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Is Ebola Virus Disease 
still relevant?

• 8 May 2018, WHO reported an Ebola virus 
disease outbreak in DRC’s Equateur Province. 
There were 54 cases (38 confirmed and 16 
probable), and the outbreak was declared 
over on 24 July 2018 (33 deaths, 61% CFR).

• 1 August 2018, an outbreak of Ebola virus 
disease was confirmed in North-Kivu Province, 
Democratic Republic of Congo (DRC). As of 19 
Feb 2019, a total of 996  cases (745 confirmed 
and 61 probable) including 505 deaths, have 
been reported.





Therapeutics currently being deployed in the 
Democratic Republic of the Congo

• Zmapp™ (MappBio) - 3 antibodies, c13C6FR1, 
c2G4, and c4G7, expressed in a species of tobacco, 
Nicotiana benthamiana

• Remdesivir (Gilead Sciences) – novel nucleotide 
analog prodrug

• MAb114 (Merck) - human IgG1 MAb targeted to the 
Zaire ebolavirus (EBOV) glycoprotein (GP)

• REGN-EB3 (Regeneron) – 3 antibodies



http://www.bioethics.com/archives/31176



Serious Communicable Diseases Unit, 
Emory University Hospital 

First civilian 
biocontainment unit in 
the United States

Funded in 2002 essentially 
as Occupational Health for 
CDC employees in the 
field or laboratory

Contracted to be able to 
be activated within 1 hour 
of notification

Nurses, 
physicians/physician 
assistant, laboratorians 
on-call 24/7/365



Patient care room





Patient care experience at Emory Hospital

4 patients 
with Ebola 

virus disease 

3 individuals 
admitted for 

post-exposure 
prophylaxis

1 patient with 
Lassa fever virus 
in March 2016

Approximately 
25 individuals 
ruled out for 

Ebola 



Experimental 
therapies 
administered 
at Emory 
under eIND 
from FDA

ZMapp (Patients 
1 and 2)

Convalescent 
Plasma (Patients 
2 and 3 and 4)

TKM-Ebola 
(Patient 3 and 

Exposure 1)

Favipiravir 
(Patient 3)

Brincidofovir 
(Patient 4)

VSV vaccine 
(Exposure 2, 3)





Ebola as a critical illness: “Patient 3”

44 year old health care worker evacuated 
from Kenema, Sierra Leone in early 
September

• Admitted to Emory Hospital on day 5; 
received first dose of experimental 
medication in country 

• High fever, rigors, copious diarrhea, high 
transaminases, mild coagulopathy, 
encephalopathy

Day 6: Severe gastroenteritis and hepatitis

Day 9: Acute kidney injury and respiratory 
distress

• Intubation and Mechanical ventilation

Day 11: Cardiac arrhythmias and worsening 
acidosis

• Continuous Renal Replacement Therapy

Day 21: Extubated → Delirium

Day 29: Improving mental status

Day 35: Dialysis held
• Blood tests negative for EBOV by RT-PCR

Day 40: Discharged home
• 30 lb weight loss, easy fatigability, proximal 

muscle weakness + unsteady gait →
difficulty ambulating, word-finding difficult



Critical role of 
nursing and 
supportive 

care

• 24/7 one-on-one nurses allowed for rapid 
response to changes and adjustment of care 

• Critical care nurses had the ability to support 
patients in nutrition, physical therapy, and self 
care

• Limited consultants from being in the room

• Emotional support/Family support

• Provider-centered patient care 



• All RRT effluent should be non-infectious

• Virus/RNA too big to fit through membrane

• Tested effluent multiple days by PCR to confirm



Post-Ebola syndrome

• Long term medical sequelae have been 
documented with all 4 types of Ebola virus

• Types of sequelae include

• Rheumatologic

• Ocular

• Neurologic

• Skin

• Reproductive organs



Sexual
transmission

Viral 
persistence

Subclinical 
disease



Organs of persistence

Central nervous system

Seminal fluid

Placenta

Eye – aqueous/vitreous



Ebola virus infection can 
relapse from a reservoir 
site
• Relapsed with meningoencephalitis 9 months 

after being discharged

• PCR positive at a low Ct in the CSF (23.7), and 
also in the plasma (31.3)

• Treated with GS-5743, steroids, supportive 
care and recovered 

• Had Ebola virus-specific antibodies detected 
after her initial illness in January of 2015

• No changes in the coding region of the virus 
to suggest immune escape



Ebola virus 
disease is present 

longer than 
originally thought 

in semen











Panuveitis with Iris Heterochromia

Day 11

Right eye Left Eye

Day 11

Day 12

502 μm377 μm

• Oral favipiravir (eIND
to FDA)

• Periocular
corticosteroid 

• Topical corticosteroid

• Oral prednisone taper

Treatment Summary



Eye manifestations

• Described after 1995 outbreak in 
DRC

• Post-Ebola syndrome now 
recognized after this large scale 
outbreak

• Out of 277 survivors in Sierra 
Leone who underwent 
ophthalmologic screening, 18% 
with uveitis







Recapitulating unidirectional flow in Sierra Leone





Study to evaluate errors in doffing



Failure 
Modes Effect 

Analysis





Serology study – healthcare workers
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Previous thought is 
that Ebola virus 
infection was 
immunosuppressive

Ebola virus infected dendritic cells were 
impaired in their ability to produce 
cytokines and activate T cells

Infected macrophages exhibit impaired 
maturation 

Ebola virus encodes proteins that interfere 
with the innate immune response 

Clinical observations demonstrated T-cell 
apoptosis, lymphopenia and and absent 
antibody responses in fatal cases



Immune response during acute Ebola infection

EVD 2,5 and 9 - 16 days post onset
EVD 15 – 3 days post onset

McElroy et al,  PNAS, 2015





New Lassa strain from Togo



Ebola in 2018

WE ARE INTERNATIONALLY 
MORE ATTENTIVE TO 

REGIONAL OUTBREAKS

THERAPEUTICS ARE DEPLOYED 
MUCH SOONER

EXPERIMENTAL THERAPIES 
STILL REQUIRE ADDITIONAL 

STUDIES DUE TO NOT 
REACHING STATISTICAL 

SIGNIFICANCE

AWARENESS OF VIRAL 
PERSISTENCE IN IMMUNE 

PRIVILEGED SITES, AND 
TRANSMISSION FROM THESE 

SITES 

VACCINATION WITH VSV 
VACCINE A PROMISE FOR 

FUTURE OUTBREAKS
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• CDC, “Clinical Care for 
Individuals Referred by CDC for 
Medical Examination and/or 
Hospitalization,” RFP 2015-N-
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• ASPR, “National Ebola Training 
and Education Center”, 
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• Hospital Preparedness Program
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Elastomeric respirator feasibility 
and effectiveness for healthcare 
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Questions?




