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Aim and learning objectives

Aim:

Get insight into the circulation of different strains of mpox

Specific learning objectives

At the end of this session, you will be able to:
1. The historical context of the mpox virus outbreaks

2. How different clades of mpox are transmitted

3. Get an overview of the current distribution of different mpox lineages
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What do you know about mpox?

The Slido app must be installed on every computer you’re presenting from

https://www.slido.com/powerpoint-polling?utm_source=powerpoint&utm_medium=placeholder-slide
https://www.slido.com/support/ppi/how-to-change-the-design
https://www.slido.com/support/ppi/how-to-change-the-design


Mpox historically
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• First identified in 1958 in Asian monkeys 
employed for experiments in a laboratory in 
Denmark and then in 1970 in humans in Africa

• In the Democratic Republic of Congo (DRC), has 
continued to circulate for about 50 years in some 
regions of Africa, indicated as Congo Basin (CB) 
and West Africa (WA) where it has become 
endemic. 

• Rare outbreaks have occurred outside endemic 
countries, linked to importation of the virus from 
endemic areas. https://www.cdc.gov/mmwr/volumes/72/wr/mm7203a4.htm?s_cid=mm7203a4_w 

https://www.cdc.gov/mmwr/volumes/72/wr/mm7203a4.htm?s_cid=mm7203a4_w


Mpox during the 2000’s
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2003

Outbreaks with hundreds of 
cases in DR Congo in the 2000s



The 2022 MPXV outbreak 
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Schuele et al, Journal of Medical Virology, 2024

• Sustained human-to-human spread and sexual 
transmission in the MSM community

• Globally >186.000 cases have been reported 
with several reported deaths (as of 30-09-
2026)



Mpox genomics

• Large genome of around 200kb encoding for around 200 different proteins

• Function of these proteins remain largely unknown

• Contains inverted terminal repeats

• Initial data suggests that the virus only changes 1-2 nucleotides per year

• Deletions and insertion are frequently observed

Metagenomic sequencing
(DNase + centrifugation)

Ct 20

Amplicon sequencing
Comparison:

375 bp   &       2500 bp
  (682 primers)         (176 primers)
Brinkmann et al.          Pedersen et al.

Initially

Long term



Mpox in the Netherlands
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Schuele et al, Journal of Medical Virology, 2024

• 158 samples were sequenced during the 
outbreak

• Several introductions could be observed in the 
Netherlands followed by local transmission

• Similar to what has been described before we 
found a sequence with a big deletion (13,542bp 
encoding for 13 proteins).



APOBEC-3 mutations
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TC→TT / GA→AA mutations

• APOBEC3 proteins are a family of human enzymes that play 
a role in the body's defence against viruses and can also 
induce mutations in cancer cells

• They introduce mutations into the viral genome by 
deaminating cytosines in the viral DNA, inhibiting viral 
replication

• Due to the high fidelity and error correction of monkeypox 
virus DNA polymerase, mutations during genome replication 
occur at a lower rate (around one nucleotide change every 
3 years) than those induced by APOBEC3 (around six 
nucleotide changes per year).

→ Marker of human-to-human transmission



Mpox outbreak in Congo
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• The World Health Organization (WHO) revealed 
that the Democratic Republic of the Congo (DRC) 
was experiencing its largest, most deadly outbreak 
of mpox ever.

• In 2023 the DRC reported a total 
of 14,626 suspected mpox cases including 654 
deaths. 

• Mpox cases are also diagnosed in regions where it 
previously was not detected.

https://www.who.int/emergencies/disease-outbreak-news/item/2024-DON522

https://www.who.int/emergencies/disease-outbreak-news/item/2024-DON522
https://www.who.int/emergencies/disease-outbreak-news/item/2024-DON522
https://www.who.int/emergencies/disease-outbreak-news/item/2024-DON522
https://www.who.int/emergencies/disease-outbreak-news/item/2024-DON522
https://www.who.int/emergencies/disease-outbreak-news/item/2024-DON522
https://www.who.int/emergencies/disease-outbreak-news/item/2024-DON522
https://www.who.int/emergencies/disease-outbreak-news/item/2024-DON522


Mpox outbreak in DRC
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Investigation of a Mpox Clade I outbreak in Kamituga, a mining city located in the 
eastern region of the Democratic Republic of the Congo. 



Epi data and contact tracing
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https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2024.29.11.2400106



On site training for amplicon-based sequencing 
for mpox
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New data generated
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• Sequences are at the root of the
clade 1 viruses (n=6)

• Arrow indicate sequences which
cluster with the 2023 Kinshasa
sequences

• Several SNPs were observed
within the sequenced strains

• OPG032 is deleted, similar to what
has been found in all Clade II
viruses

Clade II

Clade I

https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2024.29.11.2400106



Diagnostic primer performance
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• OPG032/D14L is the target recommended
by the CDC to differentially diagnose
Clade I versus Clade II mpox virus -->
Not working anymore

https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2024.29.32.2400486



Development of new clade Ib specific RT-PCR
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• We developed a novel real-time 
PCR assay (dD14-16) to detect 
the new MPXV Clade Ib. 

• The assay can be performed 
alongside other TaqMan-based 
real-time targets to detect 
MPXV and distinguish between 
Clade I and Clade II.

• We designed a specific probe 
sequence to anneal directly 
upstream and downstream of 
the deletion in Clade Ib

https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2024.29.32.2400486



Epidemiology in Kamituga
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• Situation was worsening

• Mpox virus detection in new health zones

• Request for a new training mission



Request for a second on-site training mission
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• Training in serology 
• Training in diagnostics to detect clade Ib virus
• Second training in WGS (58 new complete genomes 

generated)
• Training in bioinformatics (challenging)

• No Wifi
• No programming knowledge



Outbreak of the Clade Ib virus is now widely 
spread
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• 58 more complete WGS from the Clade Ib
outbreak

• During this outbreak also 14 pregnant
women were admitted among whom 8
aborted.

https://www.nature.com/articles/s41591-025-03582-1 

https://www.nature.com/articles/s41591-025-03582-1
https://www.nature.com/articles/s41591-025-03582-1
https://www.nature.com/articles/s41591-025-03582-1
https://www.nature.com/articles/s41591-025-03582-1
https://www.nature.com/articles/s41591-025-03582-1
https://www.nature.com/articles/s41591-025-03582-1
https://www.nature.com/articles/s41591-025-03582-1


Mpox Clade Ib is spreading to neighbouring 
countries

• Cases have been detected in Rwanda, Uganda and Burundi

• Mainly at the border region but later also throughout the country
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https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2024.29.42.2400666 

https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2024.29.42.2400666
https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2024.29.42.2400666
https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2024.29.42.2400666
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• 98 genomes were generated on 
site after the second training

• Several different introductions

• Sustained spread within the 
country

• Large proportion of ABOPEC-3 
mutations indicating human-to-
human transmission

Epidemiology in Burundi

https://www.nature.com/articles/s43856-025-01199-6 

https://www.nature.com/articles/s43856-025-01199-6
https://www.nature.com/articles/s43856-025-01199-6
https://www.nature.com/articles/s43856-025-01199-6
https://www.nature.com/articles/s43856-025-01199-6
https://www.nature.com/articles/s43856-025-01199-6
https://www.nature.com/articles/s43856-025-01199-6
https://www.nature.com/articles/s43856-025-01199-6


Epidemiology in Burundi
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• Assuming the virus was detected fast after the introduction 
five different introduction events occurred leading to 
subsequent spread into the country

• After the initial detection of MPXV in Burundi the virus 
continued to spread with 3,359 detected cases on the 13th 
of February 2025. 

• The epidemic is mainly concentrated in and around the 
highly densely populated city of Bujumbura, but infections 
have also been reported in other health zones in the 
country with cases in 45 out of 49 (91.8%) districts.

https://www.nature.com/articles/s43856-025-01199-6 

https://www.nature.com/articles/s43856-025-01199-6
https://www.nature.com/articles/s43856-025-01199-6
https://www.nature.com/articles/s43856-025-01199-6
https://www.nature.com/articles/s43856-025-01199-6
https://www.nature.com/articles/s43856-025-01199-6
https://www.nature.com/articles/s43856-025-01199-6
https://www.nature.com/articles/s43856-025-01199-6


Mpox clade Ib is spreading globally
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• Since half/end 2025 local transmission in Europe and the USA

• Co-circulation of Clade Ib and Clade IIb



Sexual transmission of Clade Ia has also been 
described in the DRC

24https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(25)00294-6/abstract 

https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(25)00294-6/abstract
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(25)00294-6/abstract
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(25)00294-6/abstract
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(25)00294-6/abstract
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(25)00294-6/abstract


Current situation in the Eastern African region
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https://worldhealthorg.shinyapps.io/mpx_global/#sec-afr 

• Several clades (Ia, Ib, IIa and IIb) are co-circulating

https://pmc.ncbi.nlm.nih.gov/articles/PMC12846488/ 

https://worldhealthorg.shinyapps.io/mpx_global/#sec-afr
https://worldhealthorg.shinyapps.io/mpx_global/#sec-afr
https://worldhealthorg.shinyapps.io/mpx_global/#sec-afr
https://pmc.ncbi.nlm.nih.gov/articles/PMC12846488/


Recombinant clade Ib/IIb has been detected

To confirm this unusual finding, amplicon sequencing was repeated on:

• A technical amplification and sequencing repeat from the original extract

• A fresh extract from the same primary sample

• A second, independent swab collected from the patient at the same time

• A VERO E6 cultured isolate derived from the initial swab

26https://virological.org/t/inter-clade-recombinant-mpox-virus-detected-in-england-in-a-traveller-recently-returned-from-asia/1015 
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In summary

• Several zoonotic mpox introductions/outbreaks are ongoing in DRC mostly driven by sexual 
contact but also via household transmissions / close contacts

• Diagnostic PCR recommended by the US CDC cannot be used to discriminated between clade 
I(b) and clade IIb mpox viruses.

• New PCR developed and validated in field settings to diagnose clade mpox clade Ib

• Why is MXPV now widely circulating?

• Smallpox vaccination has stopped?

• More close interaction with the reservoir host?

27



Acknowledgements

28

Leonard Schuele
Luca Zaeck
Marjan Boter
Hayley Cassidy
Susanne van der Boom
David Nieuwenhuijse
Richard Molenkamp
Rory de Vries
Marion Koopmans

Hannelore Gotz
Ewout Fanoy
Henry de Vries
Bruno Vieyra
Roisin Bavalia
Elske Hoornenborg
Marcel Jonges
Anton van den Ouden
Margarida Simoes
Mariken van den Lubben
Matthijs Welkers

Leandre Murhula
Jean Claude Udahemuka
Nehemie Nzoyikorera
Pacifique Ndishimye
Saria Otani
Justin Bengehya Mbiribindi
Jean M. Marekani
Leandre Mutimbwa Mambo
Nadine Malyamungu Bubala
Ernest Balyahamwabo Kalalizi
Jean Pierre Musabyimana
Joseph Nyandwi

Bilembo Kitwanda Steeven
Nzigire Baratwira Gisele
Baganda Ntahuma Daniel
Theophile Kiluba wa Kiluba
Franklin Kumbana Mweshi
Polepole Nhabo
Theophile Tambala
Mazambi Mambo Divin
Bahati Mutalemba Chance
Justin Bengehya Mbiribindi
Gustavo Sganzerla Martinez
David J Kelvin
Gaston Lubambo Maboko
Christian Gortazar
Frank M. Aarestrup
Freddy Belesi Siangoli



Reusing this content
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You are free: 
 to share – to copy, distribute and transmit the work 
 to remix – to adapt the work 

Under the following conditions; you must attribute the work in the manner specified by the 
author or licensor but not:

• in any way that suggests that they endorse you or your use of the work
• in any way that suggests you are author of the work.

This work is licensed under the Creative Commons (http://creativecommons.org)
Attribution 4.0 Generic license

The authors of this slide/page encourage educators, trainers, and professionals to include this 
slide within their documents and presentations for rightful attribution of their works and thus 
also allow it to be easily shared. (ECV1-29/9/11) 

Terms of usage (Learning Portal)

http://creativecommons.org/
https://learning.ecdc.europa.eu/mod/page/view.php?id=39796
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