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We analyse up-to-date epidemiological data of the 
Ebola virus disease outbreak in Nigeria as of 1 October 
2014 in order to estimate the case fatality rate, the 
proportion of healthcare workers infected and the 
transmission tree. We also model the impact of control 
interventions on the size of the epidemic. Results indi-
cate that Nigeria’s quick and forceful implementation 
of control interventions was determinant in controlling 
the outbreak rapidly and avoiding a far worse scenario 
in this country.

Outbreak details
The largest Ebola virus disease (EVD) outbreak to 
date is ongoing in West Africa, particularly in Guinea, 
Sierra Leone and Liberia, with a total of 7,178 reported 
cases including 3,338 deaths as of 1 October 2014 [1]. 
A total of 20 EVD cases (19 laboratory confirmed, one 
probable) have been reported in Nigeria, with no new 
cases reported since 5 September 2014. All 20 cases 
stemmed from a single importation from a traveller 
returning from Liberia on 20 July 2014 [2]. The Nigerian 
index case had visited and cared for a sibling in Liberia 
who died from the disease on 8 July 2014 [2,3]. Despite 
being aware of his exposure to Ebolavirus in Liberia, 
the index case flew from Liberia to Lagos, Nigeria, on 
a commercial airplane on 20 July 2014, with a stopover 
in Lomé, Togo. The case became symptomatic while 
flying and collapsed at Lagos airport upon landing, 
which prompted him to seek medical attention and 
led to a number people being exposed to Ebolavirus. 
Epidemiological investigation revealed that the index 
case had contracted Ebolavirus in Liberia; the patient 
died on 25 July 2014 [4]. 

A total of 894 contacts were subsequently linked to 
this index case, including the primary, secondary and 
tertiary contacts [2].** Importantly, one of the pri-
mary contacts of the index case had travelled to Port 
Harcourt, the capital of Rivers State, at the end of July 
2014 and was cared for by a healthcare professional 
who subsequently became infected and died on 22 
August 2014. This deceased healthcare worker was in 
turn linked to a total of 526 contacts in Port Harcourt 
[2]. As of 1 October 2014, all contacts had completed 
the 21-day surveillance follow-up, including those 
under surveillance in Rivers State, with no new report 
of incident cases [2].   The World Health Organization 
is soon to officially declare Nigeria free of active 
Ebolavirus transmission [2].

Here we assess the epidemiological data for the EVD 
outbreak in Nigeria from 20 July to 1 October 2014, and 
use a dynamic disease transmission model to illustrate 
the effect of forceful interventions in rapidly containing 
the EVD outbreak in Nigeria. The interventions included 
timely implementation of careful contact tracing and 
effective isolation of infectious individuals. 

Data sources
We used up-to-date epidemiological data for the EVD 
outbreak in Nigeria available from public sources as of 
1 October 2014 [1,5-32]. 

The 19 laboratory-confirmed cases were diagnosed 
by reverse transcription (RT)-PCR at Lagos University 
Teaching Hospital and Redeemer University in Lagos. 
Probable cases are suspected cases evaluated by a cli-
nician or any deceased suspected case with an epide-
miological link with a confirmed EVD case [1,2]. 
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The diagnosis of the index case took approximately 
three days, while results of the tests for the other 
confirmed cases were typically available within 24 
hours. Samples were also sent to the World Health 
Organization Reference Laboratory in Dakar, Senegal, 
for confirmation. 

All symptomatic contacts were initially held in an iso-
lation ward. Following laboratory confirmation of EVD, 
all positive symptomatic contacts were immediately 
moved to an EVD treatment centre. Asymptomatic sus-
pected contacts were separated from symptomatic 
contacts. Negative asymptomatic individuals were dis-
charged immediately [2].

Modelling Ebolavirus transmission and 
control
We estimated the case fatality rate (number of 
reported deaths/number of reported cases), the pro-
portion of infected healthcare workers, and the mean 
number of secondary cases by generation of the dis-
ease by analysing a transmission tree. We employed 

two compartments to differentiate between infectious 
individuals who were in the community and those who 
had been identified and placed in isolation in hospital. 
Using epidemic modelling, we also projected the size 
of the outbreak in Nigeria if control interventions had 
been implemented at different dates, and hence esti-
mate how many cases were prevented by early start of 
interventions.

We carried out stochastic EVD outbreak simulations 
based on a simplified version of the model proposed 
by Legrand et al. [33], which was developed to classify 
the contribution of community, funeral and healthcare 
settings to the total force of infection. Although the 
model also accounts for transmission stemming from 
burial practices that involve touching the body of the 
deceased, this feature is believed to have less influ-
ence on transmission in the EVD outbreak in Nigeria 
[34]. For the sake of simplicity, we only classified trans-
mission in the community and in healthcare settings by 
adjusting baseline transmission rates, diagnostic rates 
and enhancement of infection-control measures (e.g. 

Figure 1
Cumulative reported cases and deaths of Ebola virus disease in Nigeria, July–September 2014*,**

A total of 19 laboratory-confirmed cases, one probable case and eight deaths among the cases have been reported as of 1 October 2014.  The 
index case entered Nigeria on 20 July 2014 and the onset of outbreak is taken from that date.

To build the Ebola virus disease epidemic curve, we reviewed all relevant information published in Morbidity and Mortality Weekly Report 
[2] and World Health Organization Ebola situational reports and updates for Nigeria published during July to September 2014 [1,5-31] and 
categorised the 20 reported Ebola virus disease patients by reporting date and discharge status (dead/alive). 
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strict use of protective equipment by healthcare work-
ers and effective isolation of infectious individuals). 

The modelled population was divided into five catego-
ries: susceptible individuals (S); exposed individuals 
(E); Infectious and symptomatic individuals (I); hospi-
talised individuals (H); and individuals removed from 
isolation after recovery or disease-induced death (P). 
Susceptible individuals infected through contact with 
infectious individuals (secondary cases) enter the 
latent period at mean rate β(t) (I +l(t) H) /N(t) where β(t) 
is the mean human-to-human transmission rate per 
day, l(t) quantifies the mean relative transmissibility 
of hospitalised patients compared with that in symp-
tomatic patients in the community, and N(t) is the total 
population size at time t. Thus, values of this param-
eter between 0 and 1 measure the effectiveness of 
the isolation of infectious individuals that decrease 
Ebolavirus transmission probability below that seen 
in the community. Values close to 0 illustrate ‘near-
perfect’ isolation, while values closer to 1 illustrate 
‘imperfect’ isolation strategies. Symptomatic infec-
tious individuals I are hospitalised at a time-dependent 
mean rate γa(t) or else recover without being hospital-
ised, at the mean rate γI. Individuals in the ‘removed’ 
category do not contribute to the transmission process. 
For simplicity, it can be assumed that the time-depend-
ent transmission rate  β(t), the mean relative trans-
missibility of hospitalised patients l(t), and the mean 
diagnostic rate γa(t), remain constant with values at β0, 
l0, and  γa0  before the implementation of intervention 

measures. Once control interventions are instituted at 
time τ, the transmission rate decreases to β1(β1<β0), the 
mean relative transmissibility of hospitalised patients 
decreases to l1 (l1 <l0) by enhancing infection control 
measures in healthcare settings, while the diagnostic 
rate increases to γa1 (γa0 < γa1) through contact tracing 
activities.

We carried out stochastic simulations of this transmis-
sion model to project the size of the outbreak in Nigeria 
if interventions (index case identification, contact trac-
ing and isolation of those infected) had been started 
at different dates (range of 3 to 50 days after the index 
case arrived in Nigeria), and hence estimate how many 
cases were prevented by an early start of interventions. 
Baseline epidemiological parameters were set accord-
ing to the epidemiology of EVD (i.e. incubation period 
of 6–12 days [35,36], infectious period of 5–7 days 
[37,38], case fatality rate: 35–50% [36]). Moreover, the 
mean time from symptom onset to diagnosis (γa0) was 
set at five days before the implementation of interven-
tions [11]. Without loss of generality, we set the effec-
tive population size at 10,000,000 (assuming larger 
population sizes, for example, did not affect our conclu-
sions). R0 (the basic reproduction number) denotes the 
transmission potential before the start of interventions 
in a completely susceptible population [39], while we 
refer to R, the reproduction number, when transmission 
is affected by control interventions. We varied R0 in the 
range 1.5–2.0 before the start of interventions, based 
on estimates from other affected countries [40-43]. R0 

Figure 2
Transmission tree of the Ebola virus disease outbreak in Nigeria, July–September 2014 *,**

To develop a detailed transmission tree for the patients included in Figure 1, we built on a published tree [2], cross-referencing the information 
in the tree with that in World Health Organization reports [1,5-31], as well as information from local newspaper reports (e.g. [32]) that provided 
details on individual patient’s infection links and their occupation. We categorised each patient according to the transmission setting 
(Ebolavirus acquired in a healthcare setting or the community), patient’s geographical location (Lagos or Port Harcourt) and discharge status 
(dead/alive).
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was set by adjusting the baseline transmission rate. 
After the start of the interventions, only two param-
eters were adjusted: (i) the mean time from symptom 
onset to diagnosis was reduced from five days to one 
day; and (ii) the infectiousness of hospitalised individ-
uals was reduced by 80% to reflect the tightening of 
infection control measures in hospital settings relative 
to levels before the identification of the index case (i.e. 
l0 =1, l1 = 0.2). 

We ran 200 stochastic simulations starting with the 
introduction of an index case and 12 local individuals 
exposed by the index case at the start of the outbreak 

(i.e. I(0)=1, E(0)=12). We set the timing of start of inter-
ventions  τ at day 3 of the simulated outbreak (in line 
with the Nigerian outbreak response), as well as 10, 20, 
30, 40 and 50 days, and compared the predicted final 
epidemic size with that of the outbreak in Nigeria (i.e. 
20 EVD cases (laboratory-confirmed and probable)). 
Simulation code in Matlab is available upon request 
from the authors.

Results
Eight of the 20 reported EVD cases reported in Nigeria 
have died, giving an estimated case fatality rate of 
40% (95% CI: 22–61) (Figure 1). Of the 20 cases, 11 

Figure 3
Simulation results from calibrating the transmission model to assess the timing of control interventions on the size of the 
Ebola virus disease outbreak in Nigeria 

I: mean relative transmissibility of hospitalised patients; R0: basic reproduction number.
Baseline epidemiological parameters were set according to the epidemiology of Ebola virus disease and R0=2 before the start of interventions. 
Moreover, the mean time from symptom onset to diagnosis (1/γa0) was set at five days before the implementation of interventions, and the 
effective population size was set at 10,000,000. After the start of interventions, the mean time from onset to diagnosis was reduced from 
five days to one day, and the relative infectiousness of hospitalised individuals was reduced by 80% (i.e. l0=1, l1=0.2) to reflect the strict 
enhancement in infection control measures in hospital settings. Day 0 corresponds to the day when the index case was introduced in the 
population. We analysed 200 stochastic model simulations.
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were healthcare workers; nine of whom acquired the 
virus from the index case before the disease was iden-
tified in the country [1].

We built the transmission tree of the EVD outbreak, 
which provides information on the history of each case 
(Figure 2). The index case generated 12 secondary 
cases in the first generation of the disease. Five sec-
ondary cases were generated in the second generation 
and two secondary cases in the third generation. This 
leads to a rough empirical estimate of the reproduction 
number according to disease generation decreasing 
from 12 during the first generation, to approximately 
0.4 during the second and third disease generations.

The projected effect of control interventions on the 
transmission of Ebolavirus in Nigeria is illustrated in 
Figure 3.

The effect of the effectiveness of isolation of infectious 
individuals on the reproduction number is shown in 
Figure 4 for three values of the diagnostic rate. There 
is a critical level of isolation effectiveness of infectious 
individuals estimated at about 60% with a mean time 
from symptom onset to diagnosis of one day, which is 
necessary to reduce the reproduction number below 

the epidemic threshold at R=1.0 and halt the spread of 
EVD (Figure 4).

Discussion
We have analysed epidemiological data of what 
appears to be a limited outbreak of EVD in Nigeria 
based on data available as of 1 October 2014, with no 
new EVD cases reported since 5 September 2014. The 
swift control of the outbreak was likely facilitated by 
the early detection of the index entering Nigeria from 
a country where disease is widespread, in combina-
tion with intense contact tracing efforts of all con-
tacts of this index case and the subsequent isolation 
of infected secondary cases [2]. In contrast, the ini-
tial outbreak in Guinea remained undetected for sev-
eral weeks [44]. This detection delay facilitated the 
transnational spread of the virus to Sierra Leone and 
Liberia, while difficulties and at times inability to track 
and contain infectious individuals compounded the sit-
uation and resulted in an as yet uncontrolled epidemic 
in these countries. 

We estimated a mean case fatality rate of 40% (95% 
CI: 22–61) for the EVD outbreak in Nigeria. This esti-
mate based on a small sample size is at the lower end 
of estimates from previous outbreaks, ranging from 
41% to 89% [33] and is likely a result of supportive care 

Figure 4
Effects of the effectiveness of isolation of infectious individuals on the reproduction number for three values of the diagnostic 
rate, Ebola virus disease outbreak, Nigeria

I: mean relative transmissibility of hospitalised patients; R: reproduction number.
There is a critical level of isolation effectiveness of infectious individuals estimated at about 60% with a mean time from symptoms onset to 
diagnosis of one day, which is necessary to reduce the reproduction number below the epidemic threshold at R=1.0 and halt the spread of 
Ebola virus disease.
The baseline R0 was set at 2.0 with l0 =1 and the mean time from symptom onset to diagnosis (1/γa0) was five days before the implementation 
of interventions.
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offered in dedicated facilities put in place in a timely 
fashion by the Nigerian authorities. In comparison, the 
EVD case fatality rate in the ongoing outbreak in Guinea, 
Sierra Leone and Liberia has been estimated at 70% 
(range: 61– 89) [36]. As is the case for any emerging 
infection, these estimates have to be considered with 
caution as they are prone to many biases, including 
under-reporting of milder symptomatic cases (affecting 
the denominator) and censoring effects related to the 
unknown final outcome of the most recent infections.

The toll on healthcare workers in the EVD outbreak has 
been substantial, as they account for 11 of the 20 EVD 
cases in Nigeria. Past EVD outbreaks have been ampli-
fied in healthcare settings, e.g. [45,46], including in 
the ongoing epidemic in West Africa, with about 5% of 
the total number of reported EVD cases being health-
care workers based on data available as of 1 October 
2014  [20,47].

Fortunately, past experience with the Zaire Ebolavirus 
strain also indicates that early, intense and sustained 
infection control measures in healthcare settings can 
substantially reduce the size and geographical scope 
of EVD outbreaks [48], which is consistent with the 
recent Nigerian experience.

The number of secondary cases decreased over sub-
sequent disease generations in Nigeria, reflecting the 
effects of interventions, in particular the intense and 
rapid contact tracing strategy, the continuous surveil-
lance of potential contacts, and the largely effective 
isolation of infectious individuals. Indeed, the mean 
reproduction number among secondary cases in Nigeria 
(i.e. excluding the contribution from the imported trav-
eller) was 0.4 in the presence of control interventions. 
This number is below the epidemic threshold for dis-
ease spread, while a recent estimate of R derived from 
the growth rate pattern for Nigeria straddled the epi-
demic threshold of 1.0 [36]. In contrast, recent esti-
mates of the reproduction number for the ongoing EVD 
epidemic in Sierra Leone and Liberia range between 
1.5 and 2 [40-43], indicating that the outbreak is yet 
to be brought under control [43]. Moreover, the size of 
the outbreak in Nigeria is in agreement with our model 
simulation results when we assume that interventions 
were quickly instituted on day 3 of the outbreak. Our 
model simulations of delayed interventions, in accord-
ance with large outbreaks in the broader West African 
region, demonstrate the necessity of rapid and force-
ful control measures. The Nigerian experience offers 
a critically important lesson to countries in the region 
not yet affected by the EVD epidemic, as well as to 
countries in other regions of the world that risk impor-
tation of EVD and that must remain vigilant. As a case 
in point, the recent importation of an EVD case in the 
United States from Liberia [49] proves that no country 
is immune to the risk of EVD in a globally connected 
world, but that rapid case identification and forceful 
interventions can stop transmission. 

* Addendum
To build the EVD epidemic curve (Figure 1), we reviewed 
all relevant information published in Morbidity and 
Mortality Weekly Report [2] and WHO Ebola situational 
reports and updates for Nigeria published during July 
to September 2014 [1,5-31] and categorised the 20 
reported EVD patients by reporting date and discharge 
status (dead/alive). To develop a detailed transmission 
tree for these patients (Figure 2), we built on a pub-
lished tree [2], cross-referencing the information in the 
tree with that in the WHO reports, as well as informa-
tion from local newspaper reports (e.g. [32]) that pro-
vided details on individual patient’s infection links and 
their occupation. We categorised each patient accord-
ing to the transmission setting (Ebolavirus acquired in 
a healthcare setting or the community), patient’s geo-
graphical location (Lagos or Port Harcourt) and dis-
charge status (dead/alive). The addendum was added 
on 30 April 2015, at the request of the authors, follow-
ing comments from colleagues involved in the outbreak 
response in Nigeria.

** Authors’ correction
The following corrections were made on 30 April 2015 
at the request of the authors, following comments from 
colleagues involved in the outbreak response in Nigeria 
and facilitated by the editors of Eurosurveillance: the 
number of contacts investigated through contact trac-
ing was changed from 898 to 894 and unnecessary 
information regarding contact type was removed; 
individual-level patient information provided in Figure 
2 was removed, as was a sentence in the text provid-
ing details of a nurse who cared for the index patient, 
for confidentiality purposes. The reference list was 
expanded to include additional supporting documents 
and the citations were amended accordingly throughout 
the article. Finally, a sentence pertaining to the man-
agement of contacts that tested negative for Ebolavirus 
was removed in response to comments from colleagues 
involved in the outbreak response in Nigeria. These 
changes do not have any bearing on the results or con-
clusions of the study. 
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