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Bats Believed to be Natural Reservoir



Ebola Transmission Cycle

Range of putative EBOV reservoir species, the little collared 
fruit bat (yellow), hammer-headed fruit bat (blue), and straw-
colored fruit bat (green) -- thought to be associated with 
previous Central African EBOV outbreaks Alexander et al., in review



Ebola Transmission Cycle

• Pathogen spillover to humans is typically associated with 
the use of bush meat and direct contact with tissues or 
bodily fluids through handling and eating of infected animals 
(e.g. duiker, primates, or fruit bats). 
• Predation and consumption of a red colobus monkey by 
chimpanzees has also been linked to an outbreak of Ebola 
among chimpanzees and one researcher in Côte d'Ivoire. 

Alexander et al., in review



Ebola Transmission Cycle

• Ingestion of fruit contaminated with Ebola infected bat saliva 
or feces may be another mechanism by which bats infect 
other species (e.g., duiker, non-human primates), including 
humans. 
• Human-to-human transmission associated with traditional 
burial practices, caregiving, or other forms of direct physical 
contact with infected individuals or bodily fluids.

Alexander et al., in review



Ebola Transmission Cycle

• Transmission dynamics in high-density urban centers (C) 
will differ importantly from rural villages (B) influencing 
outbreak progression and control efforts. 
• Transmission in the hospital setting is largely associated 
with failures in infection control procedures and standard 
barrier precautions (D). 

Alexander et al., in review



Ng et al., 2014

Ebola in Humans is Novel to West Africa



Emergence of the West African Epidemic
Suspected first case 
a 2-year old infected 
in early December 
2013 in Guéckédou, 
Guinea

Baize et al., 2014

Transmission Chains in the Outbreak of Ebola Virus Disease in Guinea.

Baize S et al. N Engl J Med 2014;371:1418-1425.

The Guinean Ministry 
of Health was alerted 
in early March 2014 by 
local hospitals and 
public health officials 
of the appearance of a 
new disease with high 
case fatality



Prior Outbreaks in Isolated Rural Communities

Monrovia



West Africa an Area of High Connectivity

Based on travel time to nearest 
settlement of 500,000+

Flow of 
500,000  
mobile phone 
users in Cote 
d’Ivoire

Model 
estimated flow 
built using 
mobile phone 
data

No previous 
recorded 
outbreak in an 
area of such 
population 
density or 
connectivity

Wesolowski et al., 2014



International Travel
Gomes et al., 2014



Traditional Intervention in Remote Settings
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weeks,  very  few  confirmed  cases  were  reported  from  Monrovia  between  6  and  11  October  (figure  2),  
reflecting  ongoing  delays   in  matching   laboratory  results  with  clinical  surveillance  data.  By  contrast,  
138  suspected  and  probable  cases  were  reported  from  Monrovia  during  the  same  period,  many  of  
which   are   likely   to   be   genuine   cases   of   EVD.   Outside  Monrovia,  most   newly   reported   cases   have  
come  from  the  districts  of  Bong  (75  cases)  and  Margibi  (28  cases).  The  recent  fall  in  the  number  of  
new  cases  reported  from  Lofa,  which  borders  Gueckedou  in  Guinea,  appears  to  have  continued,  with  
reports  from  observers  in  the  area  suggesting  that  there  is  evidence  of  a  genuine  decline.  It  should  
be  noted,  however,   that   the  13  new  cases   that  were   reported   in   Lofa  between  6   and  11  October  
represents  a  high  number  in  the  context  of  an  EVD  outbreak,  and  a  concerted  effort  will  be  required  
to  halt  all  transmission  in  the  area. 
 
Figure 2: Ebola virus disease cases reported each week from Liberia and Monrovia 

 
Data are based on official information reported by Ministries of Health up to the end of 12 October for Guinea and Sierra 
Leone, and 11 October Liberia. These numbers are subject to change due to ongoing reclassification, retrospective 
investigation and availability of laboratory results.  
 
Table 1: Probable, confirmed, and suspected cases in Guinea, Liberia, and Sierra Leone 

Country Case definition Cases Cases in past 
21 days 

Cases in past 
21 days/total 

cases (%) 

Deaths 

Guinea 

Confirmed 1184 289 24% 653 

Probable 190 19 10% 190 

Suspected 98 89 91% 0 

All 1472 397 27% 843 

Liberia 

Confirmed 950 66 7% * 

Probable 1923 468 24% * 
Suspected 1376 555 40% * 
All 4249 1089 26% 2458 

Sierra Leone 

Confirmed 2849 1110 39% 926 

Probable 37** 0 0% 157** 

Suspected 366 220 60% 100 

All 3252 1330 41% 1183 

Total  8973 2816 31% 4484 

*No available data. **For Sierra Leone, 120 more probable deaths have been reported than have probable cases. Data are 
based on official information reported by Ministries of Health. These numbers are subject to change due to ongoing 
reclassification, retrospective investigation and availability of laboratory results. 

West African Cases thru October 12
(October 11 for Liberia)



Based	
  on	
  detailed	
  records	
  from	
  4010	
  cases.

• 11.4	
  day	
  mean	
  incubaVon	
  period	
  (Vme	
  from	
  infecVon	
  to	
  
symptom	
  onset)

• 15.3	
  (+/-­‐	
  9.3)	
  day	
  serial	
  interval
• 5.0	
  (+/-­‐	
  4.7)	
  day	
  Vme	
  from	
  symptom	
  onset	
  to	
  hospitalizaVon
• 4.2	
  (+/-­‐	
  6.4)	
  day	
  Vme	
  from	
  admission	
  to	
  death
• 11.8	
  (+/-­‐	
  6.1)	
  day	
  Vme	
  to	
  discharge
• 70.8%	
  case	
  fatality	
  rate
• Doubling	
  Vme	
  (as	
  of	
  September	
  14)	
  ~	
  16,	
  24	
  and	
  30	
  days	
  in	
  

Guinea,	
  Liberia	
  and	
  Sierra	
  Leone,	
  respecVvely.

Ebola Epidemiology

WHO Ebola Response 
Team, 2014
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Following   the   roadmap   structure,   country   reports   fall   into   three   categories:   (1)   those   with  
widespread   and   intense   transmission   (Guinea,   Liberia,   and   Sierra   Leone);   (2)   those  with   an   initial  
case   or   cases,   or   with   localized   transmission   (Nigeria,   Senegal,   Spain,   and   the   United   States   of  
America);  and  (3),  those  countries  that  neighbour  areas  of  active  transmission  (Benin,  Burkina  Faso,  
Côte  d’Ivoire,  Guinea-Bissau,  Mali,  Senegal).  An  overview  of  the  situation  in  the  Democratic  Republic  
of  the  Congo,  where  there  is  a  separate,  unrelated  outbreak  of  EVD,  is  also  provided  (see  Annex  2).   
 
1. COUNTRIES WITH WIDESPREAD AND INTENSE TRANSMISSION 
The upward epidemic trend continues in Guinea, Liberia, and Sierra Leone. 8973 probable, 
confirmed, and suspected cases of EVD and 4484 deaths have been reported up to the end of 12 
October 2014 by the Ministries of Health of Guinea and Sierra Leone, and up to the end of 11 
October by the Ministry of Health of Liberia (table 1). 
 
GUINEA 

There is evidence of an increase in the intensity of transmission in Guinea. Compared with the 
previous week, a very slight drop in the number of new confirmed cases reported from the capital 
Conakry (figure 1) has been more than offset by a sharp rise in the number of new cases in the 
neighbouring district of Coyah, with 25 cases reported between 6 and 12 October. Because 
laboratory data is currently well integrated with clinical surveillance in Guinea, many of the newly 
reported suspected cases are likely to be reclassified or discarded in the coming weeks. N’Zerekore  
(29 cases) and Kerouane (14 cases) have also shown a marked increase in new cases in recent 
weeks. Transmission remains intense in Macenta, which reported 51 new cases between 6 and 12 
October. Gueckedou, where the outbreak originated, reported one suspected case during the same 
period. In the east of the country,  on  the  border  with  Côte  d’Ivoire,  the  districts of Beyla and Lola 
both reported new cases (figure 4), emphasizing the need for active surveillance at local border 
crossings. To the North, the district of Boke, on the border with Guinea-Bissau has reported active 
transmission for the first time in more than 21 days. The central district of Mamou has reported a 
confirmed case for the first time. 
 
Figure 1: Ebola virus disease cases reported each week from Guinea and Conakry 

 
Data are based on official information reported by Ministries of Health up to the end of 12 October for Guinea and Sierra 
Leone, and 11 October for Liberia. These numbers are subject to change due to ongoing reclassification, retrospective 
investigation and availability of laboratory results. 
 
LIBERIA 
Data   acquisition   continues   to   be   a   challenge   in   Liberia.   Evidence   obtained   from   responders   and  
laboratory   staff   in   the   country   suggests   that   the   situation   in   Liberia   is   getting   worse,   and   that  
transmission   remains   intense   in   the   capital,   Monrovia.   As   has   been   the   case   over   the   past   four  
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weeks,  very  few  confirmed  cases  were  reported  from  Monrovia  between  6  and  11  October  (figure  2),  
reflecting  ongoing  delays   in  matching   laboratory  results  with  clinical  surveillance  data.  By  contrast,  
138  suspected  and  probable  cases  were  reported  from  Monrovia  during  the  same  period,  many  of  
which   are   likely   to   be   genuine   cases   of   EVD.   Outside  Monrovia,  most   newly   reported   cases   have  
come  from  the  districts  of  Bong  (75  cases)  and  Margibi  (28  cases).  The  recent  fall  in  the  number  of  
new  cases  reported  from  Lofa,  which  borders  Gueckedou  in  Guinea,  appears  to  have  continued,  with  
reports  from  observers  in  the  area  suggesting  that  there  is  evidence  of  a  genuine  decline.  It  should  
be  noted,  however,   that   the  13  new  cases   that  were   reported   in   Lofa  between  6   and  11  October  
represents  a  high  number  in  the  context  of  an  EVD  outbreak,  and  a  concerted  effort  will  be  required  
to  halt  all  transmission  in  the  area. 
 
Figure 2: Ebola virus disease cases reported each week from Liberia and Monrovia 

 
Data are based on official information reported by Ministries of Health up to the end of 12 October for Guinea and Sierra 
Leone, and 11 October Liberia. These numbers are subject to change due to ongoing reclassification, retrospective 
investigation and availability of laboratory results.  
 
Table 1: Probable, confirmed, and suspected cases in Guinea, Liberia, and Sierra Leone 

Country Case definition Cases Cases in past 
21 days 

Cases in past 
21 days/total 

cases (%) 

Deaths 

Guinea 

Confirmed 1184 289 24% 653 

Probable 190 19 10% 190 

Suspected 98 89 91% 0 

All 1472 397 27% 843 

Liberia 

Confirmed 950 66 7% * 

Probable 1923 468 24% * 
Suspected 1376 555 40% * 
All 4249 1089 26% 2458 

Sierra Leone 

Confirmed 2849 1110 39% 926 

Probable 37** 0 0% 157** 

Suspected 366 220 60% 100 

All 3252 1330 41% 1183 

Total  8973 2816 31% 4484 

*No available data. **For Sierra Leone, 120 more probable deaths have been reported than have probable cases. Data are 
based on official information reported by Ministries of Health. These numbers are subject to change due to ongoing 
reclassification, retrospective investigation and availability of laboratory results. 

Growing number of Suspected Cases may be 
indicative of overwhelmed medical infrastructure 
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SIERRA LEONE 
EVD  transmission  is  rampant  in  Sierra  Leone,  with  425  new  confirmed  cases  reported  between  6  and  
12  October  (figure  3).  The  areas  hardest  hit  are  the  capital,  Freetown,  with  172  new  cases,  along  with  
the   neighbouring   western   districts   of   Bombali   (94   cases)   and   Port   Loko   (67   cases).   The   central  
districts  of  Bo   (22  new  cases),  and  Tonkolili   (27  new  cases)  are  also  areas  of   intense  transmission.  
Transmission  appeared  to  have  been  slowing  in  recent  weeks  in  Kailahun  and  Kenema.  However,  this  
week  has  seen  an  increase  in  new  cases,  with  eight  new  cases  in  Kailahun  and  16  in  Kenema.   
 
Figure 3: Ebola virus disease cases reported each week from Sierra Leone and Freetown 

 
Data are based on official information reported by Ministries of Health up to the end of 12 October for Guinea and Sierra 
Leone, and 11 October for Liberia. These numbers are subject to change due to ongoing reclassification, retrospective 
investigation and availability of laboratory results.  
 
HEALTH-CARE WORKERS 

427 health-care workers (HCWs) are known to have been infected with EVD up to the end of 12 
October. 236 HCWs have died (table 2). WHO is undertaking extensive investigations to determine 
the cause of infection in each case. Early indications are that a substantial proportion of infections 
occurred outside the context of Ebola treatment and care. Infection prevention and control quality 
assurance checks are now underway at every ebola treatment unit in the three intense-transmission 
countries. At the same time, exhaustive efforts are ongoing to ensure an ample supply of optimal 
personal protective equipment to all Ebola treatment facilities, along with the provision of training 
and relevant guidelines to ensure that all HCWs are exposed to the minimum possible level of risk. 
 
GEOGRAPHICAL DISTRIBUTION AND NEWLY AFECTED DISTRICTS 

Figure 4 shows the location of cases throughout the countries with widespread and intense 
transmission. In Guinea, the northern district of Boke, on the border with Guinea-Bissau, has 
reported active transmission for the first time in more than 21 days. The central district of Mamou 
has reported one confirmed for the first time. 
  



Data Quality in an Unfolding Crisis

‘We knew the ~350 confirmed cases last week were an 
undercount….we now think there are 7-900 in reality.’  
Les Roberts, Blog: Day 7 (Oct. 11), Sierra Leone.

Under-reporting, particularly as systems are 
overwhelmed, is a huge concern.

The large spatial extent of the outbreak within 
country may mean that areas of activity go 
unreported

Few cases in Liberia are confirmed
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domains be put in place by 1 November, with 100% of inputs in place by 1 December. Progress 
towards putting these inputs in place and the attainment of each target will be assessed through a 
comprehensive response-monitoring system, and will be reported in due course. The latest key 
developments in each domain are detailed below. 
 
Figure 4: Geographical distribution of new cases and total cases in Guinea, Liberia, and Sierra Leone 

 
Data are based on official information reported by Ministries of Health up to the end of 12 October for Guinea and Sierra 
Leone, and 11 October for Liberia. The boundaries and names shown and the designations used on this map do not imply 
the expression of any opinion whatsoever on the part of the World Health Organization concerning the legal status of any 
country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. Dotted and 
dashed lines on maps represent approximate border lines for which there may not yet be full agreement. 
  

Large, Complicated Geographic Element

The outbreak is 
unprecedented.

The data are poor 

The transmission 
dynamics are under-
resolved  

How will it progress?  How 
does this all end?



Ebola Modeling and Forecast

Forecasting approach based on 
our work with influenza

To predict Ebola, we mimic 
strategies used in numerical 
weather prediction

Requires 3 ingredients:

1) Real-time estimates of Ebola incidence and mortality (i.e. 
observations)

2) Model of Ebola transmission dynamics

3) Data assimilation method to rigorously combine #1 and #2.



Compartmental Models of Ebola 
Transmission

S RI
We use basic compartmental models run at the country level

We impose some features, including a stochastic component 
in the force of transmission, that enable simulation of time 
series (by the model alone) similar to observed incidence 
time series.

γ

E

X



Model Emulation of Observed 
Characteristics at the Country Level

Guinea through End of July SEIRX Free Simulation
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Prior to Forecast: Training the Model

• Errors in the model structure, model parameters and 
initial model state amplify through time

• Left to its own devices the model forecast will deviate 
from reality

True Outcome
Model Simulated



Guinea Forecast, October 12, 2014



Liberia Forecast: October 11, 2014



Sierra Leone Forecast: October 12, 2014



Why are the Liberia forecasts consistently high?

1) Model is mis-specified or not well optimized; 
hence the ‘no change’ predictions consistently 
over-predict new case levels; 

2) Data are biased low—under-reporting; delays in 
reporting such that some of those new cases and 
deaths belong to earlier weeks; 

3) Virus has changed, against evolutionary theory, 
and is less transmissible;   



Why are the forecasts consistently high?

4) Virus is in areas where the effects of localized 
herd immunity are evident and transmission is 
slowing; 

5) There has been an improvement in intervention 
and control.  



Asymptomatic Infection
Is asymptomatic infection common?

Will herd immunity become a factor in the current outbreak?

Need different levels of 
vaccine coverage

Bellan et al., 2014 The 
Lancet



Asymptomatic Infection in NE Gabon

Heffernan et al., 1997, JID

Within general population in area with multiple Ebola 
outbreaks, 1% positive, suggesting low general levels of 
asymptomatic infection

Asymptomatic Infection in Northern Gabon

Leroy et al., 2000, The Lancet

Found IgG and IgM response to Ebola antigens in 11 of 24 
close asymptomatic contacts of symptomatic patients. 



Cameroon

Bouree and Bergmann, 1983, AJTMH

Evidence of antibodies to Ebola found in 9.7% of the 1517 
tested.  Highest in Pygmies, young adults and rain forest 
farmers

Central African Republic

Gonzalez et al., 2000, Microbes and Infection

Evidence of antibodies to Ebola found in 5.3% of the 240 
tested.  Higher in Pygmies than Bantu

Johnson et al., 1993, TRSTMH

Evidence of antibodies to Ebola found in 17.6% of the 427 
tested.  Higher in Pygmies 



Selection of a More Transmissible Virus?

Humans are not the natural host for Ebola

Evolutionary theory indicates that with repeated serial 
passage in the human host less virulent but more 
transmissible virus phenotypes will be selected



Collaborators

Wan Yang, Columbia University
Sasi Kandula, Columbia University

NIH (NIGMS)/NSF (DMS) joint initiative to support research at 
the interface of the biological and mathematical sciences

Funders


