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Four main Chapters 

1) History, Virus, Genetic variability, Reservoir

2) Clinical and epidemiological aspects of the african 
classical form

3) First emergence in 2022 and different aspects of the 
pandemic : WHO Director-General declares mpox outbreak a public health 
emergency of international concern 

4) Second emergence in 2024 in DRC and East Africa
WHO Director-General declares mpox outbreak a public health emergency of 
international concern
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• In 1958 two outbreaks of a spontaneous non-fatal pox-
like disease in cynomolgus monkeys have been 
observed in the colony of this Institute 

• Generalized maculopapular rash

• General health quite unaffected with no fatal cases

• Isolation of the virus from pustular lesions in eggs and 
in tissue culture

• Serologically related to vaccinia virus

• Typical brick-shape appearance of pox virus in EM

 It was called monkeypox virus

Discovery and Isolation of Monkeypox Virus in 1958

Acute phase 
with typical pustules 

Convalescent 
stage

lesions in 
healing and 

scars

Monkeypox virus on the 
chorio-allantoic membrane  
with  typical discrete 
opaque foci
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First Recognized Human Monkeypox Case in Medical History
Between 1960 and 1968, several other MPX outbreaks were reported in captive monkey colonies  in the 

USA and the Netherlands. No human cases were detected during these outbreaks, despite the death of 

many affected animals suggesting that humans were not susceptible to monkeypox 

The first case of Monkey pox in human was reported in 

1970 as part of the national smallpox surveillance and 

eradication program then underway in Africa.

This case occured in a nine-month-old-boy who developped a fever, followed two days latter by a 

centrifugal skin rash. 

On Sept 1, 1970, he was admitted to Basankusu hospital, in the DRC with otitis, mastoiditis and painfull 

cervical lymph nodes. MPXV was isolated from his skin lesions. 

He revovered from MPX but developped measles, leading to his death, before discharge.
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Human Monkeypox in West Africa 1970-1971

6 cases were reported mostly in children

Monkeypox remained an exclusively african disease with sporadic 

cases in forested areas of central and western Africa and small  

outbreaks in the human population, mainly in DRC, 

until 2003 when the first cases out of Africa were reported.
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First Monkeypox in Humans out of Africa in 2003

-This event occured in the USA and was linked to the 

importation of Gambian pouched rats (Crycetomis) 

from Ghana to Texas. 

-These rodents transmitted the virus to prairie dogs 

housed at the same exotic animal facility. which then 

infected humans mostly young adults and children, 

through bites or scratches.

-No deaths, few hospitalisations

- MPXV was isolated by cell culture from 7 patients 

and one prairie dog.
- 

Primary innoculation reactions (A, B, C)

Smallpox-like (D), umbilicated varicella-like (E) 

Morphological appearance of lesions over time
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First Export of MPXV from the 
African Continent by 

Human Hosts in 2018 
(UK, Israel and Singapore)

Outbreak in Nigeria 2017/2018

122 confirmed or probable cases in 17 states, median age 29 

years, 84% male, 7 deaths (HIV)

Distribution suggested both primary Zoonosis (+/-) and 

secondary human-to-human transmission  (++ male, young, 

HIV).
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Monkeypox Virus 
• Poxviridae family,Chordopoxvirinae subfamily 

• Orthopox genus  (Variola virus-smallpox, vaccinia virus-smallpox vaccine, cowpox, camelpox and 

recently isolated poxviruses-Alaskapox)

• MPXV is a large enveloped  virus 

• Each virion encapsulates a core containing a linear

    double-stranded DNA genome of 200 kilobase pairs 

    encoding approximately 200 proteins

In EM, MPXV has the characteristics of a rectangular or ovoid brick

• Orthopoxviruses are very similar genetically and antigenically, which explains the cross-immunity, with 

some protection beetween them

• Vaccination against smallpox generally protects against monkeypox  (85% in a historical 

study in Zaire, central Africa) 
• This phenomena is one of the factors favoring the emergence of monkeypox 

https://www.google.fr/imgres?imgurl=https%3A%2F%2Fcloudfront-eu-central-1.images.arcpublishing.com%2Fleparisien%2FI5K452W7YVCR3J5LBCPBAYQBRM.jpg&imgrefurl=https%3A%2F%2Fwww.leparisien.fr%2Fsociete%2Fsante%2Fvariole-du-singe-ce-que-lon-sait-des-modes-de-transmission-du-virus-20-05-2022-ZJ45Q6PJ5VCXTHRNWX5AKD26XE.php&tbnid=osSDPOvqvih1OM&vet=12ahUKEwiW5LCGgpT6AhUHZhoKHY31DQ8QMygDegUIARCiAQ..i&docid=e1yZsyNcdtK2YM&w=2800&h=1718&q=monkeypox%20virus&ved=2ahUKEwiW5LCGgpT6AhUHZhoKHY31DQ8QMygDegUIARCiAQ
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Genetic Variability of Monkeypox 

Historically, there are two genetic clades, 

genomes differ by around 5%, 

the first being endemic to Central Africa, 

the second to West Africa

With the emergence of MPXV outside of Africa, 

and need to destigmatize the disease and 

prevent discrimination, definition of 2 clades 

were done (Clade I and Clade II)

Clade 1

Clade 2

Co-existence of the two clades in 

Cameroon 
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Reservoirs of Monkeypox

• Monkey pox is a sylvatic zoonosis but the reservoir of MPVX 

has not yet been clearly identified

• Rodents, including various species of squirell and rats living in 

the rain forests of Central and West Africa, are 

among the best candidates

• African apes and monkeys are considered intermediate hosts

• Many animals, including rabbits, prairie dogs, other rodents and 

monkeys are susceptible to  infection in captivity and in the 

laboratory

Cricetomys
giant pouched rats

Funisciurus anerythrus 

https://inaturalist.ca/taxa/45964-Funisciurus-anerythrus
https://www.google.fr/imgres?imgurl=https%3A%2F%2Fimage.shutterstock.com%2Fimage-photo%2Fgambian-pouched-rat-cub-cricetomys-260nw-448339927.jpg&imgrefurl=https%3A%2F%2Fwww.shutterstock.com%2Fimage-photo%2Fgambian-pouched-rat-cub-cricetomys-gambianus-448339927&tbnid=4RtbFmuHvUltwM&vet=12ahUKEwjo95_WhpT6AhVqR0EAHU_IBaIQMygoegUIARCgAg..i&docid=5Hy5Z3m4U6R2BM&w=390&h=280&q=giant%20pouched%20rats&ved=2ahUKEwjo95_WhpT6AhVqR0EAHU_IBaIQMygoegUIARCgAg
https://www.google.fr/imgres?imgurl=https%3A%2F%2Fupload.wikimedia.org%2Fwikipedia%2Fcommons%2Ff%2Ffc%2FCricetomys_emini.jpg&imgrefurl=https%3A%2F%2Ffr.wikipedia.org%2Fwiki%2FCricetomys&tbnid=yXKUfAnxuynu1M&vet=10CA8QxiAoCGoXChMIuO7t8bim-gIVAAAAAB0AAAAAEBU..i&docid=VAjJ7UmZUKuF1M&w=614&h=502&itg=1&q=cricetomys%20gambianus&ved=0CA8QxiAoCGoXChMIuO7t8bim-gIVAAAAAB0AAAAAEBU
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What Are the Most Likely Animal Reservoir Hosts for MPXV?

  A Study Based on Ecological Niche Comparison

Ecological niche of MPXV Ecological niche for Funisciurus anerythrus 
showing the best overlap : Best candidate

Curaudeau et al.,  Viruses 2023

https://www.google.fr/imgres?imgurl=https%3A%2F%2Fcloudfront-eu-central-1.images.arcpublishing.com%2Fleparisien%2FI5K452W7YVCR3J5LBCPBAYQBRM.jpg&imgrefurl=https%3A%2F%2Fwww.leparisien.fr%2Fsociete%2Fsante%2Fvariole-du-singe-ce-que-lon-sait-des-modes-de-transmission-du-virus-20-05-2022-ZJ45Q6PJ5VCXTHRNWX5AKD26XE.php&tbnid=osSDPOvqvih1OM&vet=12ahUKEwiW5LCGgpT6AhUHZhoKHY31DQ8QMygDegUIARCiAQ..i&docid=e1yZsyNcdtK2YM&w=2800&h=1718&q=monkeypox%20virus&ved=2ahUKEwiW5LCGgpT6AhUHZhoKHY31DQ8QMygDegUIARCiAQ
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Clinical Features in the African Setting

Based on case descriptions from the 1980 DRC, 2017 Nigeria, Rep. of Congo and CAR epidemics 

MPX epidemics in small remote villages in hard-to-reach rural forested areas. 

Often in the context of armed conflicts or population movements

Often associated with poor medical infrastructure and limited public health and health 

care staff resulting in poor patient care and follow-up 

Clinical/epidemiological data obtained retrospectively and often incomplete

MPX affects both children and adults  and generally has 3 phases : 

Incubation; after primary infection, the average 13 days (range 3-34 days) 

Prodrome; one to four days  high fever, headaches, fatigue and often lymph-nodes 

(cervical and maxillary). This is distinguishes MPX from chickenpox (varicella) 
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Eruptive Phase Monkeypox in the African Setting
Lasts 14-28 days
Centrifugal skin lesions appear and evolve through different stages;  macules, 

papules, vesicles and finally pustules. 

The lesions are firm, well-delimited and umbilicated,  frequently on the palms and 

soles  of the feet (different from chickenpox)

Each patient may have a few to several thousand lesions 

Lesions are at the same stage of development

Severity of symptoms/disease are proportional to the density of skin lesions

Evolution into crusts that desquamate leaving areas of hypopygmentation followed 

by hyperpygmentation

Self-limiting course but clinical sequellae, facial scars are common

Most frequent complications are bacterial skin  infections

Seems to be more severe in immunocompromized HIV-infected patients 



Epidémiologie et Physiopathologie des Virus Oncogènes

Most Frequent Clinical Signs of Monkeypox in the African Setting

Frequency of signs and symptoms in people with confirmed monkeypox 
virus infection in the CAR, 2001-2021 (n=99) Besombes et al., EID, 2022 

Frequency of signs and symptoms in people with confirmed monkeypox 
virus infection in Nigeria 2017-2018 (n=118) Ogunleye  et al.,  Lancet 

Infectious Disease, 2019

Rash, Fever, Headaches, Pruritus, Lymphadenopathy,..

The overall CFR appears to be lower in patients infected with West African strains (clade II) than in those 

infected with Central African strains (clade I)

The CFR was 6% in Nigeria but varied from 10-15% in DRC and CAR depending on the study

Death occur mostly in children and young adults with bacterial skin infections and sepsis and in 

HIV-positive persons without antiretroviral therapy

Case Fatality Fate of Monkeypox in an African classical Setting
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Epidemiological Aspects of Monkeypox in African Settings

Map of Africa showing countries reporting 

human monkeypox cases (1971-2018)

Human monkeypox has been reported in ten African countries,  with 

a very large increase in the number of case cases over the past 

three decades

The DRC is, by far, the most affected country with a steady 

increase in suspected cases from less than 500 cases in 2011, more 

than 2,500 in 2018 

Nigeria, Congo, CAR… 

Increased ++ in median age at diagnosis over time
•1970/1980 most cases were in young children

•2010-2019, median age was 21 years 

•2018/2018 Nigeria 29 years 

Large majority no vaccicnated against smallpox 

Either too young or born after vaccination was stopped
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Transmission of Monkeypox in an African Settings

In Africa, both animal-to-person and person-to-person transmission has been documented

Zoonotic transmission via lesions/biological fluids from an infected animal (probably 

mainly rodents) when hunting, butchering or eating game

No virological confirmation of interspecies transmission to date

Human-to-human transmission occurs primarly through contact with biological 

fluids and infected skin lesions of patients  

Contaminated materials such as beeding may also be infectious.

The exact origin of transmission is often unknown
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Transmission of Monkeypox in a classical African Settings

Nosocomial and Intrafamilial

transmission have been reported

Transmission chains are generally 

short (max 5-7 events) 

Reproduction number R°is estimated 
between 0.6-1 for Central African clade but 

lower for the West Arican viruses 

Sexual transmission poorly documented 
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In May 2022, a series of Monkeypox cases were identified in the UK, 

Portugal and Italy, primarily in Men who have Sex with Men (MSM)

Health authorities rapidly established that we were at the beginning of an 
outbreak of a new clinical and epidemiological form of 

monkeypox, different from that observed in Africa
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2022 Outbreak of Monkeypox
The first case of Monkeypox in the outbreak was confirmed in the 

UK on May 6 2022  in a man traveling from Nigeria
Unrelated cases with no documented history of travel to endemic 

countries were then reported in the UK and Portugal, suggesting 

undetected local transmission with earlier onset dates of 

symptoms in late April 2022

WHO declared global health emergency on July 22
By septembre 10, around  80 000 cases of MPX infection have been reported in >100 locations worldwide 

with >95% in countries not historically endemic (USA, Spain, Brazil and France)

 >97% in men who identify as MSM

MPXV has been transmitted primarily in interconnected sexual networks that sustain STIs. 

Transmission through Sexual Contacts



Epidémiologie et Physiopathologie des Virus Oncogènes

Demographic and Clinical 
Characteristics of the persons 

with Monkeypox, 
April-June 2022 
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Epidemiological Data on the 2022 Outbreak of Monkeypox 
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Clinical Aspects of the Monkeypox Outbreak
The clinical aspects seem to correspond to the 

classical presentation (incubation, prodromal and 

eruptive phase) but with some differences that give 

rise to a new pattern
Incubation 9.2 days

Lesions are also frequently observed without 

prodromal phase

The pattern of skin lesions is often unusual 

sometimes with only a few painless lesions, but also 

often in genital, anal and perianal areas 

(rectitits) and oral lesions (pharyngitis)  
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From Gessain et al., New England Journal of Medecine, 2022

Comparison of the Classical African and the 

New Clinico-Epidemiological Form of Monkeypox
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Natural History of Monkeypox 
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Current situation 2024 : 
The epidemic is almost over in countries with a high socio-economic level

This is due to information and prevention efforts and the use of therapeutics 

and vaccination in the population at risk 
(mainly Gay, Bisexual, MSM with multiple partners)
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The epidemic was remarkably controlled by the mobilization of targeted high risk 

populations with behavioral modifications to avoid Mpxv and the high uptake 

and effectiveness of anti-smallpox vaccination
MVA–BN is a third generation live attenuated non-replicating modified Vaccinia Ankara vaccine developped by 

Bavarian Nordic
Use of treatement : Tecovirimat (inhibitor of orthopoxvirus protein P37) and Brincidofovir (inhibitor of viral DNA polymerase 

led possibly to decrease the duration of viral shedding and illness (not demonstrated).
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Severe forms 
During pandemic >90 000 cases and around 150/200 deaths mostly in HIV infected patients 

Higher mortality in people with more advanced HIV

Among 382 persons with 107 hospitalized,  27 died. 

All death occured in people with CD4 counts 

of less than 200 cells/mm3

Case fatality rate was 9.4% (8/86) and 20.8% (5/24) overall 

and in HIV positive cases respectively

High risk in children dying from Mpox infection irrespective 

of HIV status
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Phylogeny of the Monkeypox Virus Strains of the Outbreak

These MPXV belong to 

clade 2b, within the 

formerly West African 

clade 2

Divergent branch lineage 

B1descendant from a branch with 

viruses (A1) associated with 

exportation of MPXV in 

2018/2019 from Nigeria to UK, 

Israel, Singapore.

The outbreak most likely has 

a single origin 
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Specific enrichment of APOBEC3-type mutations 
in MPXV samples collected since 2017 

Estimation of the time of MPXV emergence into 
the human population from the accumulation of 

APOBEC3-type mutations 

22016
016

2016

APOBEC3-type 
mutations 
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et al.

Southern Nigeria was the origin of 
the human pandemic

Still ongoing zoonotic transmission in 
Cameroon and Nigeria underscoring the 
continous risk of MPXV 
(re)emergence
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Situation in DRC 2023/beginning 2024 New outbreak DRC ++
Since Dec. 2022 nationwide monkeypox outbreak with increasing number of suspected cases 

and deaths.
In 2023, 14,626 cases with 654 deaths, representing a lethality of 4.5%, with documented sexual 

transmission as well.
In 2024, 3941 suspected cases and 271 deaths, or 6.9% lethality. 

Affects mainly children under 5 years old and in the Equateur province.
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New epidemic in Kamituga health zone, a densely populated poor mining area 

in South Kivu province in Eastern DRC beginning in september  2023

Majority are 
women

Median age 22 
years

Kamituga

nearby  Bukavu  city 

and east african 

countries

(Burundi, Rwanda,..)

Frequent 
sex workers 

241 suspected cases
90% of 119 tested cases MPXV +
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Phylogenetic studies demonstrated the existence of a new lineage
in the clade 1

The predominance of APOBEC3 mutations support that the entire cluster 
resulted from human to human transmission and the low genetic diversity 

indicate a recent outbreak

This new lineage 

was named 

clade 1b

The situation in Kamituga mirors the 2017/2018 outbreak of 
clade 2b in Nigeria 
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WHO declared global health emergency on August 24
"The emergence of a new clade of mpox, its rapid spread in eastern DRC, and the reporting of 
cases in several neighbouring countries are very worrying. On top of outbreaks of other mpox 
clades in DRC and other countries in Africa, it’s clear that a coordinated international response 
is needed to stop these outbreaks and save lives.”

Few cases 
outside 
Africa 

Sweden 
Thailand  
Germany 
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Alaska pox
In 2024, first report severe case of Alsaka pox infection 
resulting in hospitalization and death.
Patient with history of drug-immunosuppresion secondary to 
cancer treatement.
Contact with a stray cat that regularly hunted small mammals 
and frequently scratched the patient.
 

Seven Alaska pox cases have been reported in Residents of the Fairbanks area. 

Self-lilmiting illness consisting of a localized rash and lymphadenopathy.

Small mammals tested : four different species mainly « red back voles » -campagnoles à dos rouge
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Conclusion 

The 2022 and 2024 Mpox outbreaks reminds us that viral 

emergence is a permanent phenomenon without 

boundaries and often unpredictable 

in its nature, its target and magnitude : 

a never-ending story?
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