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Pox viruses

• Poxviridae > Orthopoxviridae

• Large double-stranded DNA, enveloped

• Have 2 forms : Mature virions and extracellular virions 

Hendrikson, Viruses, 2010

Clade II

Clade I



Responsible of the 2 last PHEIC 
declarations in 2 years

25 avr. 2009

Pandemic flu A (H1N1) 
de 2009

5 mai 2014

Poliomyelitis

8 août 2014

Ebola virus disease

1 févr. 2016

Zika Virus Disease

17 juil. 2019

Ebola Virus Disease 
(RDC)

30 janv. 2020

Covid-19 Pandemic

23 juil. 2022

Mpox pandemic: 
multicountry outbreak 

PHEIC … ongoing

14 août 2024

Mpox resurgence in 
African region , clade Ib

outbreak 2023- 2024
(RDC)

health Crisis Social, economical, political impacts…

(IHR 2005)



Historical reminder

1958

Virus discovery in NP 
outbreaks by Magnus 
and al.

1970

1st human mpox
case in Basankusu, 
Equateur province, 
DRC

1977

Certification of 
smallpox eradication 
in DR Congo.

1980

WHO/AFRO 
Integrated 
Surveillance 
Program Mpox and 
Viral HF

1981-1986

WHO/MOH, 
intensive 
surveillance

Not a PH problem

1996

large outbreak 
affecting 54 villages 
in the Katako-
Kombe in Sankuru
(762 cases). 

2003

First outbreak in 
humans exported 
from west Africa to 
USA

2017

Largest West African 
outbreak (Nigeria) : 
exportation of 
sporadic cases in 
UK, Singapore, …

2022

Mpox pandemic: 
multicountry
outbreak PHEIC … 
ongoing



1st PHEIC in 2022 (rapidly controlled)



Especially clade IIb with 6 lineages described
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• High rate of APOBEC3 mutations
• Sustained H-H transmission marker

15/05/2025



Clade Ia : high diversity

• New sh2023a outbreak
• Sustained human-to-

human transmission
• Low diversity
• Increased APOBEC3 

mutation rate
• Challenges for diagnosis

Clade Ib

Clade Ia





Clade Ia 

Clade Ib Clade Ib

Examples of phylogeographic clusters

Clade Ia 



Predominance of zoonotic transmissions

• Documented zoonotic transmission for clade Ia
• Different profile in clades Ia compared to clade Ib

which has a high rate of type APOBEC3 mutations

Clade Ib

Clade Ia Clade Ib



Kinshasa outbreaks

First case of 
mpox (clade Ia)

First case of 
clade Ib





Mitjà et al. Lancet 2023



Pesonel et al. CID 2025

Suñer et al. Lancet ID 2023



Pesonel et al. CID 2025

Suñer et al. Lancet ID 2023



Ferre et al. Annals Intern Med 2022



Post-exposure use (PEP)

• Timing :
• Historical study of smallpox, using a Delphi method

• Animal challenge in prairie dogs: 88% survival with vaccination on D1, and 38% 
on D3, compared with 25% in the control group.

• Use of Imvanex® in the United Kingdom
• In 2018: 3 cases, 131/154 contacts vaccinated, 1 secondary case in 1 healthcare professional (at 

D6/7).

• In 2019: 17/18 contacts vaccinated, no secondary cases, no AEs.

0-6 h 6-24 h 1-3 days

Prevention 93% 90% 80%

Clinical change 80% 80% 75%

Massousi, 2003, JID ; Keckler, 2020, Vaccines ;
Adler, 2019, LID



Mpox vaccination in 2022 in Europe

• Started in the end of May 2022

• Total of 27,180 cases from 46 
countries

• Vaccination recommendations in 
France
• 20/05: Post-exposure prophylaxis (PEP)

• 07/07: Pre-exposure prophylaxis (PrEP)

• 06/10: extension to women at risk

ECDC
Krug, Eurosurv, 2023



Vaccine effectiveness

• Systematic Review and meta-analyses
• PEP : 79.51% (20.34%)

• PrEP 1 dose: 95.60% (76.16%)

• PrEP 2 doses: 87.97 (81.88%)



MVA-BN yields anamnestic response

D0 D14 D28 D43 M3 M6 Y1 

Title>=20, n 
(%)

20 
(77%)

8 
(100%)

28 
(100%)

9 
(100%)

26 
(87%)

18
(82%)

5 
(83%)

D0 D14 D28 D43 M3 M6 Y1 

Title>=20, n 
(%)

14 

(24%)

11 

(73%)

55 

(71%)

28 

(90%)

55 

(86%)

24 

(63%)

4 

(67%)

N=31 N=88

Luong Nguyen, ECCMID, 2024



A booster dose?

Ilchman, JID, 2023



Smallpox vaccines & mpox prevention
❖ 3 generations of smallpox vaccines

1st : live unattenuated vaccinia virus grown in the skin of live animals 

All based on vaccinia virus

2nd : live vaccinia virus grown in eggs or in cell culture

3rd : based on attenuated vaccinia viruses

→  Strains much less virulent = lesser side effects

MVA-BN = IMVANEX = Imvamune =JYNNEOS

Approved for 
mpox prevention

→ Safer for immunocompromised patients
→ As immunogenic as ACAM2000
→ Vaccination recommended for at risk population

By Bavarian Nordic

→ Protection persistence after vaccination ?
→ Effectiveness against Clade Ib ?

✓  Strong effectiveness against mpox : 66-86% after 2 doses

Deputy et al., 2023
Payne et al., 2022

Bertran et al., 2023
Wolff Sagy et al., 2023

Liu et al., 2024

sex workers
men having sex with men

people in mpox endemic areas
health workers 



for

Antiviral molecule : tecovirimat (tpoxx)
❖ Several on going & recently terminated international randomized clinical studies to assess TPOXX efficacy

Symptomatic mpox 
any duration

Symptomatic 
mpox <14d

Lab confirmed 
mpox > or <7d

Time to complete 
lesion resolution

Time to active 
lesion resolution

Time to lesion 
resolution

Waiting for results
Safe but 

ineffective

DRC50% Brazil 
(&50% HIV)

Safe but 
ineffective

USA

64% <18yAny age<14y

N=460

N=597

N=336

Treatment timeline

Included patient age

Success 

Country 

Conclusion

➢ So far ineffective in patients ?
➢ Mainly tested in Clade IIb infected patients : what about Clade Ib ?

Clade IbClade IIbClade IIb



Brincidofovir, cidofovir – alternatives?

Pourkarim et al, Pharmacol Res Perspect. 2024;12:e01164.

Brincidofovir

A prodrug of cidofovir, with better renal tolerance.FDA-

approved in the USA, used for the treatment of smallpox.

Cidofovir (3rd line)

Nucleoside analogue, inhibits DNA synthesis.Efficacy in 
preventing clinical disease and mortality in primate models 

of infection.High renal or hematologic toxicity, as well as 

carcinogenic, teratogenic, and reprotoxic effects.

No efficacy data in humans for the treatment of Mpox 

infections.

ADN polymérase

Protéine VP37



Mpox mAbs – animal models

Tamir, H et al Nature Communications 2023

Emerging Microbes & Infections
2024, VOL. 13, 2401931 (14 pages)
https://doi.org/10.1080/22221751.2024.2401931

Monoclonal antibodies administered 
just after infection 



Conclusion

• Transition épidémiologique profonde

• IST/HSH et IST « exotique »

• Transmission H/H >>> zoonotique

• Portage pauci-asymptomatique

• Présentation clinique dépendant du mode de transmission et du terrain

• Mortalité dépendant du clade et des conditions de PEC

• PEP et PREP 

• Durabilité de l’immunité post vaccination et post-infection?

• Efficacité du técovirimat ? et suites?
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