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Learning Objectives

1. Analyze the epidemiologic and clinical characteristics of the 2024  
Marburg virus outbreak in Rwanda and its diagnostic and 
infection-control challenges. 

2. Explain the processes and infrastructure that enabled rapid 
initiation of therapeutic and vaccine trials during the outbreak, 
and evaluate their implications for future outbreak-associated 
research. 

3. Apply the principles of the One Health framework to strengthen 
clinical training and global-health collaboration for emerging-
pathogen preparedness. 



Ebola Outbreak – Situation Update
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Ebola Outbreak – Wisconsin DHS Resources

https://www.dhs.wisconsin.gov/disease/han.htm

https://www.dhs.wisconsin.gov/disease/han.htm


https://www.cdc.gov/coca/hcp/about/index.html

https://www.cdc.gov/coca/hcp/about/index.html


Rwanda

• Population (2024): 13.6 Million

• Area: 26,798 sq. km (~ Maryland)

• Capital: Kigali City (Pop: 1.7 Million)



Fulbright Public Policy Fellowship

• August 1, 2024 – May 30, 2025

• Sabbatical from UW-Madison

• Leave of absence from Wisconsin DHS

• Assigned to Rwanda Ministry of Health (MOH), 
Department of Health Workforce Development



King Faisal Hospital – Rwanda 

• Academic, tertiary care center in Kigali

• Regional referral hub for advanced 
care

• Clinical home of the new Africa Health 
Sciences University (AHSU) – 6 new 
residency programs started July 2024

• Infectious Disease Fellowship planned 
to launch in 2025



Presentation of 2 Cases

King Faisal Hospital Intensive Care Unit



Male – Age 24

CC: Fever/Chills + Headache

• Admitted to ED 9/20/2025 – fever x 5d

• Exam: Abdominal tenderness, 
conjunctivitis

• AST 262, ALT 151, LDH 710, Tbili 5, Cr nl

Hospital Course:

• Empiric IV antibiotics, artesunate

• Day 2: bilirubin 8

• Day 3: bilirubin 23, ALT 2300, Cr 1.7, INR 
2.1

• Day 5: seizures, intubated, shock

Case 1 – September 24



“Given their significantly reduced oxygen saturation, I decided to 

intubate them to protect their airways, and I asked the on-call 

anesthesiologist to intubate the second patient while I intubated the 

first. As I opened his oropharynx with a laryngoscope, I observed 

that the source of bleeding was not the oral cavity but the 

esophagus and airway, and I was immediately filled with fear and 

anxiety regarding the possible cause.”

Jean Pierre Sibomana, M.D.

ICU Physician, King Faisal Hospital



Viral Hemorrhagic Fever – Testing

• September 24 – Blood specimens from 4 patients sent to 

Rwanda National Reference Lab

• 2 case patients

• 1 ED nurse with AKI & acute hepatitis

• 1 Medical assistant who died on Sept 16 with malaria

• September 25 – RT-PCR negative for dengue, Rift Valley 

fever, ebola virus

• September 26 –RT-PCR positive for Marburg virus – in 4/4

• September 27 – MVD Outbreak Declared



Marburg Virus - History
• Family Filoviridae 

• Genus Marburgvirus

• Genus Ebolavirus (6 species)

• 1967 – Hemorrhagic fever 
outbreak among lab workers in 
Marburg, Germany 

• African green monkey exposure

• 31 cases of acute febrile illness
The first electron micrograph of a Marburg virion from 

1967. Image courtesy of W. Slenczka, University of 

Marburg, Germany. 

Viruses 2012, 4, 1878-1927; doi:10.3390/v4101878 



Marburg Virus - Pathophysiology

• Infects macrophages, dendritic cells, 
and endothelial cells, 

• Viral spread to liver and spleen → 
hepatocellular necrosis and 
coagulopathy.

• Cytokine storm and tissue-factor 
release → systemic inflammation 
and DIC.

• Endothelial injury → capillary leak, 
hypovolemia, and shock.

• Multiorgan failure: hepatic, renal, 
and adrenal dysfunction.

Virology Journal (2019) 16:165 



Marburg Virus Ecology

Marburg virus reservoir. Egyptian fruit bats 

(Rousettus aegyptiacus), the putative reservoir of 

MARV, roosting in the Python Cave in 

Maramagambo Forest, Uganda.

Viruses 2012, 4, 1878-1927; doi:10.3390/v4101878 

Rwanda



Structure of Rwanda’s Health Care System



National Command Post: 
The comprehensive, all-of-government 
outbreak response

• Leadership and Coordination

• Surveillance

• Risk Communication and Community 
Engagement (RCCE)

• Laboratory

• Clinical Case Management

• Vaccination

• Infection Prevention and Control 
(IPC)/Safe and Dignified Burial (SDB)

• Operations

• Strategic Information



Multi-Layered Surveillance Strategy for 
Marburg Virus Detection

• Case investigations and contact tracing 

• Universal symptom screening in clinical settings

• Door-to-Door symptom screening and education by CHW

• Mortality Surveillance (MVD testing for all decedents)

• Chart review “deep dive” to find the index case

• Ecological assessment



National MVD surveillance system components

Centralized Data 
System
(RBC)

National MVD screening & triage
• Universal symptom screening in 

clinical settings from Sept 23 –
Nov 22:

• 6,340 suspect cases tested
• 66 positive tests
• 77% were healthcare 

workers

Community & household-level surveillance
• Door-to-Door symptom screening and 

education by CHW in all 30 districts
• 1,288,205 households reached
• 4,793,212 persons screened for MVD 

symptoms (37% of the population)
• 24 suspect cases identified
• No positive RT-PCR tests

National mortality surveillance system
• Mandated RT-PCR testing for all 

deaths in the community from Sept 
25 – Nov 8

• 240 decedents tested
• No positive RT-PCR tests

Case-investigations & contact tracing
• 1,497 contacts identified through 

contact tracing
• Evaluated in person, daily active 

symptom monitoring using a 
mobile phone app 

• Outbreak linked back to a zoonotic 
source



Finding the index case

Reconstructing the First Chain of Transmission



Early sketch of MVD transmission – Week 1 
*

*

*

*



Overlooked MVD Cases?

• In-depth, retrospective review of hospital records at KFH

• Used standardized case definition to identify suspect cases

• Team of 3 physicians + 1 epidemiologist x 18h



“Marburg Masquerades 
as Malaria”

Unpublished data

“Patient Zero”

Known laboratory-confirmed MVD cases



Slide courtesy of Dr. Edgar Kalimba



“Marburg Masquerades as Malaria”

Unpublished data

*

*

*

Died Aug 28 

(Post-partum Hemorrhage)

Not tested for MVD

Miner with occupational exposure to fruit bats

Self-treated for malaria ~August 15

2 Sentinel Cases“Patient Zero”



Risk-based geographic 

mapping

Understanding bat ecology 

and their movement 

patterns

VHF surveillance in bats 

and other intermediate 

hosts

Community-based 

surveillance networks and 

awareness campaigns



Gamico Mining Site



MVD Treatment and Prevention



Patients hospitalized 
= 100%

Patients who 
received an 
investigational 
therapy = 79%

Overall Case-fatality 
rate = 23%

N Engl J Med 2025;393:983-93.



First MVD Isolation Unit, Nyamata



First MVD Isolation Unit, Nyamata



“The best treatment 

center I have ever seen” 

- Dr. Tedros Ghebreyesus,

- W.H.O. Director General



MVD Case Management Pillar – Key Activities

• Completion & dissemination of national MVD guideline

• Daily huddle to discuss management of specific cases

• Liaison with W.H.O. Clinical Team

• Treatment & Clinical Research Protocols

Remdesivir
ChAd3-MARV

Vaccine
MBP-091



Remdesivir

• Broad spectrum antiviral drug – Gilead Sciences

• Prodrug of GS-41524, an ATP-analog that
interferes with RNA-dependent RNA polymerase

• Developed for hepatitis C virus in 2014 → poor activity

• Repurposed for emerging RNA viruses
• Ebola

• Middle East Respratory Syndrome (MERS)

• SARS-CoV-2

• Antiviral activity in vitro and animal models against Marburg virus



• PALM Study – RCT of 4 investigational 
therapeutics for EVD

• 1:1:1:1 randomization, no placebo

• Remdesivir significantly inferior than 2 
monoclonal antibody products 



Remdesivir – Use in Rwanda MVD Outbreak

• Loading Dose: 200 mg IV x 1, administered as early after diagnosis as possible

• Maintenance Dose: 100 mg IV every 24 hours 

• Duration of therapy: 10 days (minimum); Extend to 14 days if the patient has 
not had a negative RT-PCR test by day 10 



Remdesivir – Use in Rwanda MVD Outbreak

I.  Therapeutic Use

• Administered to 52 patients (First on Sept 29, then routine)

• 3 of 52 patients who received remdesivir died (6%)

• 12 of 14 patients who received no remdesivir died (86%)

II. Prophylactic Use

• Offered to exposed HCWs under a research protocol

• Experience Presented at ID Week  - October 2025





Remdesivir PEP for HCWs - Results

Abstract #176, IDWeek 2025



Remdesivir PEP for HCWs - Results

Abstract #176, IDWeek 2025



MBP091 Monoclonal Antibody

• Human monoclonal antibody (IgG1 λ) 
derived from a Marburg survivor

• Targets the viral glycoprotein (GP) → 
blocks host-cell attachment and fusion

• Developed by Mapp Biopharmaceutical 
with support from U.S. Biomedical 
Advanced Research and Development 
Authority (BARDA)

• Demonstrated clinical activity against 
MVD in macaque models



MBP091 – Use in Rwanda MVD Outbreak

• Not FDA approved for any indication; a single phase 1 study in 
healthy volunteers showed no SAEs

• Mapp Biopharmaceuticals submitted protocol for use under 
expanded access program to U.S. DHHSA, Rwanda FDA and 
Rwanda National Ethics Committee

• Shipped 5 doses from Washington DC to Kigali on Oct 4



Accessing Investigational 
Therapies – MBP091



MBP091 – Use in Rwanda MVD Outbreak

• Administered to 10 patients:

• 5 under expanded access protocol (prioritized the patients with 
most severe illness)

• 5 enrolled in RCT after approval of WHO-led trial on October 15

• 2 patients who received MBP091 died (20%), and 8 
recovered 



ChAd3-MARV: Filovirus Vaccine Candidate

• Developed by Sabin Institute, 
Washington D.C.

• Replication-defective chimpanzee 
adenovirus type 3 vector expressing 
MARV glycoprotein (GP)

• Single-dose immunization conferred 
100% protection against lethal 
MARV challenge in macaques

• Never used in humans in an 
outbreak setting



Lancet 2017; 389: 505–18

• No cases among vaccinees in the immediate 

rings 10+ days after vaccination

• Estimated VE = 100%



CEPI & The 100 Day Mission

• Coalition for Epidemic Preparedness Innovations (CEPI)

• Created in the aftermath of the 2014–2016 Ebola epidemic in 
West Africa

• Goal:

“To have vaccines ready for use with initial emergency 
authorization within 100 days from the identification of a novel 

pathogen with pandemic potential”



From Outbreak Declaration to Trial in 13 days

Nsanzimana et al, NPJ Vaccines (2025) 10:178



The “One Health” Paradigm

Outbreak preparedness requires 
a holistic view of public health

• Multi-Method Surveillance

• Laboratory Capacity

• Clinical Acumen

• Rapid Response
Protocols

• Clinical Research      
Infrastructure



Summary – Lessons Learned

#1. MVD has a wider spectrum of clinical severity than previously 
recognized, including asymptomatic and mild, self-limited infection

#2. Early receipt of supportive care as soon as possible after symptom 
onset is likely key to improved survival

#3. Antivirals and monoclonal antibodies must be studied rigorously to 
understand their impact on VHF disease outcomes.

#4. Infection control strategies to minimize risk to HCWs before 
recognition of a VHF outbreak is an unresolved challenge

#5. Capacity building for VHF outbreak preparedness requires clinical 
excellence, laboratory excellence, and strong public health partnerships






