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Dengue - virologie

Famille: Flaviviridae

Genre: Flavivirus

Espèce: Dengue virus (DENV)

4 sérotypes: DENV-1 à 4



Dengue – réponse immune

• Infection primaire (première infection par un DENV)
– Immunité définitive pour le sérotype infectant

• Anticorps neutralisants

• Cellules T mémoires

– Pas de protection contre les autres sérotypes

• Infection secondaire (infection par un autre DENV)
– Principal facteur de risque de la fuite plasmatique (dengue 

hémorragique)

– 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
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Zika Virus,  
French Polynesia, 

South Pacific,  2013

To the Editor: Isolated in 1947 

from a rhesus monkey in Zika for-

est, Uganda, Zika virus (ZIKV) is a 

mosquito-borne flav ivirus  (1). For 

half a century, ZIKV was described 

only as causing sporadic human infec-

tions in Africa and Asia, which was 

mostly confirm ed by serologic meth-

ods (2). In 2007, the firs t ZIKV out-

break reported outside Africa and Asia 

was retrospectively documented from 

biological samples of patients on Yap 

Island, Federated States of Microne-

sia, North Pacific

,

 who had received 

an incorrect diagnosis of dengue vi-

rus (DENV) (3,4). We report here the 

early investigations that led to identifi-

cation of ZIKV as the causative agent 

of an outbreak that started in October 

2013 in French Polynesia.

French Polynesia is a French 

overseas territory located in the 

South Pacific

.

 The ≈270,000 inhab-

itants live on 67 islands distributed 

into 5 archipelagoes (Society, Mar-

quesas, Tuamotu, Gambier, and Aus-

tral Islands). Surveillance for acute 

febrile illnesses is coordinated by the 

Department of Health with the contri-

bution of a sentinel network of public 

and private practitioners, the main 

public hospital (Centre Hospitalier 

du Taaone), and the public health 

and research institute (Institut Louis 

Malardé [ILM]). As part of this syn-

dromic surveillance system, ILM has 

implemented protocols for detecting 

arboviruses that are known to cause 

outbreaks in French Polynesia, such 

as DENV, or that pose a risk for caus-

ing epidemics because of the pres-

ence of potential mosquito vectors. 

In addition, ILM provides DENV se-

rotype identification for other Pacific 

island countries, including Yap State, 

as part of the regional surveillance of 

dengue (5). For that reason, a ZIKV 

reverse transcription PCR (RT-PCR) 

protocol by Lanciotti et al. (3) was 

implemented at ILM.

In October 2013 (week 41), a 

53-year-old women (patient 1) and 2 

other members of the household—her 

52-year-old husband (patient 2) and 

her 42-year-old son-in-law (patient 

3)—experienced a mild dengue-like 

illness consisting of low fever (<38°C), 

asthenia, wrist and fingers arthralgia, 

headache, and rash. Patients 2 and 3 

also had conjunctivitis. Patient 1 had 

swollen ankles and aphthous ulcers. 

For all 3 patients, results were negative 

for DENV by RT-PCR and nonstruc-

tural protein 1 (NS1) antigen tests (5), 

for West-Nile virus by RT-PCR, and 

for chikungunya virus by RT-PCR; 

results of RT-PCR for ZIKV were 

equivocal for patients 1 and 2. During 

week 43, a 57-year-old patient (patient 

4) reported similar symptoms; results 

of RT-PCR for DENV were negative, 

but results of RT-PCR for ZIKV were 

positive. ZIKV infection was then con-

firmed by sequencing of the genomic 

position 858–1138 encompassing the 

prM/E protein coding regions of ZIKV 

Figure.	Phylogenetic	analysis	of	partial	M/E	genes	of	2	ZIKV	strains,	French	Polynesia,	

2013.	The	evolutionary	history	was	inferred	by	using	the	maximum-likelihood	method	

based	on	the	Kimura	2-parameter	model.	The	percentage	of	trees	in	which	the	associated	

taxa	clustered	is	shown	for	values	>85	next	to	the	branches	(1,000	replicates).	Evolutionary	

analyses	were	conducted	in	MEGA5	(http://megasoftware.net/).	Strains	are	labeled	by	

country	of	origin	and	date-strain	name/GenBank	accession	number.	The	2	ZIKV	strains	

collected	in	French	Polynesia	are	marked	with	a	black	diamond.	ZIKV,	Zika	virus.	Scale	bar	

indicates	nucleotide	substitutions	per	site.

Le virus Zika (ZIKV)

Virus à ARN, enveloppé, 

simple brin, polarité positive

Famille: Flaviviridae

Genre: Flavivirus

Groupes génotypiques

• Africain

• Asiatique

Protéines virales

• 3 protéines structurales
(C, preM, E)

• 7 protéines non-

structurales

Cao-Lormeau V-M. Zika Virus, French Polynesia, South Pacific, 2013. Emerg Infect Dis. 2014;20(6):1085-1086.



Le chikungunya virus

Virus à ARN, enveloppé, 

simple brin, polarité positive

Famille: Togaviridae

Genre: Alphavirus

Groupes phylogéniques (E1)

• Asiatique

• Africain de l’Ouest

• Africain de 

l’Est/Centre/Sud (ECS)

Schuffenecker I. Genome microevolution of chikungunya viruses causing the Indian Ocean outbreak. PLoS Med. 2006;3(7).

Comparison of the sequences of Indian Ocean outbreak

isolates to the S27 sequence revealed 316 (2.7%) nucleotide

substitutions in isolate 05.115 (Table S5). The Asian clade

Nagpur strain showed 5.1% average nucleotide divergence

from 05.115, whereas the West-Afr ican clade Senegal strain

37997 displayed 15% difference (Table S5). Interestingly, the

latter strain showed complete conservat ion of an 87-nt

portion (9,958–10,045, at the junction between structural

proteins 6K and E1) with East-Afr ican and Indian Ocean

outbreak isolates. Sequence identity in this portion may

reflect a past event of genetic recombination between West-

Afr ican and East-/Central-Afr ican strains. Differently, we did

not find statistical support (p . 7 3 10 2) for sequence

mosaicism or recombination since the split between S27 and

Réunion isolates, although some genomic regions differed in

their density of nucleotide polymorphisms.

Genotypic Variation among Indian Ocean Outbreak

Isolates and Microevolutionary Scenario
Specific aa changes in the non-structural proteins were

observed in the isolates 05.209 (nsP3-S358P) and 06.27 (nsP1-

T301I, nsP2-Y642N, and nsP3-460del). In the structural

proteins, change E1-A226V was observed in isolates 06.21,

06.27, and 06.49, and change E2-Q146R in the Seychelles

isolate 05.209. In addition to these non-synonymous changes,

there were eight silent nucleotide substitutions, observed in

05.209, 06.27, and 06.49 (Table 3).

A history of probable sequence evolution that occurred

during the outbreak (Figure 3) was deduced from the 14

nucleotide var iations observed among the six complete

Figure 1. Localization of the E1 Changes on the 3D Structure Modelled

from the Crystal Structure of SFV E1

(A) Ribbon diagram of E1, with domain I coloured red, domain II yellow,
and domain III blue. Green tubes mark the disulfide bonds. The fusion
peptide, at the tip of the molecule (in domain II) is coloured orange and
labelled. The N-terminus and the C-terminus observed in the crystal
(which is 30 aa upstream of the trans-membrane region) are also
labelled. The two unique changes observed in the Indian Ocean isolates
are indicated by stars and labelled: positions 226 (white) and 284
(magenta).
(B) Partial representation (one octant, slightly extended) of the
icosahedral E1 scaffold at the surface of the virion, viewed down a 5-
fold symmetry axis. One E1 protomer is highlighted in colours, as in (A);
all the others are represented in grey. The location of the some of the
icosahedral symmetry axes are drawn as solid black symbols: pentagon
for 5-fold axis, triangle for 3-fold axes, ellipse for 2-fold axes (which in the
T¼4 lattice of alphaviruses are coincident with quasi 6-fold axes). Open
triangles indicate roughly the location of the E2 trimers that interact
tightly with E1, covering domain II and the fusion peptide, and
presenting the main antigenic sites. The open triangles mark also quasi
3-fold symmetry axes of the T¼4 surface icosahedral lattice. A magenta
ball marks the location of Glu 284, at an inter-E1 protomer contact site.
This contact is propagated 240 times at the surface lattice (note all pink
balls drawn on the grey protomers). Note that the fusion peptide, in
orange, is pointing up and away from contacts with other E1 protomers.
This is more easily seen at the periphery of the virion, where one of them
is labelled (FP). In the virion, this region of E1 is not accessible, covered
underneath the E2 molecule [20].
DOI: 10.1371/journal.pmed.0030263.g001

Figure 2. Phylogenetic Relationships among Chikungunya Isolates Based

on Partial E1 Nucleotide Sequences

Isolates from the Indian Ocean outbreak (Réunion, Seychelles, Mayotte,
Mauritius, and Madagascar) represent a distinct clade within a large East-,
Central-, and South-African (ECSA) phylogroup. Bootstrap resampling
values are indicated at major nodes. The branch leading to West-African
phylogroup (of length of approximately 15%) was shortened for
convenience. Maximum-likelihood analysis resulted in a very similar
phylogeny.
DOI: 10.1371/journal.pmed.0030263.g002

PLoS Medicine | www.plosmedicine.org July 2006 | Volume 3 | Issue 7 | e2631065

Chikungunya Virus Genome Microevolution



Diagnostic biologique de la dengue

Dengue primaire Dengue secondaire

⚠️ Baisse de la sensibilité du NS1 (< 50%) en cas de dengue secondaire



Marqueurs de l’infection à virus Zika

IgM IgG

Sérologie

J-7 J-2 J5 J7 2-3	mois

Symptômes

RT-PCR

Virémie

J10

Virurie



Infection à virus Zika: histoire naturelle

• Virémie prolongée

• Excrétion prolongée

Durée maximale

Sang total 58 jours

Femme enceinte 70 jours

Nouveau-né 67 jours

Durée maximale

Sperme 188 jours (69 jours en culture)

Secrétions génitales féminines 11 jours

Urines 91 jours

Lustig Y et al. Euro Surveill. 2016;21:30265. Oliveira DBL et al. N Engl J Med. 2016;375:1202–4. Meaney-Delman D et al. Obstet Gynecol. 

2016;128:724–30. Oliveira DBL et al. N Engl J Med. 2016;375:1202–4. D’Ortenzio E et al. N Engl J Med. 2016;374:2195–8. Frank C et al. Euro Surveill. 

2016;21. Fréour T et al. Euro Surveill. 2016;21. Reusken C et al. Euro Surveill. 2016;21. Turmel JM et al. Lancet. 2016;387:2501. Davidson A et al. Morb

Mortal Wkly Rep. 2016;65:716–7. Mansuy JM et al. Lancet Infect Dis. 2016;16:894–5. Barzon L et al. Euro Surveill. 2016;21:30316. Nicastri E et al. Euro 

Surveill. 2016;21:30314. Brooks RB. Morb Mortal Wkly Rep. 2016. Arsuaga M et al. Lancet Infect Dis. 2016;16:1107. Mansuy JM et al. Lancet Infect Dis. 

2016;16:1106–7. Coelho FC et al. International J Infect Dis. 2016;51:128–32. Matheron S et al. Clin Infect Dis. 2016;63:1264. Gaskell KM et al. Emerg

Infect Dis. 2017;23. 1.Prisant N et al. Lancet Infect Dis. 2016;16:1000–1.



Diagnostic microbiologique du chikungunya

IgM

IgG

Sérologie

J*7 J*2 J5 J7 J30 3*61mois

Symptômes

Culture,1PCR

Piqûre

Virémie



Méthodes diagnostiques

• Diagnostic direct

– Détection de l’ARN par RT-PCR

– Antigène NS1 (dengue)

• Diagnostic indirect

– Mise en évidence d’anticorps spécifiques 

(IgG et IgM)

• ELISA, MAC-ELISA

• Séroneutralisation



Séroneutralisation (IgG)

Landry ML et al. Arch Pathol Lab Med. 2016



Séroneutralisation (IgG)

Lanciotti RS. Genetic and Serologic Properties of Zika Virus Associated with an Epidemic, Yap State, Micronesia, 2007. Emerg Infect Dis. 

2008;14(8):1232-1239.



Stratégies diagnostiques

• Période inter-épidémique

– Documentation de tous les cas suspects 

d’arboviroses

• Période pré-épidémique

– Renforcement de la documentation des cas suspects

• Période épidémique

– Arrêt de la documentation systématique

– Documentation si

• Formes graves ou atypiques

• Personnes à risque de formes graves (non exhaustif)

– Signes d’alerte (dengue)

– Drépanocytaire (dengue)

– Femmes enceintes, nouveau-nés

– Comorbidités

• Formes post-aigües ou chroniques (chikungunya)



Diagnostic de la dengue et du chikungunya

Ministère de la Santé. Arrêté du 5 mars 2014 portant modification de la liste des actes et prestations mentionnée à l’article L. 162-1-7 du code de 

la sécurité sociale. Mar 5, 2014.



Diagnostic de l’infection à virus Zika

Ministère de la Santé. Arrêté du 30 mars 2016 portant modification de la liste des actes et prestations mentionnée à l’article L. 162-1-7 du code de 

la sécurité sociale. Mar 30, 2016.



Diagnostic d’une infection récente par le 

virus Zika aux Antilles

• Recherche direct du virus (RT-PCR)

– Prélèvement sanguin

– Prélèvement d’urines

• Jusqu’à J10 (surtout à partir de J5)

• Diagnostic sérologique

– Pas d’intérêt pour le diagnostic des formes aiguës

– Intérêt pour les complications tardives (Guillain-Barré) ou 

pour le bilan de malformations néonatales

Syndrome 

dengue-like

J1-J7

RT-PCR 

dengue

RT-PCR 

chikungunya

RT-PCR Zika

RT-PCR  

chikungunya

antérieure 

positive ?

RT-PCR 

chikungunya

positive ?

RT-PCR 

dengue

positive ?

STOPSTOP

oui

non

oui

non

non

oui



Diagnostic différentiel 

des arboviroses 
(DENV, CHIKV, ZIKV)

Primo-infection 

VIH

Paludisme

Leptospirose

Sepsis bactérien

…

Simon F. Chikungunya Virus Infection. Current Infectious Disease Reports. 2011;13(3):218–228. Staples JE. Chikungunya 
Fever: An Epidemiological Review of a Re-Emerging Infectious Disease. Clin Infect Dis. 2009;49(6):942–948. Ioos S. 
Current Zika virus epidemiology and recent epidemics. Med Mal Infect. 2014;44(7):302-307. Musso D. Zika Virus. Clin
Microbiol Rev. 2016;29(3):487-524.

Chikungunya Dengue Zika

Fièvre Habituel Habituel Habituel

Eruption J1-J4 J5-J7 J1-J4

Douleurs rétro-orbitaires Peu fréquent Habituel Habituel

Myalgies Habituel Habituel Habituel

Arthralgies Constant Peu fréquent Fréquent

Conjonctivite Peu fréquent Inhabituel Habituel

Arthrites /  œdèmes Habituel Jamais Fréquent

Ténosynovites Habituel Jamais Jamais

Hypotension Peu fréquent Habituel, J5-J7 Peu fréquent

Saignements mineurs Exceptionnel Habituel, J5-J7 Exceptionnel

Thrombopénie Précoce et modérée Fréquente, J4-J5 Peu fréquente

Lymphopénie Habituel Habituel Peu fréquente

Evolution Formes chroniques Asthénie Asthénie



Diagnostic biologique des arboviroses 

(DENV, CHIKV, ZIKV)

• Accès à un diagnostic précoce et 

rapide (RT-PCR)

• Résultats des tests parfois difficile à 

interpréter

– Réactions croisées (Flavivirus)

– IgM (sensibilité et spécificité)

– Détection prolongé du virus ou de son 

ARN (Zika)


