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Ebola Virus

 Ebola virus disease (EVD) first appeared 1976

 Nzara, Sudan (now South Sudan)

 Yambuku, Zaire (now Democratic Republic of Congo)

 Yambuku is near the Ebola River, from which the virus takes 
its name

 Related to Marburg virus (different genus in same family)

 5 known Ebola species

 >20 Ebola and Marburg virus outbreaks



Ebola Virus

 Prototype Viral Hemorrhagic 
Fever pathogen
 Filovirus:  enveloped, 

non-segmented, negative-
stranded RNA virus

 Severe disease with high 
case fatality

 No specific treatment or 
vaccine 

 2014 West Africa Ebola 
outbreak caused by             
Zaire ebolavirus species



Ebola Virus 
 Zoonotic virus – bats most likely reservoir, but species 

unknown

 Spillover from infected wild animals (e.g., fruit bats, 
monkey, duiker) to humans, followed by human-human 
transmission



Timeline of Ebola Outbreaks



Human-to-Human Transmission

 Virus present in high quantity in blood, body fluids, and 
excreta of symptomatic EVD-infected patients

 Infected persons not contagious until symptom onset

 Infectiousness increases as patient becomes more ill

 Opportunities for human-to-human transmission

 Direct contact (through broken skin or unprotected mucous 
membranes) with an EVD-infected patient’s blood or body fluids

 Direct contact with the corpse of a person who died of EVD

 Indirect contact with an EVD-infected patient’s blood or body 
fluids via a contaminated object (soiled linens or used utensils)

 Sharps injury (with EVD-contaminated needle or other sharp)



Early Clinical Presentation

 Acute onset; typically 8–10 days after exposure 
(range 2–21 days)

 Signs and symptoms

 Initial: Fever, chills, myalgias, malaise, anorexia

 After 5 days: GI symptoms, such as nausea, vomiting, watery 
diarrhea, abdominal pain

 Other: Headache, conjunctivitis, hiccups, rash, chest pain, 
shortness of breath, confusion, seizures

 Hemorrhagic symptoms in only 18% of cases

 Other possible infectious causes of symptoms

 Malaria, typhoid fever, meningococcemia, Lassa fever and other 
bacterial infections (e.g., pneumonia) – all very common in Africa



Later Clinical Features

 Nonspecific early symptoms progress to:

 Hypovolemic shock and multi-organ failure

 Hemorrhagic disease

 Death

 Non-fatal cases typically improve 6–11 days after 
symptom onset

 Fatal disease associated with more severe early 
symptoms

 Fatality rates of 70% historically reported in rural Africa

 Early intravenous fluid may increase the survival rate



Examples of Hemorrhagic Signs

Bleeding at IV Site 

Hematemesis

Gingival bleeding
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Clinical Manifestations by Organ System
in West African Ebola Outbreak

Organ System Clinical Manifestation

General Fever (87%), fatigue (76%), arthralgia (39%), myalgia (39%)

Neurological Headache (53%), confusion (13%), eye pain (8%), coma (6%)

Cardiovascular Chest pain (37%), 

Pulmonary Cough (30%), dyspnea (23%), sore throat (22%), hiccups (11%) 

Gastrointestinal Vomiting (68%), diarrhea (66%), anorexia (65%), abdominal pain 
(44%), dysphagia (33%), jaundice (10%) 

Hematological Any unexplained bleeding (18%), melena/hematochezia (6%), 
hematemesis (4%), vaginal bleeding (3%), gingival bleeding 
(2%), hemoptysis (2%), epistaxis (2%), bleeding at injection site 
(2%), hematuria (1%), petechiae/ecchymoses (1%)

Integumentary Conjunctivitis (21%), rash (6%)

WHO Ebola Response team. NEJM. 2014
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Ebola Virus Diagnosis

 Real Time PCR (RT-PCR) 

 Used to diagnose acute infection 

 Identification of specific viral genetic fragments

 RT-PCR sample collection

 Volume: minimum volume of 4mL whole blood

 RT-PCR cutoffs

 (+): Cycle threshold < 35

 (-): Cycle threshold > 40



Other Ebola Virus Diagnostics

 Virus isolation 

 Requires Biosafety Level 4 laboratory 
 Can take several days

 Immunohistochemical staining and histopathology 

 On collected tissue or dead wild animals; localizes viral antigen

 Serologic testing for IgM and IgG antibodies (ELISA) 

 Detection of viral antibodies in 
blood, serum, tissue

 Monitor the immune response 
in confirmed patients



viremia
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ELISA IgM
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IgM: up to 3 – 6 months

ELISA IgG

IgG: 3 – 5 years or more (life-long persistance?)

days post onset of symptoms

RT-PCR

Critical information: Date of onset of fever/symptoms

Fever

EVD: Expected Diagnostic 
Test Results Over Time



Interpreting Negative Ebola 
RT-PCR Result

 If symptoms started  ≥3 days before the negative result

 EVD is unlikely  consider other diagnoses

 If symptoms started <3 days before the negative 
RT-PCR result

 Repeat the test at ≥72 hours after onset of symptoms

 Keep in isolation as a suspected case until a repeat RT-PCR ≥72 
hours after onset of symptoms is negative
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2014 Ebola Outbreak Timeline

 First case appears to have been December 2013 in Guinea

 Mar 25: CDC announces Guinea outbreak

 Mar 30: Liberia reports two cases

 May 25: 1st confirmed case in Sierra Leone

 Aug 8: WHO declares PHEIC (Public Health Emergency of 
International Concern)



2014 Ebola Outbreak
Reported Cases (Suspected, Probable, and Confirmed) in Guinea, 

Liberia, and Sierra Leone

This graph shows the total reported cases (suspected, probable, and confirmed) in Guinea, Liberia, and Sierra 
Leone provided in WHO situation reports beginning on March 25, 2014 through the most recent situation report on 
March 25, 2015.
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Outbreak Distribution — West Africa, March 18, 
2015

Map includes total confirmed EVD cases reported to WHO



2014 Outbreak Sierra Leone



Ebola Outbreak 
Investigation and Control

in Sierra Leone



Sierra Leone

 Bordered by Guinea to the 
N & NE, Liberia to the SE, 
Atlantic Ocean to the SW

 Tropical climate – dry & 
rainy seasons

 Total area of 27,699 sq m 
(~ SC)

 Estimated population 6 
million

Sources: CIA World Factbook



Sierra Leone

 2014 estimated life expectancy 57 years

 Improved sanitation: urban 22.8%, rural 6.8%; overall 87% 
unimproved

 Maternal mortality rate 890 deaths/100,000 live births (5th)

 Infant mortality rate 73 deaths/1,000 live births (11th)

 2 MDs/100,000 population = 120 physicians pre-outbreak

 < 1% of US per capita

 Mt. Sinai has 10x more in one facility

Sources: CIA World Factbook



Challenges to Ebola Outbreak Control

 The virus

 No vaccine

 Animal reservoir

 Not easily clinically identifiable

 Long incubation period

 Spread by close contact

 The location

 Poor public health infrastructure

 Poor clinical infrastructure (labs, hospitals, MDs)

 Poor physical infrastructure



“Advantages” of Ebola 

 No asymptomatic transmission

 Not airborne

 Probable life-long immunity post-infection

 No evidence of repeat infections

 Rural areas made control difficult but also limited 
movement (prior outbreaks)



Unknowns

 Asymptomatic infections

 Travel patterns

 Range of symptoms

 Range of incubation period

 Types and relative importance of transmission risk factors

 Only about 50% of confirmed patients in early outbreak with 
documented risk factor



Goals of Ebola Outbreak Response

 Interrupt chains of transmission  eliminate chains of 
transmission

 Identify disease early in cases

 Better survival

 Less transmission

• Avoidance of care by family members

• Avoidance of peri-mortem transmission



Goals of Ebola Outbreak Response

 Identify disease early in contacts

 Earlier care for subsequent cases

 Removal of potentially infections persons from their homes 
(isolation)

 Community mobilization and education

 Eliminate burial transmission

 Education about transmission

• Minimize social interactions

• Hand-washing, etc



Strategies for Outbreak Response

 Case finding

 Passive surveillance

 Active case finding

 Stand-up of alert system

 Rapid isolation

 Quarantine

 Rapid laboratory diagnosis

 Alternative diagnoses

 Rapid referral to clinical care



Strategies for Outbreak Response

 Retrospective case finding: onset of symptoms, risk 
factors

 Contact tracing/follow-up: 21 days

 Social mobilization/education

 Early case identification

 Change in burial behavior

 Safe, dignified burials 

 Limitation of movement (“Ose-to-ose” campaign)



Case Definition - General

 Suspect– fits clinical criteria

 Probable– clinical + epi link to other cases

 Confirmed– laboratory confirmed



Case Definition: Suspect

 Fever (measured or 
reported) PLUS any three 
of:

 Vomiting/nausea

 Diarrhea

 Conjunctivitis

 Intense fatigue/weakness

 Anorexia

 Abdominal pain

 Muscle pain

 Joint pain

 Headache

 Difficulty breathing

 Difficulty swallowing

 Skin rash

 Hiccups

 Unexplained bleeding



Case Definition: Probable

 Suspect plus epi link to another case 

 In practice – difficult

 Epi links hard to establish (linked to another suspect?)

 Need for lab confirmation to make definitive decisions

 Often applied to new deaths



Case Definition: Confirmed

 Laboratory confirmed by RT-PCR with CT < 35

 Other tests in theory could have counted; in practice, only 
one lab test

 Notice that presence of another condition potentially 
causing symptoms was not an exclusion







Bombali District
September-October 2014

"Bombali District Sierra Leone locator" by Mr Accountable - Own work. Licensed under CC BY-SA 3.0 via Wikimedia 
Commons -
http://commons.wikimedia.org/wiki/File:Bombali_District_Sierra_Leone_locator.png#/media/File:Bombali_District_Sierra_Le
one_locator.png



Bombali Chiefdoms
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Outbreak Response

 Case finding

 Passive surveillance

 Active case finding

 Stand-up of alert system

 Rapid isolation

 Quarantine

 Rapid laboratory diagnosis

 Rapid referral to clinical care



Outbreak Response

 Case finding

 Passive surveillance

 Active case finding (difficult)

 Stand-up of alert system

 Rapid isolation

 Quarantine

 Rapid laboratory diagnosis

 Rapid referral to clinical care
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Basic Content Headline 



Data Flow
Healthcare facility 

identifies possible case 
by clinical diagnosis

Surveillance Officer 
Supervisor #1
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Western District:
January–February, 2015

Google Maps "Freetown overview map" by Peter Fitzgerald, OpenStreetMap



Kono -
Dutch/PiH

Moyamba -
US-DOD

Bombali - PHE
Port Loko - PHE

Freetown/Western -
Kerry Town - PHE

Lakka - NICD (South Africa)

Jui – China CDC

Goderich – Emergency/Italy

King Tom – MSF/Nigeria

PTS 2 – EU (from Liberia)

Kailahun -
Canada

Bo -
US-CDC

Tonkolili -
MSF/Canada

A Changed Situation
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Ebola Investigations by Case Status, Western Area, 
MoHS VHF, April 14, 2014 – March 15, 2015*







Components of Western Micro-Surges

 Integrated team approach: Ministry, WHO, CDC, AU, MSF, 
all partners

 Mobilization of resources in mutually supportive manner

 Rapid response to new events

 Simultaneous mobilization of Epi, Contact Tracing, Quarantine, 
Social Mobilization, Community Monitors

 Active case search (ACS)

 Repeated visits to same locations (commercial/residential)

 Focus on sentinel events

 Any death (on contact list or not)

 Any new clusters
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3A. Surveillance
New and existing contacts being monitored 

Contacts currently being monitored (daily average) New contacts added over the reporting week
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14A. Labs
Blood tests 
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Confirmed Cases, Sierra Leone

Source: WHO Situation Reports





For more information, please contact Centers for Disease Control and Prevention

1600 Clifton Road NE, Atlanta, GA 30333
Telephone: 1-800-CDC-INFO (232-4636)/TTY: 1-888-232-6348

Visit: www.atsdr.cdc.gov | Contact CDC at: 1-800-CDC-INFO or www.cdc.gov/info

The findings and conclusions in this report are those of the authors and do not 
necessarily represent the official positions of the Centers for Disease Control and 

Prevention or Sandia National Laboratories.

Centers for Disease Control and Prevention

Office of Public Health Preparedness and Response




