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Objectives

1. Review viral hemorrhagic fevers, clinical presentations, and 
outcomes

2. Review current supportive and specific treatments

3. Review treatment unit considerations and outbreak readiness in 
Canadian and global contexts for viral hemorrhagic fever



• No consulting past or present with industry, never a 
speakers bureau member, no gifts from pharma or 
industry, no investments in pharmaceutical 
organization, medical devices or communications 
companies, etc.

• Co-principal investigator - CIHR grants for the WHO 
global SOLIDARITY trial; CIHR Network of COVID Trials 
Networks; co-investigator on other CIHR grants.

• Frequent WHO consultant (unpaid).
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Influenza H1N1 appeared Canada in early 1918

Fall of 1918, virulent strain in France, 
Sierra Leone and US

‘Spanish Flu’after hit Spain in November 1918

By June 1920 approximately 50 million 

(3% global population) died 





Historically, 
many patients infected with 

high-consequence pathogens died

Now, in resourced geographies, 
they come to an ICU, and most survive



Severe Acute Respiratory Infections

NORMAL CT SCAN SEVERE INFLUENZA H1N1 CT SCAN





2009-2010 H1N1-related Critical Illness: 

Clinical Outcomes by Global Region

Mortality

Duggal A et al PLOS ONE | DOI:10.1371/2016









Viral ‘Hemorrhagic’ Fevers

Sullivan, J., Brannan, S. (2020). Hemorrhagic Fevers. In: Hidalgo, J.,
Woc-Colburn, L. (eds) Highly Infectious Diseases in Critical Care. 
Springer, Cham. https://doi.org/10.1007/978-3-030-33803-9_7



Filovirus Disease 08 July 2022

Filovirus family

Ebolaviruses

Zaire (EBOV)

Bundibugyo (BDBV) 

Sudan (SUDV)

Reston (RESTV)

Taï Forest (TAFV)
Bombali (BOMV)

Marburgviruses

Marburg (MARV)

Cuevavirus

16

*

*

*



Ebola & Marburg



Historical Case Fatality Rates
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Case fatality 
rates (CFR) 
vary across 
outbreaks

Median Mortality 70%*

*case-weighted across all Ebola & Marburg Outbreaks prior to 2013



Usual Geography of Ebola Outbreaks



Ebola Virus Disease in West Africa



Conakry, Guinea, March 2014





Ebola Virus Disease: 
How the illness begins



Incubation Periods

http://www.nejm.org/doi/pdf/10.1056/NEJMoa1411100



General malaise

Fever with chills

Joint pain, muscle pain, and chest pain

Nausea, diarrhea, and vomiting…leading to hypovolemia, hypo 
perfusion-related organ dysfunction

Occasional respiratory involvement

Occasional bleeding, particularly pre-terminal gastrointestinal

Ebola Virus Disease – Signs, Symptoms



Ebola Virus Disease – Signs, Symptoms



Ebola Virus Disease – Epidemiology



Case Fatality by Age

N Engl J Med. 2015;372(13):1274–77



Case Fatality Rates 
by Admission Viral Load

DOI: 10.1056/NEJMoa1411680



Ebola Virus Disease – Pathophysiology





Source: Jacob ST, Crozier I, Fischer WA et al. Ebola virus disease. 

Nat Rev Dis Primers. 2020;6(13). https://doi.org/10.1038/s41572-020-0147-3.
32

Pathogenesis

32



Therapy







Lancet 2018; 391: 700–08





1. Oral rehydration

2. IV fluids

3. Systematic monitoring of vital signs & volume

4. Serum biochemistry and hematology

5. Appropriate staffing ratios

6. Communication with family and friends

7. Analgesic therapy

8. Antibiotics & antimalarials as indicated

Lancet 2018; 391: 700–08







West Africa Ebola Outbreak (‘13-’16)

Cumulative Mortality 39.5%



“We have observed a decreasing case fatality rate 
among inpatients at Hastings, 

• 47.7% for the first 151 patients (Sept 20 –Oct 13)
• 31.7% for the next 126 patients (Oct 14 - Nov 4)
• 23.4% for the next 304 patients (Nov 5 – Dec 7)”



What Are the Limits of 
Increased Levels of Care?







Chronological demographic description of 27 Ebola virus disease patients 
treated outside West Africa (August 2014–May 2015)



Kerrytown, SIERRA LEONE
UK Ministry of Defense 

Treatment Centre, Dec 2014



Courtesy of Prof Antonio Pesenti & Dr. Gino Strada 

Goderich, SIERRA LEONE, Jan 2015



Targeted



Co-Chairs: Richard Kojan (ALIMA, Democratic 
Republic of the Congo);  Robert Fowler 
(University of Toronto)

Mulangu S, Dodd L, Davey R et al 

Palm Trial. N Engl J Med 2019. 381;24

Mortality with specific ab Rx

MAb114 35.1%
REGN-EB3 33.5%

ZMapp 49.7% 
Remdesivir 53.1%



Vaccination



Immune responses to 

EBOV/SUDV infection
Schematic representation of EBOV/SUDV /BDDV infection and the evolution of the immune response in human survivors

5
2





Two randomized, placebo-controlled trials:
• one involving adults 
• one involving children 

To evaluate the safety and immune responses of 
vaccine regimens against Ebola virus disease: 

1. Ad26.ZEBOV followed by MVA-BN-Filo 
2. rVSVΔG-ZEBOV-GP followed by placebo 
3. rVSVΔG-ZEBOV-GP followed by rVSVΔG-

ZEBOV-GP

1400 adults and 1401 children randomized.

No safety concerns were identified. 

All three vaccine regimens, immune responses 
were seen from day 14 through month 12.



• 2018–2020 Ebola outbreak in DRC

• 265,183 were vaccinated with one dose 
of rVSV-ZEBOV-GP

• Among contacts & contacts-of-contacts:
• 434 cases of EVD (0.2 per ring) were 

diagnosed, almost all within 0 to 9 
days (380 cases) or 10 to 29 days (32 
cases) after vaccination.

• EVD onset during days 10 to 29 was 
0.16 per 1000, much lower than 
prior vaccinations 

• No safety concerns were identified. 



Multivariable Logistic Regression for death at 28 Days - Patients with Ebola

*

*



Healthcare Worker 
Environmental Challenges 





• Designed a simulated Ebola Treatment Unit 

• Assess performance and safety of healthcare workers 

• Wearing personal protective equipment 

o Peripheral IV insertion

o Midline/central IV insertion 

o Endotracheal intubation

• Hot (35 C, 60% relative humidity) vs

• Thermo-neutral (20 C, 20% relative humidity) conditions.



Viruses 2021, 13, 2205

Establishing Healthcare Worker Performance and Safety in 

Providing Critical Care for Patients in a Simulated Ebola Treatment 

Unit: a Pilot Trial



Viruses 2021, 13, 2205

Establishing Healthcare Worker Performance and Safety in 

Providing Critical Care for Patients in a Simulated Ebola Treatment 

Unit: a Pilot Trial

Participant task completion times

Health-assessment triggers, minor breaches, and near-miss incidents

Tasks Generally Took Longer in Hot & Humid Conditions

Substantially more Health Triggers in Hot & Humid Conditions



Evolution of (‘Smart’-er) PPE



www.who.int/publications/i/item/W
HO-WPE-CRS-HCR-2023.1

Bottom line: meticulous 
attention to our usual 
IPAC procedures for 
contact precautions (with 
a few important VHF-
specific caveats)



WHO IPAC Recommendations for the Care of Patients with Ebola or Marburg Virus Disease Strength

• Perform hand hygiene, by an alcohol-based hand rub or soap and running water Strong

• The mucous membranes of eyes, mouth and nose should be completely covered by PPE. Strong

• Use either a face shield or goggles. Strong

• Use a fluid-resistant medical or surgical mask with a structured design that does not collapse against 

the mouth (e.g. duckbill or cup shape).

Strong

• Use a fluid-resistant particulate respirator during procedures that generate aerosols of body fluids. Strong

• Nitrile gloves are preferred over latex gloves. Strong

• The choice of PPE for covering clothing:  disposable gown & apron or a disposable coverall & apron. Conditional

• Health workers with contact with patients who have Ebola or Marburg disease wear:

o A medical mask in combination with eye protection (face shield or goggles)

o A fluid-resistant coverall (versus a fluid-resistant gown) 

o A head-and-neck covering as part of their PPE in addition to covering their mucous membranes

o Two pairs of gloves

o Either a disposable or reusable apron to cover the coverall (or gown, if used)

Conditional

• Health workers with direct contact and/or indirect contact with patients with Ebola disease or Marburg disease 

wear eye protection (goggles or a face shield) under the head-and-neck covering versus over

Conditional

• WHO recommends against the spraying of health and care workers who have direct or indirect contact with 

patients who have Ebola disease or Marburg disease during the removal of personal protective equipment.

Strong

• Health workers providing direct and/or indirect care wash/disinfect the outer pair of gloves, remove the 

outer pair of gloves and wash/disinfect the inner pair of gloves and put on a new outer pair of gloves 

between patients

Conditional

• Persons should be screened using a no-touch technique at the first point of contact with any health-care facility 

to enable early recognition of suspected cases and rapid implementation of source control measures.

GPS

• Patients, should be triaged to the severity of their illness, identify those in need of immediate care GPS

• Patients should be isolated, preferably in a single room, and workers should wear appropriate PPE. GPS

• Interaction with family and visitors should be facilitated while providing education, preventing direct contact. GPS

• Where IPAC measures can be maintained, PPE is not required during screening activities in health-care 

settings where a distance of at least 1m can be guaranteed and a no-touch approach is followed.

GPS

• If health workers are not able to maintain a distance of least 1m, wear: a medical mask in combination with 

eye protection; a fluid-resistant gown; one pair of gloves

Conditional

www.who.int/publications/i/item/WHO-WPE-CRS-HCR-2023.1



Treatment Unit Design

www.who.int/publications/b/73031 2024

http://www.who.int/publications/b/73031




Ebola Treatment Facility, Royal Free Hospital, London, UK 



Ebola Treatment Facility, Emory Hospital, Atlanta



• All (levels of) care in one area
• Lines of sight for team; ability of family to ‘visit’
• Minimally disrupt rest of hospital functions 
• Space! (patients, staff, donning/doffing, storage)









Conditions in returning travelers



Ann Intern Med. 2015;162:757-764.



Ann Intern Med. 2015;162:757-764.

There have been dozens of ‘suspect’ VHF cases in Ontario
All had a potentially serious medical condition requiring prompt assessment & treatment

None have had Ebola



Ontario Ministry of Health Commitment to 
Health System-Level Planning and Preparedness for VHF

Preparedness for high-risk pathogens (HRP), such as viral hemorrhagic fevers, is an area of focus for the 
Ministry of Health's’ emergency management program. There has been a lot of work done by the Ministry, 
with key health system partners. 

• If a suspect potential high-risk pathogen case is identified in a human, please notify MOH Health System 
Emergency Management Branch (HSEMB) via the 24/7 Health Care Provider Hotline (1-866-212-2272) and 
your Public Health Unit.

• Once the MOH HSEMB is notified, the following steps will be taken in a timely way to trigger appropriate 
coordination among health partners:

o Within 30 minutes of notification, MOH HSEMB will convene a call with relevant health partners to 
assess the situation. 

o Relevant partners include but not limited to implicated hospitals or health care setting, designated 
hospital/treatment centre, Public Health Units, EMS/Ornge, Public Health Ontario (PHO), Public Health 
Ontario Laboratory (PHOL), Ontario Health (OH), CritiCall, National Microbiology Laboratory (NML).

o Coordination of next steps (e.g., transfer, testing) appropriate to care needs of the patient.

• Resources under development by the Ministry of Health:

oA High-Risk Pathogen Notification Pathway for Health Service Providers: The pathway outlines how 
health service providers should notify the Ministry of Health of a potential HRP case and details the 
activities that the notification triggers; and will soon be available on the ministry website. 

https://www.ontario.ca/page/ministry-health-emergency-management-plans-and-strategies#section-4


Ontario Ministry of Health Commitment to Health 
System-Level Planning and Preparedness for VHF

Additional resources for managing a suspect HRP case is identified:

• If an entity does not have the expertise to conduct an HRP risk assessment, call your Public 
Health Unit and/or the PHO Laboratory Customer Service Centre to support the assessment.

• Public Health Ontario IPAC Resources for Viral Hemorrhagic Fevers: 
https://www.publichealthontario.ca/en/Diseases-and-Conditions/Infectious-Diseases/Vector-
Borne-Zoonotic-Diseases/Ebola.

• Locate your Public Health Unit: https://www.ontario.ca/page/public-health-unit-locations. 

• Public Health Ontario Diagnostic Serology for Viral Haemorrhagic Fevers: 
https://www.publichealthontario.ca/en/Laboratory-Services/Test-Information-Index/VHF-
Diagnostic-Serology.

• Public Health Ontario Laboratory Customer Service Centre: 416-235-6556/1-877-604-4567 
during normal business hours; 416-605-3113 after-hours.

• For Ministry of Health guidance regarding high-risk pathogens, refer to: 
https://www.ontario.ca/page/ministry-health-emergency-management-plans-and-strategies.

https://www.publichealthontario.ca/en/Diseases-and-Conditions/Infectious-Diseases/Vector-Borne-Zoonotic-Diseases/Ebola
https://www.ontario.ca/page/public-health-unit-locations
https://www.publichealthontario.ca/en/Laboratory-Services/Test-Information-Index/VHF-Diagnostic-Serology
https://www.ontario.ca/page/ministry-health-emergency-management-plans-and-strategies


rob.fowler@sunnybrook.ca




