps contre la dengue: E et M/prM

⁃ Anticorps neutralisants dirigés contre la protéine E
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the smooth surface observed in mature, infectious virions (reviewed in [14]) (Figure 2). In practice the 

process of intracellular DENV maturation appears to be inefficient because many immature and 

partially mature virions are also released from infected cells [15,16]. Moreover, recent studies indicate 

that partially mature and even fully immature particles can be infectious under some conditions 

[17,18]. The structural and maturation properties of DENVs must be considered when defining 

epitopes engaged by human antibodies and the functional consequences of antibodies binding. 

Figure 2. Maturation of dengue virions. Dengue virions bud into the endoplasmic 

reticulum as immature, non-infectious particles. The surface of immature particles has a 

jagged appearance because prM and E proteins are initially assembled as trimeric spikes 

that protrude away from the envelope. In the trans-Golgi compartment a cellular protease 

cleaves prM protein to generate the mature M protein, which also results in the 

rearrangement of E protein trimers to form dimers that lie flat on the surface of the 

envelope creating the smooth surface observed in mature, infectious virions released into 

the extracellular space. The images reproduced here are from [19]. 

 

3. Studies with Mouse MAbs and the Multi-Hit, Threshold Model of Dengue Neutralization 

Most studies to understand how antibodies neutralize or enhance DENV have been done with 

mouse monoclonal antibodies (MAbs) (reviewed in [20,21]). As E protein is the main antigen exposed 

on the surface of the virion, mouse MAbs that bind to E protein have been the focus of much study. 

Although neutralizing mouse MAbs have been mapped to all three domains, the most strongly 

neutralizing MAbs are serotype-specific and bind to domain III of E protein (EDIII), which protrudes 

from the surface of the virion (Figure 3). Two partially overlapping epitopes on EDIII designated the 

lateral ridge and A strand epitopes are the main targets of mouse MAbs that neutralize DENV. The 

lateral ridge epitope interacts with serotype-specific strongly neutralizing antibodies. Mouse MAbs 



Quel vaccin contre la dengue ?



Les vaccins contre la dengue

Figure 3 | The antigenic make-up of various dengue vaccine approaches in 

development. A schematic of the dengue virus genome is shown at the top. The Sanofi 

Pasteur vaccine contains four chimeric live flaviviruses, each derived from the yellow fever 

virus genome with the precursor membrane (pre-M) and envelope (E) gene segments 

replaced by the corresponding gene segments of each of the four dengue virus serotypes 

(DENV-1 to DENV-4). The US National Institutes of Health (NIH) vaccine contains a mixture 

of four recombinant dengue virus genomes; the DENV-2 component is a chimeric dengue 

virus derived from a DENV-4 genome with pre-M and E gene segments replaced by those 

of DENV-2. This vaccine also contains attenuating mutations in the 3  ʹuntranslated region 

(UTR) that are not shown in the figure. The CDC/Inviragen vaccine contains a mixture of 

four recombinant DENV-2 genomes; the DENV-1, DENV-3 and DENV-4 components are 

chimeric dengue virus genomes. The Merck/Hawaii Biotech vaccine is a recombinant 

protein vaccine containing the E glycoprotein ectodomains of all four dengue virus 

serotypes. Other vaccines in development use plasmids or heterologous viral vectors  

to express only the pre-M and E gene segments of all four dengue virus serotypes.

soluble CD4, soluble CD8 and soluble IL-2R) in patients 

with dengue haemorrhagic fever, and this is indicative of 

T cell activation83,90,91. In addition, the frequency of acti-

vated T cells in vivo (as determined by expression of the 

activation marker CD69 on peripheral blood T cells) was 

found to be significantly higher in patients with dengue 

haemorrhagic fever than in those with dengue fever92.

Increased T cell activation and cytokine production 

have been reported in patients with dengue haemorrhagic 

fever during both primary and secondary dengue virus 

infections92,93. Thus, it is unclear to what extent the level 

of T cell activation during acute infection is determined by 

factors existing before the acute infection (such as mem-

ory T cells induced by earlier infections or immuniza-

tions) versus early events during the acute infection (such 

as the amount of virus injected by the mosquito or the 

replication kinetics of the infecting virus strain). Studies 

of acute dengue virus infection show that, by the time the 

infection is detected, the immunological events associ-

ated with plasma leakage are already in progress83,91,94. 

Prospective collection of blood samples before second-

ary dengue virus infections is the only way to address 

this issue. In one cohort study (mentioned above), T cells 

from a subset of patients showed in vitro TNF secretion in 

response to stimulation with dengue virus antigens, and 

all of these patients were hospitalized by the treating phy-

sician, which suggests a greater clinical severity of illness72. 

These findings imply that specific patterns of memory 

T cell responses represent a higher risk for more severe 

disease, but that there may not be one single predisposing 

factor that explains all severe dengue cases.

As with protective T cell responses, HLA association 

studies provide additional evidence that T cell responses 

can determine a more severe clinical outcome. Several 

studies have found an association between dengue 

haemorrhagic fever and HLA-A2 in ethnic Thais95,96, 

although a study in Vietnamese patients failed to show 

this link97. A more detailed study using high-resolution 

molecular typing of HLA-A2 found a positive association 

of dengue haemorrhagic fever with HLA-A*0207 but a 

negative association with HLA-A*0203 (REF. 96). Other 

allele groups that were more frequent in patients with 

dengue haemorrhagic fever than in patients with den-

gue fever or in control individuals in at least one study 

include HLA-A*01, HLA-A*24, HLA-A*31, HLA-B*15, 

HLA-B*46 and HLA-B*51 (reviewed in REF. 75). However, 

none of these associations has been defined to the level of 

a specific epitope or mechanism.

Immune responses to dengue vaccines

Several different approaches to the development of vac-

cines against dengue have been followed, and these have 

significant differences in their immunological targets 

(FIG. 3). Live attenuated dengue virus strains were devel-

oped by several groups through serial passage in tissue 

culture. Immunization with individual live attenuated 

strains of dengue virus induced antibody and T cell 

responses comparable in titre and specificity to natural 

infection98–101. However, simultaneous administration 

of strains of all four dengue virus serotypes as tetra-

valent vaccines introduced additional complications. 

Inter-serotype interference at the level of viral replica-

tion resulted in a dominant viraemia with one or two 

of the four viruses, and immunodominance further 

skewed both the antibody and T cell responses such 

that responses to one or more serotypes were subopti-

mal. Predictors of the pattern of immune response to the 

tetravalent formulations have not been defined. Given 

these challenges, as well as undesirable safety profiles, 

the vaccine candidates that were based on empirically 

attenuated dengue virus strains have been abandoned.

The development of technology to generate syn-

thetic flavivirus genomes and to manipulate them to 

create viable chimeric viruses has permitted the genera-

tion of viruses that have specific attenuating mutations 

and express desired immunological targets. One such 

approach has used the genome of the vaccine strain of 

yellow fever virus to produce a tetravalent dengue virus 

vaccine, by replacing the gene segments encoding the 

yellow fever virus pre-M and E proteins with the cor-

responding segments from representative strains of 

each of the four dengue virus serotypes102. This vac-

cine induces dengue virus-specific antibody and T cell 

responses directed against epitopes on the pre-M and 

E proteins, although responses to the four serotypes are 

not equal because interference and immunodominance 
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Efficacité clinique du vaccin CYD-TDV
Dengue symptomatique et prévention des hospitalisations dans les 25 
premiers mois

30 000 enfants Efficacité % [IC95]

2 à 16 ans 2 à 8 ans 9 à 16 ans

Dengue 

symptomatique
60,3 [55,7–64,5] 44,6 [31,6-55,0] 65,6 [60,7–69,9]

Hospitalisation pour 

dengue
72,7 [62,3-80,3] 56,1 [26,2-74,1] 80,8 [70,1-87,7]

Dengue grave 79,1 [60,0-89,0] 44,5 [-54,4-79,7] 93,2 [77,3-98,0]

Hadinegoro SR et al. N Engl J Med. 2015;373:1195-206.
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 Utilisation du vaccin chez les plus de 9 ans



Efficacité clinique du vaccin CYD-TDV: dengue symptomatique 
dans les 25 premiers mois
Selon le sérotype

Efficacité % [IC95]

2 à 16 ans 2 à 8 ans 9 à 16 ans

Sérotype 1 54,7 [45,4-62,3] 46,6 [25,7-61,5] 58,4 [47,7-66,9]

Sérotype 2 43,0 [29,4-53,9] 33,6 [1,3-55,0] 47,1 [31,3-59,2]

Sérotype 3 71,6 [63,0-78,3] 62,1 [28,4-80,3] 73,6 [64,4-80,4]

Sérotype 4 76,9 [69,5-82,6] 51,7 [17,6-71,8] 83,2 [76,2-88,2]

Hadinegoro SR et al. N Engl J Med. 2015;373:1195-206.
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 Vaccin peu efficace sur DENV-2



Efficacité clinique du vaccin CYD-TDV
Dengue symptomatique à 25 mois selon le statut sérologique au moment 
de la vaccination

Efficacité % [IC95]

Chez 13% des participants 2 à 8 ans ≥ 9 ans

Séropositif 70 [32–87] 81 [67–90]

Séronégatif 14 [-111-63] 53 [6-76]

Après ré-analyse des données 

dans une sous-cohorte

Séropositif 60 [31-76] 76 [68–90]

Séronégatif 19 [-47- 55] 39 [-1- 63]

Hadinegoro SR et al. N Engl J Med. 2015;373:1195-206.

Sridhar S et al. N Engl J Med. 2018;379:327-40.
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 Vaccin inefficace chez les séronégatifs



Mode d’action du vaccin CYD

Flasche S et al. PLOS Medicine. 2016;13:e1002181.



Dengvaxia® : résumé des caractéristiques du produit (EMA 01/2022)



Mars 2019



Qdenga®





Qdenga® : efficacité pour prévenir une dengue symptomatique
5 ans après la première injection

Sérotype Séropositif pour DENV Séronégatif pour DENV

Total, % [IC95%] 64.2 [58.4 – 69.2] 53.5 [36.7 – 64.0]

DENV1, % [IC95%] 56.1 [44.6 – 65.2] 45.4 [21.6 – 59.7]

DENV2, % [IC95%] 80.4 [73.1 – 85.7] 88.1 [78.6 – 93.3]

DENV3, % [IC95%] 52.3 [37.7 – 64.0] -15.5 [-108.2 – 35.9]

DENV4, % [IC95%] 70.6 [39.9 – 85.6] -105.6 [-628.7 – 42.0]

Efficacité globale, % [IC95%] : 61.2 [56.0 – 65.8]



Qdenga® : efficacité pour prévenir une hospitalisation pour dengue
5 ans après la première injection

Sérotype Séropositif pour DENV Séronégatif pour DENV

Total, % [IC95%] 85.9 [78.7 – 90.7] 79.3 [63.8 – 88.2]

DENV1, % [IC95%] 66.8 [37.4 – 82.3] 78.4 [43.9 – 91.7]

DENV2, % [IC95%] 95.8 [89.6 – 98.3] 100

DENV3, % [IC95%] 74.0 [38.6 – 89.0] -87.9 [-573.4 – 47.6]

DENV4, % [IC95%] 100 100

Efficacité globale, % [IC95%] : 84.1 [77.8 – 88.6]



Qdenga® : résumé des caractéristiques du produit (EMA 04/2023)



Réponse immunitaire selon les vaccins

Ooi EE et al. Sci Transl Med. 2023;15:eadh3067.



Synthèse

Dengvaxia® Qdenga®

Type Vivant atténué tétravalent Vivant atténué tétravalent

Plateforme
Chimérique

Fièvre jaune 17D + E/preM DENV1-4

Chimérique

DENV2 + E/preM DENV1, 3, 4

Schéma J0 – M6 – M12 J0 – M3

Tolérance Bonne Bonne

Efficacité selon sérotype DENV4>DENV3>DENV1>>DENV2 DENV2>>DENV1>DENV3=DENV4

Efficacité en l’absence 

d’infection antérieure à 

DENV

NON OUI

AMM

Prévention de la dengue 

symptomatique

6 ans – 45 ans

Infection antérieure prouvée par un 

DENV

Prévention de la dengue symptomatique

Age ≥ 4 ans

HAS

Utilisation possible aux Antilles et en 

Guyane si infection antérieure par un 

DENV. Centre agréé par ARS.

En attente


