
 Allison Mack, Megan Reeve Snair, and Carmen Mundaca-Shah, Rapporteurs
 

Forum on Microbial Threats
 

Board on Global Health
 

Health and Medicine Division
 



       

         

     

         
     

   

THE NATIONAL ACADEMIES PRESS 500 Fifth Street, NW Washington, DC 20001 

This project was supported by contracts between the National  Academy of Sciences and 
American Society for Microbiology; Burroughs Wellcome Fund; Infectious Diseases So
ciety  of  America;  the  Merck  Company  Foundation;  Pfizer  Inc.;  Sanofi Pasteur;  the  U.S. 
Agency  for  International  Development;  the  U.S.  Department  of  Defense,  Department 
of  the  Army:  Defense  Threat  Reduction  Agency,  Global  Emerging  Infections Surveil
lance  and  Response  System,  and  Medical  Research  and  Materiel  Command;  the  U.S. 
Department  of  Health  and  Human  Services:  Centers for  Disease  Control  and  Prevention, 
Food  and  Drug  Administration,  National  Institute  of  Allergy  and  Infectious Diseases,  and 
National  Institutes of  Health;  the  U.S.  Department  of  Homeland  Security;  and  the  U.S. 
Department  of  Veterans Affairs.  Any  opinions,  findings,  conclusions,  or  recommendations 
expressed  in  this publication  do  not  necessarily  reflect  the  views of  any  organization  or 
agency  that  provided  support  for  this project. 





International  Standard  Book  Number-13:  978-0-309-45006-5 
International  Standard  Book  Number-10:  0-309-45006-3 
Digital  Object  Identifier:  10.17226/23653  

Additional copies of this publication are available for sale from the National  Academies 
Press,  500  Fifth  Street,  NW,  Keck  360,  Washington,  DC  20001;  (800)  624-6242  or  (202) 
334-3313;  http://www.nap.edu. 

Copyright 2016 by the National Academy of Sciences. All rights reserved. 

Printed in the United States of America 

Suggested citation: National Academies of Sciences, Engineering, and Medicine. 2016.
The Ebola Epidemic in West Africa: Proceedings of a Workshop. Washington, DC: The 
National Academies Press. doi: 10.17226/23653. 

http://www.nap.edu


 
  

 

 
 

  
  

 
 

  
 
 
 

   
 

The National Academy of Sciences was established in 1863 by an Act of Con-
gress, signed by President Lincoln, as a private, nongovernmental institution 
to advise the nation on issues related to science and technology. Members are 
elected by their peers for outstanding contributions to research. Dr. Marcia 
McNutt is president. 

The National Academy of Engineering was established in 1964 under the char-
ter of the National Academy of Sciences to bring the practices of engineering 
to advising the nation. Members are elected by their peers for extraordinary 
contributions to engineering. Dr. C. D. Mote, Jr., is president. 

The National Academy of Medicine (formerly the Institute of Medicine) was 
established in 1970 under the charter of the National Academy of Sciences to 
advise the nation on medical and health issues. Members are elected by their 
peers for distinguished contributions to medicine and health. Dr. Victor J. Dzau 
is president. 

The three Academies work together as the National Academies of Sciences, En-
gineering, and Medicine to provide independent, objective analysis and advice 
to the nation and conduct other activities to solve complex problems and inform 
public policy decisions. The National Academies also encourage education and 
research, recognize outstanding contributions to knowledge, and increase public 
understanding in matters of science, engineering, and medicine. 

Learn more about the National Academies of Sciences, Engineering, and Medi-
cine at www.national-academies.org. 

http://www.national-academies.org


 
  

 
 

 
 

  

 

Reports document the evidence-based consensus of an authoring committee 
of experts. Reports typically include findings, conclusions, and recommenda-
tions based on information gathered by the committee and committee delibera-
tions. Reports are peer reviewed and are approved by the National Academies of 
Sciences, Engineering, and Medicine. 

Proceedings chronicle the presentations and discussions at a workshop, sym-
posium, or other convening event. The statements and opinions contained in 
proceedings are those of the participants and have not been endorsed by other 
participants, the planning committee, or the National Academies of Sciences, 
Engineering, and Medicine. 

For information about other products and activities of the National Academies, 
please visit nationalacademies.org/whatwedo. 

http://nationalacademies.org/whatwedo


     
  

    

     

         
            

  
  

PLANNING COMMITTEE FOR THE WORKSHOP ON
 
THE EBOLA EPIDEMIC IN WEST AFRICA1
 

CHRIS BEYRER,  Johns Hopkins Bloomberg  School  of Public  Health,  
Baltimore,  MD

REINHARD BURGER,  Robert  Koch  Institute,  Berlin,  Germany 
DAVID HEYMANN,  Chairman,  Public  Health  England,  London,  UK 
JAMES HUGHES,  Professor  of  Medicine  and  Public  Health,  Emory 

University,  Atlanta,  GA
RIMA  KHABBAZ,  Centers for  Disease  Control  and  Prevention,  Atlanta,  GA 
LONNIE  KING,  College  of  Veterinary  Medicine,  The  Ohio  State  University, 

Columbus,  OH
MARK  KORTEPETER,  Uniformed  Services University  of  the  Health 

Sciences,  Bethesda,  MD 
DAVID RELMAN,  Professor  of  Immunology  and  Microbiology,  Stanford  

University,  CA 

Health and Medicine Division Staff 

EILEEN CHOFFNES,  Scholar  and  Forum  Director  (until  November 2015)
CARMEN MUNDACA-SHAH,  Forum  Director  (from April  2016)
KATHERINE  McCLURE,  Associate  Program  Officer  (until  July  2015)
V. AYANO OGAWA, Associate Program Officer (from November 2015)

REBEKAH  HUTTON,  Research  Associate  (until  July  2015)

PRIYANKA  NALAMADA,  Senior  Program  Assistant  (until  March  2015)

ELAINE  HYNDS,  Senior  Program  Assistant  (from May  2016)

THU ANH  TRAN,  Senior  Program  Assistant  (from August  2016)

PATRICK  KELLEY,  Director,  Board  on  Global  Health  (until August  2016)
	

The National Academies of Sciences, Engineering, and Medicine’s planning committees are
solely responsible for organizing the workshop, identifying topics, and choosing speakers. The re
sponsibility for the published Proceedings of a Workshop rests with the workshop rapporteurs and
the institution. 

v 

1   





    
   
     

     
     

Reviewers
 

This Proceedings of a  Workshop has been reviewed in draft form by indi
viduals chosen  for  their  diverse  perspectives and  technical  expertise.  The  purpose 
of this independent review is to provide candid and critical comments that  will 
assist the institution  in making its  published Proceedings of a Workshop as sound 
as possible and to ensure that the Proceedings of a  Workshop meets institutional 
standards for  objectivity,  evidence,  and  responsiveness to  the  study  charge.  The 
review comments and  draft  manuscript  remain  confidential  to  protect  the  integrity 
of  the  process.  We  wish  to  thank  the  following  individuals for  their  review of  this 
Proceedings of  a  Workshop: 



Daniel G. Bausch, Tulane University 
Joseph Fair, Fondation Mérieux USA 
David Fitter, Centers for Disease Control and Prevention 
James W. LeDuc, University of Texas Medical Branch
Suzet M. McKinney, Illinois Medical District 

Although  the reviewers listed  above  have  provided  many  constructive  com
ments and suggestions,  they  did  not  see  the  final  draft  of  the  proceedings of  a 
workshop  before  its release.  The  review of  this Proceedings of  a  Workshop  was 
overseen by  Mel Worth. He was responsible for making certain that an indepen
dent examination of this Proceedings of a  Workshop was carried out in accor
dance with institutional procedures and that all review comments were carefully 
considered. Responsibility for the final content of this Proceedings of a Workshop 
rests entirely  with  the  rapporteurs and the  institution. 






vii 





 
 

           
            

              
            

          
       

Acknowledgments 

The Forum on Microbial Threats staff and planning committee deeply ap
preciate the many valuable contributions from individuals who assisted with this
project. First, we offer our profound thanks to all of the presenters and discus 
sants at the workshop who gave so generously of their time and expertise. These
individuals are listed in full in the workshop agenda in Appendix E. We are also
grateful to Carissa Etienne and her staff, including Fredy Aviles, Cesar Guevara,
Bruce Leech, Alex Romero, and Lourdes Withrow, for graciously hosting the
workshop at the Pan American Health Organization’s headquarters building. 

ix 





 

  
          3

        4
	

    
    
    
   
   
 

    
      
   
    
     
     

     
  
 
   

Contents
 

ACRONYMS AND ABBREVIATIONS	 xv
 

1	 INTRODUCTION 1
 
Learning from the Ebola Epidemic in West Africa,
Organization of the Proceedings of the Workshop,

2	 THE OUTBREAK 5
 
Lessons from Previous Ebola Outbreaks, 5

Differences with Previous Ebola Outbreaks, 7

Challenges with Ebola Control,  8

Crisis in West Africa,  9

New Perspectives,  13
	

3 GLOBAL PREPAREDNESS AND RESPONSE EFFORTS 23
 
First Response: Médecins Sans Frontières’ Experience


and Perspective,  23

Other In-Country Response Efforts,  28

The U.S. Public Health Response,  34

Preparedness for an Ebola-Like Disease, 40
	

4	 CURRENT AND FUTURE RESEARCH OPPORTUNITIES 45
 
Transmission, 45

Diagnosis,  50

Containment Care, 53
	

xi 



 

      56

    63

       

  
          

  
     

  
   

   
   
   

xii CONTENTS 

Drug and Vaccine Development,
Seizing Opportunity,
Toward a Global Health Risk Framework, 64
	

APPENDIXES 

A REFERENCES 67
	
B EBOLA: A VIEW FROM THE NATIONAL INSTITUTE OF
	

ALLERGY AND INFECTIOUS DISEASES 73
	
C EBOLA VIRUS DISEASE PREPAREDNESS IN GERMANY:
	

EXPERTISE FOCUSED IN SPECIALIZED LABORATORIES,
COMPETENCE, AND TREATMENT CENTERS 87
	

D STATEMENT OF TASK 105
	
E WORKSHOP AGENDA 107
	
F SPEAKER BIOGRAPHIES 113
	



   Box, Figures, and Table
	

BOX 

1-1 		 Workshop  Objectives,  4
	

FIGURES 

2-1 		 C onfirmed  Ebola  cases in  the  three  most  affected  countries as of  March  1, 

2015,  11
	

3-1 		 MSF’s Ebola  outbreak  response  scheme,  24
	

4-1 		 Development  process for  a  global  health  risk  framework,  66
	

C-1  Fl owchart  for  medical  doctors in  Germany  aiding  in  the  recognition  of 

probable  cases of  EVD, 92


C-2  ( top)  The  German  MedEvac  A  340  Robert  Koch.  (bottom)  Sketch  of  the 

high-level  isolation  unit  onboard  the  German  MedEvac,  98
	

TABLE 

2-1 		 C omparison  of  Previous Ebola  Outbreaks to  the  2014  West  African  Ebola 

Epidemic,  8
	

xiii 





       

      
  

      
   

   
    
    

   

     

 

  
    

Acronyms and Abbreviations 

AFRO World Health Organization Regional Office for Africa 

BARDA Biomedical Advanced Research and Development Authority 
BSL biosafety level 

CDC U.S. Centers for Disease Control and Prevention 
CSM cerebral spinal meningitis 

DART Disaster Assistance Response Team 
DoD U.S. Department of Defense 
DRC Democratic Republic of Congo 

ELISA enzyme-linked immunoabsorbent assay 
EMT  emergency  medical  technician 
EMTALA  Emergency  Medical  Treatment  and  Labor  Act 
EOC   Emergency  Operation  Center 
ETU  Ebola  treatment  unit 
EVD  Ebola  virus disease 

FDA U.S. Food and Drug Administration 

GP glycoprotein 
GSK  GlaxoSmithKline 

HDI human development index 
HEPA high-efficiency particulate air filter 
HIV  human  immunodeficiency  virus 

xv 



 

    

  

   

  
     

 
   

    
  
  

   

    
   

      

   

      

      

      

    
   

   

  

       

     

  

   

xvi ACRONYMS AND ABBREVIATIONS 

HMD Health and Medicine Division 

Ig immunoglobulin 
IHR  International  Health  Regulations 
IOM Institute of Medicine 

MAb monoclonal antibody 
MERS-CoV Middle East respiratory syndrome coronavirus 
MSF Médecins Sans Frontières 
MVA modified vaccine Ankara 

NAM National Academy of Medicine 
NGO nongovernmental organization 
NHP nonhuman primate 
NIAID  National  Institute  of  Allergy  and  Infectious Diseases  
NIH National Institutes of Health 

PAHO Pan American Health Organization 
PCR polymerase chain reaction 
PHEIC public health emergency of international concern 
PPE  personal  protective  equipment 
PUI person under investigation 

qRT-PCR quantitative reverse transcriptase polymerase chain reaction 

RITE rapid isolation and treatment of Ebola 
RKI  Robert  Koch  Institute 
rNAP c2 recombinant nematode anticoagulant protein c2 
RT-LAMP  reverse  transcription  loop-mediated  isothermal  amplification 

SARS severe acute respiratory syndrome 
sGP truncated glycoprotein isoform 
siRNA small interfering RNA 

UN United Nations 
USAID  U.S.  Agency  for  International  Development 
USAMRIID U.S. Army Medical Research Institute of Infectious Diseases 

VIC Viral Hemorrhagic Fever Immunotherapeutic Consortium 
VP  viral  protein 
VSV vesicular stomatitis virus 

WHO World Health Organization 



   

             
        

            
           

         
           

         

      
             

             
      

          
               

            
           

            
   

         
               

 

1
 

Introduction1 

Everybody knows that pestilences have a way of recurring in the world; 
yet  somehow  we  find  it  hard  to  believe  in  ones that  crash  down  on our 
heads from a blue sky. There have been as many plagues as wars in 
history;  yet  always plagues and  wars take  people  equally  by  surprise. 

—Albert Camus, The Plague 

The most recent Ebola epidemic that began in late 2013 alerted the entire
world to the gaps in infectious disease emergency preparedness and response.
The regional outbreak that progressed to a significant public health emergency of
international concern (PHEIC)2 in a matter of months killed 11,310 and infected
more than 28,616 (WHO, 2016a). While this outbreak bears some unique distinc 
tions to past outbreaks, many characteristics remain the same and contributed
to tragic loss of human life and unnecessary expenditure of capital: insufficient
knowledge of the disease, its reservoirs, and its transmission; delayed prevention
efforts and treatment; poor control of the disease in hospital settings; and inad
equate community and international responses (WHO, 2015d).

The Ebola virus outbreak began in late 2013 with the fatal infection of a
young boy in Guinea who might have contracted the virus from a species of bat,
the disease’s putative natural reservoir (WHO, 2015d).3 Retrospective studies 

1    The  planning  committee’s role  was limited  to  planning  the  workshop,  and  the  Proceedings 
of a Workshop was prepared by the rapporteurs as a factual account of what occurred at the 
workshop.  Statements,  recommendations,  and  opinions expressed  are  those  of  individual  presenters 
and  participants and  have  not  been endorsed  or  verified  by  the  National  Academies of  Sciences, 
Engineering,  and  Medicine,  nor  should  they  be  construed  as reflecting  any  group  consensus.

2    PHEIC is defined in the International Health Regulations (2005) as “an extraordinary event,
which is determined, as provided in these regulations: (a) to constitute a public health risk to other
states through the international spread of disease; and (b) to potentially require a coordinated inter
national response. This definition implies a situation that is serious, unusual, or unexpected; carries
implications for public health beyond the affected state’s national border; and may require immediate
international action” (WHO, 2016b).

3 Bausch and many others now favor the term “Ebola virus disease” instead of “Ebola hemorrhagic
fever” to describe the disease caused by the Ebola virus, which in this document is denoted simply
as “Ebola.” 

1
 



  

           
             

          
            

             
           
             

          
    

     
             

               
          

           
           

             
            

 
 

      
         
           

 
            
            

           
            

          
  

          
          

          
            

            
 

            
              

                   
                 

        
                

               
          

    

2 THE EBOLA EPIDEMIC IN WEST AFRICA 

identified the index case of Ebola in West Africa as an 18-month-old boy who
died in late December 2013 in Meliandou—a remote, tiny village in the forested
region of Guinea (WHO, 2015d). By mid-January 2014, several members of the
boy’s family had died of the disease, along with several traditional healers, as
well as health care workers at a nearby hospital in the city of Guéckédou. After
that, members of the boy’s extended family who had attended funerals, or who
took care of ill relatives, also succumbed. Following an alert issued on January
24, a small team of local health officials investigated several deaths in Meliandou,
noting cholera-like symptoms.4 A larger team from Médecins Sans Frontières
(MSF) concurred with these observations a few days later.

On February 1, 2014, an infected member of the boy’s family traveled to the
capital city, Conakry; 4 days later, he died in a hospital there. Over the course of
the month, cases were reported across a widening geographic area. The Guinean
Ministry of Health issued its first alert regarding the mysterious, deadly disease
on March 13, the same day the World Health Organization’s (WHO’s) regional
office mobilized in response to the disease, which they suspected to be Lassa
fever.5 At the same time, MSF, suspecting Ebola, sent teams to Guéckédou that
began arriving on March 18 to investigate the outbreak and care for the sick
(MSF, 2015).

Epidemiological investigation quickly established links among known out 
breaks and identified Guéckédou as the epicenter of transmission for the yet-
unidentified disease (MSF, 2015; WHO, 2015d). On March 22, Ebola-Zaire was
determined to be the causative agent through diagnostic testing performed on
a sample sent to a biosafety level-4 (BSL-4) laboratory in Lyon, France (Baize
et al., 2014). The WHO publicly announced the outbreak the following day, by
which time 49 cases and 29 deaths had been officially reported. Meanwhile, the
virus had spread to Liberia and Sierra Leone, but as in Guinea, early cases in
these countries were not detected, investigated, or formally reported. On March
31, MSF publicly declared the outbreak “unprecedented” owing to its geographic
spread: a conclusion that the WHO initially questioned, and which was widely
dismissed as alarmist (MSF, 2015), but which ultimately was borne out after
chains of transmission multiplied, entered the capital cities of Sierra Leone and
Liberia, and became so numerous they could no longer be traced (WHO, 2015d).

As the ill started to carry the disease into hospital settings, health care work 
ers became infected, which dramatically increased the disease’s distribution:
between April and August 2014, the number of cases jumped from 49 in Guinea
to 3,685 across all of West Africa (Meltzer et al., 2014). By July, the virus had 

4 Cholera, the cause of a major outbreak in West Africa in 2012, is difficult to distinguish from
Ebola in its early stages. The same is true for malaria and for Lassa fever, a viral hemorrhagic fever
of high incidence in West Africa (WHO, 2015d).

5 Lassa fever is an acute zoonotic viral illness endemic in parts of West Africa, including Guinea,
Liberia, Nigeria, and Sierra Leone. More than 100,000 people in West Africa become infected with
the Lassa virus each year and approximately 5,000 die. SOURCE: http://www.cdc.gov/vhf/lassa (ac 
cessed November 3, 2016). 

http://www.cdc.gov/vhf/lassa


 

            
         

           
       

            
           

            
         

           
            

      
         

         
        

         
           

           
              
             

  
     

     

 

         
          

          

    

3 INTRODUCTION 

been imported to Nigeria. However, because of a rapid response that featured
thorough contact tracing and effective isolation of patients, chains of transmis 
sion were quickly extinguished in that country (see subsequent section, “Nigeria
Stops Ebola”). Additional cases were subsequently imported without significant
further transmission to Mali, Senegal, Spain, the United Kingdom, or the United
States (MSF, 2015; WHO, 2015a).6 But once Ebola had managed to cross the
ocean, and the disease “became an international security threat, and no longer
a humanitarian crisis affecting a handful of poor countries in West Africa,” re 
marked MSF international president Joanne Liu, then “finally the world began to
wake up” (MSF, 2015). By February 2015, the WHO estimated that the number
of cases had reached 23,253 (Srivastava, 2015).

Despite the good intentions of governmental and humanitarian aid groups,
weak health systems in West Africa, financial strains, and bureaucratic poli
cies prevented the successful implementation of adequate prevention efforts in
the susceptible areas (Bausch, 2015; WHO, 2015d). This translated to sluggish
responses to the outbreak in these regions. Importantly, although the first case
likely occurred in December 2013, MSF, the WHO’s Regional Office for Africa
(AFRO), and other aid groups in the area did not confirm the identity of the
pathogen until 3 months later, in March 2014 (WHO, 2015d). By that point, the
disease had taken root in West Africa and had outpaced the health care and epi
demiological arsenal available (WHO, 2015d). 

LEARNING FROM THE EBOLA EPIDEMIC IN WEST AFRICA 

Recognizing  the  opportunity  to  learn  from  the  countless lessons of  this epi
demic,  the  Forum  of  Microbial  Threats convened a  workshop  in  Washington,  DC, 
in  March  2015  to  discuss the  challenges to  successful  outbreak  responses at  the 
scientific,  clinical,  and  global  health  levels.  By  the  time  of  the  workshop,  almost 
25,000  cases had  been  reported  and  more  than  10,000  lives claimed  by  Ebola. 
Over  the  course  of  2  days of  presentations and  discussions,  workshop  participants 
explored  the  epidemic  from  multiple  perspectives,  identified important  questions 
about  Ebola  that  remained  unanswered,  and  sought  to  apply  this understanding 
to  the  broad  challenges posed  by  Ebola  and  other  emerging  pathogens,  to  prevent 
the international community from being taken by surprise once again in the face 
of  these  threats. 



Meeting Objectives 

Building on previous outbreak workshops, the forum convened March 24
and 25, 2015, at the Pan American Health Organization headquarters in Wash 
ington, DC, to understand the recent developments in incidence, prevalence, and 

Cases were also later reportedly imported to France, Germany, Italy, the Netherlands, and
Switzerland. 

6   



  

         
 

          
          

        
      

 

     
          

      
      
         

          
         

 
           

          
      

         

                 

 

	 	  
 

	 	

	 	 	 	 	 	 	 	 	 	 	
 

	  
	 	

4 THE EBOLA EPIDEMIC IN WEST AFRICA 

BOX 1-1
 
Workshop Objectives
 

•	 Understand the source(s) of this disease, including the virus itself and its
reservoirs, and the subsequent spread from its epicenter in Guinea to other
countries in West Africa. 

•	 Identify and appreciate factors driving the unprecedented scale of this out-
break, with particular focus on factors impeding individual country responses. 

•	 Discuss the successes and failures of the international community’s response
to the outbreak. 

•	 Consider developments for the treatment against this evolving viral target. 
•	 Call on successful country outbreak responses as a guide to attempt to pre-

vent a future outbreak of this scale. 

intervention strategies used to mitigate the disease in an increasingly intercon
nected world. James Hughes of Emory University mentioned, “We have to con 
tinue to expect the unexpected, and we have to continue to work towards ensuring
sustainable engagement of all the partners, domestically and internationally, that
are needed to really address these root causes.” This Proceedings of a Workshop
summarizes the presentations and discussions that took place over the 2-day
meeting. For meeting objectives, see Box 1-1.7 

ORGANIZATION OF THE PROCEEDINGS OF THE WORKSHOP 

This Proceedings of a Workshop summarizes the presentations and discus 
sions of the Washington, DC, meeting, and consists of the information presented,
questions raised, and improvements recommended by individual workshop par
ticipants. Chapter 2 outlines the trajectory and response to the most recent Ebola
outbreak that occurred in West Africa. It includes lessons learned from previ 
ous outbreaks that could have been applied to this one, the distinction between
this and previous outbreaks, and the challenges in Ebola treatment and control.
Chapter 3 discusses case examples of emergency response and preparedness
around the world. Finally, Chapter 4 delves into the current and future research
opportunities to study the transmission, diagnosis, proper containment of the ill,
and vaccine development. It also discusses the importance of developing a global
health risk framework in case of another Ebola-like disease outbreak. 

7 A full statement of task for the workshop can be found in Appendix D. 
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The Outbreak
 

Ebola virus was identified in 1976 after simultaneous, highly lethal outbreaks
of hemorrhagic fever occurred in northern Zaire (now the Democratic Republic of
Congo [DRC]) and southern Sudan, each caused by a different strain of the virus
(Muyembe-Tamfum et al., 2012). Ninety percent of these Ebola-Zaire cases, and
50 percent of these Ebola-Sudan cases, resulted in death (CDC, 2014). Sporadic
outbreaks of Ebola subsequently arose in Africa, mainly within the Congo and
Nile basins. Three additional strains of Ebola virus, also named for the location
where they were first isolated, have been identified: Taï Forest, Bundibugyo, and
Reston. Ebola-Reston, although first identified among laboratory monkeys in the
United States, apparently originated in the Philippines among a single species of
macaques from one breeding facility (Miranda and Miranda, 2011). Ebola-Reston
is the only known filovirus that apparently does not cause severe disease in hu 
mans. It does kill monkeys, however, and it has been recently recovered from
infected swine in Southeast Asia. 

LESSONS FROM PREVIOUS EBOLA OUTBREAKS 

David Heymann of Public Health England and Jean Jacques Muyembe-
Tamfum of Kinshasa University in the DRC recounted their firsthand experience
with several Ebola outbreaks, including the initial recognized emergence of
Ebola-Zaire. Muyembe, one of the first physicians to arrive at the scene of that
outbreak, was sent by his country’s ministry of health to determine the etiology
of a serious “mysterious disease.” Ebola virus was isolated from blood samples
he collected. Nearly two decades later, this experience was brought to bear when 

5
 



  

          
        

      
         
      

	          
    

	
      

	
 

	
       

	     

 
         

            
         

 
           

         
             
           

                
          

         
            
          

            
  

         
    

	  

	          
  

	          
      

6 THE EBOLA EPIDEMIC IN WEST AFRICA 

Muyembe correctly suspected that Ebola virus was the cause of a major outbreak
of hemorrhagic fever spreading through hospitals in Kikwit, DRC.

Epidemiological observations since gathered from Ebola outbreaks ranging
in size from a few individuals to hundreds of cases inform current understanding
of disease risk, as described by Heymann: 

•	 Ebola virus is transmitted by blood and other bodily fluids and not, ap 
parently, by airborne means. 

•	 Nosocomial transmission that involves health care workers can drive dis
ease throughout entire communities, but such outbreaks can be prevented. 

•	 Community outbreaks end spontaneously as residents learn how to pre
vent transmission. 

•	 Humans can be infected through contact with infected nonhuman pri
mates; bats may play a role in viral transmission. 

•	 The virus emerges periodically through cross-species transmission. 

Both Heymann and Muyembe emphasized that Ebola outbreaks can be
stopped. Indeed, Muyembe observed, all seven Ebola outbreaks that have oc 
curred in the DRC have been geographically confined—and in the two instances
where infected people reached the capital city, Kinshasa, few secondary infec 
tions occurred. 

“When Ebola virus is introduced in the villages, most of the time the out 
break will stop spontaneously,” Muyembe observed. “For example,” he contin 
ued, “in 1976 in Yambuku, 55 villages were affected, and in Kikwit 25 villages
were affected. Most of these villages reported only less than 10 affected patients.
So we think that the village will stop the propagation of the virus.” On the other
hand, he noted, “When the virus is introduced in the hospital, there is amplifi 
cation. The chain of transmission is very long.” This is because, as Heymann
pointed out, the initial symptoms of Ebola are relatively mild, and common to
several febrile diseases. Thus, early-stage Ebola is difficult to recognize, putting
health workers who care for these patients at risk of infection and igniting chains
of transmission. 

Nevertheless, all Ebola outbreaks can be contained by applying the following
basic principles, according to Heymann: 

•	 Patient identification, isolation and protection of health workers, and
infection control. 

•	 Surveillance and contact tracing, as well as fever surveillance with rapid
diagnosis and isolation. 

•	 Community understanding with safe patient and body transport systems,
safe burial, and household and environmental decontamination. 



 

            
             

  

          
              

           
            
           

           
         

   
          

 
             

             

         
      

 
 
 
 

   
           

         

7 THE OUTBREAK 

“Those are the strategies that stopped the Kikwit outbreak, and those are the
strategies that continue today to be the most effective in dealing with Ebola,” he
stated. 

DIFFERENCES WITH PREVIOUS EBOLA OUTBREAKS 

Daniel Bausch of Tulane University noted that countries in which outbreaks
comprising at least 20 cases of Marburg or Ebola have occurred not only in some
of the world’s weakest health systems but in areas that are also plagued by ongo
ing civil unrest (Bausch and Schwarz, 2014). While this is equally true in Central
and West Africa, decades of experience with Ebola have taught Central Africans
to suspect it when “mysterious” outbreaks occur, and they have allowed the
establishment of capacity and procedures for its early identification and control.
By comparison, West African countries, lacking experience with Ebola outbreaks,
were poorly prepared for its emergence at every level (WHO, 2015d).

This contrast was apparent in a comparison Muyembe made between the
West African epidemic and an unrelated Ebola outbreak that began in July 2014
in an isolated village in the DRC (Maganga et al., 2014). The previously de 
scribed community approach and basic infection control measures were imple
mented quickly, and the outbreak—which claimed dozens of lives, as compared
with thousands in West Africa—was extinguished by November.

Bausch broadened this comparison to highlight multiple differences between
the West African Ebola epidemic and all previous outbreaks (see Table 2-1). Some
of these characteristics convey the magnitude of the West African crisis (e.g., case
numbers, duration, cost); some identify contributing factors (e.g., exported cases,
involvement of urban areas, community resistance); and, some—such as the num
ber of organizations involved in the response—may reflect both cause and effect,
since lack of coordination between agencies proved problematic, he observed.

Focusing  on  factors that  inflamed  the  Ebola  epidemic,  Bausch  emphasized 
the connectedness of the affected populations across the borders of their three 
countries.  The  prefecture  of  Guéckédou—site  of  the  initial  outbreak—borders 
both  Liberia  and  Sierra  Leone,  and  its people  tend  to  affiliate  more  according  to 
regional  ethnic  groups than  by  nationality,  he  reported.  A  family  in  this region 
might  live  in  Guinea,  but  have  their  children  cross the  border  to  go  to  school  in 
Liberia.  Furthermore,  traveling  long  distances is not  unusual.  Bausch  described 
how buses and  taxis from  faraway villages make  the  long  journey  to  regions’ 
capitals—cities of  thousands of  people  like  Guéckédou—every  day,  and  vice  
versa.  

West  Africa  in  general  is characterized  by  exceptional  population  mobility 
across porous borders,  driven  to  a  large  extent  by  poverty  (WHO,  2015d).  These 
circumstances presented a major—and largely novel—challenge to containing 
Ebola,  Bausch  observed.  Population  mobility  impeded  the  tracing  of  border-
crossing  contacts while  encouraging  the  growth  of  a  smoldering  epidemic—one  



  

                
                  

 
             

             
                 

             

  

        
              

         
           

    
        

          
       

       
          

           

         
  

  
   

     
 

   

  

   

   

  

  

    
  

 

     
  

 

       

     

8 THE EBOLA EPIDEMIC IN WEST AFRICA 

TABLE 2-1 Comparison of Previous Ebola Outbreaks to the 2014 West
African Ebola Epidemic 
Aspect Previous Outbreaks West Africa 2014–2015 
Number of cases Typically 100–200 ~25,000 

Number of responding countries,
per outbreak 

Usually 1 3 (plus ~25 imported) 

Duration 2–4 months > 1 year 

Exported cases outside area Extremely rare Frequent 

Community cooperation Occasional resistance Frequent resistance 

Organizations responding, per outbreak 5–10 > 100 

Urban areas Spared Heavily involved 

Number of Ebola treatment 
units employed, per outbreak 

Typically 1–2 > 50 

Number of diagnostic labs involved in
response, per outbreak 

Typically 1–2 > 50 

Cost of response, per outbreak < $5 million Nearing $1 billion 

SOURCE: Bausch presentation, March 24, 2015. 

that has been compared to a forest fire. “You can’t put out 98 percent of it. You
have to get it all, and if you don’t get it all, then it risks coming back,” he said.

“We had capacity to meet this challenge in the ways that we usually do with
a 2- to 4-month outbreak,” Bausch continued. “None of us could have really ever
anticipated something this large, including myself. . . . I think if you’d asked
[filovirus experts] . . . a year and a half ago ‘Are we going to have 25,000 cases
of Ebola in West Africa?,’ most of us would have not said that was a likelihood.” 

CHALLENGES WITH EBOLA CONTROL 

Muyembe discussed several significant challenges that have arisen during
efforts to control Ebola in Central Africa over the past 20 years. Most of these
outbreaks occurred in remote locations; thus, logistics were difficult to organize,
from transporting responders to the site, to conducting field activities, to pursuing
contact follow-up, he noted.

Once on site, medical teams encountered profound sociocultural barriers to
disease control, such as resistance to adopting protective burial practices. Such
problems were addressed through community engagement and social mobili
zation, incorporating mass gatherings and messages delivered by posting and
radio, Muyembe said—and also by adapting disease control practices to make
them more acceptable to local people. For example, after burial protocols used 



 

         
         

        
           

 
         

          
         

        
   

      

         
 

   
          

           
      

           
 

         
 

          
         

         

      
  

               
            
      

          
        

          
       

     

          
        

9 THE OUTBREAK 

in Kikwit were rejected, new routines that safely involved family members were
instituted by responders to a subsequent outbreak in Isiro, DRC.

Another challenge was providing adequate isolation wards. Often these fa
cilities were distant from patients’ homes and families, at the very least decrepit
and sometimes lacking electricity and running water—not places anyone would
go willingly, Muyembe observed. His team has worked to improve these circum 
stances, and thereby, adherence with isolation practices. They now also organize
visits by members of the community to Ebola treatment centers to dispel the
notion that they are merely “places for dying.” Furthermore, Ebola survivors—
whose possessions have been lost to decontamination—are now compensated
with mattresses, money, and other necessities.

Public communications have also been improved with experience, Muyembe 
said. Contradictory messages used in early Marburg and Ebola outbreaks that
simultaneously advised treatment for people with symptoms while warning that
there was no cure for these diseases have been replaced with messages promot
ing safe behavior.

In response to these challenges, the DRC has implemented a community
approach to Ebola control, encompassing all levels of public health, from the af 
fected villages to a coordinating committee at the national level. “The community 
approach . . . [promotes] early community engagement and early ownership for
implementing Ebola prevention and control measures,” Muyembe said. Its objec 
tives include sensitization of community members to the importance of disease
control, prevention and management of community resistance, dialogue and
negotiation with members of affected families and the community at large, and
promotion of Ebola survivors’ reintegration in their communities. “You cannot
organize the fight against Ebola without the community,” he insisted. 

CRISIS IN WEST AFRICA 

Unfortunately, many lessons learned from nearly four decades of Ebola out
breaks in Central Africa did not inform the response when the virus emerged in
Guinea in 2013. As noted in a recent report from the WHO, Ebola in West Africa
was “an old disease in a new context that favored rapid and initially invisible
spread” (WHO, 2015d). Workshop participants discussed numerous factors that
fueled the West African Ebola epidemic and which factors distinguished this
episode from past outbreaks. Workshop participants also examined knowledge
gained from this latest and most devastating encounter with the virus, and con 
sidered how to apply it in the future. 

The Response: Too Little, Too Late 

The international response to the West African Ebola epidemic has been
widely characterized as slow, weak, and disorganized (Gostin and Friedman, 



  

          
            

       
        

            
          

      
       

        
          

           
             

            
         

           
        

          
            

         
         
           

          
 

              
         

      
           

           
 

                  
          

          
               
        

 
                  

                  
              
             

     
            

                  
      

10 THE EBOLA EPIDEMIC IN WEST AFRICA 

2014; MSF, 2015; Nature, 2014; Presidential Commission for the Study of Bio 
ethical Issues, 2015). In the United States, the Presidential Commission for the
Study of Bioethical Issues (2015) noted that this is nothing new: 

As has been observed throughout history, the beginnings of major epidemics
can be slow and confusing and are often only recognized in retrospect. Vital 
epidemiological and clinical information about Ebola and the western African
epidemic was incomplete and rapidly changing. Weaknesses in global and local
public health governance and infrastructure also slowed action. 

This epidemic comprised many distinct outbreaks, with patterns of cases
exhibiting wide variation among the three most affected countries, observed
Bausch (see Figure 2-1). “The transmission dynamics are different in each area,
and they may be different in each village,” he pointed out. As soon became ap 
parent, he added, a “one-size-fits-all” approach could not be expected to control
disease across these diverse contexts. Sadly, it took several precious months for
the international community to recognize that the “traditional, core Ebola control
package” could not contain Ebola under these circumstances (WHO, 2015a).

On August 8, 2014, the World Health Organization (WHO) declared the
epidemic to be a public health emergency of international concern (PHEIC) as
defined by the International Health Regulations (IHR);1 however, this did little
to mobilize much-needed resources (Gostin and Friedman, 2014). In response
to a plea from the Médecins Sans Frontières (MSF) for military support of its
operations, U.S. President Barack Obama pledged nearly 3,000 troops to build
Ebola treatment centers in Liberia on September 16 (Gostin and Friedman, 2014).
By the time the first treatment center opened, the number of cases in Liberia had
fallen drastically, in part through efforts by community members to educate oth 
ers about basic disease control measures (Onishi, 2015).2 

“This is a very emotional time for me,” admitted Oyewale Tomori of the
Nigerian Academy of Science. West Africa, on the eve of Ebola, was “swimming
in this ocean of national apathy, denial, and unpreparedness,” he recalled. That, he 

1 The most recent iteration of the IHR, implemented in June 2007, is a legally binding agreement
among its 196 member nation signatories (known as “states parties”) establishing a framework for
coordinating and managing threats to international public health. Most participating countries were
unable to meet core surveillance and response requirements by 2012 and were granted at least one
2-year extension to this deadline. SOURCE: http://www.who.int/ihr/about/en (accessed November
3, 2016).

2 On May 9, 2015, the WHO announced the official end of the Liberian outbreak. Meanwhile, the
epidemic continued to smolder in Sierra Leone and Guinea. By early June, with the onset of the rainy
season likely to complicate field operations, the WHO reported that Ebola activity had become more
intense and widespread in both countries after reaching a 10-month low in mid-May (WHO, 2015b).
As Bausch had predicted at the workshop, in late March, “getting to zero” has proved difficult in these 
countries, where previously fragile health systems and other public services have collapsed under the
strain of the epidemic. Thus, he observed, the task of recovering from Ebola in West Africa may be
even more daunting than extinguishing the epidemic. 

http://www.who.int/ihr/about/en


 

         
           

    

 

         
         

               
            

          
           

          
 

           
        

        
            

             
               

          
  

      

11 THE OUTBREAK 

FIGURE 2-1 Confirmed Ebola cases in the three most affected countries as of March
	
1, 2015.

SOURCE: Bausch presentation, March 24, 2015.
	

insisted, is why the disease became a humanitarian crisis (Kupferschmidt, 2014),
and he proceeded to describe both the causes and the consequences of regional
helplessness to avert public health disaster. 

Nigeria Stops Ebola 

Nigeria was one of several countries that reported Ebola cases during the
epidemic, but there, chains of transmission were quickly extinguished (Fasina
et al., 2014). Of the 20 Nigerian cases, more than half of them were health care
workers; 8 patients died, of whom 5 were health care workers. Several factors
contributed to the swift control of the Nigerian outbreak, according to Tomori: the
early detection of the index case (a traveler returning from Liberia who developed
symptoms during his flight, and who collapsed upon arrival at Lagos airport); the
fact that—likely owing to a strike by public hospital workers—he was admitted
to a smaller private hospital; and, subsequent intense contact tracing efforts that
resulted in the monitoring of nearly 900 people.

Tomori attributed the success of this contact tracing effort to community
involvement. “We must have looked at over 8,000 people we had to contact ag 
gressively, but then it was done by the local government people who were living
with the people, and therefore when they see them come into their place it is 



  

         
            

     
            

        
           

           

        
            

             
        

 

 
          
            

           
        

         
           
            

             
 

              
           

               
              

 

    
  

 
            

 

            
             

       
          

           
 

   

12 THE EBOLA EPIDEMIC IN WEST AFRICA 

nothing new to them,” he explained. This illustrates the importance of educating
and involving local people to respond to public health crises, he noted.

Elsewhere, Ebola continued to kill and to affront the living, Tomori observed.
“Sorrow, pain, and agony are the traveling companions of Ebola,” he said. The
disease “pitches the government against the governed,” he continued, describ 
ing conflicts between ill people and their families who had blocked the gates of
treatment centers and the roads leading to them, and soldiers sent to move them
on. The epidemic orphaned many children, destroyed economies, and over
whelmed—then gutted—health infrastructure in the affected countries. When
basic health care collapses, he added, “other things come in their place. There’s
fear, there’s denial . . . what people call irrational behavior—but you need to
understand where they are coming from,” he insisted. 

Owning the Problem 

Many have focused on the role of human behavior in allowing Ebola to grow
to disastrous proportions in West Africa, Tomori observed, but in focusing on
the root causes of the epidemic, he placed emphasis on a different set of circum 
stances, actions, and ideas—all of which contribute to what he characterized as
a high dependency in Africa on external aid.

Tomori introduced his argument with three illustrative stories. When Ebola
came to Kikwit in 1995, he recounted, an international team responded, and
within 4 weeks, cleared the epidemic—then they left, taking with them the skills
and capacity to control the next outbreak. The following year, the U.S. Agency
for International Development (USAID) and the U.S. Centers for Disease Control
and Prevention (CDC) provided aid to West Africa to help control an outbreak of
cerebral spinal meningitis (CSM).3 “They also left,” he remarked, “and then we
closed the door, and we lost the key.” However, he observed, in 2014 there was
a “glimmer of hope” in the response to Ebola outbreaks in the DRC and Nigeria:
these outbreaks were extinguished through a combination of existing national 

3 Cerebral spinal meningitis (CSM) is “most often caused by the bacteria Neisseria meningitides,
which infects the meninges, the thin covering of the brain and spinal cord. Symptoms of the disease
include stiff neck, high fever, rash, headache, vomiting, and confusion. Even with rapid diagnosis,
5–10 percent of patients typically die within 24–48 hours of symptom onset. Although sometimes
fatal, CSM is most often treatable with antibiotics administered upon hospital admission. A preven 
tive vaccine is available, and it is routinely recommended for adolescents 11–18 years of age. How 
ever, in the African Meningitis Belt, routine immunization is not practical, as the vaccine typically
protects for only 3–5 years. Even with large-scale coverage, vaccination efforts in this part of the
world would not provide sufficient herd immunity to protect the population at large. Therefore, con
trol measures used during epidemics, in places such as Nigeria, include enhanced epidemiological
surveillance, prompt case management, and mass vaccinations in areas involved in an outbreak.”
SOURCE: http://www.healthmap.org/site/diseasedaily/article/cerebral-spinal-meningitis-csm-
spreads-nigeria-32609 (accessed November 3, 2016). 

http://www.healthmap.org/site/diseasedaily/article/cerebral-spinal-meningitis-csm-spreads-nigeria-32609
http://www.healthmap.org/site/diseasedaily/article/cerebral-spinal-meningitis-csm-spreads-nigeria-32609


 

         
  

          
      

 
         

          
       

             
        

           
            

            
          

      
       

      
        

            
              

              
           

 

             
         

      
        

13 THE OUTBREAK 

capacity to control disease transmission, and “appropriate external assistance,”
he observed. 

By accepting external aid to cope with infectious disease outbreaks and other
health crises, Africa has perpetuated a cycle of dependence, Tomori continued.
Such support often benefits the giver more than the receiver, he said; for example, 
pathogen outbreaks offer foreign experts and health agencies opportunities for
both scientific and operational research—of which many workshop participants
acknowledged having taken advantage. At the worst, these so-called partnerships
leave scientists in resource-poor countries permanently dependent on outsiders,
“reduced to mere sample collectors,” he said, and unable to use the experience
to control the next outbreak on their own. 

To  reverse  this cycle,  Tomori  declared,  “Each  African  country  must  commit 
its resources to ensuring appropriate surveillance for emerging and reemerging 
pathogens.  Meanwhile,  developed  countries should  ease  off  on  their  dominance 
and  control  of  the  processes of  global  disease  surveillance.  Only  then  can  de
veloping  countries truly  ‘own’  these  processes,”  he  concluded.  The  essentials 
of  Ebola  control—as previously  described  by  Heymann  and  others—are  well 
known  to  Africans,  as well  as to  the  rest  of  the  world,  he  observed;  there  is no 
good  reason  why  Africans cannot  implement  these  measures.  Worse,  he  added, 
Africa  has not  only  become  powerless in  the  face  of  health  crises,  “It  has become 
confused,  disoriented,  and  totally  helpless,  resorting  to  international  assistance, 
begging  for  everything  including  gloves.”



Unless this situation changes, it will not be long until Africa again calls
for assistance, Tomori predicted. “Ebola or some other disease will continue to
destroy the very foundations of our socioeconomic structure and orderly develop
ment, as it is currently doing in Guinea, Liberia, and Sierra Leone,” he warned.
Using considerably more colorful language, Tomori expressed that Ebola had
knocked Africa down, but it was not defeated. However, he continued, if the pres
ent predicts the future, it is grim: replete with scandal, disease, income inequality,
corruption, denial, and inevitably, humanitarian disaster.

“Ebola is Africa’s problem,” Tomori concluded. “The solution must come
from Brazzaville, not from Geneva, not from Washington. You may assist, but
we must own our problem, and we must seek solutions to it,” he explained. “Out
of the debris around me, hope springs from each of you that is here for the work
you have done,” he said. “There is hope for an African Renaissance.” 

NEW PERSPECTIVES 

The effort to control Ebola on a vastly larger scale than previously imagined
has raised significant questions and afforded valuable insights on the disease and
its treatment, as well as its epidemiology. The topics introduced below are ex 
plored in detail in subsequent accounts of workshop presentations and discussion. 



  

 

 
        

        
         

    

 

  

        
        

            
              

            
 

   
     

  

           
            

        
          

       
         
             

 
         

             

14 THE EBOLA EPIDEMIC IN WEST AFRICA 

Clinical Considerations 

Although  Ebola  is classically  termed  a  hemorrhagic  fever,  the  many  case 
descriptions resulting from the  West  African epidemic suggest that bleeding is 
not  a  major  component  of  the  disease,  Bausch  stated.  Instead,  volume  loss and 
electrolyte  imbalance  appear  to  be  the  most  clinically  significant  characteristics 
of  the  disease.  Efforts are  currently  under  way  to  characterize  these  observa
tions through  systematic  data  collection,  he  said;  the  fact  that  case  fatality  rates 
for  Ebola  patients evacuated  to  medical  centers in  wealthy  countries were  sig
nificantly  lower  than  for  those  treated  in  Africa  offers hope  that  more  intensive 
medical  care  can  lower  case  fatality.





Best practices for fluid and electrolyte support, the use of antidiarrheal
agents, and antibiotic prophylaxis remain to be resolved, Bausch noted. Ad 
ditional approaches under study include blood products and immune therapy,
convalescent serum, convalescent blood, and antiviral agents. Ongoing clinical
research on these treatments is discussed below. 

Public Health Challenges 

Nosocomial Transmission 

While previous Ebola outbreaks in Central Africa revealed the significant
risks of nosocomial transmission, the West African epidemic was tragically no
table for the number of health care workers who became infected: more than 
850, of whom nearly 500 died, accounting for 3.4 percent of all reported cases,
according to Bausch.4 In West Africa, the lack of access to personal protective
equipment (PPE) or its appropriate use contributed to the high transmission
among health care workers as described by Heymann and Sylvain Aldighieri of
the Pan American Health Organization. 

Community Resistance 

Efforts to control Ebola in West Africa have frequently been thwarted by
community resistance by a number of means, including the murder of health
care workers (WHO, 2015d). Attempts to explain significantly higher levels of
community resistance to Ebola control efforts in West Africa, as compared with
Central Africa, have focused on traditional belief systems, low population literacy
rates, and shortcomings in outbreak response (WHO, 2015d). Perhaps it is even
more true in West Africa than in the DRC that, as Muyembe observed, Ebola
cannot be conquered without community support. One year into the West African
epidemic, the WHO identified community engagement as “the one factor that 

4 As of February 17, 2015, according to the WHO (Bausch presentation, March 24, 2015). 



 

            
        

         

           
        

   
 

    

   

 
      

         
            

 
 

         
           

        
         

             
           

 

         
           

             
             

            
  

              
        

15 THE OUTBREAK 

underlies the success of all other control measures . . . the linchpin for successful
control” (WHO, 2015d). The WHO report goes on to note: 

Contact tracing, early reporting of symptoms, adherence to recommended pro 
tective measures, and safe burials are critically dependent on a cooperative com
munity. Having sufficient facilities and staff in place is not enough. In several
areas, communities continued to hide patients in homes and bury bodies secretly
even when sufficient treatment beds and burial teams were available. Experience
also showed that quarantines will be violated or dissolve into violence if affected
communities are given no incentives to comply. 

Impact on Other Infectious Diseases 

The West African epidemic interrupted important ongoing public health
activities, including immunization initiatives against several vaccine-preventable
diseases (ECDC, 2015a; Edelstein et al., 2015). Catch-up vaccination campaigns
can be organized against such diseases as measles and polio, but they will not be
effective unless public trust in health care systems is restored in these vulnerable
countries. 

Conversely, Heymann pointed out, if hospital infection control is improved
overall in response to the threat of Ebola, outbreaks of other infectious diseases
are less likely. “While we are looking at complex interventions—drugs, medi
cines, vaccines, all these different interventions—we’re again neglecting the ba 
sics, which are good infection control in hospitals; we’ve seen it stop outbreaks
in the past, and it will stop them in the future,” he argued.

In the future, support for ongoing infectious disease control measures should 
be incorporated into planning for  public  health  crises such as emerging  disease 
outbreaks,  suggested  Jeffrey  Duchin  of  the  Seattle  and  King  County  Department 
of  Public  Health.  Bausch  noted  that  such  crises could  even  be  viewed  as oppor
tunities to  expand  capacity  for  the  detection  of  infectious diseases.  Dozens of 
West  African  laboratories have  responded  to  Ebola,  he  reported;  they  could  also 
contribute  to  improved  diagnosis of  infections such  as malaria  and  typhoid  fever.  



Care for Survivors 

Increased attention has also been directed at survivors of Ebola. Again, sys 
tematic data collection and analysis are needed to better understand the sequelae
of the infection and how to address them. At the time of the workshop, Ebola
virus has been shown to persist in the semen of survivors for at least 3 months,
Bausch noted, so it is important to explore the potential for its ongoing sexual
transmission.5 Bausch continued: 

5 Recent virus persistence studies have demonstrated that Ebola virus can be identified in semen
290 days after symptom onset (Uyeki et al., 2016). 



  

          
           

  

         
             

       
  

        
             

   

 

          
        

        
        

       

  

          
             

          
         

 
     

 
     

16 THE EBOLA EPIDEMIC IN WEST AFRICA 

We have never actually had a well-documented case of sexual transmission of 
Ebola,  but  now we  are  getting  some  anecdotal  reports of  it,  and  that’s a  big  is
sue,  even  if  we  think  this happens relatively  rarely.  If  you  have  12,000  survivors 
and  half  of  them  are  men,  what  do  you  do?  When  can  you  say  an  outbreak  is 
over?  Even  if  we  haven’t  had  transmission  lately,  if  we  still  have  6,000  people 
out there who might still be carrying virus [they] could reintroduce it simply by 
having  unprotected  sex  with  their  partners. 



The WHO recommends that all survivors of Ebola abstain from all sex acts 
for at least 3 months after symptom onset, with condom use as a second-best
option (WHO, 2015e).6 

Ebola  virus may  also  persist  in  the  chambers of  the  eye,  Bausch  reported; 
preliminary  data  reveals that  vision problems are  common  in  survivors of  infec
tion.  Many  also  suffer  from  general  arthralgia.  People  do  not  necessarily  “bounce 
back”  from  Ebola,  he  observed. 



Mental health issues are significant for survivors of Ebola, Bausch added.
These include dealing with the stigma of having had the disease, as well as
posttraumatic stress disorder and depression, which affect both survivors and
uninfected people who lost loved ones to Ebola. He noted that the WHO’s Ebola
Survivor Network was established to provide resources to care for survivors’
many needs, and, secondarily, to collect data that will inform research and future 
care. 

Potential Directions for Research 

Animal Reservoir(s) 

While nonhuman primates are susceptible to Ebola and have been confirmed
as sources of human infections, the role of bats in Ebola virus transmission—
although suspected since the 1976 Sudan outbreak—has yet to be resolved,
Heymann noted. The apparently increasing frequency of Ebola outbreaks prob 
ably results from more sensitive outbreak detection, Bausch stated. 

Clinical Research 

As the West African epidemic unfolded, Heymann composed a “wish list”
of research questions to be addressed in order to improve future clinical care for
Ebola in such areas as maintaining electrolyte balance; the use of convalescent
plasma for prophylaxis, as well as for treatment; point-of-care diagnostic testing;
antiviral drug treatment; and the use of vaccines for outbreak control and disease
prevention in health care workers. 

Updated WHO guidelines are available at http://www.who.int/reproductivehealth/topics/rtis/
ebola-virus-semen/en (accessed November 3, 2016). 

6   

http://www.who.int/reproductivehealth/topics/rtis/ebola-virus-semen/en
http://www.who.int/reproductivehealth/topics/rtis/ebola-virus-semen/en


 

 
 

          
                
             

           
          

             
              

 
           

            
         

          
  

   

   
             

             
          

 
      

   

 
  

          
 

            
 

        
           

         
         

   
       

      
            

    

17 THE OUTBREAK 

Heymann focused on studies of the feasibility and effectiveness of collecting
and using convalescent plasma and serum that currently are being undertaken
based on clinical trials conducted during the West African epidemic. “This has
been a long time in coming, mainly because it has been felt that it could not be
done safely in African countries, [and] that the equipment could not be brought
in,” he said. However, he noted, plasma was collected from volunteer survivors
in the months after the 1976 Zaire outbreak and stored as a source of conva 
lescent plasma for future outbreaks. It was no longer viable in 1995, when the
next outbreak occurred in Kikwit, but previously it had been used in the United
Kingdom to treat an infected laboratory worker, who also received interferon and
fluid therapy, and who recovered from Ebola. A few Kikwit patients were instead
transfused with convalescent blood; all but one survived the disease (Mupapa et
al., 1999). If recent analyses demonstrate the effectiveness of convalescent blood
interventions, Heymann said, they could be highly sustainable and maintained
by African scientists. 

Looking Backward, Moving Forward 

Days after the 1-year anniversary of the announcement of the West African
Ebola epidemic, and with its end plausibly in sight, Keiji Fukuda of the WHO
observed that the global public health community had entered into “a period of
very intense assessment and questioning.” Now is the time to understand this
event in detail, determine what can be done to prevent its recurrence, and consider
how to achieve that goal, he stated. 

Role of the IHR 

Stepping back from the previously discussed factors that contributed to the
unprecedented geographic spread, scale, and burden of Ebola in West Africa, both
Fukuda and Heymann emphasized the importance of implementing sound global
strategy to address threats to international health, as set forth in the IHR. The aims
of the IHR are twofold, Fukuda explained: to strengthen each country’s prepared
ness and capacity to quickly address public health threats, and to provide a legal
framework for the coordination of regional and global responses to incidents
of international concern. This provides a broad structure for applying effective
public health measures, for collecting and analyzing scientific evidence, and for
ensuring equal access and treatment for all people and countries.

Responses to global health threats involve a spectrum of entities, including
countries, subnational units, communities, the WHO, and other nongovernmental
organizations. Among these, countries are central, because sovereignty resides
and responsibilities accrue at the national level, Fukuda observed. “In many ways
countries remain the first-line responders, and in the ideal situation, they are the
main responders,” he said. 



  

            
         

          
          

           
 

        
           

          
                 

         
 

            
          

           
           

           
  
           

       
         

            
          
    

  

      
       

        
          
           

         
          

       
         

          
          

        
   

      
              

18 THE EBOLA EPIDEMIC IN WEST AFRICA 

Over the past 5 years, the IHR has largely succeeded in preventing and con 
taining threats to public health, including pandemic infections, Fukuda stated.
However, he added, significant challenges to implementing the IHR have also
arisen: capacity building has proven more difficult than anticipated, even for
wealthy countries; lack of enforcement powers compromises compliance; infor
mation sharing and equity of access to crucial technology and training remain
far from complete; and the global community has faltered when facing complex
situations requiring a scaled-up response, as exemplified in West Africa.

“Despite a level of response, which I think was quite vigorous and really in
most instances would be enough to address even a complicated Ebola outbreak,
the net result is that we ended up in a situation where we had a very large event,”
Fukuda recalled—one that required the coordination of resources beyond the af 
fected nations and region, including those of the United Nations and other organi
zations and countries. “Moving at a real-time speed to do these things when you
have very complex situations is difficult,” he observed. To avoid similar delays
in addressing future disease threats, he proposed that standing outbreak response
teams and funds for their swift deployment be created, but only as an emergency
measure to support the primary goal of strengthening each country’s ability to
contain infectious outbreaks. 

The overall strategy expressed in the IHR is sound, Fukuda insisted. The
WHO and its organizational partners can facilitate access to funding, expertise,
technology, materials, and other necessities for dealing with complex outbreaks,
he said. “But it is equally clear that only countries can bring law, sovereignty,
legitimacy, and then long-term sustainability to responding to these kinds of
events, and this is critical to understand.” 

Filling Information Gaps 

Workshop participants discussed the consequences of gaps in surveillance
and diagnostics, as well as in information sharing through interprocess com
munication, hospital information systems, and laboratory information systems,
during the West African epidemic. They then considered potential strategies to
remedy these deficiencies. Jennifer Gardy of the University of British Columbia
asked whether such nontraditional citizen-based or digital surveillance methods
might be useful where national borders are porous, as in the communities where
the West African epidemic began. Fukuda agreed that such approaches are worthy
of investigation, especially since they make disease surveillance a community
activity (although, he added, formal health departments would still need to over
see such investigations and analyze their results). Heymann noted that better
point-of-care “dipstick” diagnostics would further enable disease detection at
the community level.

Many innovative, community-level surveillance strategies are currently be 
ing touted in response to the Ebola epidemic, noted Julie Pavlin of the Armed 



 

      
           

          
           

           
                
            

             
              

    
        

          
          

          
          

            
             

        
           

         
              

              
          

 
   

              
   

          
          

            
               

 
           

        
            

        
 

            
           

19 THE OUTBREAK 

Forces Health Surveillance Center. Even if some might permit the early detection
of Ebola, she asked, are they sustainable in places where outbreaks are likely to
originate?

All of the affected countries were recently torn by conflict, Muyembe re 
minded participants; their health systems are in shambles, and the only funding
they have received is earmarked to combat Ebola. Once the disease is controlled,
he warned, “I think they will come back to the old situation: I mean no water,
no disinfectant, no PPE.” That is what happened after the Kikwit outbreak, he
recalled. “During the outbreak we had everything: we had PPE, we had gloves,”
he said. “After the outbreaks, no PPE, no gloves in the hospital. No water, no
electricity. So it is a big problem.”

Mark Kortepeter from the Uniformed Services University of the Health Sci
ences noted the importance of keeping and sharing medical records to improving
clinical care, as well as the dearth of such records from previous Ebola outbreaks.
Are electronic medical records being kept in West Africa, he asked?

“There have been various measures addressed to try to move that forward,
and it’s varied, depending upon the particular ward and what they have available
to them,” Bausch answered. For example, the data could be directly entered into
electronic tablets in the wards (although this process might prove unwieldy to
medical staff wearing PPE and working under pressure). In some cases, medical
charts have been photographed with cell phones and those images distributed, he
said; in others, “Someone inside the ward is right next to the fence with someone
outside the ward, and just tells them what is going on with the patient, and they
can record that.” Overall, medical records were kept in appreciable numbers,
establishing a trend that should continue, he concluded. “I think it’s coming, and
of course even though it seems like a relatively trivial thing, it’s hugely important
in order to get some sort of systematic look at this disease and what works and
what doesn’t,” he observed.

In addition to medical records, Heymann noted that considerable genetic
data on the Ebola virus was collected during the West African epidemic. Unfor
tunately, he added, “It has not been shared widely in public databases or in data 
bases where there can be an attempt to see whether or not it is possible, as it is in
polio, to determine origins of cases and various issues.” It will take a major effort
to ensure open sharing of data from Ebola outbreak investigations, he observed;
however, as was demonstrated during the severe acute respiratory syndrome
(SARS) outbreak, such data sharing is both feasible and key to infection control. 

Toward Appropriate Assistance 

In the discussion that followed Tomori’s presentation, several participants
responded to his call for African control of its public health response to cri
ses, and for African leadership in establishing basic public health capacity for
its citizens. Referring to “one of those forgotten reports” on sustaining global 
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surveillance for emerging infectious diseases (IOM and NRC, 2009), Gerald
Keusch of Boston University noted a key conclusion: donor support for such
efforts does not endure. That committee recommended that developing countries
develop  sustainable  support  for  disease  surveillance  and  outbreak  preparedness 
by  taxing  “something  that’s a  repeated  activity.”  Tomori  responded  that  Africans 
would  first  need  to  be  convinced  of  the  value  of  developing  such  public  health 
capacity—but “once that realization comes, we’ll be able to find money for it,” he 
said.  “There  will  be  issues we’ll  regard  as important,  and  we’ll  put  tax  on  things, 
like tobacco,” he explained. “I think it’s something we need to push for many dif
ferent  countries,  but  first  we  need  to  convince  them  that  they  need  surveillance.”



Peter Daszak of the EcoHealth Alliance focused on prospects for greater
African control over aid allocation. Recognizing that disease emergence is pre 
cipitated by rapid development, which frequently encompasses increased agri 
cultural production, deforestation, and land use change, he suggested that when
developing countries accept aid for development, a portion of that aid could be
set aside to address the public health consequences of environmental destruction.
“When we build a road system, shouldn’t we also build a clinic?” he asked.

Africans themselves need to consider the outcomes associated with develop
ment, so when aid is offered, they can define the terms of use, Tomori replied.
At the moment, these terms are defined by governments that do not talk to scien 
tists, he lamented. Educated people in the African region should contribute their
technical expertise to shape these decisions that highly impact the life of their
people, Tomori insisted.

This situation is not being addressed by organizations such as MSF, which
tend to invest in infrastructure, rather than in training local people, Joseph Fair of
the Fondation Mérieux USA observed, and that does not bode well for the next
generation of public health leaders in Africa. They will need more than graduate
and medical degrees, he added, they must also learn how to obtain funding, and
how to be managers. Also, when agencies do invest in infrastructure, they need
simultaneously to invest in local expertise. For example, he asked, “Do we have
a Sierra Leonean facilities engineer to manage a new Sierra Leonean lab?”

Fair also emphasized that the design of such a facility should enable its
ongoing operation. “It may not be so expensive for us to pay for an 80 watt gen 
erator to power a lab, but once we leave here can anyone pay that off a Ministry
of Health budget? No, they cannot,” he remarked. Instead, he insisted, facilities
should be “appropriate and scalable” to their individual locations. 

The Next One 

The IHR specify 13 core public health capacities for addressing public health 
threats,  of  which  9  directly  apply  to  Ebola  preparedness and  response,  noted 
Sylvain  Aldighieri.  However,  the  West  African  Ebola  epidemic  is but  one  of  
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several recent emergencies that highlighted gaps in global public health strategy,
as recently noted by WHO (2015c): 

Gaps in capacity and international support were and continue to be evident in the
responses to all manner of emergencies, from the conflict in Syria, to the drought
in the Horn of Africa, to the typhoon in the Philippines, and in outbreaks includ 
ing those of SARS, Middle East respiratory syndrome coronavirus (MERS-
CoV), influenza A subtype H1N1, and, most recently, Ebola virus in West Africa.
In each case, the response lacked the speed, coordination, clear lines of decision
making and dedicated funding needed to optimize implementation, reduce suf 
fering, and save lives. It is critical that countries, and the intergovernmental
agencies that support them, identify and internalize the lessons learned from
these responses and, in moving forward, adopt an all hazards risk management
and response approach to emergencies. 

“Today’s outbreak of Ebola is not necessarily the big battle that we will fight
tomorrow,” Fukuda emphasized. While most infectious disease outbreaks are
less disruptive than Ebola in West Africa (which he characterized as a regional
event with profound global implications), it is hardly a worst-case scenario. That
position is reserved for pandemic influenza, he argued, because it could directly
impact a large number of countries, including those that typically confront global
health emergencies. The world must prepare to address the full spectrum of epi 
demics, from the many less severe than Ebola to the few that could be far more
devastating, he concluded.

To  meet  this challenge,  a  balance  must  be  struck  between  “just-in-time” 
responses to  acute,  precipitous outbreaks,  and  investments in  basic  public  health 
infrastructure  to  support  disease  prevention,  detection,  and  control  wherever  an 
outbreak might occur—and which are shockingly  lacking throughout much of 
the  developing  world,  as several  participants observed.  Crises precipitate  fund
ing,  but  what  can  be  done  to  increase  support  for  basic  public  health  capacity  to 
mitigate  outbreaks before  they  become  crises?



This challenge was also explained by Heymann who described three pos
sible  scenarios for  dealing  with  infectious outbreaks,  Heymann  noted.  The  first, 
rapid  detection  and  response,  is expensive,  but  attractive  to  funders.  The  second, 
attempting  to  predict  outbreaks before  they  happen,  is not  yet  technically  pos
sible.  The  third  approach,  primary  prevention—and  hospital  infection  control  in 
particular—is the  best  choice  for  Ebola,  he  argued,  because  wildlife-to-human 
emergence  cannot  yet  be  effectively  prevented.  If  an  Ebola  vaccine  is developed, 
it  may  be  effective  to  vaccinate  health  workers in  the  “Ebola  belt”  to  prevent 
them  from  transmitting  the  disease.  “I  think  we  have  a  long  way  to  go  to  shift 
that  paradigm  to  primary  prevention,”  he  acknowledged,  “but  it’s feasible  and 
it’s possible.”





Such long-term, multifactorial investments defy conventional thinking about
funding, Bausch said. His suggestion: focus on labor. “I think we need more Jean
Jacques Muyembes in West Africa,” he argued. There is a need for smart people 



  

            
               

        
         

           
          

              
        

          
            

            
             
          
              

     
          

 
              

             
     

22 THE EBOLA EPIDEMIC IN WEST AFRICA 

who know what to do with the resources available. If there is no investment in 
training the workforce, then the response will be just in time or late and will
mostly come from outside the country, he added.

Investments in public health, like investments in the stock market, are mo 
tivated by self-interest, Fukuda observed. Recognizing that, the case must be
made that “what happens in Africa affects your neighborhood, either directly or
indirectly,” he insisted. The IHR are founded on that principle, he said, but the
world beyond public health remains largely unconvinced of it.

“I am terrified that Ebola is going to evaporate from our collective memo 
ries,” Fukuda continued. “We have seen this over and over again. It doesn’t mat 
ter how bad something stings us. If it stings us for a period of time and it goes
away, then we easily forget about it,” he observed. This, he continued, is why
people view cancer differently than infectious diseases: while on the one hand,
nearly every person has been touched by cancer, Ebola is to most of the world an
event “that happened over there.”

To really make strides against diseases like Ebola, we have to convince
people that there is no “over there” for infectious pathogens in a globalized world,
Fukuda stated. That Ebola left Africa for the first time provided some traction for
that idea, but it remains largely abstract—and so, he predicted, “We are going to
be banging our heads for a while.” 
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Global Preparedness and Response Efforts
	

Chapter 3 presents several case examples of preparedness and response ef
forts at the global, regional, and national levels for the Ebola outbreak in West
Africa. 

FIRST RESPONSE: MÉDECINS SANS FRONTIÈRES’
 
EXPERIENCE AND PERSPECTIVE
 

Armand Sprecher of Médecins Sans Frontières (MSF) described his or
ganization’s response to Ebola in West Africa, which was informed by their
continuous involvement with filovirus diseases since the 1995 Kikwit outbreak. 
While noting that his remarks would be confined to MSF’s experience, he em
phasized that many people, organizations, and countries responded to the recent
epidemic, and he began his presentation to the workshop by acknowledging their
contributions. 

On March 18, 2014—before the outbreak had been declared—a team from
MSF experienced in hemorrhagic fevers arrived in Guéckédou, Guinea, in re 
sponse to an alert from that country’s ministry of health, Sprecher recounted.
Within the next 2 weeks, they were joined by more than 60 additional MSF
staff—a number that grew to more than 1,000 during the first year of the Ebola
epidemic. Over the course of the epidemic, MSF has trained staff from several
organizations and more than 4,000 West African nationals, he said. MSF opened
19 Ebola treatment units (ETUs) in 6 countries with a capacity of more than 700
beds, into which more than 8,000 patients had been admitted at the time of the
workshop; they included more than 5,100 people with confirmed Ebola, of whom
approximately 2,400 have survived the disease. 
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In addition to caring for patients, MSF distributed 70,000 home protection
kits to areas of Monrovia, Liberia, that were hardest hit by Ebola, along with
650,000 antimalarial treatments there and 2.8 million in Freetown, according to
Sprecher. The organization was also involved in clinical trials for several post-
exposure therapeutics.

Sprecher identified and discussed several distinct challenges within the com
plex undertaking of an Ebola outbreak response. To present the problem of trans 
mission control, he referred to the flow chart shown in Figure 3-1, which depicts
MSF’s outbreak intervention scheme. 

The first priority in Ebola outbreak intervention is to contain the virus, 
and  MSF takes a  multipronged  approach  to  this objective.  “In  the  community 
we carry out health promotion campaigns to try to change community infec
tion  behaviors and  interrupt  disease  transmission,  and  in  health  care  facilities 
we reinforce infection control to try and prevent transmission within the health 
structures,”  Sprecher  said.  When  cases are  identified  in  the  community,  team 
members decontaminate households and  the immediate environment and assist  
with  safe  burials. 



FIGURE 3-1 MSF’s Ebola outbreak response scheme.
SOURCE: Sprecher presentation, March 25, 2015. 



 

         
              

                 
                
                

 
  

                
             

            
            

              
            

             
          

 
           

        
        

         
        

           
      

            
    

          
         

         
         

 
           

           
              

         
            

         
             

 

                
  

25 GLOBAL PREPAREDNESS AND RESPONSE EFFORTS 

To find Ebola cases in the community, MSF relies primarily on contact trac 
ing, Sprecher reported. “When you get a list of contacts from a known case, you
go and visit them and try and make it clear to them that it is in their best interest
to be visited every day by the contact tracing team, so that as soon as they fall ill,
if that is going to happen, they can be brought to care to protect their family and
to allow them to receive the best care that we can offer at the time,” he explained.
Unfortunately, Sprecher added, 

What we have to offer isn’t great. It is better than not coming in, but it is not
so evidently in their self-interest that they are terribly enthusiastic. In a setting
where Ebola is stigmatized, people are not really thrilled to have the strange
people come and knock on their door every day because it upsets the neighbors. 

“I think this will change dramatically the day we have a therapeutic of some
sort, because then people will have a significant self-interest in being identified
. . . as soon as they become sick,” Sprecher said. Possible cases are transported to
ETUs for care and for diagnostic testing performed by laboratory partners (such
as the National Institutes of Health [NIH] or the U.S. Centers for Disease Control
and Prevention [CDC]), as described later by Heinz Feldmann of the National
Institute of Allergy and Infectious Diseases’ (NIAID’s) Rocky Mountain Labora
tories in Hamilton, Montana. MSF also provides convalescent care for survivors
and psychosocial support to patients, their families, and their communities.

Some communities enforced their own quarantines on people who were vis 
ited by contact tracers, Sprecher said. While he found this response draconian,
and noted that it predisposed people to escape confinement and, potentially,
spread disease, he also noted that it appeared to have effectively extinguished
many chains of Ebola transmission.

MSF sent “an army of epidemiologists” into the field to find cases, inves
tigate rumors of outbreaks, identify novel transmission behaviors, and assist
with surveillance programs, Sprecher reported. Meanwhile, field anthropolo
gists worked to improve community acceptance of interventions, such as burial
practices, and to promote effective health communications. Among the particular
challenges anthropologists faced was the need to enlist community support for
cremation as the epidemic raged in Liberia and safe traditional burial became
impossible. “We have gotten burials wrong so often, and have incurred the wrath
of the community by burying people the wrong way, that I was horrified when I
heard that this was necessary,” Sprecher recalled. “As it turns out the population
realized also that it was necessary, and they lived with this for a while.”

Another technique MSF employed to enlist community support was to film
activity within ETUs. “Then we take these films out into the community and we
project them to show them what is actually going on so they can see that health
care is in fact being delivered, because the rumors are impressive,” Sprecher said. 
“We have been accused of coming there to spread the disease, not to stop it, of
drawing blood and sending it off to pharmaceutical companies to enrich Western 



  

             
        

 

          
          

 
         
          

             
       

              
    

           
           

                
          
          

            
    

        
        

            
            

 
            
         

             
              

             
       

        
           

        
             

             
           

     
         

             

26 THE EBOLA EPIDEMIC IN WEST AFRICA 

economies, and of stealing organs and selling them on the black market. So we
have to be very transparent in what we do.” 

Coordination and Other Challenges 

The many and diverse aspects of Ebola outbreak response must be coordi 
nated and integrated, Sprecher emphasized. For example, he noted, clinicians
cannot make informed decisions about whom to admit and whom to turn away
without understanding the epidemiology of the outbreak. The “interdependent,
complex machine” required for effective outbreak response requires a lot of
people, whether the outbreak is large or small, he noted. “I would much rather
have an outbreak of 100 patients in one location than an outbreak of 40 patients
in two locations, because you have to do all of these things twice,” he remarked.

As they attempted to keep up with the fast- and wide-spreading West African
epidemic, MSF opened three ETUs in Guinea within the first 2 weeks of their
response, in Guéckédou, Macenta, and Conakry; these were quickly followed by
one in Monrovia, Liberia. “We had to expand and to move about and set up new
operations on a regular basis over the course of this outbreak,” Sprecher stated.
This has been a significant challenge for the organization, which he estimated
had only 40 people on staff with experience of past Ebola outbreaks—and who
were soon stretched thin. 

Distrust for MSF’s operations ran high in Guinean communities, and at
times manifested as physical violence, Sprecher reported. “People have been
killed on outbreak control operations,” he said, referring to the September 2014
murder of eight members of an Ebola team by members of a Guinean village
near the city of Nzérékoré, where the team was distributing information about the
disease. More generally, he argued, Ebola became epidemic in West Africa not
because outbreaks were not controlled in March, but because interventions were
not accepted by communities. “If we had had a month’s earlier notice we would
have been given the opportunity to fail to control the outbreak in February,” he
observed. “Surveillance is important, but it is by itself insufficient . . . getting the
communities onboard is a critical part of any Ebola intervention.”

Personal protective equipment (PPE) simultaneously secured and hindered
those delivering Ebola care, Sprecher noted. PPE standards set by MSF may be
excessive, he said, “but until we actually have better evidence we won’t be able to
scale back.” Meanwhile, health workers can only wear PPE for 40 to 60 minutes
without risking heat stress, he observed; thus, a worker in an ETU is only able
to work under biosafe conditions for 2 to 3 hours per shift, drastically limiting
contact time with the patients.

This problem has caused MSF to rethink and prioritize care delivery to
make it more efficient—a daunting challenge given the scale of the West African 
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epidemic, Sprecher pointed out. In August and September 2014, for example,
when the epidemic was at its peak, MSF was forced to suspend certain interven
tions, including intravenous rehydration, which did not lead to excessive fatality,
he noted. However, this should not be interpreted as a lack of effect of intrave 
nous rehydration, but the recognition that under similar conditions, the benefit
might be modest.

Over nearly two decades of responding to Ebola outbreaks, no MSF staff
member had ever become infected—until the West African epidemic, in which
28 staff members became ill and 14 died, Sprecher said. Other organizations bore
a similarly heavy and unprecedented burden, he observed—and it must certainly
have ripple effects on their entire staff. The epidemic was particularly hard on the
West African resident staff, who worked without respite and were often rejected
by their own communities and sometimes even by their families, he said. “Our
mental health treatment capacity in the field is not only for our patients, it is also
for our staff,” he stated. “We have to keep these people healthy and functional
because we are not out of this yet.” 

Management of the Response 

In closing, Sprecher focused on the coordination and management of out 
break response—a role that physicians are rarely trained to play, he argued. “We
give the management of our outbreak interventions to medical people on the
assumption that the knowledge of the medical factors in play is important,” he
observed, rather than for any skill they might have in coordinating large groups
of people interacting through multiple activities. “Those various services that we
have to deploy in the field to control the outbreak are complex human resources
machines,” he said. “You have to take all of those resources and put them together
into a well-functioning machine.”

“We need coordinators, and we need managers,” he urged. Sprecher 
continued: 

There are wonderful WHO initiatives to develop new drugs, there are programs
and organizations to improve our clinical care, there are people working on
PPE—people have talked about governance changes. All of this is good. But [we
must] realize this kind of intervention requires a skill set that maybe the medical
people who’ve been empowered with this don’t have. 

By acknowledging this gap, and providing the training or selective hiring to
fill it, we might someday be able to look back on the West African epidemic as
the “bad old days,” after which things got better, he concluded. 
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OTHER IN-COUNTRY RESPONSE EFFORTS
 

Joseph Fair reflected on the Ebola epidemic in Sierra Leone, a country where
he has worked for the past decade. He described factors that kindled the spread
of disease, challenges in gaining and maintaining control of transmission chains,
and lessons learned that should be applied immediately to end the epidemic, and
in the future, to prevent another. 

The Outbreak in Context 

Building on Bausch’s description of the region in which the epidemic origi 
nated, where the borders of Guinea, Sierra Leone, and Liberia meet, Fair ob 
served that these divisions were imposed by colonization on long-standing tribal
territories that have far greater influence over routes of travel and trade. He also
noted that the tri-state region is hyperendemic for Lassa fever, which has been the 
subject of ongoing disease surveillance in Sierra Leone funded by a consortium
of U.S. government agencies.

Despite increasing awareness of Lassa fever in Sierra Leone, testing for
other potentially confounding diseases, such as malaria, shigella, and typhoid
fever, languished in the wake of recent civil war, Fair said. Indeed, many infec 
tious pathogens are likely circulating undetected throughout the tri-state region,
which has recently been ravaged by war and environmental upheaval, including
the Ebola virus, based on enzyme-linked immunosorbent assay (ELISA) results
from nearly a decade ago in suspected Lassa fever cases in Sierra Leone that
turned out to be negative for that virus (Schoepp et al., 2014).

If Ebola was present in West Africa in 2006, why did it not spread as it did
in 2014? Fair described several key developments in the region since then that
encouraged Ebola transmission by enabling faster travel between rural areas and
cities, along with major land use change associated with widespread slash-and-
burn cultivation of cassava. By 2014, the tri-state region had become a local
nexus of commerce and transport, he said.

In addition, over the past decade, civil conflict in Sierra Leone and Liberia
produced mistrust of government authority, including public health messages
about disease control—which, when they were issued to combat Ebola, were also
unclear, according to Fair. Warnings about the lack of a treatment were widely
interpreted as “There is absolutely nothing you can do for me,” thus, rather than
report to a treatment center, many sick people hid. “They just came out of 10
years of civil war,” he explained. “Running and hiding was pretty much the only
way to stay alive for a lot of their recent lives, and this is all part of their very
recent memory. So in my own opinion I did think that influenced how the popula
tion behaved during this outbreak.” 
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Even worse, in Sierra Leone, the areas in which outbreaks occurred fell en 
tirely in one territory of a deep national divide, Fair noted; the political party in
power was opposed by the dominant party in the outbreak areas. Since the onset
of the outbreak in Sierra Leone, there has been “a complete political breakdown
and a very fragile political state, which greatly affected public health,” he ob 
served—and it continues to do so. Meanwhile, rumors circulated in the outbreak
area that the government was intentionally crippling its inhabitants to prevent
them from voting in the next election.

While Sierra Leone’s public health infrastructure in 2014 was “nascent,” by
Fair’s description, with only two physicians per 100,000 people, it was growing;
it was also sensitized to Lassa fever, particularly in its three laboratories with
virology capacity. These laboratories were quickly overwhelmed with samples
to test when the Ebola epidemic ignited, he recalled. Similarly, the world—even
the United States and other wealthy countries—proved inept at controlling Ebola, 
largely because there were no plans for addressing the disease on a regional or
global scale, he concluded.

Now is the time to formulate policy and logistical contingencies for future
Ebola outbreaks, Fair urged. “We need to make these plans while it is still really
fresh in our minds what happened, what went wrong, and how can we fix this
the next time—and actually do exercises to see if it works on a small scale,” he
argued.

Fair observed that it took a multisectoral collaboration to gain control of
Ebola in West Africa. Relationships that arose out of necessity between govern
ments, academia, philanthropic and nongovernmental organizations (NGOs),
and industry, should now be formalized and expanded, he advised. Combining
these forces will not only improve global health security in the context of future
pandemics, he predicted, but doing so will also specifically benefit each partici 
pating sector. 

Getting to Zero 

While the West African Ebola epidemic appeared to be on the wane at the
time of the workshop, Fair (among others) reminded participants that much work
remained before all transmission chains were extinguished. “In Liberia already
there is complete complacency about Ebola,” he observed. “There are very few
people, unless they survived it themselves or their family died, that are particu 
larly worried about it right now,” he said. The outbreak has not been extinguished
in Sierra Leone or Guinea, he warned; unless precautions are taken, it could
reignite in Liberia just as easily as it began.

To prevent this from happening, Fair urged the reestablishment of baseline
diagnostics for febrile diseases in Ebola-vulnerable countries, as well as testing
for malaria, human immunodeficiency virus (HIV), and other major infectious
diseases. He also encouraged ongoing, extensive community engagement. “When 



  

              
 

             
       

           
      

         
           

           
         

          
          
           

       
            

            
 

        
        

      
         

       

         
           

            
  

    

       
          
           

          
        

              

      
    

30 THE EBOLA EPIDEMIC IN WEST AFRICA 

these outbreaks are over we typically leave,” he said, but that would not be wise,
given the magnitude of this public health disaster and its certain ongoing impact
on the population. It will also be important to maintain active surveillance for
Ebola—as well as other diseases with similar presentations, such as Lassa and
yellow fever—after the epidemic is declared to be over, but it is uncertain who
would fund such an effort, he noted.

Typically, one country’s engagement with another to protect global health
security is viewed as a contract, Fair observed, but this goal would be better
served in the context of friendship. For example, he noted, programs focused
on pathogens from the standpoint of biodefense should also address significant
public health threats in the countries where they are being conducted. While im 
poverished countries understandably benefit from the influx of money that such
engagement brings, they also value the commitment of expertise and resources
for disease prevention and treatment, he said.

To this end, Guinea and Sierra Leone will be included in a laboratory net 
work established by the Fondation Mérieux USA in partnership with the French
Development Agency, Fair announced. Called RESAOLAB (the French acronym
of its title, the West African Bio-Laboratory Analysis Network), it links laborato
ries within several countries with the goal of establishing standardized diagnos 
tics, improving staff training and management systems, and obtaining funding for 
and strengthening governance of laboratory systems.

RESAOLAB is part of the GABRIEL (Global Approach to Biological Re
search, Infectious Disease, and Epidemics in Low-Income Countries) Network,
which encourages the sort of international health collaboration that will be nec
essary to address epidemic and pandemic diseases, Fair explained. By maintain 
ing lines of communication and data sharing in real time, network participants
should be better prepared to cooperate effectively in a global health emergency,
he suggested. 

The International Medical Corps’ Efforts in Liberia 

Colin Bucks of Stanford University related his experiences as a clinician
serving as a volunteer medical coordinator with the International Medical Corps
between September and October 2014, in Bong County, Liberia. By way of in 
troduction to this setting, he presented a video by The New York Times reporter 
Ben Solomon depicting daily life at the Suakoko ETU.1 

“I am, for lack of a better term, boots on the ground,” Buck stated. What he
took away from his experiences with approximately 130 suspected and confirmed 

The video can be viewed at http://www.nytimes.com/2014/10/23/world/africa/ebola-liberia-
video-inside-the-ward.html (accessed November 16, 2016). 

1   

http://www.nytimes.com/2014/10/23/world/africa/ebola-liberia-video-inside-the-ward.html
http://www.nytimes.com/2014/10/23/world/africa/ebola-liberia-video-inside-the-ward.html
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cases of Ebola, and what he shared with workshop participants, were lessons he
hopes to use in preparing his home health care institution to treat Ebola patients. 

Patient Care in Liberia 

Patients arriving at the ETU were triaged according to a simple algorithm
that determined “who stays, who gets admitted, and who goes home,” Bucks
said. The treatment protocol they used—and which was typical of other ETUs
across West Africa—was based on one for sepsis, a similar syndrome (Bray and
Mahanty, 2003) and consisted largely of supportive measures focused on fluid
replacement,2 along with anti-infectives for malaria, which frequently accom 
panied Ebola. The collected data from all such ETUs might someday suggest
which interventions, at which stage of infection, were most effective, he noted;
in the meantime, there are protocols to follow, which clinical staff tried their
best to adapt. Most importantly, he emphasized, “everything hinges on infection
control.” 

The ETU staff applied a range of tools and approaches beyond PPE to meet
this goal, Bucks explained. The unit was designed and constructed to simplify
infection control in all activities, including moving patients, staff, and materi 
als, providing water, and disposing of waste. Vigilance, checklists, and mutual
responsibility reduced human error. “We stayed healthy,” he reported, but he
warned that deadly mistakes are bound to occur, given enough time. 

Bringing It Home 

Bucks then turned to the challenge of translating successful elements of
West African Ebola care to hospitals such as his home facility in the United
States. Unlike the ETUs, U.S. hospitals provide treatment for a broad spectrum
of health problems, into which Ebola care would need to be integrated, he noted.
“There are tons of rules about how we will be trying to do this,” he observed,
expressing his thankfulness for such guidelines. While recognizing the potential
of Western health care to provide a higher level of care to Ebola patients than has
been previously attained, he reminded the audience that the priorities of Ebola
care are universal. 

Sprecher had previously noted that, while Ebola has been characterized as a disease of hypo 
volemic shock, due to significant fluid loss, its effects could not simply be reversed by simple fluid
repletion. Even so, he added, “I have faith . . . that a certain amount of our supportive care is deflecting
the outcomes for a subset of the patients, but that’s just my clinical impression, that’s not based on
evidence.” With the outbreak winding down in Liberia, it might now be possible for clinical staff to
compare the effectiveness of various treatment modalities in the interest of improving the response
to the next outbreak, he observed. 

2   



  

          
            

           
 

           
    
    

    
              

           
           

        
            

          
 

        
           

        
            

 
         

             
 

       
          

            
          

              
          

            
         

             
 

    
          

               
         

 

              
        

     

32 THE EBOLA EPIDEMIC IN WEST AFRICA 

The prospect of treating Ebola patients caused staff and administration at
Buck’s hospital to review their pandemic plan for the first time since 2009, and
to operationalize it to address Ebola, he reported. To navigate the complex regu 
latory milieu that governs pandemic preparedness—which encompasses disaster
planning, infection control, federal and state law, and union contracts—he found
useful guidance in the CDC’s Detailed Hospital Checklist for Ebola Prepared
ness.3 Indeed, he noted, its opening message could be applied to hospital prepara
tions for any emerging infection: 

Every hospital should ensure that it can detect a patient with Ebola, and respond
in a coordinated fashion. Many of the signs and symptoms of Ebola are nonspe 
cific and similar to those of many common infectious diseases, as well as other
infectious diseases with high mortality rates. Transmission can be prevented
with appropriate infection control measures. . . . [E]nsure [that] your hospital
is able to detect possible Ebola cases, protect your employees, and respond 
appropriately. 

Acceptance of the CDC guidelines for Ebola treatment was strongly encour
aged by Medicaid and Medicare, which provide significant funding for hospitals,
Bucks pointed out. Similar guidelines were imposed on emergency physicians
under the Emergency Medical Treatment and Labor Act (EMTALA). He said he
welcomed this guidance, given the “lean, just-in-time, profit-driven environment”
that is the U.S. health care system. This carrot-and-stick approach encourages
hospitals to provide for the public good in a crisis without regard for profit, he
concluded. 

Specific preparations for Ebola care in hospitals—just as in an ETU—
include protocols for patient isolation and planned movement of patients, staff,
and materials. In addition, hospitals must be able to address Ebola in the context
of labor and delivery, pediatrics, and other special populations. Staff must volun 
teer to work with Ebola patients, Bucks noted. “We need a PPE plan that meets
all the guidelines and recommendations,” he continued, and a simulation facility
where staff can be trained in these techniques. There must be protocols for safe
waste disposal, as well as for both public and internal communications.

“Just like an ETU, you want as few people doing as much of the work [as
possible], working like a team,” Bucks advised. They should be intensively
trained in PPE and actively observing each other to ensure safety, and they should 
strive to minimize their exposure (in terms of both numbers and time) to patients
in order to reduce the number of potential contacts, he said. In addition, the team
should use dedicated equipment and follow guidance for its safe disinfection or
disposal. “Whether it is housekeeping, nutrition, changing the beds, administering 

3 As of June 2015, this document is no longer available. An updated version, Interim Guidance 
for U.S. Hospital Preparedness for Patients with Possible or Confirmed Ebola Virus Disease: A
Framework for a Tiered Approach, is available at http://www.cdc.gov/vhf/ebola/hcp/us-hospital-
preparedness.html (accessed November 3, 2016). 

http://www.cdc.gov/vhf/ebola/hcp/us-hospital-preparedness.html
http://www.cdc.gov/vhf/ebola/hcp/us-hospital-preparedness.html
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medications, or doing clinical assessments, you are all working together,” he
emphasized. “Working as a team is absolutely essential, as is having a defined
set of protocols.”

While complex, the Ebola-appropriate PPE developed by Bucks and his
Stanford colleagues is far cooler than the outfit he wore in Liberia, he said, but
still uncomfortable—largely due to the necessity for full face coverage during
doffing. The expense of PPE is a substantial component of the costs of Ebola
preparation, which he estimated at $500,000 for his hospital. This will not be a
hardship for a large institution, he noted, but on a nationwide scale, it represents
a considerable expenditure, and one that is unlikely to be efficient.

Clinical care guidelines for Ebola treatment in the United States would do
well to follow those set out by Canada (Canadian Critical Care Society et al.,
2014), according to Bucks. They incorporate interventions unavailable in African
ETUs, such as continual infusion, transfusions, mechanical ventilation, hemodial
ysis, and experimental antivirals—any of which (individually or in combination)
could make a difference to patient outcomes, he said. He also noted the contrast
between standard emergency medical protocol, driven by the adage that “time is
tissue” for conditions such as heart attacks and gunshot wounds, and emergency
care for Ebola and other emerging infections, in which infection control is the
first priority, and the clinician’s first step is the time-consuming donning of PPE.
Knowing this, and recognizing that there is no cure for Ebola, emergency physi 
cians must reset their expectations of what they can accomplish for patients, he
said, recognizing that those expectations could change if a cure became available. 

Applying Lessons Learned 

Evoking the memory of severe acute respiratory syndrome (SARS), Bucks
remarked that the 2003 epidemic offered lessons that could have been applied
to better address Ebola, and that should be applied to all emerging diseases. In
particular, he—echoing other workshop participants—argued for the establish 
ment of infection control standards for people and institutions that treat emerging
infectious diseases. To illustrate this point, he compared the SARS experience in
Toronto, where the first imported cases to enter a hospital were not immediately
isolated and a major outbreak ensued, and, simultaneously, in Vancouver, where
such a case was quickly isolated and infection control stepped up, extinguishing
transmission. 

Similarly, PPE developed to address Ebola should be adopted as a general
standard for emerging infections, Bucks argued. “Let’s test it and make it good
and fit it into our infection control procedures,” he said. Moreover, he added,
“If every hospital in the country is required to have this, we should create the
economies of scale so this is affordable in developing nations.”

In closing, Bucks offered an analogy between controlling Ebola outbreaks
and wildfires, from the perspective of his experiences in both activities. In the 
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early, exciting days of fighting a wildfire, “Some of us are just hanging on by the
seat of our pants,” he observed. “Firefighters are praying for rain at this time, but
they are also gathering good stories and lots of lessons.” Then, as a fire comes
under control, a process called mop-up begins: 

Mop-up is tough; it takes a long time. At times, you take off your gloves and
you crawl in the ashes and use your hands to find hot spots that still need to be
dug out and then you put them out. If you don’t put them out, that fire can come
raging back in a week. It is certainly not glamorous at all, and the newspapers
don’t cover this. There are no video crews there. People lose attention. But if
you don’t do this work diligently, then you lose everything that you started with.
You cannot get to the big work of recovery and rebuilding unless you do the
mop-up safely. 

As the West African Ebola epidemic approached the mop-up stage, Bucks
expressed hope that lessons learned then, as well as in the heat of raging out 
breaks, could be applied to improve the preparedness of U.S. hospitals to face
the next emerging disease. 

THE U.S. PUBLIC HEALTH RESPONSE 

Inger Damon of the CDC described her agency’s multifaceted response to
the Ebola epidemic in West Africa, which involved activities within that region,
as well as domestic training for outbreak responders, planning for the care of
patients returned to the United States, and preparations for outbreak control in
the event of an Ebola introduction. 

The CDC’s Role in West Africa 

At the time of the workshop, the CDC had deployed nearly 1,000 staff mem 
bers to Guinea, Liberia, and Sierra Leone to pursue essential activities to reduce
Ebola transmission, according to Damon. These included surveillance, contact
tracing, data management, laboratory testing, incident management, emergency
operation center development, safe isolation, and health education. Staff members
were also deployed to nonaffected border countries to conduct assessments of
Ebola preparedness. Many of the CDC’s activities in West Africa were conducted
in concert with the Disaster Assistance Response Team (DART) from the U.S.
Agency for International Development’s (USAID’s) Office of Foreign Disaster
Assistance, which has overseen the U.S. response to the epidemic in West Africa.

In early fall 2014, as the epidemic reached a peak, the CDC developed novel
strategies to relieve the shortage of treatment beds, including the development
of community care centers, Damon noted. The agency has also conducted more
than 230 facility assessments and assisted staffing laboratories within the three 
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affected countries, including a laboratory in Sierra Leone that has processed more 
than 12,000 samples using high-throughput technologies.

To prepare U.S. and African health care workers, support personnel, and
volunteers to serve in Ebola treatment centers, the CDC held training sessions in
both the United States and Africa. The introductory training course the agency
created for U.S.-licensed clinicians intending to work in ETUs in Africa—which
was based on materials developed by MSF—is available online as an “Ebola
Training Toolkit” for NGOs and other organizations that offer training to health
care workers preparing to work in African ETUs.4 Damon reported that more
than 600 U.S.-based and international staff planning to deploy to West Africa
had taken this course. The CDC has also instructed nearly 700 master trainers to
conduct infection control training programs at West African health facilities, and
they have assisted with the creation of technical materials used to train more than
23,000 frontline health care workers in Africa.

Fulfilling its more traditional role in international outbreak response, the
CDC, together with the World Health Organization (WHO) and other partners,
bolstered contact tracing and follow-up activities in all affected countries, in 
cluding the short-lived outbreak in Nigeria, described by Tomori. There, rapid
response efforts, the use of an emergency operation center originally established
to address polio, and effective community outreach and communications pro 
duced a “shining example” of an effective outbreak response, Damon observed.

A global collaboration has provided laboratory support for the epidemic re
gion, including real-time polymerase chain reaction (PCR) testing of suspected
cases. As part of this effort, the CDC staffed and operated a field laboratory in
Bo, Sierra Leone, where staff members developed methods to increase sample
throughput, as well as transportation networks to move samples quickly from the
field, Damon said. The Bo facility serves as a model field laboratory for produc 
ing reliable results and maintaining high-quality standards, she noted.

In addition to developing and disseminating infection control training pro
grams, the CDC worked in concert with USAID, the International Federation
of Red Cross, and other NGOs to provide technical assistance to burial teams
in Guinea, Liberia, and Sierra Leone, Damon reported. “We also worked in the
development of call centers to help identify case patients as well as deaths in the
community that needed to be safely buried,” she stated. Meanwhile, communica 
tions specialists, working with anthropologists and other experts in Liberia and
Sierra Leone, helped create safe burial protocols that were culturally accepted
in Ebola-stricken communities. This work is not finished, however, because, as
she noted, “One of the concerns as we are now approaching getting to zero, [is]
that we are still seeing unsafe burials in these communities.” She pointed out
the United Nations International Children’s Emergency Fund led many such 

4 See http://www.cdc.gov/vhf/ebola/hcp/safety-training-course/training-toolkit.html (accessed No 
vember 3, 2016). 

http://www.cdc.gov/vhf/ebola/hcp/safety-training-course/training-toolkit.html
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communications efforts, with the CDC playing a supporting role, along with
ministries of health and local experts, on the practices of various tribes and
communities. 

Educational outreach has been a fundamental component of outbreak control
in West Africa, Damon observed. This has been accomplished by engaging local
groups and individuals such as community leaders, imams, and women’s com
mittees to help spread key public health messages about Ebola. “We have been
able to work with other partners to change standard operating procedures to allow
for more transparency and more cultural sensitivity, to prepare scripts for teams
in the field, and to adjust radio messaging and other mass media outreach,” she
stated. 

The CDC’s most recent efforts in West Africa have employed a strategy
known as RITE (rapid isolation and treatment of Ebola), which proved effective
in reducing Ebola transmission in Liberia, Damon noted. RITE is performed
by teams of epidemiologists, clinicians, sanitation workers, data managers, and
communications experts, who travel to areas experiencing clusters of cases, she
explained. After this protocol was adopted in Liberia, the size and duration of
local outbreaks decreased dramatically; thus, it is now being pursued in Guinea
and Sierra Leone. 

At the time of the meeting—before Liberia had been declared Ebola free—
the news from that country was sufficiently promising that the CDC was begin
ning to focus on longer-term public health needs, Damon stated. In Sierra Leone
and Guinea, where transmission chains continued to arise and resistance against
health care workers threatened progress toward “zero,” the CDC continues its
efforts, anticipating that an Ebola vaccine will improve its ability to control the
disease. 

The CDC’s Domestic Response 

Anticipating the possibility of Ebola importation into the United States,
and in response to the infection of two nurses who cared for an Ebola patient
in a Dallas hospital, the CDC acted to educate U.S. health care workers about
isolating Ebola patients and preventing infection, tightened previous infection
control guidance for health care workers caring for such patients, and updated
PPE guidance, Damon stated. Fifty-five hospitals, located within 200 miles of
more than 80 percent of travelers arriving from West Africa, have been desig 
nated as Ebola treatment centers/assessment hospitals, she added. However, any
hospital in the United States that receives an Ebola patient will be assisted by a
CDC Ebola Response Team comprising 10 to 12 epidemiologists and clinicians
who have experience with Ebola, along with sanitation workers and surveillance
officers, she said.

The CDC has also provided more than $145 million to support state emer
gency preparedness programs through public health emergency preparedness 
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cooperative  agreements,  Damon  stated.  In  addition,  the  agency  and  its partners 
have provided training in infection control to health care systems and public 
health systems, reaching more than 800,000 health care workers online and 6,500 
in  person. 

Finally, Damon described the CDC’s enhanced entry screening and gradu 
ated follow-up procedures for travelers determined to be from low to high risk
for the disease, established at the five U.S. airports where travelers from the three
Ebola-affected West African countries enter the United States. All such travelers 
receive “check and report” Ebola kits with information on the disease, tools to
help check their temperature and symptoms for 21 days, and information on who
to call if they develop symptoms, she said. The CDC designates a person who
has both consistent signs or symptoms of and risk factors for Ebola as a person
under investigation, who is actively tracked in cooperation with state and local
health departments. 

Treating Ebola Patients in the United States 

Building on the discussion by Bucks and Damon of the potential challenges
facing those U.S. hospitals that would treat Ebola patients, Bruce Ribner of
Emory University described the actual provision of such care, and the practical is 
sues that arose in the course of his experience. The Emory Serious Communicable
Diseases Unit team, which Ribner directs, has treated more patients with Ebola,
and at high risk for Ebola infection, than any other facility in the resource-rich
world, he stated. Thus, it was his institution that was selected to receive the first
cases from the West African epidemic to enter the United States, in early August
2014. 

The weeks following that event brought “a tsunami of media attention, first
locally, then nationally and then internationally,” to Emory, Ribner recalled. More
importantly, he continued, this experience revealed significant challenges in three
areas, which he explored in his presentation: general preparedness for infectious
disease outbreaks in the United States, the screening and follow-up of potential
asymptomatic imported cases, and inpatient care for Ebola and other emerging
infectious diseases. 

Preparedness for Infectious Disease Care 

Because  of  its proximity  to  both  the  CDC  and  the  world’s busiest  airport, 
Emory  University  Hospital  began  planning  to  accommodate  patients with  seri
ous communicable  diseases in  2001,  giving  it  a  considerable  head  start  on  other 
such  institutions,  Ribner  noted.  “We  realized  that  if  any  of  these  individuals, 
either  travelers or  CDC  employees,  acquired  a  serious communicable  disease, 
there was really no place in our city to treat them”—a conclusion shared by the 
CDC,  he  recalled.  
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The two institutions began a dialog that led to the creation of biocontainment
units: treatment areas for the safe delivery of effective medical care for patients
with a known or anticipated communicable disease (Fairley et al., 2016; Smith et
al., 2006). Additional biocontainment units were subsequently established at the
University of Nebraska in Omaha, and at the NIH in Bethesda.

“We had SARS in 2003; we had the H1N1 outbreak in 2009; we have MERS
[Middle East respiratory syndrome], which started in 2012; we have the H7N9
influenza virus; and, of course, the virus which has brought us all here today, the
Ebola virus,” Ribner recounted. “As each one of these outbreaks presented, we
adjusted our policies and procedures to make sure they were, in fact, the best we
could find available to treat patients with these infectious diseases.” Among the
adjustments the Emory team made was to select a dedicated staff of 19 nurses
and 5 physicians for the three-bed biocontainment unit, and to schedule them
continuously, in order to limit response time to less than 1 hour, he said. They
also chose to work with a single ambulance company, training a select group of
emergency medical technicians (EMTs) who were always on call, and modifying
an ambulance so it could be decontaminated. This model of specialized expertise
has since been adopted (after some debate) by the CDC for Ebola care, he noted.

Emory’s biocontainment unit also features high-level PPE—which at first
was criticized for evoking panic in the general public, but was eventually ac 
cepted as a standard for safe Ebola care, Ribner observed. Health care workers
in the unit receive repeated training and testing in the performance of all Ebola-
related practices and procedures, and specifically in the donning and doffing of
proper PPE, he reported (Wu et al., 2015).

“Running a program like this is very expensive,” Ribner observed, noting
that his budget had declined steadily since the biocontainment unit’s inception.
Were it not for the West African Ebola epidemic, he said, the program would
likely have been disbanded in 2015. Instead, federal funding has been granted
to support one regional ETU for each U.S. Department of Health and Human
Services region, and ancillary facilities will be designated to care for patients in
the event of an overflow. All such treatment units will be equipped and staffed
such that there is no disruption in overall hospital operations if a patient with a
serious communicable pathogen such as Ebola is admitted, he added. “Regional
centers will get $2.25 million for the first year, mainly for renovation, which I
think is fine for most of us,” he said, but he also noted that funding for subse 
quent years has been cut to a level below which many such units will be able to
sustain operations. 

Screening and Follow-Up 

Ribner then turned to the management of potential Ebola patients: travelers
and medical personnel returning from West Africa, including possible asymptom 
atic cases. This issue is of particular importance at Emory, owing to its proximity 
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to  both  a  major  international  airport  and  a  medical  nerve  center.  Because  rules 
regarding the screening of travelers for disease are largely determined at the state 
level  in  the  United  States,  there  have  been  wide  disparities in  how asymptomatic 
travelers from Ebola-affected countries have been managed, Ribner stated. While 
one  northern  state  confined  a  returning  health  care  worker  in  a  tent  in  the  middle 
of winter, others have allowed travelers to simply go home, no matter how distant 
from  a  treatment  center,  he  observed.  However,  as time  has passed,  states have 
become  increasingly  consistent  in  their  approach  to  asymptomatic  travelers from 
high-risk  regions. 

Recognizing that patients presenting with fevers of unknown origin that are
under investigation for Ebola are also at risk for malaria, typhoid, or influenza—
diseases that can kill quickly—hospital laboratories must be equipped to diagnose
these conditions quickly, and not wait until Ebola has been ruled out, Ribner
insisted. Emory’s unit “can tell whether a patient is viremic within an hour or
two of identifying them as a person under investigation,” he noted—which, while
it does not rule out Ebola, vastly simplifies safe testing for other confounding,
life-threatening infections. Unfortunately, such rapid testing is not available in
most U.S. hospitals, he added.

Emory’s outpatient management program is also expensive. Even in their
relatively efficient, time-tested system, ruling out Ebola in a person under inves 
tigation costs as much as $2,500, Ribner estimated—yet, he remarked, third-party
payers are unwilling to pay for more than a clinic visit in these cases. “I have
been very fortunate in that our administration has underwritten this project for
untold dollars,” he said, noting that few community hospitals are likely to pos 
sess such resources. 

Inpatient Care 

Ribner noted that Ebola care protocols in U.S. hospitals are much like those
in Germany (see next section, “Preparedness for an Ebola-Like Disease”). While
typical intensive care units at Emory have one nurse for two patients, within the
ETU, there are three nurses per patient in order to avoid mistakes due to time
pressure, he explained.

Many hospitals have elected not to become ETUs for two main reasons,
according to Ribner: it could drive away patients who fear Ebola, and the sig 
nificant expense of providing (and even offering to provide) Ebola care. “Third-
party payers are not interested that we need extensive nursing care, that we need
dedicated doctors,” he complained—and certainly they do not compensate for the 
considerable costs of ancillary services such as medical waste disposal. Again,
while Emory’s administration has underwritten these expenses, other hospitals
are unlikely to receive that level of support, he predicted. 
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Future Constraints 

Ribner’s response to his rhetorical question as to whether support for infec
tious disease emergency preparedness will outlast the Ebola outbreak was pes 
simistic, as befits his experience. “I can only guess how long funding is going
to persist if we have no major outbreaks over the next year or two, or if we are
fortunate enough to control this Ebola outbreak over the next 6 to 12 months,”
he remarked. 

Likewise, Ribner observed that, although significant resources have been
allocated for infectious disease preparedness, none have been earmarked for the
very expensive treatment of people with dangerous infections. Our fee-for-service
health care system is not designed to support outpatient evaluations of people
with possible serious communicable disease, or to reimburse hospitals for the
high cost of caring for such patients, he concluded. 

PREPAREDNESS FOR AN EBOLA-LIKE DISEASE 

Pan American Health Organization 

The International Health Regulations (IHR) framed the Pan American Health 
Organization’s (PAHO’s) response to the West African Ebola epidemic, accord
ing to Sylvain Aldighieri, who coordinates the IHR, Alert and Response and
Epidemic Diseases Unit, jointly with the WHO. In 2014, 13 of the 22 countries
represented by PAHO had, by self-report, achieved compliance with IHR core
public health capacities; thus, a significant component of regional preparedness
involved identifying and filling gaps in public health functions necessary to pre 
vent local transmission of Ebola, if it were introduced to the region.

This effort has been guided by temporary recommendations issued by the 
IHR  emergency  committee  in  early  August  2014,  which  Aldighieri  summarized 
as follows:  

•	 There should be no general ban on international travel or trade; restric
tions outlined in these recommendations regarding the travel of Ebola
cases and contacts should be implemented. 

•	 States should provide travelers to Ebola-affected and at-risk areas with
relevant information on risks, measures to minimize those risks, and ad 
vice for managing a potential exposure. 

•	 States should be prepared to detect, investigate, and manage Ebola cases;
this should include assured access to a qualified diagnostic laboratory for
Ebola and, where appropriate, the capacity to manage travelers originating
from known Ebola-infected areas who arrive at international airports or
major land crossing points with unexplained febrile illness. 

•	 The general public should be provided with accurate and relevant infor
mation on the Ebola outbreak and measures to reduce the risk of exposure. 
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• States should be prepared to facilitate the evacuation and repatriation of
nationals (e.g., health workers) who have been exposed to Ebola. 

Translating this guidance into action, PAHO developed technical guidelines
to address the potential introduction of Ebola into the region;5 conducted meet
ings and initiated collaborations across a range of sectors and disciplines, as well
as with other organizations and partners within the region, such as the CDC and
the Public Health Agency of Canada; established a regional PPE stockpile; and
conducted trainings on risk communication, clinical management, and laboratory
biosafety. After a period of consultation with member states to review capacities
and identify gaps and needs, PAHO conducted technical missions to member
states to individually prepare them to respond to Ebola, according to their spe 
cific needs and circumstances. These missions were conducted by teams of staff
members, each of whom had years of experience dealing with Ebola in previous
positions, according to Aldighieri. While these missions detected significant gaps
in preparedness, he acknowledged, he also noted that they generated consider
able momentum for change. At the time of the workshop, PAHO was engaged in
follow-up activities to encourage implementation of recommendations from the
mission teams, and to assess future disease control needs—recognizing that “no
one size fits all” when it comes to such planning, Aldighieri reported. “Owner
ship, leadership, [and] knowledge of the local context by national authorities are
essential for an effective response,” he stated, which can be undertaken even in
resource-limited settings. One way of making this possible is through subregional 
organization of common needs (e.g., PPE, training, and harmonization of public
health measures), he noted. 

Germany 

Reinhard Burger of the Robert Koch Institute (RKI) in Berlin offered another
perspective on Ebola preparations in Western countries. (Dr. Burger’s contribu 
tion to this Proceedings of a Workshop can be found in Appendix C.) RKI spear
headed this effort in Germany and issued intervention guidelines for Ebola (RKI,
2014) similar to those published by the CDC (CDC, 2015) and the Public Health
Agency of Canada (Canadian Critical Care Society et al., 2014). Germany’s
preparations for Ebola closely followed the design that Bucks advocated in his
workshop presentation: a flexible strategy focused on infection control that can
be adapted to any emerging infectious disease.

At the time of the workshop, Germany’s association with the West African
Ebola epidemic was primarily one of assistance in the affected countries, accord 
ing to Burger; however, like other Western countries, Germany’s public health
officials anticipated the possibility of imported cases, and had also accepted 

5 Technical guidelines are available at www.paho.org/ebola (accessed November 3, 2016). 

http://www.paho.org/ebola
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four  patients evacuated  from  Africa  for  treatment.  In  developing  its plans for 
managing  and  controlling  Ebola  in  Germany,  RKI  assumed  that  the  country  was 
unlikely  to  receive  cases unknowingly,  and  even  less likely  to  experience  disease 
transmission  within  its borders.  Ebola  was therefore  addressed  much  like  any 
other infectious disease of unknown origin: through a general protocol designed 
and  coordinated  by  RKI and  implemented  at  seven  specialized  “competence  and 
treatment” centers, he explained.  These centers are distributed across Germany in 
major  cities,  such  that  all  are  within  a  3-hour  drive  of  any  location  in  the  country. 

Six of the seven centers are equipped not only to treat and isolate patients
with dangerous infectious diseases but also to manage a spectrum of support
services for disease control, including hospital hygiene and decontamination,
transportation, and public information, Burger reported. The treatment centers,
known by their German acronym, STAKOB,6 are prepared for any highly con
tagious agent, he said; currently they can accommodate 50 patients, and they
are staffed by dedicated personnel who train regularly. Between infectious dis 
ease emergencies—that is, most of the time—these facilities are used to control
more common infectious threats, such as multidrug-resistant tuberculosis. As a
network, the centers compare therapeutic options and experiences, coordinate
experimental therapies, set procedural standards, and support each other with
personnel and equipment.

The competence centers provide an interface for public health officials, in 
fectious disease clinicians, medical microbiologists and virologists, occupational
medicine specialists, local government, and public services, such as ambulance,
fire, and police. “They all attempt to achieve comparable standards so there are
no quantitative differences in their performance,” Burger stated.

Upon discovery of a justified suspect Ebola case, the patient would be tested
for the disease at the point of care, then transferred as quickly and safely as pos 
sible to one of the competence centers to receive appropriate care and further
testing, Burger explained. “Blood samples would be taken only in exceptional
cases, so this would be done in the specialized centers only,” he added. Local
health authorities would pursue contact tracing and monitoring for confirmed
cases, he said.

German  health  care  workers returning  from  outbreak  areas were  determined 
not to be present risks for infection; so long as they had not reported a risky con
tact or showed symptoms of Ebola, they were not isolated, Burger stated. Usually 
such  workers returned  to  their  jobs gradually  and  were  not  initially assigned  tasks 
that  involved direct  contact  with patients, he  added;  any appearance  of symptoms 
would  result  in  isolation.  Four  patients arrived  in  Germany  following  medical 
evacuation  in  a  special  plane,  the  Robert Koch,  equipped  for  patient  isolation  
and  general  intensive  care.  



Acronym of Ständiger Arbeitskreis Kompetenz-und Behandlungszentren, Permanent Working 
Group Competence and Treatment Centers. 
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A major consideration for health crisis management in Germany is the
coordination of state and national governments and their associated agencies,
Burger observed. “It is definitely a challenge to coordinate properly for rapid
reaction and to develop synergy,” he remarked, noting that this challenge spans
a host of contingencies, from the handling of patients to public messaging. RKI
generally communicates with professionals involved in infectious disease con
trol to provide advice, analysis, and technical support, but in the case of a crisis,
the institute also provides public information, he noted. “These efforts depend
very much on political support,” he noted—and particularly that of Chancellor
Angela Merkel, whom he characterized as both interested in and well informed
about Ebola. 
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Current and Future Research Opportunities
 

TRANSMISSION 

While the ecology of Ebola virus—including its natural host—remains
largely a mystery, more is known about its close relative, Marburg virus. Jonathan
Towner of the U.S. Centers for Disease Control and Prevention (CDC) discussed
how Marburg virus has been linked to bats, how that knowledge is informing
further studies of its transmission, and how lessons learned in that process could
guide research on Ebola virus. 

Bats as Reservoir Hosts for Filoviruses 

Learning where Ebola and Marburg viruses reside in nature and how they are 
transmitted from these natural reservoirs to humans will lead to better understand
ing  of  how outbreaks start,  Towner  explained.  A  reservoir  host  species’  natural 
history  must  support  viral  persistence  at  the  population  level,  he  observed,  as 
evidenced by the following characteristics: consistent infection in host popula
tions;  maintenance  of  viral  circulation  through  adequate  viral  loads and  rates of 
viral  shedding;  and  host  populations that  are,  overall,  clinically  healthy.





Results of two studies (Amman et al., 2012; Towner et al., 2009) conducted
during an outbreak in miners in Kitaka, Uganda, and the occurrence of unrelated
cases in foreign tourists in nearby Python Cave suggested that Marburg virus is
horizontally transmitted among bat populations, Towner said. Infection rates gen 
erally increased as bats aged, with the exception of a spike among older juvenile
bats—a phenomenon that has been noticed in other studies of viral host popula
tions, he noted. Further analysis suggested that periods of increased active infec
tion in juvenile bats coincided with incidences of spillover to humans (Amman 
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46 THE EBOLA EPIDEMIC IN WEST AFRICA 

et al., 2012). He speculated that older animals inhabit preferred sites deep in the
cave, but younger bats, being lower in the hierarchy, stay closer to the outside,
where they are likelier to encounter humans or other primates.

Based on experimental infectious studies (Amman et al., 2015; Paweska et
al., 2012) Towner stated, “We suspect that bat-to-bat transmission [of Marburg
virus] is probably through biting. For bat-to-human transmission, we suspect
it’s probably through infected feces, or urine containing infectious virus.” This
scenario is consistent with the experience of tourists infected with the virus at
Python Cave who did not actually enter the caverns, and yet were probably ex 
posed to bat excrement. 

The Experience with Ebola 

Nonhuman primates are known to be susceptible to Ebola and have been
confirmed as sources of human infections. The role of bats in Ebola virus trans 
mission—although suspected since the 1976 Sudan outbreak—has yet to be con
firmed; the relationships have been hypothesized from Ebola’s epidemiological
features, which bear a strong resemblance to Marburg. Unfortunately, Towner
pointed out, most ecological investigations of Ebola have been initiated after
outbreaks were already resolved, and any knowledge of the circumstances under
which the index case may have come into contact with the virus is difficult to
obtain, because that person is dead and/or unknown. Nearly all of the recent
Ebola outbreaks in Gabon and the Democratic Republic of Congo (DRC) have
been traced to direct contact with the infected meat of nonhuman primates (which 
likely died of their infection), but it remains to be determined how those animals
became infected with the virus. 

Ecological  niche  models of  Ebola  (and  other  filoviruses)  pursued  by  several 
research groups have reached similar general conclusions about where viral 
reservoirs are  likely  to  exist,  based on  outbreak  locations and  the  distribution  of 
bat  species,  vegetation,  and  rainfall,  Towner  stated.  “While  this is interesting  and 
informative in terms of identifying the real hosts, it is not quite granular enough,” 
he  observed.  

Ecological investigations of local bats, birds, and small vertebrates collected
in Gabon and the DRC during repeated Ebola virus outbreaks in both humans and 
nonhuman primates found three different species of fruit bats to be positive for
both immunoglobulin G (IgG) and polymerase chain reaction (PCR); however,
no virus was isolated from these animals (Leroy et al., 2005). Similar studies of
bats in Ghana found several IgG-positive species—including some of the same
species identified in Gabon and the DRC—but none were PCR positive (Hayman
et al., 2012). All three of these bat species are present in West Africa, as well,
he noted. 

As the West African epidemic unfolded, researchers pursued an extensive
ecological investigation of the index case, a 2-year-old boy reported to have 
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played in a hollow tree found to be infested with the insectivorous bat Mops con
dylurus (Marí Saéz et al., 2014). No PCR-positive bats were discovered, nor did
they find a linkage to a large mammal die-off as had occurred in several previous
Ebola outbreaks in Republic of Congo, DRC, and Gabon.

Overall, the inconclusiveness of the antibody evidence linking Ebola virus 
to M. condylurus suggests these bats may serve as secondary hosts, Towner said.
Moreover, he added, the species’ territory does not coincide with the locations
of most known Ebola outbreaks. And since serological cross-reactivity has been
demonstrated among Ebola viruses, a serologically positive bat found in an out 
break area is not necessarily infected with the outbreak-causing strain.

Each Ebola virus type probably resides in a different reservoir host species,
Towner hypothesized. “For Marburg, we think that Rousettus [aegyptiacus]1 is 
it, while I hesitate to say it quite that definitively,” he explained. “There may
be other factors involved, but for Ebola-Zaire it’s probably another species; for
Ebola-Sudan it’s going to be a different species—same with Ebola-Côte D’Ivoire
and the others. You know, those viruses perpetuate in those species in the long
term.” 

The restricted cave biome in which Marburg virus was detected in bats
helped narrow the search for its reservoir, Towner observed—an advantage re 
searchers seeking the Ebola virus reservoir do not have. That is especially unfor
tunate if—as for Marburg virus—the number of active Ebola virus infections in
reservoir host populations is low, so hundreds of animals of a single species will
need to be tested to find them. “When you take that into account with the fact
that there are over 250 bat species in Africa, you can do the math in terms of the
number of animals that you then have to test,” he said. As with Marburg virus,
active infection may be seasonal, coincident with birth pulses, which are biannual 
in most African fruit bats,2 he added. 

If Ebola virus behaves similarly to Marburg virus, it will spill over into
secondary bat hosts that inhabit the same environments, Towner advised. Trans 
mission is likely to be horizontal, and infection will not persist as it does in some
rodent viral reservoir species. Viral shedding could occur through the mouth,
permitting transmission to other animals by biting—and also by feeding from the
same piece of fruit. Testing for oral shedding can be done by swabbing, which
does minimal harm to bats, many of which are endangered species, he pointed
out—a fact that also must be borne in mind if they are identified as a reservoir
for Ebola, and thereby threatened with eradication. 

1 Rousettus aegyptiacus is a species of fruit bat found throughout Africa and the Middle East. 
2 A mathematical model of Marburg virus persistence in R. aegyptiacus populations, based on the

results of the previously described field and experimental studies, determined that a bat community
must comprise at least 20,000 in order to sustain viral infection, given a 21-day incubation period
and a biannual birth pulse (Hayman, 2015). 
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Genomic Surveillance of Ebola Transmission 

Recent advances in high-throughput genetic sequencing allow researchers
to track viruses as they spread through host populations, evolving as they go.
Stephen Gire of Broad Institute of the Massachusetts Institute of Technology
and Harvard University described the application of these methods to reveal
how and when the Ebola virus spilled over to humans in West Africa, how many
such events occurred, and how the virus evolved as the epidemic unfolded (Gire
et al., 2014).

The medical team at Kenema Government Hospital in Sierra Leone, where
that country’s first laboratory-confirmed Ebola case was diagnosed, acted quickly
to identify more cases through contact tracing, all of whom had attended the
funeral of a traditional healer who had treated Guinean Ebola patients, Gire re 
ported. Samples from 12 of the Sierra Leonean patients were sent immediately to
Gire’s team in Boston, who sequenced and analyzed them within 10 days, using a
strategy they had created to track Lassa fever transmission. As the epidemic con 
tinued, the researchers continued to sequence patient samples from that hospital,
publishing their initial findings (on 114 viral isolates from 78 patients) in August
2014. It was important to make this information available to the scientific com 
munity as soon as possible, Gire said, in order to quickly bring as much diverse
expertise to its analysis, and thereby, to benefit efforts to quell the epidemic.

The key questions of where and how the epidemic began were quickly 
answered,  he  noted.  Based  on  viral  phylogeny,  Gire  and  coworkers traced  the 
origin  of  the  West  African  strain  to  the  Ebola-Zaire  strain  that  caused  the  1976 
outbreak.  Comparing  genetic  differences between  the  West  African  isolates and 
the  sequences of  other  Ebola  viruses,  and  taking  into  account  the  rate  by  which 
the  virus typically  undergoes sequence  change—its substitution  rate—they  were 
able  to  determine  that  the  specific  variant  of  Ebola-Zaire  that  sparked  the  West 
African  epidemic  had  emerged  within  the  past  10  years in  Central  Africa,  he 
noted.  Further,  he  said,  “We  were  able  to  show that  it  was actually  one  individual 
introduction from the animal reservoir into the human population that then was 
sustained  in  the  population  by  human-to-human  contact  afterward.” 

Tracing Ebola in Sierra Leone 

Looking to the immediate past, the researchers identified three lineages
(comprising 55 mutations) among the Sierra Leonean isolates that distinguished
them from three sequences isolated several weeks earlier from Guinean patients,
Gire stated. Two of those lineages were present in samples from the initial fu
neral event, they discovered: about half of those patients had one version of the
virus, and half had the other. Perhaps, they hypothesized, the traditional healer
had treated a lot of Guinean patients, and had been infected more than once, with
the two different lineages; alternatively, one of the funeral attendees might have
been infected with a different lineage than the healer—which seems plausible if, 
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as is now suspected, Ebola virus was circulating in Sierra Leone before it was
detected in the first laboratory-confirmed patient.

Mapping the geographic origins of the three Sierra Leonean lineages, Gire’s
group reconstructed transmission chains, allowing them to pinpoint where pa 
tients had traveled after the funeral, which aided in identifying their contacts. This
information also revealed that some patients with broad social networks served
as “superspreaders” of Ebola. Since the publication of their initial findings, Gire
and colleagues (2014) have generated an additional 150 genomic sequences3 of 
Ebola virus isolates from Sierra Leone, which allowed them to continue to track
viral transmission and evolution as the epidemic progressed, Gire reported.

Over the course of the epidemic, the original lineage, thought to have been
imported from Guinea, died off, Gire said. Lineage 2, thought to have arisen
in Sierra Leone in April 2014, gave rise to lineage 3 via a single mutation and
lineage 3 quickly became dominant and widely distributed across the country. A
fourth lineage then arose from lineage 3 via a single mutation and quickly became
dominant, much as 3 did from 2. While lineage 2 died out in Sierra Leone, limited
evidence suggests it could have reseeded Ebola in Liberia, he added. 

Evolution Without Change 

Overall, the researchers found that a higher rate of viral sequence substitu 
tion occurred during the West African Ebola outbreak than between previous
outbreaks, according to Gire. That does not mean that mutations are accumulat 
ing within the virus, he explained; rather, the virus is “exploring” a diverse set
of mutations, none of which has produced structural or functional change since
1976 (Olabode et al., 2015). This behavior, called purifying selection, tends to
occur when a virus infects a naïve host population, Gire explained, describing it
as a “weeding out” of deleterious mutations and a balancing force in selection.
The virus is thus not gaining fitness over time, he concluded—and, he predicted,
as the outbreak continues, its accumulation of mutations should continue to slow
with time. In subsequent discussion, Erica Saphire of The Scripps Research In
stitute noted that these conclusions were not drawn from functional assay, but by
sequence analysis, which is vulnerable to misinterpretation. Gire agreed. “The
only way to really figure out absolutely whether there are functional implica 
tions for these mutations is to isolate each one of them and functionally follow
them up in laboratories and cell culture and animal models to figure out if these
actual mutations do have a functional consequence,” he stated. “That work has
not been done, and that work does need to be done on these mutations that we
see in this variant.” 

3 At the time of this writing, 249 genomic sequences were generated. The 99 full-length and 150
partial-length sequences can be viewed at http://www.ncbi.nlm.nih.gov/bioproject/257197 (accessed
November 3, 2016). 

http://www.ncbi.nlm.nih.gov/bioproject/257197
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Reminding participants that the results he presented represent “a small snap
shot” of the entire West African Ebola epidemic, Gire looked forward to assessing
variation among Guinean and Liberian viral isolates and gaining knowledge that
could reveal regional transmission chains. Additional questions to be addressed
include understanding why Sierra Leone lineage 3 became dominant, given that
it differed from lineage 2 by a noncoding mutation, and the possible genetic basis
for decreased viral titers observed late in the epidemic. 

DIAGNOSIS 

Many groups and agencies have worked to improve the laboratory diagnosis
of Ebola in West Africa and other low-resource settings, noted Heinz Feldmann
of the National Institute of Allergy and Infectious Diseases’ Rocky Mountain
Laboratories. He presented an overview of current diagnostic approaches, then
used his recent experience in an Ebola treatment unit (ETU) in Monrovia, Liberia,
to demonstrate challenges and opportunities associated with diagnosing Ebola. 

Detecting Ebola 

An acute infection, Ebola symptoms commence after an incubation period of
variable length, during which the pathogen replicates. These symptoms can vary
widely from case to case, thus the controversy as to whether or not the disease
should be denoted a hemorrhagic fever. By the time the virus is readily detectable,
the patient typically is at the tipping point between death and recovery, Feldmann
observed. “Often, particularly with less sensitive assays, you do not see a very
strong or any immune response in people that succumb to infection very suddenly
and early during disease progression,” he said. Thus, pathogen detection assays,
rather than those that target host immune response, are key to diagnosing Ebola
in outbreak situations. 

Standard Ebola diagnostic tests detect either the nonsegmented, negative-
stranded RNA genome of the virus or its protein components, Feldmann ex 
plained; both methods were used to diagnose Ebola in West Africa, as was the
presence of antibody (IgM and IgG) in survivors of the disease.4 Ebola and other 
filoviruses are enclosed by an envelope studded with glycoprotein trimers. The
majority of the protective immune response is directed against these molecules;
however, immune response to the virus’s other six structural proteins is important
to its diagnosis, he noted. 

4 Additional methods to detect Ebola virus include particle detection and virus isolation. However,
because these techniques require stringent containment and sophisticated equipment, they are not ap 
propriate for immediate outbreak response, according to Feldmann. Similarly, neutralization assays
to detect antibodies in survivors, which, unlike enzyme-linked immunosorbent assays for IgG and
IgM, are specific to virus species, are not suitable for field use because they are performed on live
or surrogate viruses. 
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The list of commercially produced Ebola diagnostic tests has grown sig 
nificantly over the course of the epidemic and continues to expand, Feldmann
observed; however, the majority of field laboratories still use their own assays,
many of which lack positive controls because those require biosafe containment.
“I think we have to do much, much more . . . to make sure that the laboratories
. . . that are doing diagnostics in certain countries actually evaluate their tests,”
he urged—and better yet, to fulfill the World Health Organization’s (WHO’s)
demand for rapid, sensitive, safe, and simple Ebola diagnostics. “I think we are on
the way to achieving that,” he observed, but as discussed below, some obstacles
remain to meeting that goal.

Putting the present in perspective, Feldmann noted that until around 2000,
Ebola diagnosis took weeks to months, as samples were shipped to reference
centers such as the CDC. The construction of in-country reference centers re 
duced that to days; with current on-site mobile support, diagnosis takes about 2
to 6 hours, he said. “The future is minutes,” he predicted, but he cautioned that
methods currently capable of such speed are not sufficiently sensitive. 

NIH Efforts 

Michael Kurilla of the National Institute of Allergy and Infectious Disease
(NIAID) gave an overview of filovirus-related projects and research under way at
the National Institutes of Health (NIH), which has focused on these pathogens as
targets for biodefense. (Dr. Kurilla’s contribution to this Proceedings of a Work
shop can be found in Appendix B.) After the terrorist attacks of 2001, Kurilla
said, Ebola and Marburg viruses became subjects of intense efforts encompass
ing basic research, diagnostics, vaccines, and therapeutics, as well as product
development. In his presentation to the workshop, he described recent advances
in each of these areas, which will be discussed in this and following sections.

To fill a shortage of research facilities of the highest biosafety level, where
work could be conducted on live filoviruses and other Category A pathogens,
the NIH has added three biosafety level-4 (BSL-4) laboratories since the incep
tion of biodefense funding in 2003, Kurilla reported. These laboratories greatly
increased capacity for both research and product development, and specifically
have expedited work on vaccines and therapeutics, he said. NIAID personnel
proficient in BSL-4 safety skills have not only conducted diagnostic work in West 
Africa but have also provided instruction to local health care workers, according
to Kurilla. The U.S. Food and Drug Administration (FDA) granted emergency
use authorization to two of the tests they employed: BioFire,5 based on film ar
rays, and Corgenix,6 an antigen-derived lateral flow test. Both are being pursued
as potential point-of-care applications. 

5 See http://www.biofiredx.com (accessed November 3, 2016). 
6 See http://www.corgenix.com/news-releases/corgenix-receives-fda-authorization-and-who-listing-

for-emergency-use-of-ebola-rapid-diagnostic-test (accessed November 3, 2016). 

http://www.biofiredx.com
http://www.corgenix.com/news-releases/corgenix-receives-fda-authorization-and-who-listing-for-emergency-use-of-ebola-rapid-diagnostic-test
http://www.corgenix.com/news-releases/corgenix-receives-fda-authorization-and-who-listing-for-emergency-use-of-ebola-rapid-diagnostic-test
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The View from Monrovia 

At the time of the workshop, Feldmann’s team from the NIH and another
from the CDC had been staffing the laboratory of a Médecins Sans Frontières
(MSF) ETU in Monrovia, Liberia, since August 2014. “We started out in a tent
structure, as almost all mobile laboratories nowadays do,” he recalled. MSF can
construct such facilities within a day, allowing laboratory operations to begin in
less than 48 hours, he said.

Performing diagnostic tests in the tents was challenging, according to
Feldmann; nevertheless, despite incomplete physical separation of different
stages of the process, there were few reports of contamination. Later the labora 
tory moved to a fixed structure, which improved workflow and also afforded
better protection from rain and heat. A mobile plastic BSL-3 laboratory under
negative pressure was also available but was not used because sample loads did
not reach critical levels, he said.

The ELWA 3, an MSF Ebola management center, operated a laboratory dur
ing the West African epidemic, and employed quantitative reverse transcriptase
polymerase chain reaction (qRT-PCR) to diagnose Ebola. This method permit 
ted detection of several different pathogens within about an hour, but it re 
quires sophisticated equipment and trained personnel, Feldmann noted. Reverse
transcription loop-mediated isothermal amplification (RT-LAMP), a faster, less-
demanding method, is not as well established, but it is moving into field use, he
added; however, as currently performed, it is vulnerable to detecting false nega 
tives. An even faster method, isothermal recombinase polymerase amplification,
has potential, but it has not been appropriately evaluated for field use.

Extracting viral RNA from patient samples for analysis requires an additional
30 to 60 minutes, but it can be performed easily using kits from several sources,
Feldmann noted. The most common are based on chaotropic agents and can be
either performed manually or automated. Although some of these processes must
be adjusted in order to completely inactivate the samples, this approach has been
used for more than a decade in the field and in the laboratories without incident,
he said. “If you do the test in the laboratory, you have breakthrough with rest
infectivity unless you add . . . ethanol. That completely inactivates the sample.
Be careful, and test your procedures,” he advised.

The ELWA 3 team used a two-target approach to diagnose Ebola, performing 
dual PCR assays for separate genomic regions. “The positive is only a positive
if both are consistent and agree on the result,” Feldman said. “Not every mobile
lab does that. Some labs operate on a single target system, which, of course, is
more prone to potential false negatives if you have sequence variation.” If the
results of their PCR assays disagreed, they ran a third assay on a different ge
nomic region as a tie-breaker, and used clinical parameters as well to determine
their conclusion, he said. The assays, conducted in tandem by the NIH and the
CDC teams, were nearly perfectly concordant, he noted—evidence of their suc 
cessful collaboration. 
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Under optimal conditions, patients at ELWA 3 were tested as soon as they
entered the facility and if positive, were isolated, Feldman reported. Surviving pa 
tients who were asymptomatic for 3 days then required two consecutive negative
tests, between one and three days apart, for discharge. However, he noted, that
algorithm was frequently compromised in August and September 2014, when the
facility became overwhelmed with cases. “You had to make the decision between
someone that you may send home who may be a false negative versus someone
who is extremely ill with Ebola knocking on your door, and you can’t take that
patient into your clinic,” he recalled.

Beginning in October 2014, as the crisis began to abate, the laboratory also
began testing for malaria. A frequent coinfection with Ebola, malaria needs
to be studied as to its possible effect on survival, Feldmann remarked. The
researchers also began performing blood tests for Ebola using bedside instru 
ments; however, he said, antigen-based “dipstick” tests (as noted by Heymann)
are better prospects for future analyses, and capable of providing results within
15 minutes. Although such tests are not as sensitive as qRT-PCR, they can
potentially be used successfully in an appropriately adjusted diagnostic algo
rithm, Feldmann suggested. “For an incoming patient, a negative [result from
a rapid test] does not exclude an infection,” he emphasized. “For a survivor, a
negative test does not exclude infectivity or rest infectivity.” Laboratory-based
amplification approaches will still be needed to measure viral load, he added.

While unsuited to the diagnostic demands of the epidemic at its height,
serology—which had been employed in previous outbreaks—may still be used
to analyze samples to better understand what happened, and be developed as
a basis for rapid tests, Feldmann observed. Here too, inactivating the virus is
problematic, he noted: heat alone is not sufficient and must be combined with a
chemotropic agent. 

CONTAINMENT CARE 

Health care workers responding to Ebola outbreaks have all too frequently
become victims of the disease, and in disproportionate numbers to the general
population. In West Africa, as of June 4, 2015, 869 health care workers had
become infected over the course of the epidemic, and 507 had died (ECDC,
2015b). This situation has provoked considerable discussion of containment care
for Ebola patients, noted Mark Kortepeter from the Uniformed Services Univer
sity of Health Sciences. In his workshop presentation, he reviewed the science
behind the development of infection containment practices, the recent history of
containment technologies, and the public health policy issues surrounding efforts
to reduce the risk borne by caregivers for Ebola and other emerging infectious
diseases. 
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The Science of Containment Care 

Compared with other infectious diseases, Ebola “is pretty hard to catch,”
Kortepeter observed; transmission could be said to occur only in the right place
at the wrong time, which unfortunately describes the fate of many health care
workers. 

Hospitals—the “right place”—have historically served as epicenters of Ebola 
spread through such unsafe practices as the  reuse  of contaminated needles or 
syringes on  patients,  accidental  needle  sticks of  health  care  workers,  exposures 
during  surgical  procedures,  rubbing  eyes and  other  mucous membranes with 
soiled  gloves,  and  the  splashing  of  infected  water  or  body  fluids,  Kortepeter 
stated.  Within households,  transmission  results primarily  from  direct  physical 
contact  with  blood  or  body  fluids of  an  individual  who  has been  ill,  sleeping  in 
the  same  hut  or  mat,  sharing  a  needle,  sharing  a  hospital  bed,  or  having  close 
contact  with  a  cadaver,  he  said.

The Ebola virus concentrates in the blood but is also present in other bodily
fluids, Kortepeter pointed out. Yet, the extent to which such nonblood fluids pose
an infection risk remains largely to be determined (Osterholm et al., 2015). In
general, increasing viremia over the course of the illness means that any exposure 
at its peak—around 7 to 10 days after symptom onset—confers maximum risk,
he noted. During this period, moreover, patients are most likely to experience
high-volume diarrhea, vomiting, bleeding, and coughing. It is also unknown
whether or under what circumstances asymptomatic or mildly ill patients can
transmit Ebola, he added. 

Evolution of Containment Care 

In a 2006 consensus article (Smith et al., 2006), Ribner and colleagues de 
fined a biocontainment patient care unit as a clinical facility designed specifically
for the care of patients to prevent nosocomial transmission of highly hazardous
and contagious diseases, and incorporating those engineering or safety measures
that are often used in containment laboratories and have been tested over time 
in laboratories. Kortepeter, who worked in this type of facility at the U.S. Army
Medical Research Institute of Infectious Diseases (USAMRIID), noted that their
biocontainment unit was established in 1967, the same year Marburg virus was
identified, and 2 years before the discovery of Lassa fever.

Additional advances in biocontainment occurred on the occasion of the first 
lunar landing, which—fueled in part by Michael Crichton’s best-selling novel,
The Andromeda Strain—raised public concern about extraplanetary contamina
tion. In response, the National Aeronautics and Space Administration developed
a specialized negative-pressure Airstream trailer to isolate the astronauts for a
period of postflight quarantine, Kortepeter said; it included a patient isolator that
was never used, except on the set of the film E.T.: The Extra-Terrestrial. 
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These designs informed USAMRIID’s next high-level containment care unit,
dubbed “The Slammer,” Kortepeter observed. It incorporated a host of features,
including an external direct pass-thru entry, positive pressure suits, air intake and
exhaust filtration, and a steam-sterilized sewer system. Between 1972 and 2004,
22 patients with potentially dangerous infections were admitted to The Slammer,
he reported. Quoting Ribner in a recent Time magazine story (von Drehle and
Baker, 2014), Kortepeter recalled that The Slammer was once viewed as a sort of
“Noah’s Ark.” Today, it serves as an early example of a BSL-4 facility, he said.

Additional improvements were necessary to complete the transition from 
laboratory  biosafety  to  patient  care,  Kortepeter  explained.  When  experience  with 
outbreak management demonstrated that incorporating isolation and barrier pre
cautions into  patient  triage  procedures significantly  reduced  the  spread  of  infec
tious diseases to  health  care  providers,  PPE  precautions changed  accordingly  to 
incorporate anterooms for donning and doffing, negative pressure where possible, 
and  the  mainstay  gloves,  gowns,  masks,  shoe  covers,  and  protective  eyewear. 




However, even with those precautions in place, laboratory transmission of
Ebola occurred among nonhuman primates in Reston, Kortepeter recounted. That,
along with demonstrations of nonhuman primate infection by aerosol and other
routes and of seroconversion to Ebola-Reston among the primates’ human care 
givers, resulted in new personal protective equipment requirements for negative
pressure and high-efficiency particulate air filter (HEPA) respirators that could
be used by those treating patients with prominent cough, vomiting, diarrhea, or
hemorrhage, he reported. In 2005, further updates in isolation recommendations
stated that hospitals may choose to institute airborne precautions when caring for
patients with severe pulmonary involvement or who are undergoing potentially
aerosol-generating procedures, he noted.

These recommendations guided the treatment of the initial Ebola patients in
the United States in 2014, Kortepeter reported. Then, after two nurses in Dallas
were infected with Ebola (as described by Ribner), caregivers were instructed to
wear a respirator and to cover all of their skin, Kortepeter stated. 

What Next? 

The aforementioned advances in containment care have not prevented shock
ing numbers of health care workers from becoming infected with Ebola in West
Africa, Kortepeter acknowledged. Continued uncertainty about the circumstances
of transmission is a problem, he noted, but the primary challenge is to protect
caregivers from high concentrations of virus in bodily fluids during peak infec 
tion. There is no room for mistakes under these circumstances; therefore, as in
BSL-4 laboratories, redundancy in protective measures is essential, he insisted.
Such measures are best taken in designated containment care facilities capable
of handling rare, dangerous infections with which typical hospital staff and clini 
cians are potentially unfamiliar, he insisted (Kortepeter et al., 2015). At the same 
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time, every hospital should evaluate its capacity to address infectious diseases,
and should be competent to perform basic tasks, such as triage, specimen collec 
tion, and isolation, for patients that are best treated in containment care facilities,
he said. 

Even those critical of the specialized facility model can agree on basic
principles of containment care, Kortepeter argued. These include the provision
of deliberate care, the need to coordinate movement in treatment and laboratory
facilities to prevent contamination, the importance of assessing the risk versus
benefit of every procedure, the necessity of practicing key procedures, and the
requirement for vigilance by care team members, who will monitor each others’
actions and point out inappropriate actions before harm is done.

Reflecting on the evolution of containment care, Kortepeter concluded that
the field has come of age. That being the case, he said, addressing Ribner: if The
Slammer was indeed Noah’s Ark, then perhaps it can be said that your ship has
either come in, or it has set sail. 

DRUG AND VACCINE DEVELOPMENT 

Thomas Geisbert of the University of Texas Medical Branch in Galveston
and Michael Kurilla described the range of approaches being used to develop
preventive vaccines and postexposure therapeutics against Ebola and other filo 
virus diseases. 

Vaccines 

Several promising Ebola vaccine candidates existed years prior to the West
African epidemic, Geisbert noted. However, because of the limited market for
such products and lack of financial incentives for their development, all had
stalled in animal trials; moreover, he asserted, progress toward a human vac 
cine was slowed by the constraints of the FDA’s Animal Rule.7 This legislation, 

7 FDA Animal Rule (CFR Title 21)
•		 Ap plies to  the  development  or  testing  of  drugs/biologicals to  reduce  or  prevent  serious, 

life-threatening conditions caus ed by exposure to lethal or permanently disabling toxic 
agents (chemical,  biological,  radiological,  or  nuclear  substances),  where  human  efficacy 
trials are  not  feasible  or  ethical.  The  Animal  Rule  was finalized  by  the  FDA  and  authorized 
by  the  U.S.  Congress in  2002,  following  the  September  2011  attacks and  concerns regarding 
bioterrorism. 

•	 The FDA  can rely on evidence from animal studies to provide substantial evidence of product 
effectiveness when: 

1:  There  is a reasonably well-understood mechanism for the toxicity of the agent and its ameliora
tion  or  prevention  by  the  product;



2:  The  effect  is demonstrated  in  either:  
2.1: More  than one  animal  species expected  to  react  with  a  response  predictive  for  humans;  or
2.2: On e  well-characterized  animal  species model  (adequately  evaluated  for  its responsiveness 

in  humans)  for  predicting  the  response  in  humans. 
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spurred by biodefense concerns and intended to permit the licensure of drugs for
which human efficacy trials would be unethical, nevertheless had impeded poten
tial responses to emerging diseases (Cohen, 2014). As the epidemic spread, those
barriers were overcome, and several vaccine candidates were rapidly advanced.

Geisbert briefly characterized four “fast-tracked” Ebola vaccines known
to have entered clinical trials at the time of the workshop. Two had already
completed phase I safety trials in humans: ChAd3, a chimpanzee adenovirus
vector bearing surface glycoprotein genes from two Ebola strains, developed by
GlaxoSmithKline (GSK) in collaboration with NIAID and, VSV-delta G, an at 
tenuated vesicular stomatitis virus (a common infection of livestock) engineered
to express the Ebola surface glycoprotein, produced by NewLink Genetics and
Merck (Geisbert and Feldmann, 2011). These were followed by a more-attenu 
ated “next-generation” VSV-delta G vaccine (Cooper et al., 2008), developed by
Profectus Biosciences, and also by a two-step protocol that employs a modified
smallpox virus to boost the efficacy of ChAd3, produced by Johnson and Johnson 
in collaboration with Bavarian Nordic.8 

Kurilla reported that a ring vaccination trial in Guinea is under way for
one of the candidates. These achievements represent a decade of focused effort,
Kurilla emphasized. Nevertheless, he observed, researchers have yet to gain a
firm understanding of successful immune response to the Ebola virus, in part
because so few people had survived the disease. A December 2014 workshop
NIAID cosponsored with the CDC, the FDA, the U.S. Department of Defense,
and the Biomedical Advanced Research and Development Authority (BARDA)
examined this problem, he noted.

Geisbert  agreed  that,  despite  the  impressive  progress achieved,  important 
questions remain. He  noted three  areas with key gaps in knowledge. The  first  con
cerns the  durability  of  the  vaccine  candidates.  Nearly  all  filovirus vaccines have 
been evaluated in virus-challenged nonhuman primates within 8 weeks of their 
final  vaccination—too  early  to  predict  their  long-term  potency.  A  study  found 
that  the  ChAd3  vaccine  alone  at  two  different  doses fails to  protect  monkeys ad
equately  from  Ebola  as few as 10  months later  (Stanley  et  al.,  2014).  “You  have 
to  boost  with  MVA  [modified  smallpox  virus] to  get  long-term  protection,”  he 
reported—but the MVA vaccine has produced adverse effects at the subcutaneous 
injection  site,  he  added.  





3: The  animal  study  endpoint  is clearly  related  to  the  desired  benefit  in  humans;  and
4: Da ta or information on the pharmacokinetics and pharmacodynamics of the product or other 

relevant  data  or  information  in  animals or  humans is sufficiently  well  understood  to  allow 
selection of  an  effective  dose  in  humans,  and  it  is therefore  reasonable  to  expect  the  effec
tiveness of  the  product  in  animals to be  a  reliable  indicator  of  its effectiveness in  humans.  
SOURCE:  Geisbert  slide  #52. 



8 ChAd3 and VSV-delta G had entered phase III trials at the time of this writing. For up-to-date
information on vaccine development for Ebola see http://www.who.int/medicines/emp_ebola_q_as/
en (accessed November 3, 2016). 

http://www.who.int/medicines/emp_ebola_q_as/en
http://www.who.int/medicines/emp_ebola_q_as/en
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While live attenuated viruses such as VSV have historically been durable,
and a Marburg-VSV vaccine has proven sturdy (Mire et al., 2014), the Ebola
construct has not been sufficiently tested to determine if it follows suit, accord 
ing to Geisbert.

The potency of the virus used to create the current group of Ebola vaccines
has also been called into question. New data suggest that these Ebola-Zaire
virus seed stocks represented a less-pathogenic genetic variant of the wild-type
virus, Geisbert remarked (Kugelman et al., 2012; Volchkova et al., 2011). While
this makes a high percentage of the soluble glycoprotein that enables antigenic
subversion,9 as described by Kurilla in the next section, the laboratory stock has
largely lost that ability, Geisbert explained (Mohan et al., 2012). Accordingly, he
added, recent evidence demonstrates that the wild-type Ebola-Zaire virus kills
nonhuman primate hosts faster than the laboratory strain.

Given the possible implications of these results for Ebola vaccine efficacy,
Geisbert’s group conducted a test of candidate vaccines in macaques that subse
quently were infected with wild-type Ebola-Zaire virus. Unexpectedly, Geisbert
reported, all the monkeys that received either of the VSV-based vaccines were
completely protected and asymptomatic, while all but one monkey that received
adenovirus-based vaccines became ill, and one died. “This really tells us that this
is something that we have to pay attention to as we develop medical countermea
sures, both vaccines and treatments for Ebola, particularly in the context of the
current outbreak,” he concluded. However, he added, two promising postexpo 
sure therapeutics, ZMapp and TKM-Ebola (described below), had been tested and
found effective against the wild-type virus.

In subsequent discussion, Feldmann pointed out that almost all of the
laboratory-stain viruses had been grown in Vero cells, rather than in target cells
derived from host animals, in which the virus retains its wild-type form. “Pri
mary target cells in animals have a selective pressure to that wild-type virus,” he
explained. “Vero cells, unfortunately, do not. That is where most of the variance
is generated.” Switching to primary target cell lines would go a long way toward
solving this problem, he concluded.

The third area Geisbert discussed as needing further study is the possibil
ity of protecting against multiple species and strains of filoviruses with a single
vaccine. “Long-term, we really want to make sure that we have vaccines and
treatments that protect against multiple species and strains even within one spe
cies of Ebola or Marburg,” he urged. As the small sequence change underlying
the capacity for antigenic subversion suggests, even strains with near-perfect
sequence homology can vary in their response to the same vaccine. 

9 Antigenic subversion is a novel strategy that Ebola virus uses to evade host immunity by produc
ing large quantities of a truncated glycoprotein isoform (sGP) that is secreted into the extracellular
space. This type of glycoprotein not only functions as a decoy for antibody binding but it also shifts
antibody production almost exclusively toward itself. 
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Postexposure Treatments 

Geisbert and Kurilla provided an overview of several approaches that have
been taken to mitigate the effects of Ebola infection. One prominent strategy,
antibody therapy to neutralize the virus, was the focus of a workshop presentation 
by Erica Ollmann Saphire, described in the next section. Attempts have included
the treatment of patients with whole blood, serum, or plasma donated by Ebola
survivors, as was first attempted during the 1995 outbreak in Kikwit. Researches
have also tried to transfer whole blood among nonhuman primates that survived
Ebola, but in most cases it has not worked well, Geisbert noted (Jahrling et al.,
2007; Sullivan et al., 2011).

Inhibiting transcription and replication of the Ebola virus is theoretically
possible, but it has not been demonstrated. The antiviral drug Favipiravir (also
known as T-705 or Avigan), known to be active against several viruses, including
West Nile and yellow fever, was recently used to treat Ebola patients, according
to Geisbert. Considered a broad spectrum antiviral, its mechanism of action is
thought to involve the selective inhibition of the RNA-dependent RNA poly
merase, but that has yet to be definitively proven. At the time of the workshop,
several studies of this drug were under way in nonhuman primate models of
Ebola, he reported. Similarly, the antiviral drug Brincidofovir appears to inhibit
replication of a variety of DNA viruses through an unknown mechanism and,
surprisingly, Ebola—an RNA virus—in cell culture. Brincidofovir was used to
treat the locally acquired Ebola patient in Dallas, he said; it was also intended
for studies in Africa that were abruptly halted by its manufacturer, Chimerix. The
results of those attempts should be instructive, he observed.

Antisense technology, in the form of small interfering RNAs (siRNAs),
provides another means to inhibit Ebola virus activity by suppressing gene ex 
pression. These powerful, sequence-specific reagents naturally defend eukaryotic
cells against viral pathogens, Geisbert explained. They have been used in cell-
culture systems to inhibit the replication of human viruses, including HIV, hepa 
titis C, poliovirus, severe acute respiratory syndrome, and Marburg; however,
effective delivery of siRNAs in vivo remains elusive (Xie et al., 2006).

Geisbert and co-workers attempted to use siRNAs to target three essential
Ebola-Zaire virus proteins, he said. In their initial postexposure studies of guinea
pigs, only about one in five animals were protected. However, when they repeated
the study using a novel lipid-based delivery system for siRNA from Tekmira, ev 
ery animal survived (Geisbert et al., 2010). This formulation, called TKM-Ebola,
was produced by Tekmira and cleared by the FDA under compassionate use to
treat several patients who contracted Ebola while serving in Liberia. Geisbert
noted that a phase II trial of TKM-Ebola was planned for Africa, if enough pa 
tients could be enrolled. 

In general, Geisbert observed, repatriated U.S. Ebola patients, many of
whom received experimental or compassionate use drugs, fared well compared
with their West African counterparts. “I don’t think we can point to any one 
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postexposure treatment or intervention that is the reason for that,” he concluded;
rather, single drugs, combinations of drugs, and 24/7 monitoring by highly trained
staff likely all supported superior outcomes. 

Discoveries Informing Postexposure Treatments 

Kurilla highlighted three key discoveries regarding the Ebola virus, a patho 
gen that, he observed, “has certainly been able to teach us quite a bit.” The Ebola
virus, like many others, interferes with the innate immune system by inhibiting
the production of interferon (Basler et al., 2000). The human immune system re 
sponds by generating interferon in other ways, he explained, but the Ebola virus
counters this defense with viral protein 35 (VP35), a molecule that specifically
blocks interferon signaling (Litterman et al., 2015). Four FDA-approved com 
pounds shown to inhibit Ebola virus activity appear to block VP35 action and are
being pursued as antiviral leads.

Many viruses also elude the immune system by producing variants that act as 
decoys, dividing immune defenses so as to conquer them. Ebola virus engages in
a particularly insidious type of evasion by producing a variant of a key antigen,
a trimer glycoprotein present on the viral surface, Kurilla explained. This vari 
ant folds as a dimer, in which state it is soluble (Mohan et al., 2012). As such,
it not only functions as a decoy for antibody binding, it shifts antibody produc 
tion almost exclusively toward itself, a feat its discoverers named “antigenic 
subversion.” 

Another Ebola protein, VP40, can produce three differently folded structures
from the same gene (Bornholdt et al., 2013). “How many other infectious agents
are actually doing this trick?” Kurilla wondered—and might all organisms have
this capacity? More specifically, he continued, this discovery suggests a reason
why past Ebola vaccine candidates have failed: perhaps the expression systems
used to produce the vaccine antigens failed to fold the protein to a conformation
that would generate an effective immune response. This finding has significance
for many kinds of infectious diseases, he noted. 

Antibodies Against Ebola: A Global Collaboration 

Antibody therapy for Ebola has garnered considerable attention owing to its
likely safety, bioavailability, and efficacy, and because it could be administered
in outbreak-prone areas in a timely manner (Saphire, 2013)—and, most recently,
because of the treatment of two aid workers from the United States with the triple
antibody cocktail, ZMapp. Erica Ollmann Saphire of The Scripps Research In 
stitute provided an up-to-date account of the science supporting this therapeutic
modality and outlined key questions being pursued in the quest to optimize it. 

Antibody-antigen interactions The Ebola virus surface glycoprotein (GP), the
virus’s sole means of attachment and invasion of host cells, is the main target of 
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the host immune response, Saphire stated. GP is composed of two subunits, GP1
and GP2. GP trimers stud the surface of the virus, with GP2 forming the base
from which each GP1 extends. Mucin-like domains are attached to glycan caps
on the tips of each GP1 lobe. GP1 attaches to the host cell, while GP2 mediates
fusion with host membrane, she explained. The entire Ebola virus is engulfed by
the host cell and drawn into an endosome, Saphire said; there, it is processed by
human enzymes called cathepsins, which strip off the mucin-like domains, allow 
ing GP1 to bind to its receptor.

The immune response to this scenario is predictably complex, Saphire ob 
served. “You can actually generate a lot of antibodies against those glycosylated
regions and the upper glycan caps and the mucin-like domains,” she said, but
“once the virus is brought into the endosome, all of those antibody epitopes are
stripped right off the virus along with the antibodies bound [to it]. The virus
doesn’t care what kind of antibodies we attach to those places. It will get them
cut right off.” On the other hand, antibodies targeting the receptor-binding site—
which is conserved across all filoviruses—cannot recognize the entire virus,
in which that site is obscured by glycosylation. This dilemma, exacerbated by
antigenic subversion (the previously discussed decoy effect afforded by sGP),
explains why antibodies that neutralize the Ebola virus in cell culture often do not 
protect experimental animals from infection, she concluded. This was true of the
best neutralizing antibodies available against Ebola in 2007. By 2012, however,
several laboratories had independently discovered that a mixture of individually
ineffective antibodies could protect animals from Ebola infection, she reported;
why that was the case, and how this effect could best be exploited, remained a
mystery. 

Cocktail collaboration  This complex problem is currently being pursued 
through a novel collaboration among a broad group of researchers who are 
studying  known  Ebola  antibodies combined  in  a  vast  array  of cocktails.  Saphire 
is the  director of  this effort,  the  Viral  Hemorrhagic  Fever  Immunotherapeutic 
Consortium,  or  VIC  (Saphire,  2013).  “This is an  open,  fieldwide  collaboration,” 
she  said.  “Everybody  in  the  world  with  antibodies against  Ebola  virus”  sent  them 
to  Saphire’s laboratory,  where  they  were  given  code  names,  packed  in  identical 
boxes,  and  sent  to  every  donor  laboratory.  Researchers compared  the  antibodies 
individually and in combination through diverse in vivo and in vitro assays and 
protein  structure  analysis.  “If  we  are  doing  all  of  the  different  kinds of assays,  we 
are  able  to  figure  out  what  works and  why.  The  other  idea  is that  if  you  need  a 
cocktail,  you  will  probably  get  a  better  cocktail  if  you  have  a  bigger  sample  size 
to choose from rather than what is available in this lab or that lab,” she explained. 

To achieve that better cocktail, the VIC decided to pursue two strategies in
parallel, denoted “tortoise” and “hare” by Saphire. The former, a long-term de 
finitive study of the structure and function of existing antibodies, could produce
a definitive therapeutic cocktail, as well as a research benchmark. Knowing this
effort would take several years, the researchers devised the “hare” strategy in the 
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event of a possible crisis, which then materialized in West Africa. The researchers 
responded  by  focusing on the  six  antibodies that constituted  two  different three-
antibody cocktails previously found to protect nonhuman primates infected with 
Ebola.  It  was this strategy  that  delivered  ZMapp:  a  three-antibody  cocktail  that 
binds three different locations  on the Ebola virus, and which completely protected 
nonhuman  primates treated  five  days postinfection,  Saphire  and  Kurilla  noted. 

In the meantime, Saphire reported, “tortoise” studies of the first 81 antibod 
ies have revealed that most effective neutralizing antibodies bind to the base of
the GP bowl, on G2. Antibodies across a broad range of epitopes were found
to be partially protective in a mouse model of Ebola, and one was completely
protective. “Binding a certain epitope isn’t necessarily the answer—except for
the base,” she said. “Every single one of them gives some at least partial protec
tion, but they all bind the same place. . . . They will compete with each other
. . . [and] they are all knocked out by the same point mutation as well. So one of
those should probably be in the cocktail. We will pick the best,” she announced.

Saphire also noted that partially protective antibodies against other sites—
that is, those that do not compete with the base binders—could also be included
in the definitive cocktail. These include some nonneutralizing antibodies that bind
the processed mucinlike domain or the glycan cap of GP1, and yet protect at rates
as high as 50 percent, she reported. “I don’t think we can go with neutralization
alone anymore when picking out antibodies to pursue,” she concluded; far better
predictions of protection—such as the effectiveness of base-binding antibodies—
are derived from studying the structural interactions of antibodies and the epit
opes they bind. Thus, it will be important to characterize the structural biology
of several protective antibodies that bind yet-unknown epitopes. The researchers
are also attempting—through a series of high-throughput assays—to determine
the functions of nonneutralizing, yet protective, antibodies. 

Open questions  Saphire  ended  her  presentation  with the following  sets of in
triguing  questions and challenges that  the  VIC’s results to  date  have  raised:  



•	 Of the several base-binding antibodies, so far the best performers, how
many should be included in the cocktail? Is it better to have the single best
one, without competition, or several competitors to foil potential mutation 
escape by the virus? 

•	 What exactly makes the base-binding antibodies best in class? If they
compete with others, what makes them more effective? What immune
effector function are they conferring if not neutralization? 

•	 Some protective antibodies nonetheless bind “decoy” sGP; could that 
actually confer some benefit to the host? 

•	 As Geisbert noted, the optimal antibody therapeutic would protect against
all known Ebola and Marburg viruses. While no antibody yet identified
is capable of binding to GP from all five Ebola viruses, antibodies raised 
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against the conserved receptor-binding site of the Marburg virus—which
is exposed, in contrast to that of the Ebola virus—appear promising
(Hashiguchi et al., 2015). 

At the time of the workshop, several antibodies in the VIC collection had
yet to be tested in vivo, and the researchers planned to extend their studies to in 
clude antibodies isolated from survivors of the West African epidemic. They also
planned to examine antibodies elicited by experimental vaccines, as compared
with those resulting from Ebola infection. This raises larger questions, Saphire
remarked: “What kind of antibody do you want from a vaccine? Do you want a
different kind of antibody preexposure than you do postexposure? Certainly, you
might want a different location of antibody or a different immune effector func
tion. Those are things we have to figure out.” 

SEIZING OPPORTUNITY 

Over the past 50 years, infectious disease research has progressed from
“thinking we had it all fixed” to the recognition that there is much we do not
know, Kurilla observed. “Those of us who have been working on Ebola counter
measures never anticipated that we would ever have the opportunity like this to
be able to test vaccines and therapeutics, and we are doing our best to try to take
as much advantage of [these circumstances],” he insisted. “It is hoped we never
have an opportunity like this again.”

On the other hand, Kurilla noted, it is important to have plans and re 
sources—including public health infrastructure—in place to conduct research in
the event of future infectious disease outbreaks. More specifically, he encouraged
the development of platform diagnostics that enable tests for the inevitable unex
pected or newly emerging disease to be integrated into an existing system. While
point-of-care-diagnostics could also be helpful in theory, he and Towner empha 
sized that existing tests had yet to prove their usefulness in low-resource settings.

Carole Heilman of NIAID reminded workshop participants that research
ers not only need a platform of knowledge and technical capacity from which
to launch studies as outbreaks develop, but also a “warm base” of relationships
that facilitate contact tracing and sample collection. These connections enabled
Gire and coworkers to obtain samples from Ebola patients in Sierra Leone, she
pointed out: Gire’s colleague, Pardis Sabeti, had well-established relationships
with medical scientists and policy makers in Sierra Leone through her work on
Lassa fever. “When indeed there was something to do that wasn’t exactly Lassa
but could be utilized within that system, she was able to turn rapidly,” Heilman
observed. “These relationships that become extraordinarily important in trusting
each other when an outbreak occurs, no matter what it is, are huge, in order to
be able to move.” 
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TOWARD A GLOBAL HEALTH RISK FRAMEWORK
 

Recognition that the response to the West African Ebola epidemic was unac 
ceptably slow and disorganized has prompted efforts to establish a robust mecha 
nism for planned preparedness for future pandemic disasters. In his presentation
to the workshop, Victor Dzau, President of the National Academy of Medicine
(NAM) reviewed gaps in the recent public health response to Ebola and described
an initiative spearheaded by the NAM to create a global health risk framework.

Although many countries and organizations ultimately responded to the crisis
in West Africa, “It took a little bit long for the recognition of the severity of this
issue; it took too long to get everybody together and to declare an emergency and
have a response,” Dzau observed. Further, he noted, the response was plagued
by problems that arose at every level of government. These included failures of
disease surveillance, lack of resources for response, and the overall weakness of
public health and health care systems in the affected countries, and the previously 
discussed breakdown in trust and communication between communities and the 
“outsiders” who sought to deliver care and control disease transmission.

This NAM initiative has identified gaps in four main areas of this re
sponse that can serve as focal points for the construction of a global health risk
framework, Dzau said; these areas are governance, financing, health systems
strengthening, and research and development. Weak governance, leadership, and
coordination occurred at all levels and across and between all sectors of govern
ment, charitable organizations, private-sector entities, and other nongovernental
organizations, he stated. The WHO in particular responded too slowly and failed
to assume a leading role; the resulting confusion was exacerbated by discon
nection between its Geneva headquarters and its regional and country offices,
which presented numerous bureaucratic barriers to international participation in
outbreak response, he noted. The crisis also highlighted weaknesses in the Inter
national Health Regulations (IHR), as described by Fukuda.

At the time of the workshop, the international community had committed $5
billion to the response to the West African Ebola epidemic, Dzau reported. Based
on figures from the World Bank, this number pales in comparison with the cost
of the crisis to the affected countries, estimated to exceed $32 billion (more than
double the combined 2013 gross domestic product of Guinea, Liberia, and Sierra
Leone) (World Bank, 2014). This shortfall in funding resulted from a range of
deficits, he noted: no easily mobilized reserve was available to fund emergency
response supplies, logistics, and personnel expenses as the epidemic flared, nor
were adequate funds available for IHR implementation through the underre 
sourced WHO or elsewhere. Until September 2014, the U.S. government’s fund
ing response to the crisis was, like many other wealthy countries, quite modest.
Finally, the situation was deemed too risky to finance by the reinsurance industry.

Health systems at all levels were quickly overwhelmed by the Ebola epi
demic, which accelerated in part because of the delayed diagnosis and reporting
of the earliest cases and the failure to recognize many more, Dzau said. A poor 
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understanding  of community culture and traditions led to mistrust and slow up
take of disease  control measures, as Jean Jacques Muyembe-Tamfum of Kinshasa 
University  in  the  DRC  described.  The  shortage  of  public  health  professionals 
also  crippled  the  response,  Dzau  asserted.  Diagnostics,  supplies,  and  facilities 
were  in  short  supply,  limiting  the  delivery  of  even  the  most  basic  of  clinical  care, 
such  as hydration.  The  allocation  of  scarce  resources, as well  as the  emergency 
testing  of  unproven  vaccines and  drugs,  created  ethical  and  scientific  challenges 
for  health  care  workers.  



As several presenters in the previous section pointed out, industry has had
little incentive to invest in products to address Ebola, leaving responders reliant
on slow and cumbersome diagnostic tests that require high levels of laboratory
safety and staff expertise. The lack of multinational collaboration on financing for
the research and development of Ebola diagnostics, treatments, and preventives
is common to many neglected diseases, Dzau noted. Although the pharmaceuti 
cal industry is now investing in Ebola products, it will be months to years before
products emerge from clinical trials, he added.

This crisis provides a clear example of the long-sounded warning that timely
action is key to containing infectious diseases, Dzau observed. A swift response to
an infectious threat should be informed by good planning and evidence, not fear
or politics, he said. “Responders need to move as one to avoid mistrust, stigma, or
miseducation of communities,” he added. To accomplish this, leaders and roles,
resources, and appropriate times for responding must be established before an
outbreak occurs. This is the overarching goal of the global health risk framework. 

Convening a Global Conversation 

At  the  urging  of  World  Bank  president  Jim  Kim,  Dzau  agreed  to  guide  the 
NAM to lead the development of a global health risk framework—and to do it 
as the  West  African  crisis was still  being  addressed,  in  order  to  take  advantage  of 
the  “real-time  learning”  under  way.  At  a  December  2014  meeting  at  the  NAM, 
chaired by the WHO  Director-General Margaret Chan and including major stake
holders in  the  Ebola  epidemic,  sentiment  was overwhelming  to  proceed  as a 
group  to  create  such  a  framework,  Dzau  recalled.  On  March  5,  2015,  participants 
in  a  similar  meeting  at  the  NAM decided  to  convene  an  independent  commission 
to  create  a  detailed  report  that  hoped  to  inform  future  United  Nations (UN)  and 
WHO policy. 



Dzau reported that the Rockefeller, Gates, and Ford Foundations; the
Wellcome Trust; and USAID, among others, had already provided funding to
support this effort. The report will be prepared by a global commission convened
by the NAM, but it will not be an NAM or a U.S. product itself; the NAM’s role
is limited to that of secretariat. 

For the report to have the hoped-for impact, it has to be issued from an in 
dependent international commission, Dzau explained; thus, 17 commissioners, 
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FIGURE 4-1 Development process for a global health risk framework.
SOURCE: Dzau presentation, March 25, 2015. 

reflecting a range of expertise and geopolitical representation, will oversee the re 
port’s preparation. As shown in the organizational diagram depicted in Figure 4-1,
four workstreams will address each of the previously identified gap areas, based
on information gathered at four workshops scheduled between August and Sep
tember 2015 and organized by the National Academies of Sciences, Engineering,
and Medicine.10 

Strategic dissemination will also be necessary to ensure that this report is
effective and its recommendations implemented, Dzau acknowledged. “It has
to start with the UN and the WHO, because they are going to be the recipients
of many of the suggestions,” he observed. A financing mechanism to support
distribution was under discussion with potential donors, he said; however, much
more work will be needed to ensure that “it’s not just going to be a report sitting
on the shelf.”11 

10 The proceedings of these four evidence-gathering workshops can be accessed at https://nam.edu/
initiatives/global-health-risk-framework (accessed November 3, 2016).

11 The commission’s report is titled The Neglected Dimension of Global Security: A Framework to 
Counter Infectious Disease Crises and can be accessed at https://nam.edu/initiatives/global-health-
risk-framework (accessed November 3, 2016). 

https://nam.edu/initiatives/global-health-risk-framework
https://nam.edu/initiatives/global-health-risk-framework
https://nam.edu/initiatives/global-health-risk-framework
https://nam.edu/initiatives/global-health-risk-framework
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Ebola: A View from the National Institute
	
of Allergy and Infectious Diseases 

Michael  G.  Kurilla, M.D.,  Ph.D. 
National  Institute  of  Allergy  and  Infectious Diseases 

ABSTRACT 

The Ebola outbreak in West Africa has represented a unique public health
emergency with global impact. The National Institute of Allergy and Infectious
Diseases (NIAID) has been engaged with a full spectrum of research activities
on Ebola virus and other related filoviruses predating this outbreak by several de
cades. Activities have included basic virology, the development of Ebola-specific
vaccines, therapeutics, and diagnostic tests, culminating in multiple candidate
products undergoing clinical evaluation for the first time during an ongoing Ebola
virus outbreak. 

INTRODUCTION 

Since December 2013, when the first case was encountered, the West African 
Ebola outbreak has exceeded all previous Ebola virus outbreaks combined by
more than an order of magnitude (Victory et al., 2015). Because of a combination
of limited regional medical and public health infrastructure, lack of prior medi 
cal and public health experience with this virus, spread to large urban centers
and prevailing cultural practices, Ebola demonstrated a previously unrecognized
capability to spark a large, widespread outbreak with global impact (Alexander
et al., 2015). In addition, beyond the direct effect of Ebola virus disease (EVD)
on individuals, the impact on and disruption of routine delivery of medical care
has had both immediate and long-term consequences for the region.

While Ebola virus has been recognized since 1976 (WHO, 1978a,b), its
sporadic emergence, along with the highest level of biocontainment mandated
for research, has resulted in a slow accumulation of even basic virological and 
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medical information about the virus. While Ebola virus possesses the capacity to
cause significant disease, human-to-human transmission has been viewed as lim
ited because of the nonrespiratory mode of transmission requiring direct contact.
Since previous Ebola outbreaks were successfully stopped with infection control
procedures and contact tracing, specific medical countermeasures such as vac 
cines and therapeutics had not proceeded to advanced development.

Throughout this outbreak and extending decades prior, NIAID has supported
research with Ebola virus as well as other members of the filovirus family, includ
ing basic virology, vector identification, development of vaccines, therapeutics,
diagnostics, and clinical research. Ebola virus as a public health threat represents
a salient exemplar of overall preparedness efforts for emerging infectious dis
eases. A robust research response to such threats requires preexisting research
infrastructure, coupled with trained, knowledgeable, and experienced investiga 
tors. In addition, a comprehensive response requires a diverse array of supported
research and development activities operating before, during, and extending well
after outbreaks occur. This article will present a high-level overview of Ebola
virus research efforts, many of which NIAID has supported, such as basic viro
logical aspects of Ebola virus as well as product development efforts that have
culminated in the evaluation of multiple Ebola virus–specific interventions during
an ongoing outbreak for the first time. 

EBOLA AS A PATHOGEN: CLINICAL MANIFESTATIONS 

Since its original recognition in 1976 (WHO, 1978a,b), multiple indepen 
dent, relatively small, isolated outbreaks have occurred, mostly in the Central Af
rican region (Mahanty and Bray, 2004; Marzi and Feldmann, 2014). A definitive
reservoir for the virus has not been identified, although primates and bats have
been identified as potential sources for initial human infections (Changula et al.,
2014; Groseth et al., 2007). Once established in a human population, transmission
progresses through close contact involving bodily fluids with either skin breaks or
mucous membranes. Despite limited evidence of aerosol transmission in animals
(Zumbrun et al., 2012), the aerosol route among humans has not been observed.
After a typical incubation period averaging around 8–10 days, but lasting up to
3 weeks (during which time, transmission is infrequent), initial symptoms are
largely nonspecific, such as fever and malaise (Bah et al., 2015; Chertow et al.,
2014; Park et al., 2015). Given the myriad of other potential etiologies eliciting a
fever, in the absence of a specific molecular diagnostic test, recognition of Ebola
virus infection may be delayed, resulting in additional transmission and disease
progression in the absence of appropriate medical care. Historically, EVD has
been regarded as a hemorrhagic fever disease (Kortepeter et al., 2011); progres 
sion in this outbreak has involved gastrointestinal symptoms more commonly,
such as nausea, vomiting, and diarrhea, while bleeding was an infrequent finding.
Careful attention to fluid and electrolyte management along with recognition of 
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late-stage complications, such as secondary infections and meningoencephalitis,
are critical for successful resolution of disease (Bah et al., 2015; Schieffelin et al., 
2014). Typically, perhaps owing to prior occurrences in remote, low-population
density regions, infection control practices, including contact tracing and quar
antining, outbreaks have been brought under control without the involvement of
specific EVD interventions. 

EBOLA AS A VIRUS 

Within the category of nonsegmented negative-strand RNA viruses, Ebola
virus is a member of the Filoviridae family. Five genetically related Ebola viruses 
have been described, of which Zaire (the cause of the West Africa outbreak) is the 
most pathogenic (Ascenzi et al., 2008). Virion structure, while uniquely filamen 
tous, is nevertheless typical for enveloped viruses with a nucleocapsid structure
comprising a lipid membrane studded with a single type of glycoprotein. Rather
than a unique cell surface receptor, the heavily glycosylated glycoprotein appears
to interact with cell surface lectins followed by membrane fusion. Cytoplasmic
entry occurs from an endosomal compartment after processing by host proteases
(Bhattacharyya et al., 2010; Chandran et al., 2005; Hunt et al., 2012). The mode
of viral entry allows Ebola to infect a wide array of cell types, contributing to
pathogenicity. Following release into the cytoplasm, the virus undergoes typical
viral RNA polymerase-directed transcription of its genes, followed by genome
replication, viral assembly, and, finally, release from the cell. More detailed de 
scriptions can be found in several excellent reviews. One intriguing aspect of note
is the functional diversity that Ebola virus can achieve with a sparse genome of
only seven genes. The Ebola virus has evolved multifunctional activities using the
same proteomic sequences. For example, viral protein 40 (VP40) can adopt three
distinct, folded structures mediating three distinct functional activities expressed
during the viral life cycle, including membrane trafficking, viral budding, and
transcriptional regulation (Bornholdt et al., 2013). 

Ebola  as a  Species-Specific  Infectious Agent 
with Immune  Evasion Strategies 

The Ebola virus possesses specific gene products that mediate immune eva
sion, especially early responses by the innate immune system, which is partly
responsible for the severe virulence and systemic pathology that are observed
with Ebola virus infection (Audet and Kobinger, 2015; Ramanan et al., 2011).
Selected aspects of Ebola virus immune evasion strategies are highlighted below.

VP35 confers species specificity to Ebola virus and has been implicated as a
mediator of Type 1 interferon suppression (Basler et al., 2000). Normal mice are
relatively resistant to Ebola virus due to a Type 1 interferon response when in 
fected with wild-type Ebola virus. Treatment with antibodies to murine interferon 
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results in  mice  sensitive  to  wild-type  Ebola  virus,  while  a  mouse-adapted  Ebola 
virus strain that displays enhanced virulence suppresses murine interferon pro
duction  upon  infection.  In  addition  to  interferon  suppression,  VP35  has also  been 
demonstrated  to  suppress dendritic  cell  maturation  (Yen  et  al.,  2014).



Type 1 interferon represents an early response to viral infection whereby
uninfected, bystander cells can be alerted to infection and prepare an antiviral
state in surrounding uninfected cells to limit further viral replication (Levy and
Garcia-Sastre, 2001). Inhibition of this innate response allows for faster and
greater viral dissemination. Exogenous interferon would perhaps overcome inhi 
bition of interferon production in infected cells; however, Ebola virus possesses
a second immune evasion gene, VP24, which interferes with interferon signaling
(Xu et al., 2014). This effect likely accounts for the lack of rescue in nonhuman
primates when interferon is administered postexposure, although survival is pro 
longed (Smith et al., 2013).

In addition to the evasion of the innate immune response, Ebola virus also
has a strategy to circumvent the adaptive immune response (beyond suppression
of antigen presentation). Specifically, the Ebola virus glycoprotein (GP) is assem
bled as a homotrimer on the virion surface. An alternative, edited version of GP
produces a soluble homodimer form (sGP) that is secreted in copious quantities
during infection. Initially, sGP was regarded as a mere decoy to overwhelm GP-
specific antibodies that would otherwise participate in virion clearance and cell
surface–mediated killing of infected cells. More recently however, an additional
function of sGP has been described (Mohan et al., 2012). Antibody responses
directed toward GP typically consist of two populations: (1) a cross-reactive set
recognizing both trimer GP and sGP, and (2) a more targeted trimer GP-specific
response. In the presence of both trimer GP and sGP, the antibody response skews 
in favor of the cross-reactive set, and the adaptive humoral immune response is
compromised because sGP can function as a decoy. In the presence of only trimer
GP, the cross-reactive antibody responses are reduced, while enhancing trimer
GP reactivity, thus focusing the humoral response toward antibodies more likely
to participate in viral clearance. Termed antigenic subversion, this suggests that
vaccination strategies that skew in favor of a trimer-specific response will likely
be more effective. 

In  conjunction  with  the  various cell  types that  Ebola  virus can  infect,  sup
pression of host immune defenses leads to its propensity to cause severe disease 
with  multiple  organ  failure.  Adequate,  intensive  medical  support  is crucial  while 
host  defenses slowly  respond.  At  the  same  time,  the  targeted  nature  of  these  at
tacks on  various host  defenses is responsible  for  some  degree  of  species-specific 
pathogenesis of  these effects and introduces additional  challenges and  limitations 
for  researchers attempting  to  model  viral  disease  in  animals.  







 

  
 

 
         

         
       

         
 
 

        
       

       
      

            
         

         
 

          
       
           

 
          

    
           
          

          
          

             
          

 
           

 
           

           
       

 
           

       
           

77 APPENDIX B 

General Restrictions and Limitations in Ebola
 
Virus Countermeasure Development
 

In the nearly 40 years since Ebola virus was first described (WHO, 1978a,b),
and nearly 50 years since the filovirus family of viruses has been recognized
(Malherbe and Strickland-Cholmley, 1968; Martini et al., 1968), significant chal 
lenges have hampered the analysis and characterization of this infectious agent,
slowing development of appropriate countermeasures. First and foremost, the
substantial initial virulence and pathogenesis of cases resulting in fatality rates
approaching 90 percent have restricted laboratory investigations with live virus
to specialized facilities offering biosafety level-4 (BSL-4) containment. Second,
the species specificity of viral pathogenesis described above, renders traditional
small, rodent animal models less informative compared to other infectious agents,
necessitating studies with nonhuman primates (NHPs) that have constraints ow
ing to both cost and numbers of animals available at any time. Finally, despite
previous outbreaks (Mahanty and Bray, 2004), the small number of observed
human cases (prior to 2013) and sparse medical investigation into human pathol 
ogy further limit the understanding and appreciation of animal pathogenesis for
relevance to human disease. The requirement for NHP studies conducted under
BSL-4 containment to evaluate various vaccine and therapeutic approaches se 
verely limits the number of candidates that can be examined. A lack of informa 
tion of what constitutes a human infectious dose and typical routes of inoculation
leads to questions regarding the level of stringency of NHP models with regard
to challenge studies evaluating product candidates.

In the absence of sufficient human cases of EVD (the situation prior to
2013), the capacity for clinical evaluation of candidate vaccines and therapeutics
has been viewed as a major obstacle. The sporadic and unpredictable nature of
outbreaks, along with their remote locations and small number of potential avail 
able cases for study during an outbreak given the lag time for recognizing Ebola
virus as the etiologic agent of disease and alerting international aid organizations
for response, severely hampered advancing early-stage promising candidates into
clinical evaluation. With an extreme paucity of human cases of EVD and their
periodic and unpredictable nature, a viable regulatory pathway for product devel
opment was uncertain. Only since 2002 when the U.S. Food and Drug Adminis
tration introduced the Animal Rule (Snoy, 2010) did a viable licensure pathway
become available. As mentioned previously, this Ebola virus outbreak represents
the first time Ebola virus–specific interventions have been used in patients (except
for a single report of convalescent whole blood transfusion). While multiple tri 
als of vaccines and therapeutics have been initiated, descriptions and outcomes
of these trials (many of which are ongoing) are beyond the scope of this article. 
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VACCINE APPROACHES
 

Initial efforts shortly after identification of Ebola virus with inactivated viri 
ons as a vaccine demonstrated efficacy in rodent models but failed to protect in
primate models (Lupton et al., 1980). With limited survival from infection with
both humans and primates, characterizing and defining sterilizing immunity has
been a major challenge. Curiously, isolation of a human monoclonal antibody
from an EVD survivor led to a paradoxical result of in vitro viral neutralization,
but lack of protection in vivo for primates from challenge (Oswald et al., 2007).
Cellular depletion studies have identified T cells, specifically CD8+ T cells, as
capable of mediating protection to challenge following vaccination (Sullivan et
al., 2011). In addition, immunoglobulin from vaccinated primates that are pro 
tected from subsequent challenge fails to mediate protection by passive transfer,
but passive transfer of immunoglobulin derived following vaccination and after
survival from challenge can mediate protection (Dye et al., 2012; Parren et al.,
2002). Thus, the nature of a protective immune response appears to involve both
humoral and cell-mediated effector functions (Warfield et al., 2005). Finally, the
durability and long-term immunity to EVD remains to be characterized. Because
of the infrequent and sporadic nature of outbreaks, there has been little opportu 
nity for human observation. Primate studies suggest that immunity can and does
wane following vaccination, but no data exist for natural infections (Stanley et
al., 2014).

While various subunit and vectored approaches have been pursued, the first
Ebola vaccine candidate to reach human clinical testing as a proof of concept
was a DNA-based vaccine in 2006, using glycoprotein and nucleocapsid in 
serts (Martin et al., 2006). The vaccine was well tolerated without significant
adverse event, and both antibody and T cell responses were described. Ebola
virus–specific neutralizing antibodies were not observed. Because this candidate
required a three-dose regimen, it was not considered to be a viable option in the
field during an outbreak and thus was not pursued further. Since that time, ad 
ditional candidates have advanced, including human and chimp adenoviral vec 
tored candidates, along with recombinant vesicular stomatitis virus (rVSV) and
modified vaccinia Ankara (MVA) systems (Rampling et al., 2016; Regules et al.,
2015; Zahn et al., 2012). All of these vaccines target the Ebola glycoprotein (GP). 
NIAID’s support for vaccine development has spanned all stages of development, 
from early discovery to animal challenges, preclinical investigational new drug-
enabling studies, and clinical evaluation from phase I through currently ongo 
ing phase II/III trials. In addition, NIAID supports a vaccine candidate primate
screening service for qualified vaccine developers who require access to primate
testing under BSL-4 containment. Since 2010, NIAID has evaluated more than
50 vaccine candidates through this service.1 

1 See http://www.niaid.nih.gov/labsandresources/resources/dmid/animalmodels/Pages/default.aspx
(accessed November 3, 2016). 

http://www.niaid.nih.gov/labsandresources/resources/dmid/animalmodels/Pages/default.aspx
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THERAPEUTIC APPROACHES
 

Four broad categories of treatment strategies have been pursued with vari
able results: 

1. Immunotherapeutic approaches
2. Small molecule direct-acting antivirals targeting either viral proteins or

nucleic acid 
3. Host-based targeting that results in an antiviral effect
4. Host targeting to intervene in pathogenic complications of EVD, such as

particular organ dysfunction 

The usefulness of convalescent plasma or whole blood remains inconclusive
(Mupapa et al., 1999). Because a single monoclonal antibody (MAb) fails to
protect primates to Ebola virus challenge (Oswald et al., 2007), subsequent work
has focused on MAb cocktails, with progressively improving efficacy. The most
advanced product, ZMapp, consists of three MAbs and demonstrates 100 percent
recovery at 5 days postinfection (Qiu et al., 2014). Human clinical evaluation is
currently under way.

Small-molecule antiviral compounds have been extensively evaluated for in
vitro viral inhibition. A few of the currently licensed RNA virus-specific drugs
have demonstrated in vitro inhibitory activity against Ebola virus, including
known RNA virus inhibitors, ribavirin, and lamivudine (Hensley et al., 2015;
Huggins, 1989). Of note is T-705, an RNA polymerase inhibitor that has activity
against influenza, which has some activity (Oestereich et al., 2014). One recent
candidate—BCX4430, a nucleoside analogue—has demonstrated high potency
in vitro and NHP postinfection survival for both Marburg and Ebola viruses
(Warren et al., 2014). This agent is currently undergoing initial human testing.
Oligonucleotide-based therapies, such as TKM-Ebola and AVI-7537, have been
developed that display postexposure survival and have advanced to early-stage
clinical evaluation (Geisbert et al., 2010; Iversen et al., 2012; Kraft et al., 2015).

Other classes of small molecules that target specific host functions necessary
for the viral life cycle have been described, such as cathepsin (endosomal prote 
ases) inhibitors that block viral entry, or amiodarone, an ion channel blocker that
interferes with viral egress (Chandran et al., 2005; Gehring et al., 2014). Animal
model data for both are less promising than in vitro data. Additionally, several
classes of licensed drugs have been described with in vitro potency; however, the
specific hosts targets or mechanism of action have not been delineated (Gehring
et al., 2014; Johansen et al., 2013). Given the species specificity of Ebola virus
along with potential species-specific mechanisms of the drugs themselves, cau
tion is warranted with interpretation of animal model results, as well as drawing
conclusions regarding human dosing. Additionally, toxicity concerns with these
agents may be distinct from their routine clinical usage in the setting of EVD.
Finally, approaches to treatment specifically addressing reversal of organ and 
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metabolic dysfunction have been attempted with limited success, such as recom 
binant nematode anticoagulant protein c2 (rNAPc2), a potent inhibitor of tissue
factor-initiated blood coagulation (Geisbert et al., 2003).

A final note regarding antiviral intervention: as is typical for drug screening
activities, the vast majority of studies are negative; however, negative data are
glaringly absent from the published literature, unless buried within dense tables
as part of other more positive results. As a result, previous negative experiments
are routinely repeated or advocated for additional support, especially during an
outbreak. To partly address this concern of unproductive efforts, NIAID, in con 
junction with the World Health Organization, established a database2 to aggregate
negative datasets from screens, in vitro assessment, and any available animal
model results to assist the scientific community in a more focused application of
effort and avoidance of duplication of effort. 

DIAGNOSTIC DEVELOPMENT 

Because initial symptoms such as fever and malaise are nonspecific and,
more often than not, likely to indicate another infectious agent, accurate diag 
nostic tests are crucial to identify and isolate EVD patients, not only for prompt
treatment for the patient but also to interrupt active transmission links. Currently,
polymerase chain reaction (PCR) testing remains the gold standard for diagnostic
evaluation, with the caveat that positive results are not obtained until after the
onset of symptoms. In addition, PCR can also provide prognostic assessment
as well as identify a noninfectious state in survivors (Fitzpatrick et al., 2015).
Unfortunately, PCR testing also requires sophisticated laboratory infrastructure
with highly trained lab personnel and suffers from limited deployability, which
is critical in an evolving and expanding outbreak.

PCR relies on the availability of genomic information, and the recent ad 
vances in genomic technologies offer new opportunities for outbreak assessment,
including whole viral genome sequencing. During this outbreak, Ebola virus dy 
namics were directly observed based on sequencing viral isolates obtained during
the outbreak (Gire et al., 2014; Park et al., 2015). In the future, interventions that
rely on specific genomic sequences, including vaccines and therapeutics, can be
evaluated for suitability as an outbreak develops and as it evolves.

NIAID has supported the early development of both nucleic acid–based
tests and antigenic tests that potentially offer greater flexibility in terms of rapid
turnaround owing to greater mobility as well as less technical support needed for
operation (Broadhurst et al., 2015; Leski et al., 2015). The role of these newer
testing modalities remains to be fully evaluated, but the introduction of point-of-
care testing should improve future outbreak responses. 

2 See http://www.who.int/medicines/ebola-treatment/test-database/en (accessed November 3, 2016). 

http://www.who.int/medicines/ebola-treatment/test-database/en
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LESSONS FOR OTHER RARE, BUT HIGHLY

VIRULENT, INFECTIOUS AGENTS
 

The Ebola outbreak in West Africa has highlighted a number of pertinent is 
sues that are relevant for emerging infectious diseases. The complex interplay of
a susceptible population, their past social and immunological experience with this
infectious agent, the level of existing medical and public health infrastructures,
as well as unique cultural practices, all contributed to creating a vastly different
scenario than had been observed in prior Ebola outbreaks. In this regard, past
behavior may not always predict future events, which should be borne in mind
when new outbreaks emerge.

One unique situation created with this outbreak is the large number of
EVD survivors that are available for ongoing evaluation. Unanswered questions
regarding long-term immunity as well as the significance of immunologically
privileged sites will directly affect medical care as well as inform approaches to
future outbreaks (Christie et al., 2015; Varkey et al., 2015). Survivor cohorts will
provide a unique opportunity to characterize human immunity to Ebola virus as
well as document and address longer-term sequelae (Clark et al., 2015). Every
infectious disease outbreak offers potential for novel discovery that will assist
in the current outbreak, inform our approach to the next one, and fundamentally
refine and alter our understanding of the complex interplay between infectious
agents and human host defenses.

And so, while evolving technology has allowed medical science to identify
newly emerging infectious diseases with ever increasing speed and precision,
vigilance is required to avoid surprise from a reemerging infectious disease that
professional experience and textbooks assert has been addressed, whether that be
a novel clinical presentation, enhanced transmission, or emerging drug resistance.
The ability of the biomedical research enterprise to respond expeditiously and
effectively to future outbreaks of Ebola virus as well as other emerging infectious
diseases depends on comprehensive, sustained research efforts that span the full
range of scientific and medical investigations from basic research through trans 
lational science to clinical research and testing prior to an outbreak, during the
outbreak, and extending well after any particular outbreak has ended. 
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Ebola Virus Disease Preparedness

in Germany: Expertise Focused in


Specialized Laboratories, Competence,

and Treatment Centers 

Reinhard Burger1 and Lars Schaade2 

In the last decade, emerging or reemerging infectious pathogens have been
posing a serious threat to human health almost every year. Highly infectious
and pathogenic agents, frequently zoonotic pathogens, have turned out to be a
public health threat for the human population and to cause unexpected outbreaks.
Countries need to be prepared and to cope with the challenge of emerging or
reemerging highly pathogenic infectious agents in a reliable and safe fashion.

In Germany, a concept for the management of highly contagious and life-
threatening diseases such as Ebola virus disease (EVD) is in place. There are
three key components: 

1. A network called STAKOB (Ständiger Arbeitskreis der Kompetenz
und Behandlungszentren für hochkontagiöse und lebensbedrohliche
Erkrankungen)3 consisting of public health authorities (competence cen 
ters) and high-level isolation units (treatment centers) specialized in han 
dling these diseases. It provides special expertise for patient care, clinical
diagnostics, and additional infection control measures, thereby facilitating
an efficient response.

2. Profound expertise in crisis planning and provision of information on
preparedness and response measures for the professional audience, pub 
lic health authorities, and decision makers, coordinated by a specialized 

1 Robert Koch Institute, Nordufer 20, 13353 Berlin, Germany (BurgerR@rki.de). 
2 Robert Koch Institute, Nordufer 20, 13353 Berlin, Germany (SchaadeL@rki.de). 

Acronym of Ständiger Arbeitskreis Kompetenz-und Behandlungszentren, Permanent Working 
Group Competence and Treatment Centers. 
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Center for Biological Threats and Special Pathogens at the Robert Koch
Institute (RKI).

3. A well-functioning public health sector with local health authorities be 
ing able early to detect and report highly contagious diseases in order to
assure adequate clinical management of these cases and the necessary
infection prevention and control measures. 

Generic preparations on all levels should already be in place to be best pre 
pared for future threats posed by highly pathogenic agents and to assure early
detection, profound situation assessment, and execution of public health measures
to provide the optimal medical care and avoid spread of the disease. 

THE 2014 EBOLA OUTBREAK IN WEST AFRICA 

The present outbreak of EVD in West Africa has been affecting, as of July
2015, three countries with widespread and intense transmission. Seven countries
have reported imported EVD cases, a few of which caused limited local trans 
missions (WHO Ebola Response Team, 2014). It is the largest EVD outbreak
in history, with more than 27,000 cases and 11,000 deaths, and new EVD cases
are still being confirmed every week. Previous outbreaks had been much more
limited in terms of cases and geographic spread (Briand et al., 2014; Chan, 2014;
Chertow et al., 2014).

The 2014 EVD outbreak in West Africa is caused by Zaire Ebola virus of
the Filoviridae family. The virus was transmitted to a human from wild animals
and has been spreading since in the human population through direct contact with
symptomatic patients or deceased EVD cases, via contact with blood, secretions,
organs, or other bodily fluids of infected people or through exposure to objects
contaminated with these fluids (Feldmann, 2014; Feldmann et al., 2003; Gire et
al., 2014; Schieffelin et al., 2014; Wolf et al., 2014).

The risk of transmission correlates with a higher level of viremia. It is con 
sidered to be higher in a later stage of EVD compared to the initial stage of the
disease. After clearance of viremia, live Ebola virus has still been isolated in
seminal fluids and ocular fluid in convalescent men (Mackay and Arden, 2015;
Varkey et al., 2015). Amniotic fluid in pregnant women was polymerase chain re
action (PCR) positive for Ebola virus upon clinical recovery (Baggi et al., 2014). 

THE COMMITMENT OF RKI IN WEST AFRICA 

The most effective measure to protect Germany from imported EVD cases
is the support of West African countries in their fight against EVD. Of high im
portance are local support in identifying infectious patients, building a reliable
surveillance system, establishing proper clinical case management, improving 
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laboratory diagnostics, and strengthening infection prevention and control in
health care in the affected area and beyond.

RKI is strongly committed to several activities in the affected and neighbor
ing countries: 

1. Field epidemiologists from RKI have supported the World Health Orga 
nization (WHO) and the Global Outbreak Alert and Response Network
in case investigation, contact tracing and active surveillance.

2. Laboratory expert staff has been sent already very early on to European
Mobile Laboratories in the affected countries to strengthen Ebola virus
laboratory diagnostic capacities (Carroll et al., 2015).

3. Virologists have investigated the zoonotic origins of the epidemic using
wildlife surveys, interviews, and molecular analyses of bat and environ 
mental samples (Marí Saéz et al., 2014). 

4. Experts in clinical management have developed a training program for
health-care facilities in neighboring countries at risk to be able to detect
and care for suspected cases of EVD until relocation to a treatment center
is possible.

5. Laboratory experts have established a diagnostic laboratory in Côte
d’Ivoire and have trained local staff in Ebola virus diagnostics. 

LIKELIHOOD OF EVD CASES IN GERMANY 

The likelihood of an imported EVD case in Germany has been assessed to
be very low since the beginning of the EVD outbreak in West Africa. It cannot be
excluded that in isolated instances a person travels to European countries while
incubating the infection and without obvious symptoms. Such a case could de 
velop EVD in Germany and could possibly lead to a limited number of secondary
infections. Further widespread transmission of the Ebola virus within the German 
population appears to be practically impossible, even in light of a few imported
hypothetical infections. Germany fulfils all prerequisites to break the chain of
transmission effectively and to care safely for those affected. Therefore, no risk
for the general population beyond individual cases is anticipated.

In the following, the preparedness measures are summarized regarding in 
fection prevention and control as well as clinical management of EVD cases in
Germany. 

CRITICAL ELEMENTS OF PREPAREDNESS 

Exit screening of travelers in affected West African countries provides a
helpful element, if sensitive screening procedures are available. Effective exit
screening removes the need for entry screening. 
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A thorough assessment of any suspicion of EVD is necessary, though it is
clinically complicated to rule out other tropical diseases, particularly malaria,
because of the nonspecificity of early EVD symptoms. Taking a comprehensive
travel and exposure history is critical. Laboratory diagnostic procedures must be
in place to identify a positive EVD case quickly.

In addition, differential diagnoses must be assessed to avoid therapy delays
for other potentially life-threatening diseases, such as malaria, and to prevent
false alarms with far-reaching consequences. As no specific therapy is available
at the time of writing this paper, patients suffering from EVD are treated mainly
symptomatically, which should be rooted in as much evidence as possible. Pro
viders can offer to administer experimental therapeutics to patients on a case-by
case basis (Reardon, 2014).

All measures to be taken must consider that the capacity of the public health
system and of specialists familiar with laboratory detection of Ebola virus and
with the management of EVD cases is limited. Therefore, it is of utmost impor
tance to avoid noneffective or unnecessary activities that would otherwise block
medically necessary care, human resources, or laboratory capacity.

Clear information on the animal reservoir and the exact mode of transmission 
from animal to human contacts would be helpful. The same is true for the exact
mode of transmission from human to human and the identification of risk factors 
(Judson et al., 2015; Marí Saéz et al., 2014; Ryan and Walsh, 2011; Vogel, 2014).

Considering the enormous media attention, efficient communication strate 
gies are necessary. They should be able to raise awareness in a sufficient and
adequate fashion without creating nonjustified fear or even occasionally panic.

Coordination of all these activities is particularly important, especially in a
federal system like Germany where the federal government and federal institu 
tions work together with 16 states (Länder) and the corresponding state and local 
health authorities (up to 400 counties). 

PREPAREDNESS PLANNING IN GERMANY FOR EVD CASES 

RKI, as the German national public health institute, has developed a number
of guidance documents relating to EVD, the most comprehensive of which is
Framework Ebola Virus Disease (RKI, 2015).

This framework is designed to summarize all available information, recom 
mendations, and regulations regarding infection control and clinical management
of EVD cases in Germany as of 2015, in response to the outbreak in West Africa.
Issues across the spectrum of diagnostics, treatment, contact person manage
ment, personal protective equipment (PPE), disinfection, disposal of waste, and
management of wastewater, are addressed. The framework was developed in
cooperation with several stakeholders: federal and state health authorities, the
Committee for Biological Agents, the German Society for Infectious Diseases,
the German Society for Tropical Medicine, the German Society for Hygiene and 
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Microbiology,  the  Society  for  Virology,  the  German  Association  for  the  Control 
of  Virus Diseases,  the  Paul  Ehrlich  Institute,  the  Federal  Institute  for  Drugs and 
Medical  Devices,  the  Permanent  Working  Group  of  Medical  Competence  and 
Treatment  Centers for  highly  contagious,  life-threatening  diseases (STAKOB), 
the National Reference Center for  Tropical Infections at the Bernhard Nocht In
stitute  for  Tropical  Medicine–Hamburg,  and  the  National  Consultant  Laboratory 
for  Filoviruses at  the  Institute  of  Virology  at  Marburg  University. 



The document is primarily intended for public health authorities and health
care workers in German hospitals, outpatient clinics, and emergency services to
facilitate the detection, evaluation, and management of suspected and confirmed
EVD cases in Germany.

One of the most frequently cited elements of the EVD framework is a flow 
chart with specific advice for physicians/clinicians in Germany to help recognize
probable cases of EVD if there is an initial suspicion for EVD (see next section,
“Recognizing a Probable Case of EVD”). The earlier a probable EVD case can
be assessed and infection control measures applied, the higher the chance to
completely prevent secondary infections, or at least limit their numbers. 

RECOGNIZING A PROBABLE CASE OF EVD 

Clear-cut and reliable criteria defining a well-founded suspicion (“probable
case”) of EVD are essential for avoiding unnecessary alarm or any delay in neces
sary medical care and for protecting the laboratory and clinical capacity from an
unjustified burden of work. This is particularly true since the initial symptoms of
EVD are rather nonspecific.

Early symptoms like sudden onset of fever, fatigue, muscle pain, headache,
and sore throat or even later symptoms like vomiting, diarrhea, rash, and bleeding 
can also occur in a number of other diseases. Thus, clinical symptoms represent
only one element in defining a probable case of EVD, and additional criteria have
to be included. 

According to the framework, a probable EVD case is defined when a patient
with fever (> 38.5°C) or elevated temperature combined with other symptoms
(e.g., diarrhea, nausea, vomiting, or bleeding) also fulfills one of the following
two critieria: 

1. Contact history with a known EVD patient within 21 days before onset
of symptoms. Here the term EVD patient also includes patients who
are suspected of having EVD or who died of EVD. The contact history
would also apply to persons who in the 21 days before symptom onset
have worked with Ebola virus, Ebola virus–containing materials, or Ebola 
virus–infected animals in a laboratory or any other institution.

2. Travel history for the last 21 days if the patient spent time in a known
Ebola virus–endemic area (country reporting cases repeatedly in the past) 
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animals or their secretions) in 
areas of Africac affected by the 
EVD epidemic, or local bush meat 

Yes 

to the responsible 
local health authority 

www.rki.de/ebola-
framework 
(chapter 5.1) 

or in an area that recently reported EVD cases for the first time, and if the
patient had contact to fruit bats, other bats, or nonhuman primates (e.g., as 
bush meat or direct contact with live animals or their feces) (RKI, 2015). 

The flowchart (see Figure C-1) aiding in the assessment of these criteria
has provided helpful guidance for clinicians. It was published online and in the
weekly and widely distributed journal of the German Medical Association, mak 
ing it available to all physicians.

These clear criteria helped dramatically to reduce unnecessary alarm. The
flowchart can be found on the RKI website.4 

See http://www.rki.de/EN/Content/Prevention/Ebola_virus_disease/Flowchart_Ebola.pdf?__
blob=publicationFile (accessed November 3, 2016). 

4    

http://www.rki.de/EN/Content/Prevention/Ebola_virus_disease/Flowchart_Ebola.pdf?__blob=publicationFile
http://www.rki.de/EN/Content/Prevention/Ebola_virus_disease/Flowchart_Ebola.pdf?__blob=publicationFile
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FIGURE C-1  Flowchart  for  medical  doctors in  Germany  aiding  in  the  recognition  of 

probable  cases of  EVD (German  case  definition).

NOTE:  EVD =  Ebola  virus disease;  FFP3  =  filtering  face  piece,  model  3.
	
 a  The listed occupational safety measures are recommended by the Committee for 
Biological  Agents (ABAS)  of the  Federal  Institute  for  Occupational  Safety  and  Health 
(BAuA).  Instructions on  protective  equipment  can  be  found  in  Framework Ebola Virus  
Disease, Chapter 5.1, at  http://www.rki.de/ebola-framework (accessed November 3, 2016). 
Instructions for  disinfection  can  be  found  at  http://www.wki.de/ebola-disinfection  (ac
cessed  November  3,  2016).
 b  Contact: 
 •	   Direct  contact  with  blood  or  other body  fluids (including  virus-containing  tissue)  of 

confirmed  or  deceased  or probable  EVD patients,  as well  as possible  contact  with 
Ebola  virus–contaminated  clothing/objects. 

 •	  Un protected  contact  (distance  of  <  1  m) with  confirmed  or  deceased  or  probable 
EVD patient,  including  household  contacts,  flight  passengers (one  seat  in  all  direc
tions and  across the  aisle)  and  flight  crew members attending  the  patient. 

 •  V isit  to  an  African hospital  potentially  treating  EVD patients.
No  contact:  Presence  (distance  of  >  1  m  from  a  patient)  in  the  same  room/transportation 
vehicle. 
 c  Areas currently affected are mentioned in the  WHO situation reports accessible at 
http://apps.who.int/ebola/ebola-situation-reports (accessed  November  3,  2016).
SOURCE:  http://www.rki.de/ebola-framework  (accessed  November  3,  2016). 





MEASURES IN THE EVENT OF A PROBABLE CASE 

If a probable EVD case has been identified measures have to be taken in a
whole range of areas by the physician, local hospital, local health authority, or
competence and treatment center.

The main goal is to transfer the patient safely and as soon as possible into a
special isolation unit of a treatment center for further diagnostics and appropriate
treatment. The assumption is that the patient stays as briefly as possible on the
site where he or she has been identified, with only essential procedures involving
physical contact to be conducted prior to transfer to an isolation unit.

For primary care of a probable EVD patient, the framework outlined that he
following minimum PPE ought to be available: 

http://www.rki.de/ebola-framework
http://www.wki.de/ebola-disinfection
http://apps.who.int/ebola/ebola-situation-reports
http://www.rki.de/ebola-framework
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•	 Respirator: FFP3 mask.5 

•	 Eye and face protection: Protective goggles like those used in endoscopic
practices and a face shield. 

•	 Hand protection: Two pairs of liquid-proof gloves with protection against
mechanical and biological risks. Gloves should have cuffs to ensure a
sufficient overlap with the clothing mentioned below. 

•	 Body protection: Liquid-tight material allowing for safe doffing. Dispos 
able suits category III, type 3B,6 are recommended in combination with a 
disposable plastic apron. Disposable suits ought to have a hood. Hoodless
suits are to be complemented with a separate shoulder-length hood. 

•	 Foot protection with disposable overboots of liquid-proof material or rub 
ber boots. (RKI, 2015) 

A great deal of emphasis is placed on the question of whether appropriate
PPE is available and whether sufficient training is performed on how to don and
doff it adequately.

A critical step is the disposal of contaminated PPE. Disposal should only be
performed after proper disinfection. In the case of a confirmed EVD patient, full-
body decontamination must be performed before disposal of PPE. The doffing of
the protective clothing and decontamination must be done in the buddy system,
meaning with the help of a second person. It cannot be emphasized enough that
only correct donning and doffing of PPE guarantees protection of the person.
Only instructed and trained personnel should perform care for probable and
confirmed cases of EVD. Such treatment should strive to minimize contact, par
ticularly for invasive procedures performed outside of high-level isolation units,
which must be reduced to the absolute minimum required. Complying with basic
protective procedures, including hygienic standards and safe waste management
(including both solid and liquid waste) are mandatory.

Confirmation or exclusion of Ebola virus by laboratory diagnostics is an
important next step to distinguish suspect cases from true EVD patients. Ebola
virus is categorized as a biosafety level (BSL)-4 pathogen. Handling of this virus
requires special containment facilities and barrier protection. Only if urgently
needed should samples be taken outside of a high-level isolation unit and only
after consultation with the local public health authority and the responsible com
petence and treatment center. Primary orientation diagnostics are performed in a
BSL-4 laboratory (or in an appropriate BSL-3 laboratory) by molecular methods.

Routine and differential laboratory diagnostics are performed preferentially
as point-of-care diagnostics in the treatment center. Should a suspect case of EVD
require routine laboratory diagnostics (e.g., clinical chemistry) and specific labo 
ratory tests for differential diagnosis (e.g., for malaria) before being transferred 

6 These models of disposable PPE confer the highest disaster protection. 

5    FFP3,  filtering  facepiece,  model  3.  This respirator  provides the  highest  form  of  protection  for 
the  wearer.  
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to a hospital specialized in patients with highly contagious infections (treatment
centers), the Bernhard Nocht Institute for Tropical Medicine in Hamburg or one
of the treatment centers should be contacted in order to decide the best course 
of action. 

A probable EVD case has to be notified according to the Infection Protection
Act (Infektionsschutzgesetz). The follow-up of contact persons is important for
preventing further spread of the disease. Release of contacts should only occur
in agreement with the local health authorities. Documentation of the details of
each contact person and the corresponding classification of the exposure risk are
important.

Waste contaminated with Ebola virus should be inactivated in the place
where it occurs according to the strict regulations specified by the Federal/State
Waste Committee. If this is not possible the waste has to be burned in a special
waste incineration plant approved for waste with waste code 180103. The waste
must be packed in accordance with the United Nations treaty that governs trans 
national transport of hazardous materials (the European Agreement concerning
the International Carriage of Dangerous Goods by Road) when transported to the
special incineration plant—for larger amounts of waste according to the multilat
eral agreement M281 of member states of the European Union.

Wastewater including feces and urine of a probable EVD case can be dis 
carded in a separately used toilet due to the low level of virus shedding and the
dilution effect. Wastewater including feces and urine, which is generated during
care for a confirmed case of EVD, has to be disinfected or inactivated.

Disinfection of contaminated surfaces needs to be done with approved disin
fectants from the RKI disinfection list or the list by the Association for Applied
Hygiene.7 

PERMANENT WORKING GROUP OF COMPETENCE
 
AND TREATMENT CENTERS
 

In 2000 a national concept for the management and control of highly con 
tagious life-threatening infectious diseases was established in Germany in order
to be prepared for imported serious infections that might pose a threat to public
health, including viral hemorrhagic fevers and other highly infectious life-threat 
ening diseases, most of them caused by BSL-4 pathogens.

A key element of this concept is a network called STAKOB (Gottschalk et
al., 2009). Since 2014, it is a permanent working group of public health authori 
ties (competence centers) and high-level isolation units (treatment centers) for
highly contagious and life-threatening diseases, coordinated by RKI. The per
manent working group combines clinical and public health experts together with 

See http://www.ihph.de/vah-online/uploads/PDF/PrefaceVAHList.pdf (accessed November 3,
2016). 

7   

http://www.ihph.de/vah-online/uploads/PDF/PrefaceVAHList.pdf
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external ones from the national reference and national consultant laboratories,
the Committee for Biological Substances, the tropical medicine department of a
military hospital, the Commission for Hospital Hygiene and Infection Control,
the Federal Institutes for Drugs and Medical Devices (BfArM) and Vaccines
(Paul Ehrlich Institute), and the Federal Foreign Office.

The treatment centers with their high-level isolation units gather special
ized medical knowledge in infectious diseases, including highly contagious and
potentially life-threatening ones, as well as skills in their clinical management,
diagnosis, and hygiene management. They ensure that all infection-prone steps
are performed only by well-trained, highly specialized medical personnel. All
network members have the proper technical equipment and facilities available.
Staff is voluntarily involved. Exercises simulating events are held at least once
every 6 months. Some institutions hold these simulations more frequently. All
treatment centers operate along comparable standards. This guarantees a quick
and professional reaction, also in critical situations. In addition, orientation along
similar standards allows the rapid exchange of personnel between different cen
ters if needed. Most hospitals use their treatment centers in normal times, outside
of crises, for patients with other infectious diseases, such as multidrug-resistant
tuberculosis cases, due to economic considerations.

The competence centers are based in the federal states and operate within 
the  German  public  health  service  (Öffentlicher Gesundheitsdienst,  ÖGD).  They 
provide advice by telephone and onsite support for local public health authori
ties,  doctors,  and  hospitals in  the  center’s area  of  responsibility.  They  obtain 
and forward up-to-date epidemiological information; provide support regarding 
diagnostics in consultation with the diagnostic center; provide decision-making 
assistance  on  the  isolation,  referral,  or  transfer  to  the  treatment  center;  and  or
ganize  the  logistics with  specialized  ambulances.  In  the  case  of an  outbreak  of 
a  highly  contagious and  life-threatening  disease,  they  coordinate  antiepidemic 
measures.  They  provide  detailed  guidelines on  the  management  of  contacts,  such 
as the  identification,  risk  evaluation,  and  monitoring  of  contacts.  Risk  and  crisis 
communication  strategies are  also  discussed  between  the  competence  centers.





STAKOB training centers ensure through their training efforts both the suc
cessful management of highly contagious patients and the safety of the medical
staff. They also train external staff. Trainings are carried out by infectious diseases
specialists. The first training program was developed by the Medical Mission
Hospital (Missionsärztliche Klinik) in Würzburg. In addition to Würzburg, corre 
sponding training courses with different focuses are offered in Leipzig, Hamburg, 
and Berlin (RKI, AMBIT courses).

At present, there are seven competence centers (Berlin, Frankfurt, Hamburg,
Leipzig, Munich, Münster, and Stuttgart) and seven treatment centers (Berlin,
Düsseldorf, Frankfurt, Hamburg, Leipzig, Munich, and Stuttgart). They are dis 
tributed over Germany to avoid long transportation times. 
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EXPERIENCE OF THE STAKOB TREATMENT
 
CENTERS WITH EVD CASES
 

The treatment centers have been planned with a maximum capacity of ap
proximately 50 beds. It must be emphasized that not all beds could be used at
the same time, and only a smaller number are intensive care beds. Experience
with the EVD cases showed that, for a single patient, medical staff of up to 30
health care workers is required (Kreuels et al., 2014). Because of the constraints
of wearing PPE, health care workers have to work in several shifts, with each per
son staying in the isolation ward for a maximum of about 4 hours on each shift.

The direct and particularly the indirect costs (e.g., loss of regular patients
or need to replace staff) are enormous when treating a patient. Most of the time,
personnel has to be withdrawn from other wards, which therefore could cease to
be functional. 

Our experience also showed that the storage of sufficient material is impor
tant. With a large number of personnel the consumption of single-use disposable
items and the corresponding creation of waste are enormous. 

MEDICAL EVACUATION AND TREATMENT OF
 
INTERNATIONAL HEALTH CARE WORKERS
 

During  this ongoing  outbreak,  a  number  of  health  care  workers have  been 
accidentally exposed to biological samples or had direct contact with patients 
without proper personal protection. Some of them were flown out for treatment to 
either  European  countries (France,  Germany,  Italy,  Norway,  Spain,  Switzerland, 
and  the  United  Kingdom)  or  the  United  States. 

After  intensive  discussions,  the  German  government  decided  that  expert  staff 
sent into the outbreak area would be guaranteed a medical evacuation for treat
ment  in  Germany  in  the  case  of  an  Ebola  virus infection.  All  decision  makers felt 
it  to be ethically  necessary  to  provide health care workers with  the  chance  to be 
repatriated  in  case  there  was a  need  for  appropriate  medical  treatment.  Preferen
tially  such  repatriation  by  airplane  should  also  allow for  medical  care  onboard, 
including  intensive  care.  Some  transport  solutions commercially  available  so  far 
for highly contagious patients do not allow performing procedures on a symptom
atic  patient,  such  as infusion  or  treatment  of  patients vomiting  or  with  diarrhea. 







The German Federal Foreign Office has led a project to transform a civil
airplane into a kind of ambulance airplane to safely transport and treat EVD
patients onboard. Plans were made for a high-level isolation unit installed within
the airplane, allowing direct access to the patient and medical treatment. The
reconstructed airplane contains a chambered plastic tent creating a mobile high-
level isolation unit following almost the same standards as the high-level isolation
units in treatment centers in Germany (see Figure C-2).

According to the protection concept, this built-in plastic tent contains outer
and inner locks, and a third chamber is the patient unit with equipment used for 
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FIGURE C-2 (top) The German MedEvac A 340 Robert Koch. (bottom) Sketch of the
high-level isolation unit onboard the German MedEvac. The treatment area is marked
by red lines, the inner and outer chamber are marked in yellow and green, respectively.
SOURCE: Copyright by Nordwest-Box GmbH & Co KG, Wardenburg, Germany © 2014,
with permission. 
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intensive  care.  It  also  contains facilities for  waste  management  and  was suitable 
for  final  disinfection  procedures.  A  device  was invented  by  Lufthansa  suitable  to 
take up pressure and prevent air leakage from the high-level isolation unit in case 
of  unexpected  loss of  pressure  in  the  cabin.  The  design  was made  to  transport 
one  patient  at  a  time. 

The plans for the MedEvac were finalized within a few weeks and the three-
chambered unit was constructed and tested by the responsible project partners.
The local authority responsible for occupational health in Hamburg gave permis
sion to use the airplane with the high-level isolation unit onboard. In a ceremony
together with Federal Foreign Minister Frank-Walter Steinmeier, Federal Minister
of Health Hermann Gröhe, and the first author of this article in his function as
president of RKI, the airplane was handed over and christened Robert Koch. 

The  availability  of  this airplane  was widely welcomed  in the media  as a  kind 
of  precautionary  step,  comparable  to  fire  insurance. 

RESPONSIBILITY OF A NATIONAL PUBLIC HEALTH
 
INSTITUTE IN A FEDERAL SYSTEM
 

The preparation for potentially imported EVD cases revealed the “splendor
and misery” of a federal system. The responsibilities are split between federal
institutions (Federal Ministry of Health, RKI, etc.) and the federal states with
their respective public health authorities all the way down to the local level.

In the German federal system, the responsibility on an operational level in
the event of an imported case of EVD stays within each state. Contrary to gen
eral assumptions, federal institutions like RKI cannot legally order the states to
implement certain recommendations or procedures. The institute has no mandate
on the operational level. Health authorities of the states are capable of manag 
ing outbreaks of infectious diseases on a local level, and RKI gives support if
requested, such as in outbreak investigations. In times of crisis, there is an inten
sive and rapid exchange of information, often independent of the formal lines of
communication. 

If  rare,  highly  infectious and  pathogenic  agents are  involved,  the  state  and 
local health authorities appreciate additional support by providing information on 
the  management  of  these  diseases.  During  the  2014  Ebola  outbreak,  RKI  gave 
extensive  advice  on  early  detection  of  probable  EVD cases,  infection  prevention, 
and  control  measures as well  as on  the  clinical  management  of  EVD cases.  The 
local health authorities played an important role in the preparation for EVD cases 
in  Germany  and  readily  accepted  all  kinds of  recommendations and  guidelines 
from  RKI.  

The specialized Centre for Biological Threats and Special Pathogens at
RKI has proven to be irreplaceable in strengthening national public health pre 
paredness and response capabilities in such an event. The Federal Information
Centre for Biological Threats and Special Pathogens quickly produced critically 
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important information on all relevant public health topics, involving experts
from all departments of RKI. Advice was given around the clock to decision
makers and the professional public. Training courses in advanced management
of unusual biological threats are conducted regularly by RKI for local public
health authorities. 

Coordination of all relevant partners in an acute crisis is challenging. Dur
ing the Ebola crisis, RKI cooperated with state and local health authorities and
numerous scientific societies. 

It was of great value that specialized institutes (Bernhard Nocht Institute
for Tropical Medicine in Hamburg, Institute of Virology in Marburg, and RKI in
Berlin) and the STAKOB competence and treatment centers were available 24
hours a day for enquiries concerning highly contagious diseases.

In times of crises, not only medical professionals but also the general public
expect information rapidly on recent developments. RKI provided information
via the Internet, particularly via continuously updated frequently asked questions, 
and gave specific recommendations according to the most recent developments.
Updates of these recommendations were made available in the journal provided
to all German physicians (Deutsches Ärzteblatt, a journal appearing weekly) and 
also the weekly Epidemiological Bulletin of RKI, mainly addressing the public 
health service. 

It has become obvious that the reduction of personnel in the public health
service during the past decade has turned into a major obstacle. Some local health 
authorities are left with only a limited number of staff. In the discussions and
preparations in Germany during this Ebola outbreak in West Africa, the impor
tance of a functional public health system became evident repeatedly; outbreaks
like severe acute respiratory syndrome, Middle East respiratory syndrome coro
navirus (MERS-CoV), or Ebola virus reveal its critical role. Rapid reporting of
notifiable infections should be strengthened.

While the above-mentioned treatment centers were revealed to have suf
ficient bed capacities and were well equipped and advanced in terms of both
biosafety standards and treatment strategies, a gap between those centers and the
periphery cannot be denied. Each of the seven treatment centers is responsible
for coverage of 1 to 5 of the 16 states (Länder). Patients arriving with infectious
diseases that mimic a highly contagious and life-threatening disease (e.g., severe
malaria, a common, potentially life-threatening and easily treatable differential
diagnosis of EVD) at a hospital other than a specialized treatment center can
become a challenge. In turn, patients with highly contagious and potentially
life-threatening diseases could arrive, although not likely, at any place and any
time as imported cases. Other BSL-3 (e.g., MERS-CoV, multidrug-resistant- and
extensively drug-resistant-Mycobacterium tuberculosis) or BSL-4 (e.g., Marburg
virus, Crimean Congo hemorrhagic fever virus) pathogens beyond the West Af 
rican Ebola outbreak should not be forgotten. 
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Transporting a patient with an infectious disease by ambulance from one
place to another can be strenuous, depending on the clinical condition of the pa 
tient. Training needs for primary, secondary, and even highly specialized tertiary
health care facilities became evident. 

Hence suitable tertiary health care facilities should be strengthened in their
capacity to temporarily isolate a patient, handle PPE, and provide the first nec 
essary diagnostic and therapeutic measures, including antimalarial treatment, if
required. These facilities should be identified and trained accordingly by treat 
ment centers, which would, however, require financial and human resources
support for both actors. Coverage on the local level should be complemented
by an “infectious diseases casualty doctor,” meaning a doctor trained both in
emergency medicine and infectious diseases who could reach the periphery—a
home or health center—in the event of clinical suspicion of a highly contagious
and potentially life-threatening disease. 

EXPECTATIONS OF PUBLIC HEALTH INSTITUTIONS
 
DURING AN EVD OUTBREAK
 

The European national public health institutes were confronted with nu 
merous questions and demands from almost all professional circles, including
domestic and international aspects. The contribution of a public health institute
domestically includes a solid risk assessment, reliable and rapid counseling of
decision makers in health politics, risk and crisis communication, technical ad 
vice and support in many practical aspects for hospitals and public health service,
detailed instructions for safe and reliable diagnostic services, and finally interven
tional epidemiology in the case of suspected transmission incidents.

National public health institutes are also challenged internationally with
numerous requests. RKI has been asked for advice on the administrative level
by German federal and state ministries, but also for technical assistance and
diagnostic support by neighboring countries. In addition, technical and scientific
support in the West African countries affected by the outbreak was requested. An
important contribution was the transfer of technology and knowledge in order
to help the local health system to perform surveillance and diagnostics indepen
dent of external experts. This type of capacity building was usually focused on
diagnostic services but also went far beyond, such as contact tracing and other
interventional epidemiological and management support.

Frequently, the limits of a national public health institute became obvious.
Some demands could not be fulfilled because they were beyond the operational
capacity or scope of a national institute and required support from large chari 
table organizations, the military, or other logistically prepared institutions such as
Médecins Sans Frontières. Such requests included the establishment and opera
tion of treatment centers, the logistic support of treatment, and the allocation of
suitable financial resources for operation on the local level. Social mobilization 
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of  the  local  population  concerning  infection  control  also  requires local  organiza
tions familiar  with  the  behavior  and  customs of the  population.  Finally,  a  foreign 
national public health institute is unable to implement public health measures in 
another  country.



Further details of the activities of RKI are available on the website of the 
institute: www.rki.de. The recommendations of the framework EVD are also 
available online: http://www.rki.de/EN/Content/Prevention/Ebola_virus_disease/
Framework_EVD.html (accessed November 3, 2016).

In  retrospect,  we  feel  it  is prudent  of  any  public  health  institute  to  learn  as 
much  as possible  from  such  outbreaks in  order  to  be  prepared  for  future  events. 
Soon after a crisis there should be an analysis with all major stakeholders to 
define  the  lessons learned  (Frieden  et  al.,  2014;  Gates,  2015;  Heymann,  2014; 
Spencer,  2015).  
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D
 

Statement of Task
 

Building on earlier workshops on severe  acute respiratory syndrome in 
2002,  the  H1N1  influenza  pandemic  of  2009,  and  the  emergence  of  Middle  East 
respiratory  syndrome  coronavirus in  the  Arabian  Peninsula,  an ad  hoc  committee 
will  host  a  public  workshop  on  the  Ebola  hemorrhagic  fever  epidemic  in  Africa 
to inform the Forum on Microbial  Threats and other participants about recent 
developments in the incidence, prevalence, and intervention strategies being 
employed to mitigate this disease  in the face of an increasingly interconnected 
world.  The  public  workshop  will  feature  invited  presentations and  discussions 
that  will  focus on  such  potential  topics as the  source(s)  and  spread  of  this disease 
from its epicenter to other countries in  West  Africa; factors driving the unprec
edented scale of this outbreak; factors impeding country responses; whether the 
international  community  (including  the  United  States)  has responded  in  an  ef
fective and coordinated manner to lessen the geographic spread of this disease to 
other parts of Africa and beyond; and prospects for the development of treatments 
against  a  genomically  evolving  viral  target.  An  ad  hoc  committee  will  plan  and 
conduct  the  2-day  public  workshop,  and  an  individually  authored  Proceedings 
of a  Workshop will be prepared by a designated rapporteur in accordance with 
institutional  policy  and  procedures. 
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Workshop Agenda 

DAY ONE: TUESDAY, MARCH 24, 2015 

8:00–8:30:		 Registration and coffee 

8:30–8:45:		 Welcoming remarks: Victor Dzau, President, Institute of
Medicine (now the National Academy of Medicine) 

8:45–9:15:		 Workshop overview: David A. Relman, James M. Hughes,
Lonnie King 

9:15–9:30:		 Welcoming remarks: Isabella Danel, Deputy Director, Pan
American Health Organization 

SESSION I:	 The Ebola Epidemic in West Africa—What Makes This 
Outbreak Different from Past Outbreaks? 

Moderator: James M. Hughes 

9:30–10:00:   The  emergence  of  Ebola  hemorrhagic  fever:  From  Central 
Africa  to  West Africa  

David Heymann, Public Health England 
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10:00–10:30:		 39 years of Ebola outbreak experiences in the Democratic
Republic of Congo (DRC): An African perspective 

Jean Jacques Muyembe, Democratic Republic of the
Congo 

10:30–10:45:	 BREAK 

10:45–11:15:		 T he  Ebola  epidemic:  Changing  clinical  and  epidemiological 
perspectives 

Daniel Bausch, Tulane University 

11:15–11:45:		 Ebola in West Africa: An analysis of the current situation 

Keiji Fukuda, World Health Organization 

11:45–12:15:   DISCUSSION 

12:15–1:00: LUNCH BREAK 

SESSION II:	 The Science of Ebola 

Moderator: Kevin Anderson 

1:00–1:30:  Bats as reservoir  hosts for filoviruses  

Jonathan Towner, U.S. Centers for Disease Control and
Prevention 

1:30–2:00: 		 Cr oss-border  transmission  dynamics of the  Ebola  filovirus in 
West Africa  

Stephen Gire, Broad Institute 

2:00–2:30:		 The response to the Ebola outbreak: A view from the NIH 

Michael Kurilla, National Institute of Allergy and
Infectious Diseases 



 

   Heinz  Feldmann,  Rocky Mountain Laboratory/
National  Institutes of  Health 
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2:30–3:00:  DISCUSSION 

3:00–3:30:  BREAK 

3:30–4:00:  L aboratory  diagnosis of  the  Ebola  filovirus in  low-resource 
settings  

4:00–4:30:  Ebola  filovirus drug  and  vaccine  development 

Thomas Geisbert,  University  of  Texas Medical  Branch 

4:30–5:00:  Antibodies against  Ebola:  A  global  collaboration  

Erica  Saphire,  The  Scripps Research Institute 

5:00–5:45:  DISCUSSION 

5:45:   ADJOURNMENT 

DAY  TWO:  WEDNESDAY, MARCH  25,  2015 

Domestic and International Community Response to
Global Infectious Disease Outbreaks 

8:45–9:15: Registration and coffee 

9:15–9:30:   Welcome  and  summary  of  day  one:  David Relman 

SESSION III: The International Community’s Response 

Moderator: Andrew Clements 
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9:30–10:00: 		   Preparing  for  the  future:  Developing  a  global  health  risk 
framework  

Victor Dzau, President, Institute of Medicine (now the
National Academy of Medicine) 

10:00–10:30:		 The MSF response to the West African Ebola outbreak 

Armand Sprecher, Médecins Sans Frontières (MSF) 

10:30–10:45:  BREAK 

10:45–11:15:		 Sierra Leone’s response: Challenges and barriers to get to
“zero” 

Joseph Fair, Fondation Mérieux USA 

11:15–11:45: 		  Ebola  in  West  Africa:  From  disease  outbreak  to  humanitarian  
crisis 

Oyewale Tomori, Nigerian Academy of Science 

11:45–12:30:  DISCUSSION 

12:30–1:15: LUNCH 

SESSION IV:	 Ethical and Logistical Challenges of Treatment
Implementation: What Works; What Doesn’t Work;
What More Needs to Be Done? 

Moderator: Gary Roselle 

1:15–1:45:   Emergency  medicine:  Perspectives from  West  Africa  

Colin Bucks, Stanford University 

1:45–2:15:		 Ebola preparedness in Germany: Competence focused in
specialized laboratories and treatment centers 

Reinhard Burger, Robert Koch Institute 



 

   

          

       

     

       

       
 

 

   

2:45–3:00:   BREAK 
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2:15–2:45:   Regional  preparedness for  responding  to  an  Ebola-like 
infectious disease emergency 

Sylvain Aldighieri, Pan American Health Organization 

3:00–3:30:   U.S.  public  health  response  to  the  Ebola  epidemic:  Role  in 
the  global  response  

Inger Damon, U.S. Centers for Disease Control and
Prevention 

3:30–4:00: U.S. health care perspective and challenges 

Bruce Ribner, Emory University 

4:00–4:30: How has our thinking evolved regarding containment care? 

Mark Kortepeter, Uniformed Services University of the
Health Sciences 

4:30–5:15: DISCUSSION 

5:15–5:20: CONCLUDING REMARKS AND ADJOURNMENT 
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Speaker Biographies
 

Sylvain Aldighieri, M.D., a French national, earned an M.D. from the University 
of Marseille, is qualified in Tropical Medicine from the University of Paris, and
has followed postgraduate studies in Epidemiology and Tropical Microbiology
from the Institut Pasteur Paris. During the past 20 years, he has been posted in
various locations in Africa and the Americas as a Medical Officer for the French 
government and for the Pan American Health Organization (PAHO) and the
World Health Organization (WHO). Dr. Aldighieri is currently the coordinator of
the International Health Regulations, Alert and Response and Epidemic Diseases
Unit, with PAHO/WHO. 

Daniel Bausch, M.D., M.P.H.&T.M., is an  Associate Professor in the Depart
ment  of  Tropical  Medicine  and  Section  of  Infectious Diseases,  Department  of 
Internal  Medicine,  at  the  Tulane  University  Health  Sciences Center.  He  is trained 
in  internal  medicine  and  infectious diseases with  a  Master’s of  Public  Health  in  
Tropical  Medicine  degree.  Dr.  Bausch  is presently  seconded  to  the  U.S.  Naval 
Medical Research Unit No. 6 in Lima, Peru, where he is the Head of the Virology 
and  Emerging  Infections Department.  He  specializes in  the  research  and  control 
of  emerging  tropical  viruses.  Formerly  with  the  U.S.  Centers for  Disease  Con
trol  and  Prevention  (CDC)  Special  Pathogens Branch,  Dr.  Bausch  has extensive 
experience  in  sub-Saharan  Africa,  Latin  America,  and  Asia  combating  patho
gens,  such  as Ebola  and  Lassa  viruses,  hantavirus,  and  severe  acute  respiratory 
syndrome  coronavirus.  He  serves as a  frequent  consultant  for  the  World  Health 
Organization  (WHO),  United  Nations,  and  National  Institutes of  Health,  and  he 
recently returned from  Guinea and Sierra Leone, where  he worked to arrange and 
provide  clinical  care  to  patients with  Ebola  virus disease  as a  WHO consultant.  
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He  currently  collaborates with  the  WHO,  the  U.S.  government,  and  the  CDC  to 
promote  and  conduct  applied  research  on  Ebola  virus,  develop  guidelines and 
spur  innovation  on  appropriate  personal  protective  equipment,  and  explore  the 
possible  use  of  experimental  therapies and  vaccines,  as well  as contributing  to 
preparedness training  for  clinicians in  West  Africa,  the  United  States,  and  Latin 
America.  Dr.  Bausch  places a  strong  emphasis on  capacity  building  in  all  his 
projects and also has a keen interest in the role of the scientist in promoting health 
and  human  rights.  

Colin Bucks, M.D., is a Clinical  Assistant Professor at Stanford in the Division  
of  Emergency  Medicine  and  the  Medical  Director  for  the  Office  of  Emergency 
Management.  He  is a  Medical  Team  Manager  for  the  Federal  Emergency  Man
agement  Agency  Urban  Search  &  Rescue  California  Task  Force  3.  Additionally, 
he  leads Stanford’s humanitarian  disaster  response  program  and  has responded 
to  the  earthquake  in  Haiti,  Typhoon  Haiyan  in  the  Philippines,  and  the  Ebola 
outbreak  in  Liberia.  Dr.  Bucks completed  his medical  training  and  emergency 
medicine  residency  at  Temple  University  School  of  Medicine.  He  continued  his 
training  by  participating  in  an  Emergency  Medical  Services/Disaster  Medicine 
at  Albert  Einstein  in  Philadelphia.  Following  this he  took  a  short  break  from 
medicine  to  fight  fires with  the  U.S.  Forest  Service  and gain  concrete  experience 
in the implementation of the Incident Command System.  Beyond this Dr. Bucks’s 
clinical  care  is informed  by  his prior  careers as a  short  order  cook, landscaper, 
bicycle messenger, and middle school teacher in the Baltimore City Public School 
System.  



Reinhard Burger, Ph.D., is the President of the Robert Koch Institute (RKI),
a position he has held since 2010. At RKI, he has also served as the Head of
the Department for Infectious Diseases as well as Vice President. Dr. Burger
earned his degrees at the Institute for Medical Microbiology at the University of
Mainz, Germany. He has served as professor of immunology at the University
of Heidelberg and is currently professor of immunology at the Free University
of Berlin, a position he has held since 1989. He has been a visiting scientist at
various institutions abroad, including the National Institutes of Health, Harvard
Medical School, and the Medical University in Wuhan, P.R. China. His major
research areas include the immunological complement system, anaphylatoxins,
differentiation of antigens on lymphoid cells, and transmission of infectious dis 
eases through blood transfusion and plasma products. In 1993 he was appointed
Chairman of the National Advisory Committee Blood (Arbeitskreis Blut) of the
German Federal Ministry of Health, which advises the federal government on
aspects of infection safety and efficient use of blood products. 

Inger K. Damon, M.D., Ph.D., FIDSA, serves as the incident manager for the
U.S. Centers for Disease Control and Prevention’s Ebola response and as the 
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Director  of  the  Division  of  High  Consequence  Pathogens and  Pathology,  posi
tions she  has held  since  2014.  Dr.  Damon  began  her  career  as a  scientist  in  the 
Poxvirus Section  to  work  on  monkeypox  epidemiology  and  host–pathogen  inter
actions,  and  to  aid  in  development  of  and  work  on  the  U.S.  smallpox  research 
agenda  using  live  variola  virus.  She  is also  current  director  of  the  two  World 
Health  Organization  Collaborating  Centers for  Smallpox  and  other  Poxvirus 
Infections,  where  she  works and  trains others in  high  containment  (biosafety 
level  [BSL]-3  and  BSL-4  laboratories).  Her  research  interests include  disease 
mechanisms,  diagnosis,  treatment,  and  prevention  of  viral  diseases,  as well  as 
understanding the molecular basis of viral morphogenesis and cellular pathogen
esis.  Dr.  Damon  is the  author  of  multiple  book  chapters and  has authored  and 
co-authored more than 150 peer-reviewed publications relating to poxviruses and 
poxvirus-associated  diseases.  







Joseph Fair, Ph.D., M.S.P.H., is a virologist and seasoned public health profes
sional  with  extensive  experience  conducting  high-impact,  entrepreneurial  public 
health  surveillance  and  research  programs in  Africa,  Asia,  Europe,  and  Eastern 
Europe.  Dr.  Fair  is a  Senior  Advisor  to  the  Fondation  Mérieux  USA  and  was 
a  cofounder  and  former  Vice  President  of  Metabiota,  Incorporated,  where  he 
created  a  $50  million  research  and  development  portfolio,  funded  by  the  U.S. 
Department  of  Defense  Threat  Reduction  Agency,  the  U.S.  Department  of  State, 
the U.S. Department of Homeland Security, and the U.S. Agency for International 
Development.  Dr.  Fair  is a  specialist  in  viral  hemorrhagic  fever  viruses and  public 
health response  and management. Prior to Metabiota, Dr. Fair served as the  Chief 
Project  Scientist  for  the  Defense  Threat  Reduction  Agency’s Biological  Threat 
Reduction  Agency  Program  in  Ukraine  and  as a  staff  scientist  for the  U.S.  Army 
Medical  Research  Institute  of  Infectious Diseases.  He  received  his bachelor’s  
degree  in  Biology  from  Loyola  University  and Ph.D.  and  M.S.P.H.  degrees from 
Tulane  University,  where  he  developed a  novel  recombinant  diagnostic  platform 
for  Lassa  fever.  In  2007,  Dr.  Fair’s research  and  efforts directly  resulted  in  the 
reestablishment  of  the  Kenema  government  hospital’s ability  to  diagnose  both 
acute  and  recent  Lassa  virus infections by  both  molecular  and  serological  tech
niques. Having trained under Nobel Laureate Francoise Barré-Sinoussi and virol
ogy  legend  C.  J.  Peters,  Dr.  Fair  has traveled  the  world  looking  for  pathogenic 
viruses in  their  endemic  settings,  and  is considered  an  expert  in  emerging  infec
tious diseases in sub-Saharan African and public health program implementation.  








Heinz Feldmann, M.D., Ph.D., is chief of the Rocky Mountain Laboratories
Laboratory of Virology and Chief Scientist of the RML biosafety level (BSL)-4
laboratories. He has nearly 25 years of experience working in BSL-3 and BSL-4
laboratories in four different locations. As an adviser to the World Health Orga 
nization, Dr. Feldmann has been part of field research and outbreak management
teams studying emerging viral infections in Africa and Asia. His research and 
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infectious disease expertise is in viral hemorrhagic fevers caused by filoviruses,
arenaviruses, and bunyaviruses. Additional interests lay in emerging and re
emerging henipaviruses and influenza viruses. 

Keiji Fukuda, M.D., M.P.H., has been the Assistant Director-General (ADG) for
Health Security, World Health Organization, since September 2010. Before this,
he was Special Adviser on Pandemic Influenza to the Director-General, ADG for
Health Security and Environment ad interim, Director of the Global Influenza
Programme (GIP), Coordinator of GIP, and Scientist in GIP. Dr. Fukuda has
extensive experience with global and national public health activities, outbreak
investigations and research related to emerging diseases (including chronic fa 
tigue syndrome, severe acute respiratory syndrome, avian influenza H5N1 and
H7N9, Middle East respiratory syndrome, and pandemic influenza H1N1), and
regional and global emergencies due to multiple causes. He has been extensively
involved in international negotiations, and his current responsibilities encompass
global health security–related issues, such as food safety, pandemic and epidemic
infectious diseases, antimicrobial drug resistance, global alert and monitoring,
implementation of the International Health Regulations, the Pandemic Influenza
Preparedness Framework, and the Codex Alimentarius. 

Thomas W. Geisbert, Ph.D., is a Professor in the Department of Microbiol
ogy  and  Immunology  at  the  University of  Texas Medical  Branch  at  Galveston. 
From  1985  to  2007,  Dr.  Geisbert  held  a  number  of  positions at  the  U.S.  Army 
Medical  Research  Institute  of Infectious Diseases at  Fort  Detrick,  Maryland, 
last  serving  as Chief  of  the  Department  of  Viral  Pathology  and  Ultrastructure. 
Dr. Ge isbert c odiscovered t he R eston species of Ebola v irus in 1 989.  This work 
was the  subject  of  many  articles in  the  scientific  literature  and  popular  press, 
including  Richard  Preston’s best-selling novel  The Hot Zone.  He  is an  author  
on  145  original  articles and  book  chapters, including  articles in Nature,  Nature  
Medicine,  Science Translational Medicine,  and  the Lancet.  Dr.  Geisbert  has  
more  than  26  years of  experience  working  in  biosafety  level  4  containment.  His 
research  focuses on  emerging  viruses,  with  a  particular  emphasis on  viruses 
causing hemorrhagic fever, including Ebola, Marburg, and Lassa.  More recently 
his efforts have  also  focused on  Nipah  and  Hendra  viruses.  Dr.  Geisbert  holds 
two  U.S.  patents on  filovirus vaccines and  treatments and  has filed  three  provi
sional  U.S.  patents on filovirus and  arenavirus vaccines.  He  is the  recipient  of 
two  Department  of  the  Army  Commander’s Awards for  Civilian  Service. 





Stephen Gire, M.P.H., is a Research Scientist in the Sabeti lab at Harvard  
University  and  the  Broad  Institute  focusing  on  viral  evolution  and  diagnostic 
implementation  for  some  of  the  world’s deadliest  diseases.  Mr.  Gire’s work  has 
focused  on  infectious diseases,  such  as West  Nile,  Dengue  fever,  monkeypox, 
Ebola,  Lassa  fever,  and  cholera.  Through  training  at  the  U.S.  Centers for  Disease  
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Control and Prevention and a 3-year fellowship with the U.S. Army Medical
Research Institute of Infectious Diseases and the Whitehead Institute, Mr. Gire
conducts onsite training in biological techniques to laboratory staff throughout
Africa. Mr. Gire holds a Master’s of Public Health from Columbia University
Mailman School of Public Health, and he is a co-founder of Congo Medical
Relief, Inc., a 501(c)(3) nonprofit delivering medical supplies to rural hospitals
in Central Africa. 
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the  School  of  Medicine,  Uniformed  Services University  of  the  Health  Sciences 
(USUHS).  He  recently  served  as the  Director  of  the  Infectious Disease  Clinical 
Research  Program  (IDCRP)  at  USUHS from  August  2010  to  March  2014.  The 
IDCRP conducts clinical research on militarily relevant infectious diseases at 10 
medical  treatment  facilities across the  country.  An  Associate  Professor  of Medi
cine and Preventive Medicine and Biodefense Consultant for the  Army Surgeon 
General,  Dr.  Kortepeter  is board  certified  in  infectious diseases and  preventive 
medicine.  Dr.  Kortepeter  received  his B.A.  from  Harvard  College,  his M.D.  from 
New Jersey  Medical  School,  and  his M.P.H.  from  Harvard  School  of  Public 
Health.  He  spent  seven  and  a  half  years at  the  U.S.  Army  Medical  Research  In
stitute  of  Infectious Diseases,  where  he  served  in  several  roles,  including  Deputy 
Commander  (equivalent  to  Chief  Operations Officer),  Deputy  Chief  of  the  Virol
ogy  Division,  and  Chief  of  the  Medical  Division.  His deployments include  Chief 
of  Preventive  Medicine  for  the  U.S.  forces in  Bosnia  in  1997  and  the  Special 
Medical  Augmentation/Response  Team  for  Investigational  New Drugs,  Opera
tions Enduring  and  Iraqi  Freedom,  Kuwait,  in  2003.  His other  prior  assignments 
include  staff  internist  at  Fort  Bragg,  North Carolina,  and  Chief  of  Preventive 
Medicine  at  Fort  Sill,  Oklahoma.  Dr.  Kortepeter  has specific  expertise  and  inter
est  in  the  pathophysiology  of  Ebola  virus infection  and  investigational  vaccines 
and treatments as well as management of laboratory exposures to potential bio
logical  weapons threats. 
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as well as Co-director of the Laboratory of Molecular Diagnostics and Associ
ate Director for Clinical Microbiology. He moved to the private sector working
in anti-infective drug development at Dupont Pharmaceuticals, Bristol-Myers
Squibb, and Wyeth. He subsequently joined the National Institute of Allergy and
Infectious Diseases (NIAID) as a Medical Officer. In 2005, he was named to his
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Institute  for  Biomedical  Research  (INRB)  in  the  DRC.  Dr.  Muyembe-Tamfum 
began  his career  as a  professor  of  Microbiology  at  the  Krishna  University  Medi
cal  School  in  1976,  where  he  was then  appointed  dean  of  the  faculty  in  1978.  His 
research interests in Ebola virus disease, however, began in 1976, when he inves
tigated  the  first  case  of  Ebola.  Since  then,  he  has developed  immunological  and 
molecular  laboratory  techniques for  diagnosis of  Ebola,  and  has been  involved 
in  control  of  several  Ebola  outbreaks in  the  Democratic  Republic  of  Congo  and 
neighboring  countries as the  chairman  of  the  scientific  and  technical  coordina
tion c ommittee. Dr. Mu yembe-Tamfum c urrently se rves as a sc ientific a dviser t o 
the  World  Health  Organization  in  several  expert  groups and  has received  distin
guished  awards for  his work,  including  the  National  Gold  Medal  and  the  Paul 
Harris Fellow Award  of  Rotary  International.  He  has authored  and  co-authored 
more than 100 scientific papers in peer-reviewed journals. Dr. Muyembe received 
his medical  training  at  the  University  of  Lovanium,  Leopoldville  (Kinshasa),  and 
earned  his Ph.D.  in  virology  at  the  University  of  Louvain,  Belgium. 
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Emory  University  Hospital  Serious Communicable  Diseases Unit.  He  serves as 
the  Epidemiologist  for  Emory  University  Hospital  and  the  Emory  Clinic,  and  as 
Assistant Director of the Occupational Injury Management Department at Emory 
University  Hospital.  Dr.  Ribner  is a  member  of  the  Working  Group  of  the  Scien
tific  Interactions Subcommittee  of  the  National  Interagency  Biodefense  Campus 
and  of the  working  group  on  guidance  for  clinical  management  of  filovirus and 
arenavirus hemorrhagic fevers for the National Institute for  Allergy and Infec
tious Diseases (NIAID).  He  also  serves on  the  Occupational  Exposure  On  Call 
Consult Committee for the Intramural Clinical Management and Operations 
Branch  of the  Division  of  Clinical  Research  at  NIAID. 
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Science  at  The  Scripps Research  Institute.  Additionally, she  serves as the  Director 
of  the  Viral  Hemorrhagic  Fever  Immunotherapeutic  Consortium,  an  organization 
that  seeks to  unite  the  field  of  virology  to  advance  understanding  of  and  thera
peutics against  Ebola,  Marburg,  Lassa,  and  other  viruses.  Her  research  investi
gates Ebola  pathogenicity,  filovirus mechanisms of  cellular  entry  and immune  
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suppression,  and  human  antibody  and  medical  responses against  filoviruses.  One 
of  her  recent  discoveries,  which  proved  the  constant  rearrangement  of  viral  pro
teins,  expanded  the  central  dogma  of  molecular  biology.  Dr.  Saphire  has received 
numerous awards for  her  contributions,  including  the  Presidential  Early  Career 
Award  in  Science  and  Engineering,  Investigators in  the  Pathogenesis of  Infec
tious Disease and Career  Awards in the Biomedical Sciences from the Burroughs 
Wellcome  Fund,  young  investigator  awards from  the  American  Society  for  Bio
chemistry  and  Molecular  Biology  and  the  American  Society  of  Microbiology, 
and  the  Surhain  Sidhu  award  for  the  most  outstanding  contribution  to  the  field 
of  diffraction  by  a  person  within  5  years of  earning  a  Ph.D.  She  is a  Fellow of 
the  American  Academy of Microbiology and the  American  Association for the 
Advancement  of  Science,  and  she  serves on  the  Scientific  Leadership  Board  of 
the  Global  Virus Network. 
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who has worked with Médecins Sans Frontières since 1997. He has been involved  
with filovirus outbreak response since 2000, including working in the field during 
the  outbreaks in  Uganda  2000,  Angola  2005,  the  Democratic  Republic  of  Congo 
in  2007,  and  the  current  outbreak  in  West  Africa.  Between  outbreaks,  aside  from 
filovirus disease  issues,  Dr.  Sprecher works mostly  on  health  informatics.  He  has 
also worked with the International Medical Corps and the Centers for Disease 
Control  and  Prevention’s Epidemic  Intelligence  Service. 

Oyewale  Tomori, D.V.M., Ph.D., FASTMH, is currently the President of the 
Nigerian  Academy  of  Science.  He  was the  pioneer  Vice-Chancellor  at  the  Re
deemer’s University,  Nigeria.  He  is a  recipient  of  the  Nigerian  National  Order 
of  Merit,  Nigeria’s highest  award  for  academic  and  intellectual  attainment.  As 
professor  of  virology  at  the  University  of  Ibadan,  Nigeria,  he  investigated  viral 
infections and  elucidated  the  properties of  the  Orungo  virus,  which  is now reg
istered  with  the  International  Committee  on  Taxonomy  of  Viruses.  In  1981,  he 
received  the  U.S.  Public  Health  Service  Certificate  for  his contribution  to  Lassa  
Fever  Research.  From  1994  to  2004,  he  served as Regional  Virologist  for  the 
World Health Organization (WHO) Africa Region, where he established the 
African  Regional  Polio  Laboratory  Network  that  provided  laboratory  diagnostic 
support for polio eradication and became the forerunner of regional diagnostic 
laboratory  networks for  other  diseases.  He  has been  involved  in  the  investiga
tions of  outbreaks of  filoviruses,  including  yellow fever  and  Ebola  virus disease 
in  many  African  countries.  Dr.  Tomori  serves on  several  national  and  interna
tional  advisory  bodies,  including  the  Nigeria  Expert  Review Committee  on  Polio 
Eradication and Routine Immunization; the U.S. Institute of Medicine Committee 
on  Sustainable  Global  Surveillance  of  Zoonotic  Diseases and  the  Committee  on  
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Development Initiative/U.S. National Academies of Sciences, Engineering, and
Medicine/Network of African Science Academies Study Team on Country Own 
ership of Africa’s Development, where he serves as co-chairman. 

Jonathan Towner,  Ph.D., works in the  Viral Special Pathogens Branch at the 
U.S.  Centers for  Disease  Control  and  Prevention  (CDC).  His team  focuses pri
marily  on  ecological  aspects of  Ebola  and  Marburg  virus biology  with  emphasis 
on  identifying  their  reservoir  hosts.  Dr.  Towner’s team  also  studies the  mecha
nisms used  by  these  viruses to  persist  in  nature  long  term,  and  potential  drivers 
of  virus spillover  to  humans.  Recent  accomplishments include  the  discovery  of 
the  Egyptian fruit  bat (Rousettus aegyptiacus), the  only known filovirus reservoir, 
as a  natural  reservoir  for  Marburg  virus,  and  the  discovery  of  Bundibugyo  Ebola-
virus,  the  newest  member  of  the  Ebolavirus  genus.  In  addition  to  his ecological 
investigations,  Dr.  Towner  responds on  occasion  to  filovirus outbreaks in  Africa 
to  operate  molecular  diagnostic  field  labs.  In  this capacity,  he  has established  or 
operated  diagnostic  labs at  four  major  filovirus outbreaks since  2000,  includ
ing  the  CDC  lab  in  Bo,  Sierra  Leone,  in  October  2014.  Dr.  Towner  has been 
well  trained  in  filovirus biology  and  ecology  by  leading  authorities in  the  field, 
including  Drs.  Stuart  Nichol,  Thomas Ksiazek,  Robert  Swanepoel,  and  Pierre 
Rollin. Dr.  Towner  has more  than  22  years of  training  as a  molecular  virologist 
and 17 years of experience conducting virus research under biosafety level-4 
containment. 
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