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Arboviruses

» Arboviruses belongs to different viral families: Flaviviridae, Togaviridae,
Rhabdoviridae, Bunyavirales (Phenuiviridae, Nairoviridae...)

 ARthropod-BOrne Viruses : transmission by hematophagous arthropods
« Vectors: insects (mosquitoes, midges) and ticks
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Arbovirus transmission cycles and emergence

Enzootic: Ancestral, often
continuous, transmission cycles of
zoonotic arboviruses involving wild
animals serving as amplifying and/or
reservoir hosts. Often called the
sylvatic cycle

West Nile virus (WNV)
Western equine encephalitis virus (WEEV)

Venezuelian equine encephalitis virus (VEEV)

Human—vector-human (also
sexual, vertical human—human
transmission for ZIKV)

Direct spillover from
enzootic cycles

Secondary amplification
in domesticated animals
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Emergence/re-emergence of arboviruses: why now?

For ~40years: resurgence of several arboviruses

- genetic changes in the viruses: RNA viruses

- adaptation to new vectors: Ae. aegypti and Ae. albopictus

- adaptation to new reservoir/amplification hosts

- expansion of the geographic distribution of mosquito vectors

- climate change

- resistance to insecticides due to uncontrolled use

- global growth of human populations and unplanned urbanization
- Increased travel



Flaviviridae

Genus Flavivirus
Enveloped

Icosahedral capsid
Genome ssRNA (+),10kb
More than 70 viruses
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Flavivirus replication cycle

exocytosis
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Flaviviruses and human diseases

Dengue
Zika

Yellow fever

West nile

Japanese encephalitis
Tick-borne encephalitis
Usutu

Aedes mosquitoes
(Aegypti and Albopictus)

A. Aegypti and A.
Albopictus

A. Aegypti

Culex mosquitoes
C. pipiens

Ixodes ticks

C. pipiens

50-80% of flavivirus infection = asymptomatic
clinical presentation includes mild iliness (fever), flu-like symptoms, and more severe
diseases (hemorrhagic fever, encephalitis, congenital defects, hepatic failure...)

Non-human primates
Non-human primates

Non-human primates
Birds

Birds, pigs

Small rodents, ...
Birds



Yellow fever virus (YFV)

« First human virus isolated (1927)

« Outbreaks documented in the Americas since the 17th century (Caribbean) =
originates from Africa, spread to the New World and Europe because of trade

OTT— -
morymsqu%‘ /35553" N - 1 serotype, 5 genotypes
s oy Homan ¥ iy « Endemic regions in 47 countries in
i / \\ / Africa and central and south America
— _ s « >100 000 severe cases/year
s \ \Monkey  Eliminate Yellow fever Epidemics
ot s e s —— (EYE) strategy launched in 2017

. Ae vittatus
Mosquito = e simpsoni complex

and other spp

Sylvatic yellow fever
(Africa only)

Monath,The Lancet 2001



Yellow fever

 Incubation 3-6 days

« Asymptomatic forms
« Most common symptoms: fever, headache, muscle pain, nausea/vomiting,

fatigue, lost of appetite. Last 3-4 days

Severe forms develop after a « remission » period
SYMPTOMS (24h)

YELLOW FEVER?
» Hemorrhagic disease
» Organ affected (Ilver and kidney)

WHAT ARE THE

Symptoms of yellow fever include > 5 O % mo rt al | ty
&

§ = §

Fever Jaundice Headache

i &

m vomiting Fatigue
L\

https://www.sahealth.sa.gov.au/



Fever

Clinical
features

Laboratory
features

Yellow fever

Period of infection
3-6 days
(viraemic)

Headache
Myalgia
Lumbosacral pain
Nausea

Malaise
Prostration
Dizziness

Conjunctival injection
Furred tongue, red at tip
Bradycardia

(Faget's sign)

Leukopenia
Neutropenia

4 AST>ALT
Proteinuria

Period of
remission
2-24
hours

\ Symptoms
1abate

Period of intoxication : 2 -
-8 days ' §x
1 Qg
' 83
®
v SY
&
1
1
-
1 '
RECOVERY
1
Headache 1 Aesthenia
Epigastric pain
Vomiting
Prostration DEATH
Malaise
Jaundice

Oliguria = anuria

Tender liver
Hypotension = shock
Stupor =» coma
Hypothermia
Haemorrhage
Convulsions

Thrombocytopenia
Leukocytosis

Infection

and

Viraemia

4 AST>ALT
proteinuria
Azotaemia
Hypoglycaemia
Acidosis
ANTOOTY

immunity

Antibody |

molecular diagnosis

(RT-PCR, serum)

serological diagnosis (IgM)

Monath,The Lancet 2001
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Dengue virus (DENV)

* Transmission by mosquitoes: Aedes aegypti and
Aedes albopictus

* 4 serotypes : DEN-1, DEN-2, DEN-3 and DEN-4

13



DENV: epidemiology

Increased incidence: WHO estimates around 390 million of
dengue cases per years

5.2 million cases reported in 2019 (8-fold increase in 20 years),
Increased since 2023 (14 million cases in 2024, Americas +++)

Spreading In new zones: endemic in more than 100 countries.
First report of local transmission in Europe in 2010 (France and
Croatia)

1/2 of the world population is at risk
10 000 deaths in 2024



Dengue: a globally emerging disease

Americas, South-East Asia and Western Pacific regions are the most affected regions
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Dengue In France

« Aedes aegypti present in French Antilles, in French Guyana and Mayotte

 Aedes albopictus present on Réunion Island and now several departments in
metropolitan France (78)

« Outbreaks :
% Ongoing outbreaks in Martinique and Guadeloupe (DENV-3)
** Reunion in 2021: around 60 000 cases (30 000 confirmed), 33 death.
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« Metropole: 13 autochthonous cases in 2020 (834 travel-associated cases), 1 in 2021
but... 651in 2022, 68 in 2024 and more than 1500 travel associated cases



Dengue: Pathology

Asymptomatic in 50 to 90% of cases
Incubation 4-7 days

Classic dengue:
starts with a high fever (40°C)

symptoms during febril phase: severe headache, pain behind the
eyes, muscle and joint pains, nausea, vomiting, swollen glands, rash

Severe Dengue: 1-5% of symptomatic cases

Caracterized by

plasma leakage

bleeding

organ impairment

warning signs: before shock, start at the end of the febrile phase



Severe dengue: warning signals

A drop in body temperature  Accompanied by any of the foIIowing:

(below 38°C/100°F) 4
“ " "

« Intense abdommal pain « Restlessness
« Bleeding gums « Fatigue « Drowsiness
« Blood in vomit - Persistent vomiting

Z

/,n

Watch out for the warning signs of severity in dengue!

Early and appropriate
medical care saves lives!

C) ﬁ l;t\lrmn ;:‘*_ 3\ World Health
QQ ea atia ‘5—“» Organization 19
wpaumgrom AMericas



DENGUE = WARNING SIGNS

with warning

signs

CRITERIA FOR DENGUE + WARNING SIGNS

Probable dengue

live in /travel to dengue endemic area.
Fever and 2 of the following criteria:

* Nausea, vomiting

* Rash

* Aches and pains

* Tourniguet test positive

® leukopenia

* Any warning sign

Laboratory-confirmed dengue

[important when no sign of plasma leakage)

Warning signs”®

® Abdominal pain or tenderness

® Persistent vomiting

® Clinical Hluid accumulation

® Mucosal bleed

* lethargy, restlessness

* liver enlargment >2 cm

* |aboratory: increase in HCT
concurrent with rapid decrease
in platelet count

*(requiring strict ohservation and medical

ntervention)

SEVERE DENGUE

1. Severe p|c15mc1 |ea|<-::|ge

2. Severe haemorrhage

3.Severe organ impairment

CRITERIA FOR SEVERE DENGUE

Severe plasma leakage

leading to:

» Shock (DSS)

® Fluid accumulation with respiratory
distress

Severe bleeding

as evaluated by clinician

Severe organ involvement
® liver: AST or ALT >=1000

® CNS: Impaired consciousness
* Heart and other organs

dengue guidelines for diagnosis, treatment, prevention and control https://www.who.int/neglected_diseases/resources/9789241547871/en/

Suggested dengue case classification and levels of severity
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The course of severe dengue

Days of illness

Temperature

Potential clinical issues

Laboratory changes

Serology and virology

Course of dengue illness:

1 2 3 4 5 6 7 8 9 10

Reabsorption
fuid overload

Dehydration

Organ impairment

Platelet

Hematocrit X

Viraemia

' Febrile Critical Recovery phases |

dengue guidelines for diagnosis, treatment, prevention and control https://www.who.int/neglected_diseases/resources/9789241547871/en/
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Pathophysiology of severe dengue

* viral tropism:
¢ cells from the myeloid lineage:

- dendritic cells, circulating monocytes
macrophages

- also megakaryocytes and platelets
Cellular

- ¢ virus also detected in endothelial
macrophage “\y cells in patients with severe dengue

Epidermis -

Activated
mast cell

Dermis

T cell
© ¢ Establishment of systemic infection
- u[ via lymph nodes

to lymph node
O/ recruitment 0:0 V”‘emla 24_48h pOSt InOCUIat|On
i < Disseminates in different tissues

Lymphatic
vessel Trafficking

Blood
vessel
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Pathophysiology of severe dengue

primary dengue: first infection with one serotype of DENV

after primary dengue, development of iImmunity against this serotype
possibility of secondary denque: infection by another serotype

The risk of severe dengue Iis more important during secondary infection

homologous antibody: neutralizing
heterologous antibody: facilitating

- antibody-dependent enhancement (ADE)

Infection of cells expressing Fc receptors (target of dengue virus)
« extrinsic » ADE = @ of the number of infected cells
« Intrinsic » ADE = @ of viral replication in this cells



plasma leakage:
7 increased endothelium permeability
dysfunction of the endothelial barrier

' Vervaeke et al, Rev. Med. Virol 2014 o
INCREASED VASCULAR PERMEABILITY AND PLASMA LEAKAGE



Pathophysiology of severe dengue

Bleedings:

* mostly mild hemorrhagic manifestation on skin and mucosa:
petechiae, purpura, epistaxis, and gingival bleeding

* more severe hemorrhage are possible, especially gastro-
intestinal bleedings i

Causes:

* thrombocytopenia ko
« coagulation abnormalities |
 disseminated intravascular coagulation N




: Wi
Dengue prevention

Vector control Fast Facts
Personal protection > 5

Dengue is a viral One bite is enough Dengue can affect
infection transmitted to infect a person anyone, and can be

by the bite of an after which more severe in those

infected female symptoms may appear with compromised

* Vaccination : first vaccine available since 2015
(Dengvaxia ®, Sanofi)

| | T e
 for people aged 9-45 years in endemic areas |
« WHO recommands a pre-vaccination screening

and 2 hours before sunset

Do not let water stagnate
Mosquitoes breed even
in clean water

Dengue mosquitoes live in
and aroun d houses

26

 New vaccine: Qdenga® (Takeda)

For more information: E3@ ®123



Zika virus (ZIKV) emergence

declared a Public Health Emergency of International Concern in 2016
>80 countries in Africa, Asia, the Americas and Pacific have reported the presence of Zika

17 (prM 188 (NS i i
-S-EE . .j see -VE .e .}Eﬁ;ﬂﬁrg';e American lineage
100 17 (prM 188 (NS1 -aDi i
e N-(F: oo) e -AE e t) E’[rl";.iﬁpt;fdpeemlc Asian lineage
100
17 (prM) 188 (NS1)
1004 ED. Nesssssse/ssee African strain type African lineage
Spondweni SM-6 V-1
Late 2015
Cape R
Verd -
erae : / Yap Islan-:i\-I
Africa L e g \ 2007 J
. /Southeast 2 .
Lata 2013 Ehfst detection (1947) \_ Asia /
North- s,
eastern Data from <
Brazil 20th century seroprevalenece Erench
studies (Asia) Polynesia
1952—1997
and country 2013
Data from country Data from seroprevalence reports
reports after 2015 studies (Africa) 1945-2014 after 2015

Gutiérrez-Bugallo et al, Nature Ecology & Evolution 2019


https://www.nature.com/natecolevol

ZIKV: course of infection

transmission:

mosquitoe bites

sexual (male-to-female ++)
blood transfusion

Vertical

Incubation 3-14 days

Viral tropism

- (! ¥
: )
SR ' s
?,-‘:v\ B £ S
SR ;
G S ) ,
Jes v e 4
& B
an “ -
5'.}\ Fe // X
o ) \ Y
: GE0Y
Skin
D\ = |
@, RN
-
(4 N
A 3

Fibroblast
Epidermal keratinocytes
Immature dendritic cells

Semen |
Epididymis

"\_ AN y
N i 8 )
Zika virus \

OBGYN Embryonic brain tissue
Chrorionic villi cells
Amniochorionic membranes Neural stem cells
Immature dendritic cells Radial glial progenitor cells
Basal to parietal decidua Glia

Hofbauer cells

Primary endometrial

stromal cells
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ZIKV: pathology

50-80% asymtomatic
usuelly mild
symptoms last 2-7 days

Complications (<1%)

neurological: Guillain-Barré
syndrome

congenital zika syndrome
Thrombocytopenia

, .' :
(I
ll(

Joint pain Muscle pain

https://www.cdc.gov/zika/about/overview.html
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ZIKV neurological complications

Guillain-Barré syndrome

2 to 3 cases per 10,000 ZIKV
iInfections

auto-immune disease that attacks
peripheral nervous system

progressive weakness in the
extremities (legs ++)

usually: full recovery

IN severe cases can progress to
paralysis and death

Guillain-Barré syndrome subtypes

v

v

Acute inflammatory
demyelinating polyneuropathy
(demyelinating)

Antibody injures myelin
membranes

Acute motor axonal neuropathy
or acute motor and sensory
axonal neuropathy (axonal)

=
%

Y&

=3 =P
Y Y

Antibody injures axonal
membranes

Willison et al, The Lancet 2016
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ZIKV complications during pregnhancy

 Vertical transmission can happen in all trimesters of pregnancy, either if the mother is
symptomatic or not
 transmission during breastfeeding - requires more confirmation/studies

Fetuses and Newborns ot
Women Infected during Pregnancy

— Fetal Loss 4-7%
= Congenital 5-14%
20-30% Zika (microce phaly
Fetuses and Neonates Syndrome 4-6%)
with Infection
Asymptomatic
Medium- and long-
term sequelae
79-91%
70-80%
Fetuses and Neonates —> (&

Uninfected

without Infection

Musso et al,l NEJM, 2019



Chikungunya (CHIKV)

Capsid protein
(CP) Membrane

« Family: Togaviridae
* genus: Alphavirus

* Enveloped, icosahedral capsid

Structural polyprotein |

 sSRNA(+) of 11-12kb , .| Nonsmcunl poprote

+ early

mination
P123 [ .

DLp llate I:'-F

Structural polyprotein

« other alphaviruses: P123 Rep nsP4

vo iy

CP

E3

E2

6k

E1

- Sindbis virus l_‘?mm

EPOIEHSE

CP

E3

E2

TF

nsP2
- Semliki forest virus

W by nsP2 protease ¥ bycapsid ¥ by furin *b}r signal peptidase 32

[ Ribasomal
frameshift
10-18%
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CHIKV: epidemiology

[ Areas infested with A. aegypti

[] Areas infested with A. albopictus

B Areas infested with A. aegypti D
and A. albopictus ‘

O West African enzootic 2014 to present

O ECSA enzootic

O Asian urban

1952 to present

. . . 33
ECSA: eastern, central and southern African, IOL: Indian Ocean lineage Weaver SC, Lecuit M. N Engl J Med 2015:372:1231-1239.



CHIKV: epidemiology

* Globally:

- > 2 million cases reported since 2005

- Mostly In Africa, Asia, India

- More recently: outbreaks in the Americas

- 620 000 cases in 2024 : America (Brazil), India, Pakistan...

- Europe: outbreak in Italy (200 cases, 2007)

* France:

- La Réunion: after outbreak in Kenya, 270 000 cases reported (2005-
2006) ~40% of the population!

- metropolitan: 6 autochthonous cases in 2020, 1 in 2024
- Ongoing reemergence in la reunion? : 1069 cases (since 08/2024)



identified receptors:
DC-SIGN

Heparan sulfate
integrins

CHIKV: replication cycle

Plasma
membrane

==

Receptor-
mediated
endocytosis

Cytoplasm /
Endosome <§D

Processed

Nucleocapsid
20, core assembly glycoproteins
El peptide and genomic transported
Release of \OA S/ exposed RNApackaging to plasma
nucleocapsid core |, 9 (€ 4 membrane
and viral genome [
49S RNA genome
5 § 3 o
49S RNA genome C :
5'm’G £ A3 olgl
Translation and e Processing and
: Replication &Y maturation of

glycoprotein

processing Replication
A
X / : U5’
&0 Minus strand RNA

Replication 1@
complex 265 MRNA
5 ——— A
Translation l Processing
—_— =
C—pE2—6K-E1 Capsid pE2 EI

8 a
Schwartz et al, Nat Rev Microbiol 2010

furin cleavage of pE2 (p62) =
E2 and E3
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Chikungunya: pathology

Fibroblast infection |
and virus replication |

FTTA
' B ~ Brain
o \‘ Epithelial and

EBTogdo B ‘ ) ' 3 endothelial cells
. E_i'E@é@t@i_ai@l_ﬁ_l_ ______ N qu '
acute phase: high fever, Ty \
rigors, headache, |
J 1N
|

Incubation 2-6 days = x

E Fibroblast

J

through the bloodstream

photophobia and rash + e—
severe joint pain
last a few days — 2 weeks

e =

30-40%: chronic phase
with recurrent joint pain

Schwartz et al, Nat Rev Microbiol 2010
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Chikungunya: pathology

Symptoms
Fever, usually lasts about 1 week (90% of patients)

Myalgia, usually lasts 7-10 days (90% of patients)

Polyarthralgia, polyarthritis, or both, can last weeks to months (95% of patients)

Rash, lasts about 1 week (40-50% of patients)

Infection

Weeks to months

Viremia, usually lasts 5-7 days
IgM detectable 3-8 days after symptom onset, usually persists for 1-3 months
IgG detectable 4-10 days after symptom onset, persists for years

Biomarkers

Burt et al, Lancet Infect Dis 2017
Miner JJ, et al, Arthritis Rheumatol 2015
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Testing for DENV ZIKV and CHIKV

Collect blood and urine

(keep a portion of blood as the first of a pair of serum samples) , .
If sequential testing is

adopted, prioritize testing to
i the epidemiological context
of circulating flaviviruses

RT-PCRs for DENV, CHIK, ZIKV sequential or parallel testing

Result for multiplex reactions Interpretation
ZIKV pos, DENV neg, CHIK neg ZIKV confirmed case
""" ZKVneg, DENVpos, CHKneg | DENVeonfimedcase
""" ZKVneg DENVneg, CHIKpos | CHKoconfimedcase
| ZIKV pos andlor DENV pos o CHIKpos | Co-detection and ZIKV confimed case

A negative result for any PCR test does not conclusively rule out the infection

Figure 1. Proposed testing algorithm for suspected cases of arbovirus infection identified within seven days of onset of symptoms



Testing for DENV ZIKV and CHIKV

Collect blood (serology and RT-PCR) and urine (only RT-PCR) where possible

if more than one week after onset of symptoms

(If collecting paired serum samplest, allow 2-3 weeks between samples)

|

!

RT-PCR for ZIKV virus on urine and bload

Y

\ 4

Test for IgM to DENV, CHIK and ZIKV,

and other flaviviruses circulating where

the exposure occurred

Result

Laboratory interpretation®

Positive PCR

Zika confirmed case

urine < 30 days,

semen < 60 days

Negative PCR

Zika virus infection not
definitively ruled out

Other specimen types for RT PCR:

ZIKV pos, DENV neg, CHIK neg

ZIKV pos, DENV pos and/or CHIK pos

ZIKV probable case

Probable flavivirus infection+ CHIK co-
infection

* Final interpretation of result should be done in conjunction with clinical presentation

tFor paired serum samples, a four-fold rise in IgM in the absence of a rise in antibody fitre to other flaviviruses is further evidence of recent Zika virus infection

___ Figure 2. Proposed testing algorithm for suspected cases of arbovirus infection more than one week after onset of symptoms




Prevention of arboviruses infection

Vaccines available for several arboviruses: YFV, Japanese
encephalitis virus, DENV, TBEV and CHIKV

Personal protection against mosquitoes and ticks
Vector control: global response Is required

Better development of urban centres
Development of new tools and technologies
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Hemorrhagic fevers

Famille Virus

Arenaviridae Lassa
Junin
Machupo
Phenuiviridae Rift valley fever
Nairoviridae Crimean Congo hemorrhagic fever
(CCHF)
Filoviridae Ebola
Marburg
Flaviviridae Dengue

Yellow fever
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Ebola virus (EBOV)

famlly: FIIOVIrIdae Nucleoprotein (N)
genus: Ebolavirus VIRION o

Transcription
factor VP30

filamentous enveloped virus : 970 nm
long

Capsid: nucleoprotein N

Polymerase .
cofactor VP35 B |
e :

B
i~

Polymerase (L)

Matrice

genome: ssRNA(-),18-19 kb

/ structural proteins Vethc VPdo

7 filoviruses detected in humans or J”‘R“’“‘E‘”ﬂ“@’

primate, from the Ebolavirus (6) or ¢ standRNAgenome —

Marburgvirus genus (1) 501 N3 s {75 - >
Zaire and Sudan ebolavirus ++ havages by hostfurin 5+ e
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Ebola: epidemiology

« filoviruses: zoonotic pathogens, maintained in reservoir(s)
 epizootic, not considered as endemic

b Unknown natural Spillover
host resemnvoir host Outhreak

) ® o o o o
> - [ o [ [ .
Contact with Direct human-to-human contact ' ‘ ' ‘ '

infected animals or contact with bodily fluids or fomites

Jacob et al, Nat Rev Dis Primers,2020

* transmitted to human from wild animals: contact with infected fluids
from fruit bats, chimpanzees, gorillas, monkeys, forest antelope or
porcupines

* human to human transmission by direct contact, or indirect

44



Ebola: outbreaks

Discovered in 1976 in the Democratic
Republic of the Congo

until 2013, outbreaks in central africa
2013-2016: 28 600 cases, 11 325
deaths

outbreaks in DRC 2018-2020

2021: cases reported in Guinea and
In RDC

2022 and currently : in Uganda
(Sudan ebolavirus)

Jacob et al, Nat Rev Dis Primers,2020
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Several nucleacapsids bud
head to tail in the same

Immune response virion
@ modulation

sG

Glycoprotein GP

Budding via host ESCRT

Antiviral
RMA sensor
mRNA editing

endosomal membrane Actin-dependent
outward viral transport

Negative stranded RNA
virus replication
Megative stranded RNA
virus transcription
Viral Factory

@9

46



it

Ebola virus disease pathophysiology

Baseler L, et al. 2017.
Annu. Rev. Pathol. Mech. Dis. 12:387-418

Inoculation onto mucous membranes or
skin wounds
Incubation 9-10 days

Infect dendritic cells

replication and dissemination of the virus
(lymph nods)

viremia with widespread viral dissemination
tissue and vascular damage

multiple cell types can be infected within
organs

tissue damage due to viral-induced
cytopathic effects and indirect organ injury
(host inflammatory responses, endothelial

dysfunction, and disordered coagulation)
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Ebola virus disease pathology

Incubation Early illness Peak illness Recovery
20 -
Neuromuscular weakness
Fever
D Hepatic inj
u epatic inju
o 25| - m P jury
_g m Coagulopathy
vi
o Diarrhea
=
% Rash .
> 30 - Respiratory failure
||
5 Renal failure
< M Viral RNA * Frequency and timing _ - -
'E in blood of clinical findings is Menlngo.encephalltls
T 35 variable between Cardiac dysfunction
patients n
| | e
m M Uveitis
||
40 N L m
-1 1 2 3 -+

Week of clinical illness

incubation followed by nonspecific symptoms: malaise, fatigue, and muscle weakness and/or
myalgia, before or associated with fever

progression to nausea, vomiting and profuse diarrhea, with profound fatigue
peak of illness: 2" week. Sequential organ failure
fatality rate ~50%



Concentration

—— EBOV RNA in blood of patients who die
—— EBOV RNA in blood of patients who survive
—— EBOV RNA in seminal fluid of male patients

who survive (after discharge)

- --- EBOV-specific IgM
--- EBOV-specific IgG
EBOV RNA in various body fluids (saliva, tears,

sweat, breastmilk, urine, cerebrospinal fluid,

——— ocular fluid, amniotic fluid, vaginal fluid)

Time since onset of disease (days)

___________________ }

v

T\ -~"- Limit of detection of RT-PCR or serology
N\
APt ST ~-\i\_\‘...
Ng | ey
\\\ ~~~~~~~
\ \\‘
\ L\' «‘l\‘
'\.“ E \\\'
— e OO = B
I ! ; I ]
T T . 360

o

| Months 3-12 |

Symptom onset

Exposure to high risk of transmission
(via direct contact; within the community)

Acute phase, fatal disease*, or clinical
recovery

Convalescent phase, possible viral
persistence in reservoirs

High risk of transmission (sexval);
individual, and community risk,
post-epidemic resurgence

Viral recrudescence from sanctuary sites
(CNS, eye); relapse
(meningoencephalitis, uveitis)

Asymptomatic carriage of replicative virus

Malvy et al, Lancet 2019

v

(male genital tract)

Late-onset sequelae of Ebola virus
disease; possible post-Ebola syndrome?t

Ime course of EBOV In body fluids and testing

WHO recommendation for
testing:
nucleic acid detection when

possible
- rapid antigen detection tests
(need confirmation)

specimens: blood (live
patients) or other body fluid
(dead patients)



Ebola virus prevention and control

Stopping

. _ _ _ Ebola Outbreaks
reduce the risk of transmission from wild

animal to human @ "

reduce the risk of human-to human
tran S m iSS i O n FEVER AND SYMPTOMS BLOOD TEST LABORATORY TESTING

CO ntal Nnm e nt m eS U re d u rl N g O utb reaks Isolate patients; find and monitor patient contacts

reduce the risk of sexual and vertical @ ”.)T @* @

transmission

AFTER
o j EXPOSURE
ISOLATION BED PATIENT INTERVIEW ANY NEW PATIENT
FOR CONTACTS RESTARTS PROCESS
Pre\/ent Healthcare infection control, safe burial practices, avoiding bushmeat

vaccines @
JJI J) o
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Neglected tropical diseases

* “Neglected tropical diseases (NTDs) are ancient diseases of
poverty that impose a devastating human, social and economic
burden on more than 1 billion people worldwide, predominantly in
tropical and subtropical areas among the most vulnerable,
marginalized populations.” WHO

« 20 diseases among which dengue and rabies

* For rabies, WHO goals: to eliminate dog-mediated human rabies



Rhabdoviridae
Lyssavirus

enveloped, bullet-shaped
ssRNA(-) genome, 11kb

Alternative initiations

ﬂ () strand RNA genome

Rabies virus

Glycoprotein (G) Matrix protein (M) Polymerase (L)
Phosphoprotein (P)
S LI el #»”_ Genomic RNA
AN
@S
)
= -
o 233 .
e S "
- -2 <
% : |Zone |
7 nstitute of Bioinfo
e T
S e Ribonucleocapsid

S R T et e e Nucleoprotein (N
£ 9 3 J‘x- DI (RNP) p ( )

https://www.cdc.gov/rabies/diagnosis/electron_microscopy.html
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Rables epidemiology

* Rabies is a zoonotic diseases, mainly transmitted by dogs to human

Tens of thousands of deaths/year
* Present on all continents but causes death mainly in Asia and Africa

VIRUS TRANSMISSION FATALITIES
Rabies affects
Sallva of of human cases poor rural communities
mfected 9 /o are caused by mostly in Asia and Africa
animals

A\ dog bites

The virus attacks the bram
Rabiesis fatal

once symptoms appear

) sl
TREATMENT One Q‘ggtul:
%9 Thorough washing of the wound every

v with soap, and, vaccine
=+ __J injections can avoid symptoms 4 00 /
and save lives. _ _0
of the victimes

SE&k immediate medical are children
care if bitten, younger than 15




Rables: pathology and diagnosis

Hyperactivity, confusion and agitation

4 B
Fever, pruritus and paraesthesia Hypersalivation, piloerection,
Furious rabies I periodic dilation of the pupils, hydrophobia,
4 N aerophobia, dysphagia, inspiratory spasms,
Exposure First symptom Clinical expression hyperventilation and haematemesis Coma

|

20-90 days Prodrome (1-2 days)

Acute neurological phase (1-4 days) Death (1-7 days)

1S
Paralytic rabies I I

Fever, pruritus and paraesthesia Quadriplegia, dysarthria, dysphagia, hypersalivation,
inspiratory spasms, respiratory failure and hydrophobia
or aerophobia (in ~50% of cases)

0 Behaviour k. | /
[ Clinical symptom Drowsinass
* clinical diagnosis (+ animal contact) TR s

« ante-mortem diagnosis : nuchal skin biopsies and saliva (antigen detection, virus
Isolation, RT-PCR)
e post-mortem (brain tissue)
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HOW TO PREVENT RABIES VACCINATING DOGS SAVES

TRANSMISSION FROM DOGS? HUMAN LIVES
Learn dog body Rabies is 100% preventable

@ language @
Raise public ”
awareness

Vaccinating 70%
of dogs breaks rabies

Hmtfjé?i transmission cycle
2 Y
Wi

R * in an area at risk
Every dog owner
NO DOG BITE = NO RABIES is concerned

 rabies vaccination recommended for travelers to endemic regions

e secondary prevention: wound care and post-exposure prophylaxis (rabies
Immunoglobulin and vaccination)
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