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Supplementary Table 1: History of Marburg virus outbreaks
	Location
	Reference(s)
	Start
	End
	Deaths (n)
	Probable cases (n)
	Case fatality rate (CFR) (%)

	Germany and Serbia (formerly known as Yugoslavia), 1968 – potential index case laboratory workers handling African green monkeys imported from Uganda

	Marburg and Frankfurt
	Albariño et al (2013)1 
	August, 1967
	November, 1968
	5
	23 confirmed, 1 asymptomatic
	22

	Marburg, Frankfurt, and Belgrade
	Martini et al (1973)2, CDC3 
	August, 1967
	November, 1968
	7
	31 confirmed, 1 asymptomatic
	25

	South Africa and Zimbabwe, 1975 – Infection spread from a traveller to his companion and healthcare workers

	Johannesburg
	Conrad et al (1978)4, CDC3 
	February, 1975
	NA
	1
	3 confirmed
	33

	Kenya, 1980 – associated with exposure in Kitum cave in Kenya’s Mount Elgon National Park

	Unspecified location
	Pavlin et al (2014)5, CDC3 
	1980
	NA
	1
	2 confirmed
	50

	Kenya, 1987 – associated with exposure in Kitum cave in Kenya’s Mount Elgon National Park

	Unspecified location
	Pavlin et al (2014) 5, CDC (2025)3 
	1987
	NA
	1
	1 confirmed
	100

	Russian Federation, 1990 – associated with exposure to laboratory contamination

	Unspecified location
	Pavlin et al (2014) 5, CDC (2025)3 
	1990
	NA
	1
	1 confirmed
	100

	Democratic Republic of Congo (DRC), 1998-2000 – associated with exposure in gold mine in DRC

	Durba and Watsa
	Borchert et al (2002)6 
	October, 1998
	May, 1999
	61
	73 confirmed, 0 severe or hospitalised
	84

	Durba and Watsa
	Borchert et al (2006)7 
	October, 1998
	August, 2000
	NA
	76 confirmed, 33 suspected, 0 asymptomatic
	NA

	Durba and Watsa
	CDC (2025)3
	1998
	2000
	128
	154 confirmed
	83

	Angola, 2005

	Uige Province
	Pavlin et al (2014) 5, CDC (2025)3, Towner et al (2006) 8
	2004
	2005
	227
	252 confirmed
	90

	Uganda, 2007– associated with exposure in gold and lead mines

	Kamwenge and Ibanda
	Adjemian et al (2011)9, CDC (2025)3 
	June, 2007
	September, 2007
	1
	4 confirmed, 0 severe or hospitalised
	25

	Unspecified location
	Pavlin et al (2014)5
	2007
	NA
	2
	4 confirmed
	50

	Netherlands, 2008 – travel history to cave in Maramagambo forest in Uganda, at the southern edge of Queen Elizabeth National Park)

	Unspecified location
	Pavlin et al (2014) 5, CDC (2025)3
	2008
	NA
	1
	1 confirmed
	100

	USA, 2008 – travel history to Uganda in January 2008

	Colorado
	Pavlin et al (2014) 5, CDC (2025)3
	2008
	NA
	0
	1 confirmed
	0

	Uganda, 2012

	Kabale, Ibanda, Mbarara, and Kampala
	Albariño et al (2013)1, CDC (2025)3
	October, 2012
	November, 2012
	4
	15 confirmed
	27

	Ibanda, Kabale, and Kamwenge districts
	Knust et al (2015)10
	July, 2012
	November, 2012
	15
	15 confirmed, 11 suspected
	100

	Ibanda and Kabale
	Mbonye et al (2012)11 
	September, 2012
	November, 2012
	7
	9 confirmed, 5 suspected
	78

	Uganda, 2014

	Kampala
	Nyakarahuka et al (2017)12
	September, 2014
	September, 2014
	1
	1 confirmed. Out of these 197 contacts, eight developed symptoms similar to Marburg, but all tested negative
	100

	Uganda, 2017

	Kween
	CDC (2025)3
	2017
	2017
	3
	4 confirmed
	75

	Guinea, 2021

	Guéckédou
	CDC (2025)3
	2021
	2021
	1
	1 confirmed
	100

	Ghana, 2022

	Ashanti region
	CDC (2025)3
	2022
	2022
	2
	3 confirmed
	67

	Equatorial Guinea, 2023

	Kie-Ntem, Littoral, and Centro Sur provinces
	WHO (2023)13, CDC (2025)3 
	February, 2023
	June, 2023
	12
	16 confirmed, 23 probable
	75

	Tanzania, 2023

	Bukoba district and Kagera region
	WHO (2023)14, CDC (2025)3
	March, 2023
	June, 2023
	6
	8 confirmed, 1 probable
	75

	Rwanda, 2024

	Kigali
	WHO (2025)15, CDC (2025)3
	September, 2024  
	December, 2024  
	15
	66 confirmed
	23

	Tanzania, 2025

	Biharamulo district of the Kagera region 
	  WHO (2025)15, CDC (2025)3
	 January, 2025 
	 March, 2025 
	2
	2 confirmed, 8 probable (also died)
	 100
 

	Ethiopia, 2025

	Ethiopia 
	WHO and MOH (2025)16,17
	November, 2025
	Ongoing
	8
	12 confirmed, 348 probable (subject to ongoing verification)
	67



These global epidemiological estimates of global Marburg virus outbreaks are derived from the World Health Organization (WHO), the Centers for Disease Control and Prevention (CDC), and primary outbreak investigations, to map disease burdens and predict potential transmission risks.


Supplementary Table 2: Marburg virus key proteins and their role in pathogenesis
	Protein name
	Key Function(s) in Replication/Pathogenesis
	Pathogenic Insights
	Reference(s)

	Glycoprotein (GP)
	GP1 binds NPC1 after endosomal cleavage; GP2 enables membrane fusion
	Essential for viral entry; key target of neutralising antibodies and entry inhibitors. Strain-specific GP affects diagnostics.
	18

	Large Protein (L)
	RNA polymerase essential for transcription and replication
	Target of nucleoside analogues like Remdesivir and Galidesivir.
	19

	Nucleoprotein (NP)
	Encapsidates viral RNA; forms cytoplasmic inclusions
	Conserved target for diagnostic PCR. Involved in viral particle release.
	20,21

	VP40
	Major matrix protein and is necessary and sufficient for virion release
	Essential for viral egress; conserved PCR target. Antagonises interferon signalling.
	22-25

	VP35
	Inhibit IFN production
	Major immune evasion protein. impairs innate responses; possible antiviral target.
	26

	VP30
	Transcription cofactor; promotes viral mRNA synthesis.
	Limited role in immune evasion.
	27

	VP24
	Unlike Ebola VP24, Marburg VP24 does not inhibit interferon signalling via karyopherin α. Instead, it interacts with Keap1, a host protein that regulates the NF-κB pathway, thereby modulating inflammatory responses
	Immune evasion protein; disrupts early antiviral signalling. Facilitates virion release.
	28,29 





Supplementary Table 3: Marburg virus disease vaccine landscape
	Vaccine platform
	Candidate name 
	Mechanism of action
	Phase of clinical trial
	Key findings
	Limitations/Considerations
	References

	Adenovirus-Vectored Vaccine
	ChAd3-Marburg
	Uses chimpanzee adenovirus to deliver wild-type GP from Marburg virus
	Phase I (NCT03475056), 
Phase II (ongoing): NCT05817422 (Uganda and Kenya), NCT06620003 (USA)

Trial-based emergency deployment, 1,710 Rwandan frontline workers and high-risk contacts received the ChAd3-Marburg virus vaccine in a phase 2 trial
	95% seroconversion at 1 month; 70% at 1 year; well tolerated
	Long-term efficacy under evaluation
	19,30,31

	Adenovirus-Vectored Vaccine
	ChAdOx1 Marburg vaccine
	ChAdOx1 vector encoding Marburg virus GP
	Human trials (Oxford)
	Preclinical protection; human safety and immunogenicity under study
	
	32,33

	Modified vaccinia Ankara vector
	MVA-BN-Filo
	Encodes GPs from Ebola, Sudan, and Marburg viruses, and Tai Forest virus NP
	Phase 2/3 ongoing
	Response to Marburg antigens not measured
	- Data pending
	31

	Recombinant Vesicular Stomatitis Virus (rVSV) Vaccine
	rVSV-MARV (PHV01)
	Recombinant live attenuated VSV expressing Marburg GP (PHV01)
	Preclinical; Phase I completed (NCT06265012, USA)
	Complete protection in cynomolgus monkeys against homologous challenge; sustained immunity. Trivalent vaccine (Marburg, Ebola, Sudan) showed 100% cross-protection in non-human primates.
	High containment needs; IP constraints
	19,31,34,35

	DNA Vaccine
	VRC MARDNA025-00-VP
	Delivers plasmid DNA encoding GP from Marburg Angola
	Phase IB (USA, NCT00605514; Uganda, NCT00997607)
	Safe and immunogenic; 3 doses needed for peak titres; antibody waning by 6–11 months
	Limited durability; incomplete protection in NHPs
	19,31,36

	Viral-life particles (VLP) 
	VLP-forming mRNA vaccine
	Co-encodes GP and VP40 to form VLPs in vivo; aims to mimic viral structure for enhanced immune response
	Preclinical (guinea pigs, mice)
	Complete protection only at high doses (10 μg)
	Lower immunogenicity and incomplete protection at low doses (60–80% survival)

VP40 may modulate host immunity and downregulate NF-κB and immune pathways 
Complex co-expression and assembly requirements may hinder efficacy compared to GP-only mRNA
	37

	mRNA Vaccine
	GP-only mRNA vaccine
	Encodes full-length Marburg GP in lipid nanoparticles

Delivers mRNA encoding viral antigen for host cell production, stimulating immune response.
	Preclinical (guinea pigs, mice)
	Highly immunogenic and protective at doses as low as 1 μg in guinea pigs (100% survival)
	No neutralising antibodies at low doses; protection likely Fc-mediated.
Data limited to small animal models; NHP and human trials needed
	37

	mRNA Vaccine
	1-methyl-pseudouridine-modified mRNA vaccines formulated in lipid nanoparticles (LNP)
	Targets GP of Marburg and Ravn virus 
	Preclinical (guinea pigs)
	Complete protection against homologous and heterologous virus replication, disease and death
	
	38
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