Y,

Institut Pasteur

French National Reference Center
for Viral Haemorrhagic Fevers

Dr Delphine PANNETIER

Workshop on Emerging Infectious Diseases — Istanbul — 26th march 2026



French NRC for VHF

Directed by Pasteur Institut (UBIVE)
Associated Laboratory : Inserm Jean Mérieux BSL4 Laboratory

Front line in

the French

healthcare
system

Diagnostic Expertise
for RG4 viruses (VHF
and Nipah)

Advices to health and
security authorities

Epidemiological

Participati Alert
Surveillance articipation to Aler

EID Training Workshop =St




EID Training Workshop=il$

Viral Haemorrhagic Fe

Similar clinical forms observed : fever associated with hemorrhages
and multiorgans/cardiovascular failure for the most severe cases

Induced by 3 families of RNA viruses

Flavivirus Filovirus

Bunyavirales

Yellow Fever
Virus

Dengue Virus
Alkhurma Virus
Omsk Virus

Kyasanur Forest
Virus

Nairovirus

CCHF Virus
(Crimean-Congo)

Ebola Virus
Ebola Zaire
Ebola Soudan
Ebola Reston
Ebola Bundibugyo
Ebola Tai Forest

Arenavirus

Lassa Virus
Lujo Virus

Phenuivirus
Rift Valley Virus

Junin Virus
Machupo Virus
Guanarito Virus
Sabia Virus

Marburg Virus

Hantavirus

+ <5% T+ 50-90%

T 10-50% + 10-15%

No really effective treatment, very limited vaccines {9




VHF are zoonoses

Diseases that normally affect animals with only accidental
transmission to humans via animal reservoirs or arthropod vectors

Arboviruses Other viruses

Disease Vector Disease Reservoir
Yellow Fever Mosquitoes Marburg Bats
Dengue Ebola
Rift Valley Fever (Nipah)
CCHF Ticks Lassa Rodents
Kyasanur New World VHF
Omsk FHSR

RG4 viruses : human-to-human transmission

» The presence of reservoirs and vectors will influence the
geographical distribution of VHF

Sy
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B Arenavirus Bl Nairovirus
Bl Filovirus Bl Paramyxovirus
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Ebola

Marburg

Lassa

CCHF
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Outbreaks 2014-2026

2014
2014-2017-2018-2020-2021-2022
2021

2020-2022

2025

2014-2017
2021
2022
2023
2024

2016

2017 - 2018

2021

2023

2025 (Lassa-Like)

Guinea - Sierra Leone - Liberia
RDC

Guinea

Uganda

RDC - Uganda

Uganda

Guinea

Ghana

Equatorial Guinea — Tanzania
Rwanda

Benin — Liberia - Nigeria
Nigeria - Liberia

Guinea

Nigeria

Chad

2014 - 2023 Pakistan — Iran — Iraq — Turquie
2016 (2013) Espagne
» Public health problem in constant evolution {')
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Ebola virus example - 1976

Before 2010 : outbreaks each 10 years

1976 — 2010 2291 1525 Unpredictable West Africa Outbreak 2014-2016
2011 -2026 18 32722 13909 Epidemics are now occurring almost annually...

* Increase of frequency of outbreaks with a larger population at risk of VHF
 Zoonoses : impact related to climate, societal, and environmental changes

» Easier contact between humans and reservoirs (deforestation; changes in animal habits,
population movements, etc.)

e  Human-to-human transmission

* Risk of imported cases in Europe (travel, expatriates, NGO staff, medical personnel, military
personnel, etc.)

 Expected emergence of CCHF in the coming years in France : confirmation of the presence
of CCHF in ticks in the South of France in 2023

Role of the One Health strategy + surveillance in preventing outbreaks

Early and specific diagnosis is essential to implement rapid isolation
measures and prevent the spread of the epidemic.
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Symptoms

Incubation
3 to 21 days generally

\ 4

sudden onset and biphasic evolution

D

Fever, Chills Skin Rash - Prostration
Strong Asthenia Gastrointestinal / Respiratory [ Vascular Disorders
Anorexia
Headaches t \
Arthralgia/Myalgia Internal/External Hemorrhages +++ No or light
Nausea - Vomiting Epistaxis, petechia, echymoses haemorrhagic Signs
Diarrhea DIC - Gingival bleedings
Abdominal Pain Conjonctivitis - Anuria - Hiccups

Long recovery
and lasting
effects

Cough Neurological Signs
Multivisceral Disorders
Cardiovascular failure

Death { p)
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» Significant abnormalities of biological parameters

e Changes in cell counts
 Important lymphopenia/leukopenia
 Important thrombocytopenia

e Coagulation disorders
* Increased prothrombin time

* Fibrinolysis disorders
 Disseminated intravascular coagulation

* Increase of hepatic enzymes AST / ALT

* Proteinuria, hematuria

* Increased creatinine and Creatine Kinase levels

e lonic balance disorder
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Diagnostic serology

<€ >
Diagnostic RT-PCR (Blood / urine)

<€ >

'QJG\

IgM

Viremia

/ / ,

Incubation Non-Specific Signs Specific Signs Convalescence

DO D7 D14
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* Essential public health mission : primary care unit awereness is
fundamental to recognize clinical forms

* Always an emergency
* Need for rapid protective measures for healthcare staff and contact cases

» Extremely rigorous and costly isolation measures for patient
* No/few/bad commercial diagnostic tests : in-house technics are essential

* Use only reliable and validated techniques : false-negative or false-positive
diagnosis impossible because consequences could be dramatic

* Perform VHF diagnosis only when necessary to avoid impacting patient care

» In France VHF NRC : initial diagnosis and confirmation
Choice of techniques to implement depends on the area of exposure,

clinical signs, and time since the onset of symptoms

Indirect Tests

Antibodies IgG IgM (ELISA),
neutralization, IF

Differential Diagnosis
Malaria, Arbovirus, Leptospirosis,

Typhoid...
Direct Tests Other Tests
RT-PCR, viral antigens, Sequencing/NGS, Rapid tests
virus isolation (BSL4) (strips)
Sy
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Requirements for diagnostic tests

* Sensitivity and specificity are mandatory

* Detection of all strains and last circulating strains

essential (human, reservoir, vector)

* Difficulties with high genetic diversity of VHF
viruses

- Emergence of new strains

P4) Diagnostic Tests Limita

DQ447658 MARV Ang0215

DQ44TH55 MARY Ang1386
DQ447657 MARYV Angl214
100 | DQ44TB53 MARV Ang1379C
| pQ44T654 MARV Ang1381
DQ447656 MARV Ang0126
DQ447660 MARV Ang0o96
DQ447659 MARV Ang0754
i g 229337 MARV Popp
" DQ217792 MARV Muscke
AY 358025 MARY Qzolin
85| DQ447651 MARV 0SDRC99
100 * ‘ DQ447650 MARV 07DRC99

L

2007 - Bundibugyo Emergence

80 | FJ750958 MARV 371B3t07
991 FJT50957 MARV 01UGAO7 (human)
FU750056 RAVV 082808

[ FU750953 RAVV 02UGAQ7 (human)
%1 DO447852 RAVV D9DRCAO
63! DQ447849 RAVY 1987
300 /— NC 008432 SUDV Uganda

not detected with the historic filovirus
RT-PCR

— FJ968794 SUDV Bondace
o I NC 004161 RESTV Pennsyhania
15 || AY769352 RESTV Pennsybhania
)"{k FX621585 RESTV Philppines (swine)
1;)6 ABOS0936 RESTV Pennayhania

From Barrette et al

005
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LF J621583 RESTV Phlippihes (swine)

F STV Philppnes (swine)
% NC 014373 BOBV
E I \ AC 014372 T

| EU224440 EBOV Mayinga

@ AF498101 EBOV Mayinga
a2} NC 002549 EBOV Mayinga
861 AY 142860 EBOV Mayinga
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P4) Diagnostic Tests Limit

2025 - Lasli (Lassa-Like Virus) Emergence from Chad : only %2 probes of the Altona kit detect it /

No detection with the Biofire Kit

Homologie avec L ASV
SegmentS: < 76 %
Segment L : < 68 %

Tree scale: 1 ————

S segment
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L segment

Tree scale: 1 b——————

NC_005081.1 Junin (50.1%)
NC_012776.1 Lujo (52.5%)
NC_018710.1 Lunk (59.3%)
NC_004294.1 Lymphocytic choriomeningitis (59.1%)
NC_039009.1 Ryukyu (58.9%)
NC_039012.1 Souris (60.6%)
NC_023764.1 Merino Walk (62.9%)
NC_027135.1 Okahandja (63.5%)
NC_078696.1 Bitu (62.3%)
NC_038367.1 Solwezi (66.1%)
NC_007905.1 lppy (65.4%)
NC_078292.1 Kitale (65.1%)
NC_027134.1 Mariental (66.8%)
NC_026018.1 Wenzhou {65%)
NC_ 038364.1 Loie River (65%)
MNC_006575.1 Mopeia (66.5%)
NC_013057.1 Morogoro (68.2%)
NC_026246.1 Gairo (67.3%)
NC_079107.1 Dhati Welel (68.3%)
NC_007903.1 Mobala (67.4%)

KTOB2825.1 Lassa KAK-428 VI (75.5%)
LTE01602.1 Lassa Alzey VI (75.1%)
KM822128.1 Lassa Pinneo Nig 1969 | (74.6%)
GU481072.1 Lassa Nig08-A19 Il (75.5%)
GU481068.1 Lassa Nig0B-04 |1 ( 74.8%)
KF478765.1 Lassa Soromba-R V (75.4%)
NC_004296.1 Lassa Josiah IV (75.5%)

NC_005080.1 Junin (43.5%)
NC_078105.1 Alxa (50%)

NG_012777.1 Lujo (48.8%)

NC_018711.1 Lunk (51.2%)
100 ,_—|: NC_077806.1 Lymphocytic choriomeningitis (51.9%)
100 NC_039010.1 Ryukyu (51.3%)

NC_039011.1 Souris (54.4%)
NC_023763.1 Merino Walk (55.8%)
NC_027137.1 Okahandja (55%)
NC_078695.1 Bitu (55.6%)
NC_038365.1 Loie River (55.3%)
NC_026019.1 Wenzhou (55.2%)
NC_078101.1 Lijiang (55.9%)
NC_027136.1 Mariental (51.9%)
MNC_038366.1 Solwezi (56.9%)
NC_007906.1 Ippy (56.4%)
NC_078293.1 Kitale (55.5%)
NC_006574.1 Mopeia (58.8%)
NC_013058.1 Morogoro (58.5%)
NC_026247.1 Gairo (58.9%)
NGC_079108.1 Dhati Welel (58.1%)
NC_007904.1 Mobala (59.1%)

BEE 1 Kwanza (59.3%)

=PTassa Alzey VIl (67.1%)
o GU481069.1 Lassa Nig08-04 |1 (67%)
" KMB822127 1 Lassa Pinneo Nig 1969 | (66.7%)
KT992435.1 Lassa KAK-428 VI (67.2%)
" GU481073.1 Lassa Nig0B8-A19 1l (66.8%)
wo| —— KF478762.1 Soromba-R V (67.4%)
00— NC_004297.1 Lassa Josiah IV (67%)

The NEW ENGLAND
JOURNAL of MEDICINE

A Mammarenavirus Close to Lassa Virus in a Patient
with Meningoencephalitis

Published November 12, 2025 | N Engl | Med 2025;393:1960-1962 | DOI: 10.1056/NEJMc2505127 '
VOL. 393 NO. 19 | Copyright © 2025
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Issues With CCHF

2021 Spain : Altona kit did not detect the virus in a patient
* 2023 France (Ticks) : RT-PCR from our colleagues does not detect the strain that circulates in ticks
* 2023 Iran : a study from Salehi-Vaziri et al (Pasteur Institut Teheran) reports a clinical case with in-house RT-

PCR positive but Real-Star Altona kit negative

P4) Diagnostic Tests Limi
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URE 1: Neighbor-joining phylogenetic tree with bootstrap 5000 and Kimura 2-parameter substitution model indicating that the strain

Iran 9334 belongs to CCHFV genotype Africa 3.

Iran

Sy
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Commercial kits : technical data difficult/impossible to obtain

Tested with only few strains NOT REAL STRAINS - not accurate to evaluate sensitivity and specificity in real

samples (blood)

Table 10. Limit of Detection for BioFire Global Fever Special Pathogens Panel Test R

Global Fever Special LoD Concentration
Pathogens Panel Isolate Tested Live/Inacti
Analyte Copies/mlL! | Units/mL
BACTERIA
Bacillus anthracis Ames35 Live 4.2E+01 N/A
Franciselia tularensis SCHU 54 Inactivated 1.2E403 N/A
Leptaspira spp. :::;:35::7&;&;:::; icterchaemorrhagiae, live 346402 N/A
Yersinia pestis A1122 Live 1.3E402 N/A
VIRUSES
[ReE R — Inactivated 5.5E+02 3.6E-01 units/mL
Crimean-Congo
hemorrhagic fever Strain IbAr10200 Inactivated 6.4E+00 N/A
wirus
DEMMLeOaT Live 226402 N/A
DENW-2-1: Mew Guinea C Live 3.4E+02 N/A
Dengue virus DENV-2-2: Dak AR A1247 Live 2.7E+03 1.5E+02 TCIDso/mL
DENV-3: H&7 Live 1.3E+02 3.7E+00 units/mL
u u DENV-4: H241 Live 6.4E401 1.8E+02 units/mL
B I 0 FI re Bundibugyo: 200706291 Uganda Inactivated 7.0E+404 N/A
Tai Forest: Cote d’lvoire 11/27/94 Inactivated 8.3E403 N/A
Reston: 119810 RID .
F I L M A R RAY Ebolavirus spp. (MEKY 53) (prototype 1989) GETLL —— L
Sudan: Boniface Inactivated 1.1E+04 N/A
it Cuinen (07 Inactivated 1.0E+02 :st;moi
Lassa virus JDsiau Inactivated 5.6E+04 NSA
Marb . arburg virus: Musoke Inactivated 5.0E+02 N/A
arourguirus Ravn virus: Kenya Rawvn Inactivated 2.6E+02 N/A
. NY 2001-6263 (Lineage 1) Inactivated 1.1E+03 2.7E+01 units/mL
‘West Nile virus = = =
B-956 Uganda (Lineage 2) Inactivated 2.3E+04 6.2E+00 units/mL
Yellow fever virus Strain 17D Live attenuated 1.2E402 1.2E401 TCIDgg/mL
PROTOZOA
Leishmania spp. donovani: 9515 (MHOM/IN/95/9515) Live 1.0E+01 2.2E+01 cells/mL
g::;‘;’;;"'z';lclmm et Live 1.86402 N/A
Plasmodium spp. knowlesi, H strain gDNA 2.4E+01 20 pg/mL
: malarioe (Clinical Specimen) Live 1.9E402 2.3E-01 cells/mL
ovale, wallikeri (Clinical Specimen) Live 2.4E+02 N/A
vivax, Strain Chesson Live 1.5E+02 NSA
Plasmodium falciparum g,acrnf::i:;aa; Live 1.8E402 N/A
Plasmodium ovale, wallikeri (Clinical Specimen) Live 2.4E+02 N/A
vivax/ovale vivax, Strain Chesson Live 1.56+02 N/A

EID Trainin

! Stock concentrations determined using commercially available quantitative real-time PCR assay kits.
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e Be ready as soon as possible, before human emergence if possible :
importance of the One Health Strategy

e No/few commercial kits or not really validated :
BE REALLY CAREFUL USING IT

 Diversity of VHF viruses with regular emergence of new species and new
variants - updating and validation of techniques necessary

* Need for epidemiological surveillance and detailed, up-to-date
epidemiological knowledge about GR4 agents > sharing informations about
diagnosis, epidemiology and kits is very important

e Accreditation of laboratory tests can be difficult due to a lack of
samples when you are not in endemic area

* French MOT regulation concerning VHF viruses to be taken into
account (time-consuming administrative burden / influence on management of
confirmed cases)

e New European IVD regulation on in vitro diagnostic tests : probleme for in
house tests to prove they are better than commercial kits

S
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