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Abstract

Background: The World Health Organization (WHO) declared the West Africa Ebola epidemic as a Public Health
Emergency of International Concern in August 2014. During the outbreak period, there were calls for the affected
countries to construct Ebola treatment centres and reliable diagnostic laboratories closer to areas of transmission in
order to improve the quality care of Ebola Virus Disease (EVD) patients. Delay in seeking treatment has been
reported to have led to poor treatment outcome of EVD patients. Sierra Leone recorded more than 8000 probable
and confirmed cases and more than 4000 EVD -related deaths nation-wide.

Methods: In this retrospective study, we investigated the effects of treatment delay, length of symptomatic period,
EVD patients’ sex, age, occupation, region of residence, and clinical characteristics on the treatment outcome of 205
laboratory-confirmed EVD patients who were admitted at the Kenema Government Hospital Ebola Treatment
Center (KGHETC) from 13/09/2014–26/11/2014; i.e. during the peak of 2013–2016 EVD outbreak in Sierra Leone.
Specifically also, we determined the factors that were associated with the length of stay for EVD treatment for
patients who were discharged alive.

Results: Majority (66.3%, n = 205/309) of the 309 suspected EVD patients with medical records at the KGHETC
triage during the period under review were tested positive for EVD using reverse-transcriptase-polymerase chain
reaction (RT-PCR) and had a definitive treatment outcome. Few (33.7%, n = 104/309) suspected EVD patients were
not included in our analysis and were classified thus: 29.1% (n = 90/309) suspect EVD cases with negative RT-PCR
results, 4.5% (n = 14/309) suspect cases with non-available RT-PCR result.
Of the 205 patients, 99 (48.3%) had a fatal outcome. For EVD patients that survived, we recorded a significant
association (− 0.06, 95% Confidence Interval (CI) = − 0.14 – - 0.02, p = 0.004) between the Length of Stay (LOS) and
for each kilometer travelled to seek treatment at the KGHETC. However, the association between EVD patients that
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were low skilled workers (− 5.91, 95% CI = − 24.60 – 12.79, p = 0.73), EVD patients who were children and pupils in
junior school (− 0.86, 95% CI = − 12.86 – 11.14, p = 0.73), health seeking delay for EVD patients who resided in
Kenema District where the KGHETC was located (− 0.49, 95% CI = − 0.12 – 1.09, p = 0.24), sex (− 1.77, 95% CI = − 8.75
– 5.21, p = 0.50), age (0.21, 95% CI = − 0.36 – 0.77, p = 0.57), referral status (1.21, 95% CI = − 17.67 – 20.09, p = 0.89)
and the LOS in surviving patients were not statistically significant.

Conclusion: The high LOS for either treatment outcome for EVD patients that resided in the district in which the
EVD treatment facility was located compared to those patients from other districts implies that health authorities
should consider intensive health education with high priority given to seeking early EVD treatment, and the
construction of strategic ETCs as important components in their response strategy.

Keywords: Case fatality rate, Clinical factors, Ebola virus disease, Epidemic, Length of stay, Outbreak,
Sociodemographic, Symptomatic period, Treatment outcome, Viral Haemorrhagic fever

Background
The World Health Organization (WHO) declared the
West Africa Ebola epidemic as a Public Health Emer-
gency of International Concern in August 2014 and re-
quested that countries with high Ebola Virus Disease
(EVD) transmission to make available treatment centres
and reliable diagnostic laboratories close to the areas of
EVD transmission [1, 2]. Sierra Leone was one of the
countries that was greatly affected by the 2013–2016
EVD outbreak; recording more than 8000 probable and
confirmed cases and more than 4000 EVD-related
deaths nation-wide [3]. Different Case Fatality Rate
(CFR) values were reported for different locations and
Ebola Treatment Centers (ETCs) during the 2013–2016
EVD outbreak [4–8]. Many facility-based studies have
reported that age, higher viremia, and clinical symptoms
such as diarrhea, weakness, conjunctivitis and confusion
are associated with high CFRs [9–13]. However, the role
of health seeking delays, which is also related to the dis-
tance to an ETC, the geographical region, treatment
delay, referral pathway of EVD patients, alongside with
the sociodemographic and clinical characteristics of
EVD patients on EVD treatment outcomes still remain
unclear. An online search in the PubMed library on the
search terms [Ebola] and [delay] reveals merely 57 hits
(as per 08 May 2020), of which none dealt conceptually
with health seeking delays. In Sierra Leone, ETCs pro-
vided 60% [14] of the necessary treatment beds during
the West Africa EVD outbreak in 2013–2016. There has
been speculation that the potential spread of Ebola Virus
(EV) prior to the admission of EVD patient for treat-
ment during the West African EVD outbreak may be at-
tributed to the low number of treatment beds that were
available at the ETCs [ 5, 15–17]. According to Fitzpa-
trick G and colleagues, EVD patients who traveled 0 to
40 km to seek Ebola treatment at the Kailahun case
management center recorded higher CFR (60%) com-
pared to EVD patients who traveled > 200 km (CFR =

40%) [4]. There is also a paucity of information on deter-
minants for the LOS in ETCs during EVD treatment. In
this study, we investigated the effect that health seeking
delays, sociodemographic and clinical characteristics of
EVD patients had on EVD treatment outcomes in the
specific context of the Kenema District in Sierra Leone.
Furthermore, we believe that an understanding of these
factors will corroborate community measures in com-
parable future situations that aim at improving
treatment-seeking behavior among EVD patients, pro-
vide an understanding of the most appropriate and ac-
cepted locations for ETC construction as well as offer
the best ETC design that will guarantee safe treatment
and care for EVD patients. We are of the opinion that
an understanding of the role played by health seeking
delay for those patients who were treated at the KGHE
TC, alongside that of the sociodemographic and clinical
characteristics of EVD patients on the treatment out-
come can also serve as an incentive to seek early treat-
ment and hence obtain a better treatment result. Also,
considering the fact that EVD outbreaks usually occur in
resource-constrained settings in Africa, we believe that it
is important to know the link between these factors and
the CFR since EVD patients in these settings often have
to compete for the available bed space and clinical atten-
tion following their diagnosis. Generally, comparing
CFRs across different subpopulations of EVD patients,
regions, and ETCs on the basis of EVD patient’s sex,
age, occupation, region of residence and clinical charac-
teristics alone is not sufficient. If CFRs are to be under-
stood and compared across different subpopulations of
EVD patients, regions, and ETCs, such comparison
should take into account the LOS, health seeking delay,
length of symptomatic period, patient referral pathway,
and distance to ETC alongside the various factors that
influence them. The limited access to local EVD health
care was perceived during the 2013–2016 EVD outbreak
to have an impact on treatment seeking and referral
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[18]. In Africa, where most EVD outbreaks occur, many
people who become infected usually have to travel long
distances on bad road networks and in overcrowded am-
bulances to seek EVD treatment. Those infected people
who stayed at home because of these challenges eventu-
ally contributed to the community transmission of EVD
due to their long delay in seeking treatment, while those
that survive the journey frequently die upon arrival at
the ETC due to their poor health status [5].
In this retrospective study, we investigated the effect

health seeking delay by EVD patients residing in Kenema
District were the KGHETC was located, length of symp-
tomatic period, EVD patients’ sex, age, occupation, re-
gion of residence, and clinical characteristics had on the
treatment outcome of 205 laboratory-confirmed EVD
patients at the KGHETC between the 2013–2016 EVD
outbreak.

Methods
Study design
In total, 309 suspected EVD patients presented them-
selves consecutively at the KGHETC during the study
period covering 13th September 2014 to 26th November
2014; this was the peak of the 2013–2016 EVD outbreak
in Sierra Leone. We decided to analyse the Ebola treat-
ment outcome data for the period under review because
we believed that the incidence and case fatality rates for
diseases vary during an outbreak period. Incidence and
case fatality rates for diseases are general high during
the onset of an outbreak due to lack or improper pre-
paredness but such rates start to decline gradually as the
outbreak progresses due to the availability of both the
preventive and treatment options for the disease in ques-
tion. We analysed the Ebola treatment outcome data for
the KGHETC during the period under investigation in
order to avoid both lead-time and length-time biases
which may have being brought about as a result of the
inclusion of EVD cases from different time periods dur-
ing the outbreak. We believed that to prevent length-
time bias in this study, we should analysed all Ebola
treatment outcome data that were recorded during a
specific period (in our case during the peak period of the
outbreak) of the outbreak rather during the entire out-
break period irrespective of the condition in which these
outcomes occurred. We believed that by selecting a spe-
cific period in the outbreak the outcomes that occurred
during the targeted period were influenced by the same
condition and hence may have prevented the accumula-
tion of excess asymptomatic EVD cases (length-time
bias) which can give rise to an overestimation of survival
duration due to early detection (lead-time bias) for one
set of EVD cases over the others.
Lead-time bias produce an overestimated survival dur-

ation of a disease due to the early detection by screening

rather than by clinical diagnosis; while length-time bias
produce an overestimated survival duration of a disease
due to the relative excess of slowly progressing cases.
We analysed the complete medical records containing

the sociodemographic and clinical characteristics of 205
confirmed EVD patients out of the 309 suspect cases,
who were then admitted for treatment at the KGHETC.
We described distance to the KGHETC, EVD patient re-
ferral status, length of symptomatic period, delay in
seeking treatment, and EVD patients’ sex, age, occupa-
tion, region of residence, and clinical characteristics, and
the correlations between these factors and the facility-
based EVD treatment outcome. An EVD confirmed pa-
tient in this study was a person fulfilling case definition
criteria and whose full blood, serum, or plasma specimen
had tested positive for EVD by RT-PCR assay. Sociode-
mographic and health seeking delay data are presented
in a descriptive fashion for both confirmed cases and
non-cases. Patients in whom RT-PCR for Ebola virus
was not conducted, or revealed a negative or indeter-
minate result and patients in whom records on the treat-
ment outcome are missing were excluded. Only
laboratory-confirmed EVD patients with complete treat-
ment outcomes (cured or died) were further analysed in
this study.

Study setting
The Kenema Government Hospital (KGH) where the
KGHETC was located is the largest government district
hospital in eastern Sierra Leone (Fig. 1).
The map of Sierra Leone shows the various districts

including those where patients treated at KGHETC were
residing during the 2013–2016 EVD outbreak. Source:
Wikipedia (https://en.wikipedia.org/wiki/Districts_of_
Sierra_Leone).
Prior to the 2013–2016 EVD outbreak, it served as the

national referral center for Lassa fever [19], had 472 staff
and volunteers; and was equipped with a surgical, adult
medicine, pediatric, and maternity wards [20]. During
the 2013–2016 EVD outbreak, KGH had 350 beds and
catered for 670,000 patients [21]. During the early period
of its operation, the KGHETC only treated EVD patients
from Kenema and Kailahun districts. As the outbreak
progressed, KGHETC services were later extended to
EVD cases from other regions of the country. All
Kenema District EVD patients were diagnosed for EVD
at the KGHETC triage, whereas non Kenema district
EVD patients came from outside Kenema District and
were diagnosed and subsequently admitted at the KGHE
TC. The EVD patients whose medical records we ana-
lysed in this study either self-reported at the KGHETC
triage as suspected EVD case or were brought to the
KGHETC triage by personnel attached with the National
Ebola Response Center (NERC).
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Treatment protocol
All EVD patients in this study whose medical records were
analysed were routinely provided oral rehydration salts
(ORS) and other electrolyte replacement supplements upon
commencement of treatment. Based on their presenting
symptoms, the EVD patients were also provided with acet-
aminophen or ibuprofen, ciprofloxacin or cefixime, and
naphthoquine phosphate for pain, bacterial, and malaria in-
fections respectively. Ranitidine or omeprazole were also
given to EVD patients who experienced abdominal pain. The
EVD treatment protocols that were practiced by KGHETC
clinicians did not change during the course of this study, and
they were performed in accordance with the WHO protocol
of urgent interim guidance for EVD case management for
viral haemorrhagic fever [22].

Ethics review
We obtained approval for this study from the Sierra
Leone Ethics and Scientific Review Committee (Opinion
Date March 29, 2017) and the Institutional Review
Board at the Ludwig-Maximilians-Universität in Munich,
Germany (Opinion No. LMU 17–582). We were granted

ethical clearance and waived the requirement to obtain
individual informed consent from the EVD patients on
the basis that we were analyzing data that were to be
presented in an aggregated form.

Data collection and processing
Our dataset was curated by trained clinicians, Ebola sur-
veillance officers, and data clerks that were attached to
the KGHETC. Initially, the medical records of the EVD
patients were recorded on hard copies of Case Report
Forms (CRF). The data on the CRF were later trans-
ferred to a Microsoft Excel file [23] for data cleaning
and statistical analysis. We anonymized the medical re-
cords of all EVD patients that were analysed in this
study and later stored the data in a computer that can
only be accessed with a secured password. The WHO
case definition for EVD was used by the KGHETC to
consider EVD suspects for testing [24].

Variables and statistical analysis
R software package version 3.3.1 [25] was used for
all descriptive and regression analyses in this study.

Fig. 1 District map of Sierra Leone
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The p-values < 0.05 were considered significant for
all two-sided statistical tests. We present our de-
scriptive analysis either as frequencies, proportions,
means and standard deviations (for normally dis-
tributed continuous variables), or medians and
interquartile ranges (IQR) for non-normally distrib-
uted continuous variables. Chi-square tests (when
our sample sizes are 5 and above) and Fisher’s
exact test (when our sample sizes were less than 5)
were used to determine correlations between cat-
egorical variables. Delays and time periods were cal-
culated by subtracting different variables of time
point data from each other.
The descriptive part comprises socio-demographic var-

iables (sex, age, occupation, referral status, distance
travel and location of residence, potential source of EVD
infection), clinical patient characteristics (blind, mutism,
anorexic, and admitted in a bad state) and various time
periods (Table 1 and Fig. 2).

We used logistic regression analysis to determine the
relationship between in-facility mortality and EVD
health seeking delay for those EVD patients who resided
in Kenema District, sex, age, occupation, and the dis-
tance travelled to the ETC. We did not include health
seeking delay for EVD patients who were residing out-
side Kenema District but were treated at the KGHETC
because this subpopulation of patients had already
started seeking treatment prior to their arrival at the
KGHETC. We categorised occupation into the following
levels; children and pupils in junior school), lower skilled
workers (farmers, carpenters, mechanics, drivers, and
EVD patients with unspecified jobs), and higher skilled
workers (students in higher tertiary schools and institu-
tions, medical personnel and teachers).
We also performed two linear regression analyses to

determine the association between the average LOS
(separately for EVD patients who were discharged alive,
and for EVD patients who died during EVD treatment)

Table 1 Full text meaning of abbreviations, description of time periods for Ebola Virus Disease patients treated at the Kenema
Government Hospital Ebola Treatment Center and their respective placement in Fig. 2

Abbreviation and meaning Time period/Description Fig. 2

CHD: Cadaver Handling Delay This was the period between the date an EVD patient died while undergoing treatment to
the date of burial

Arrow
E

DOA Date of admission of EVD patient

DOB Date of burial of EVD patient

DDP: Delay in the Discharge of Patient This was the period between the date an EVD patient was cured to the date he/she was
discharged

DOD Date of death of EVD patient

DOT This was the date when the first EVD laboratory test was conducted

DOPR This was the date when an EVD patient that was successfully treated was discharged

DOTR Date of release of EVD test result

DSO This was the date when EVD symptom/s were first observed in the patient

DTI: Discharge Testing Interval This was the time period between the date an EVD patient was cured to the date his/her
final laboratory test results were released

HSD: Health seeking delay for all EVD patients
irrespective of district of origin

This was the period between the date an EVD patient showed symptoms of EVD to the
date he/she was admitted at the KGHETC for treatment irrespective of the district of origin
of the EVD patient

Arrow
A

HSDKD: Health Seeking Delay for patient
residing in Kenema District

This was the period between the date an EVD patient who was residing in Kenema District
started showing symptoms of EVD to the date he/she sought treatment at the KGHETC

HSDNK: Health Seeking Delay for patient
residing outside Kenema District

This was the period between the date an EVD patient who was not residing in Kenema
District started showing symptoms of EVD to the date he/she sought treatment at the
KGHETC

LOS: Length of stay This was the period between the date of admission and date of discharge of the EVD
patient

Arrow
D

LOSA: Length of Stay for EVD Patient who
Survived Treatment

This was the period between an EVD patient started developing EVD symptoms to the
date it took for he/she to be successfully treated and discharged from the KGHETC

Arrow
B

LSP: Length of Symptomatic Period This was the period between the date of EVD symptoms onset to the time the date of the
first follow-up laboratory test result was obtained prior to the discharge of the patient, as a
proxy time point indicating resolution of symptoms

RRD: Return of Result Delay This was the period between the date of the initial EVD laboratory tests were done to the
date of the EVD laboratory test results became available and the patient subsequently
admitted

Arrow
C
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and EVD treatment delay, sex, age, occupation, referral
status, and the distance to ETC.

Results
Study patients
Out of 309 suspected EVD patients with medical records
at the KGHETC triage during the period under review, a
majority (66.3%, n = 205/309) were tested positive for
EVD using RT-PCR and had a definitive treatment out-
come. The remaining 104 (33.7%) suspected EVD pa-
tients that were not included in our analysis were
classified as: 29.1% (n = 90/309) were suspect EVD cases
with negative RT-PCR results, in 4.5% (n = 14/309) of
the suspect cases the RT-PCR result was not available.
Patients with negative test results were either released
after spending few days under observation at the KGHE
TC or were transferred to the regular hospital wards for
other treatment (Fig. 3).

Fig. 2 Treatment associated time points and periods for Ebola Virus
Disease patients treated at the Kenema Government Hospital Ebola
Treatment Center during the peak period of the West Africa Ebola
outbreak 2013–2016

Fig. 3 Intake and treatment outcome for Ebola Virus Disease patients who were treated at the Kenema Government Hospital Ebola Treatment
Center during the peak period of the West Africa Ebola outbreak 2013–2016
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The flowchart represents the intake of patients and the
outcome of patient trajectory of EVD cases who visited
the KGHETC triage from September 2014 to November
2014.
A slight majority (53.2%, n = 109/205) of the con-

firmed EVD patients were female. The most prominent
age group was 15 years to below 25 years (23.9%, n = 49/
205). The median age of the EVD patients was 25 years
(Interquartile range = 16 years – 35 years). Of those EVD
patients with occupational records, majority (60.3%, n =
123/204) were low skilled workers including traders, car-
penters, farmers, drivers or individuals with unspecified
jobs.
The median distance travelled to seek EVD treatment

was 193.0 km (IQR = 1.0 km − 307.0 km) and the majority
(73.7%, n = 151/205) of the EVD patients resided outside
Kenema District where the KGHETC was located; Bom-
bali District (8.8%, n = 18/205), Tonkolili District (3.4%,
n = 7/205), Moyamba District (7.3%, n = 15/205), Kono
District (1.0%, n = 2/205), Western Urban (33.2%, n = 68/
205), Western Rural (5.9%, n = 12/205), Port Loko District
(10.2%, n = 21/205), and Pujehun District (3.9%, n = 8/
205). Only 26.3% (n = 54/205) of the EVD cases resided in
Kenema District and were admitted directly after going
through triage procedures at the KGHETC.
The following are the median, for health seeking

delay by EVD patients irrespective of district of refer-
ral: 6.0 days (IQR = 3.00 days - 11.00 days), return of
result delay: 3.00 days (IQR = 2.00 days - 4.00 days),
discharge testing interval 0.00 day (IQR = 0.00–2.00
days), delay in the discharge of EVD patients: 1.00 day
(IQR = 1.00 day – 3.00 days), cadaver handling delay:
0.00 day (IQR = 0.00 day – 1.32 days), and length of
EVD symptomatic period: 14.0 days (IQR = 9.00 days -
20.00 days) (see also Table 2).

The overall CFR at the KGHETC was 48.3% (n = 99/
205); male EVD patients recorded an insignificantly higher
CFR (52.1%, n = 50/96, p = 0.379) compared to female
EVD patients (CFR = 45.0%, n = 49/109). With the excep-
tion of our regression models in which age is a continuous
variable, we categorised age into age groups in all bivariate
analysis for better presentation. EVD patients belonging to
the age group 0 year to 4 years (CFR = 72.7%, n = 8/11,
p = 0.682) recorded an insignificantly higher CFR com-
pared to EVD patients in the other age groups (Fig. 4).
EVD patients belonging to the age group 15 to 24

years recorded the highest number of EVD patients that
died in this study while the age group 0 to 4 years re-
corded the lowest number of EVD patients that died.
The relationship between the different occupation levels

and their respective CFRs was not statistically significant
(p = 0.534). Of those EVD patients with employment re-
cords, low skilled workers recorded the highest CFR
(51.2%, n = 63/123). Overall, the majority (73.7%, n = 151/
205, CFR = 45.7%, n = 69/151, p = 0.278) of the EVD pa-
tients came for treatment from outside Kenema District
where the KGHETC was located compared to those who
were admitted directly from within Kenema District via
the KGHETC triage (26.3%, n = 54/205, CFR = 55.6%, n =
30/54); the CFR for the EVD patients that came from out-
side Kenema District was lower than those who were ad-
mitted directly from within Kenema, but this difference
was not significant. There was a statistically significant as-
sociation between CFRs and the district of residence of
EVD patients (p = 0.002). The CFRs for Kono (100%, n =
2/2), Pujehun (87.5%, n = 7/8), Tonkolili (57.1%, n = 4/7),
Kenema (55.6%, n = 30/54), Bombali (55.6%, n = 10/18),
Western Urban (51.5%, n = 35/68), Western Rural (41.7%,
n = 5/12), Moyamba (26.7%, n = 4/15), and Port Loko Dis-
tricts (9.5%, n = 2/21) (Fig. 5).

Table 2 Treatment associated time periods for Ebola Virus Disease patients who were treated at the Kenema Government Hospital
Ebola Treatment Center during the peak period of the West Africa Ebola outbreak 2013–2016

Time periods Minimum
(days)

25% Percentile
(days)

Median
(days)

75% Percentile
(days)

Maximum
(days)

Number of missing
data

Length of Symptomatic Period 2.00 9.00 14.00 20.00 23.00 21

Health seeking delay for all EVD patients 0.00 3.00 6.00 11.00 24.00 82

Health Seeking Delay for Kenema patients 0.00 2.00 8.00 11.00 18.00 18

Health Seeking Delay for non Kenema
patient

0.00 3.00 6.00 11.00 24.00 24

Return of Result Delay 0.00 2.00 3.00 4.00 8.00 12

Discharge Testing Interval 0.00 0.00 0.00 2.00 8.00 19

Delay in the Discharge of Patient 0.00 1.00 1.00 3.00 9.00 5

Cadaver Handling Delay 0.00 0.00 0.00 1.32 2.87 11

Overall Length of stay for EVD treatment 1.00 3.00 6.00 11.00 24.00 18

Length of Stay for EVD Patient who
Survived Treatment

1.00 4.00 10.50 14.00 24.00 9
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Distribution of the treatment outcome for EVD cases
treated at the KGHETC for the study period by districts,
and whether the EVD patient was referred for treatment
from within Kenema District or from outside Kenema
District. The number of EVD cases from Western Urban
was higher than all the other districts that sent EVD pa-
tients for treatment at the KGHETC in this study.

EVD patients clinical characteristics and potential source
of infection
We determined the stratified CFRs for those EVD pa-
tients who reported their potential source of infection.
There was no significant association between the CFR

and the potential source of EVD infection: the CFR for
those EVD patients that had direct physical contact with
other EVD patients was 28.4% (n = 23/81, p = 0.444), for
having shared apartment with a case 29.7% (n = 11/37,
p = 1.000), for coming in contact with the bodily fluid of
a case 32.4% (n = 12/37, p = 0.816), for having shared
clothes with a case 40.0% (n = 2/5, p = 0.634), for having
attended a funeral 25.0% (n = 1/4 p = 1.000), or having
sucked breast milk of an infected mother 75.0% (n = 3/4
p = 0.073), with a case being either a suspected, prob-
able, or confirmed EVD patient. There was also no sig-
nificant association between the CFR and whether a
given EVD patient was related to either a suspected,

Fig. 4 Age distribution Ebola Virus Disease patients who were treated at the Kenema Government Hospital Ebola Treatment Center during the
peak period of the West Africa Ebola outbreak 2013–2016

Fig. 5 Distribution of treatment outcome Ebola Virus Disease patients who were treated at the Kenema Government Hospital Ebola Treatment
Center during the peak period of the West Africa Ebola outbreak 2013–2016 by district of origin
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probable or confirmed EVD patient already admitted at
the KGHETC. The CFR for EVD patients who were re-
lated to either a suspected, probable or confirmed EVD
patient admitted at the KGHETC was 43.6% (n = 17/39)
while the CFR for those EVD patients who are not re-
lated to either a suspected, probable or confirmed EVD
patient admitted at the KGHETC was 50.8% (n = 32/63,
p = 0.543) (Table 3).

Factors associated with dying during EVD treatment
We used logistic regression model to determine the fac-
tors that are associated with dying during treatment for
205 EVD patients treated at the KGHETC. We did not
determine the effect delay in seeking EVD treatment
would have on the odds of dying for EVD patients resid-
ing outside Kenema district because some of these pa-
tients had begun EVD treatment en route to their
admission at the KGHETC, which would have been a
confounding factor. There was a non-significant associ-
ation between the occupation levels and the odds of
dying during EVD treatment. Holding other covariates
in the model constant, the odds of dying during treat-
ment for low skilled worker EVD patients and EVD pa-
tients who were children and pupils in junior school
over the odds of dying for high skilled worker EVD pa-
tient were 1.52 (95% CI = 0.32–8.07, p = 0.61) and 0.73
(95% CI = 0.11–4.86, p = 0.74) respectively. Additionally,
holding other covariates in the model constant, there
was a non-significant odds of dying during treatment for
male EVD patient over the odds of dying for female
EVD patient was 1.72 (95% CI = 0.53–5.84, p = 0.37).
There was no association between dying during EVD
treatment and irrespective of whether or not there was a
year increase in the age of an EVD patient undergoing
treatment at KGHETC (AOR = 1.00, 95% CI = 0.93–1.07,
p = 0.98), as well as for each day that passed without an

EVD patient residing in Kenema district seeking treat-
ment at KGHETC (AOR = 1.00, 95% CI = 0.90–1.11, p =
0.97). There was a non-significant trend for decreased
odds of dying for each kilometer travelled to seek treat-
ment at KGHETC (AOR = 0.99, 95% CI = 0.98–1.01, p =
0. 28). Overall, EVD patients who resided within
Kenema District had a non-significant decreased odds
(AOR = 0.24, 95% CI = 0.02–3.07, p = 0.28) of dying dur-
ing treatment compared to those who resided outside
Kenema District (Table 4).

Factors associated with LOS for confirmed EVD patients
that were discharged alive from KGHETC
We used linear regression model to determine the fac-
tors that are associated with the LOS for 105 EVD pa-
tients admitted to KGHETC as confirmed EVD cases
and that were eventually discharged alive. There was a
non-significant association between occupation levels,
sex, age, EVD patients who resided in Kenema district,
delay in seeking EVD treatment, and the LOS for con-
firmed EVD patients admitted to KGHETC and eventu-
ally discharged alive after treatment. Adjusting for other
covariates in the model, EVD patients who were low
skilled workers (− 5.91, 95% CI = − 24.60 – 12.79, p =
0.73), children and pupils of junior schools (− 0.86, 95%
CI = − 12.86 – 11.14, p = 0.73), male EVD patients (−
1.77, 95% CI = − 8.75 – 5.21, p = 0.50) have non-
significantly reduced LOS for confirmed EVD patients
admitted to KGHETC and eventually discharged alive
after treatment compared to high skilled EVD patients
and female EVD patients respectively. However, there
was a significant association between the distance trav-
eled to seek EVD treatment and the LOS for confirmed
EVD patients admitted to KGHETC and eventually dis-
charged alive after treatment. Those EVD patients who
traveled longer distance to seek EVD treatment (− 0.06,

Table 3 Potential Sources of Ebola Virus Disease infection and Case Fatality Rates for Ebola Virus treatment at Kenema Government
Hospital Ebola Treatment Center, Sierra Leone, during the peak period of the West Africa Ebola outbreak 2013–2016

Potential source of EVD patient infection Total EVD patients (%)
205 (100%)

Survived
106
(51.7%)

Died
99 (48.3%)

Case Fatality Rate
(%)

P –
value *

Breast milk 4 (2.0) 1 (0.9) 3 (3.0) 75.0 0.073

Shared clothes 5 (2.4) 3 (2.8) 2 (2.0) 40.0 0.634

Attended a funeral 4 (2.0) 3 (2.8) 1 (1.0) 25.0 1.000

Related to EVD patient 39 (19.0) 22 (20.8) 17 (17.2) 43.6 0.543

Shared apartment 37 (18.1) 26 (24.5) 11 (11.1) 29.7 1.000

Physical contact with EVD patient 81 (39.5) 58 (54.7) 23 (23.2) 28.4 0.444

Contact with EVD fluids 37 (18.1) 25 (23.6) 12 (12.1) 32.4 0.816

Mutism 2 (1.0) 0 (0) 2 (2.0) 100 0.496

Anorexia 1 (0.5) 0 (0) 1 (1.0) 100 0.488

Blindness 1 (0.5) 0 (0) 1 (1.0) 100 1.000

*: p - value was obtained by applying Fishers test by comparing the case fatality rates, clinical characteristics and potential source of EVD contact
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95% CI = − 0.14 – - 0.02, p = 0.004) have significantly re-
duced LOS before they were discharged alive compared
to EVD patients who traveled shorter distance to seek
treatment at KGHETC. Also, adjusting for other covari-
ates in the model, older EVD patients (0.21, 95% CI = −
0.36 – 0.77, p = 0.57) and EVD patients residing in
Kenema District who spent longer time without seeking
treatment (− 0.49, 95% CI = − 0.12 – 1.09, p = 0.24) had
non-significantly reduced LOS before they were dis-
charged alive compared to EVD patients residing in
Kenema District who had shorter time without seeking
treatment. However, EVD patients who resided in
Kenema District (1.21, 95% CI = − 17.67 – 20.09, p =
0.89) had non-significantly increased LOS before they
were discharged alive following treatment compared to
EVD patients who resided outside Kenema District.

Factors associated with LOS for confirmed EVD patients
that died in KGHETC
We determined the factors that are associated with the
LOS for 99 EVD patients who died at the KGHETC.
There was a non-significant association between occupa-
tion levels, EVD patients who resided in Kenema district,
delay in seeking EVD treatment, sex and the LOS for
confirmed EVD patients admitted at the KGHETC but
eventually died during treatment. However, there was a
significant association between age, distance traveled to
seek treatment by EVD patients and the LOS for con-
firmed EVD patients admitted at the KGHETC but
eventually died during treatment. For EVD patients who
died during treatment, adjusting for other covariates in
the model, EVD patients with low skills (− 10.33, 95%
CI = − 19.57 – - 1.09, p = 0.48), children and pupils of
junior schools (− 6.17, 95% CI = − 15.23 – 2.87, p = 0.80),
and EVD patients who resided in Kenema (− 3.34, 95%
CI = − 13.93 – 7.25, p = 0.52) had non-significantly re-
duced LOS until death during treatment compared to
EVD patients with high skills and those EVD patients
who resided outside Kenema district. Additionally, EVD
patients residing in Kenema district who spent longer

time without seeking treatment (− 0.05, 95% CI = − 0.49
– 0.39, p = 0.38) had non-significantly reduced LOS until
death during treatment compared to EVD patients resid-
ing in Kenema district who spent shorter time without
seeking treatment. However, older EVD patients (0.35,
95% CI = 0.11–0.58, p = 0.03), and those EVD patients
who travelled long distances to seek treatment at KGHE
TC (− 0.07, 95% CI = − 0.12 – - 0.03, p = < 0.0005) had
significantly reduced LOS until death during treatment
compared to younger EVD patients and EVD patients
who traveled shorter distances to seek treatment at
KGHETC. Also, male EVD patients (3.36, 95% CI = −
2.54 – 9.25, p = 0.80) had non-significantly increased
LOS until death during treatment compared to female
EVD patients (Table 5).

Discussion
We investigated the factors that are associated with the
in-facility CFR, odds of dying and the LOS for EVD pa-
tients treated at the KGHEC. We described the influence
age, occupation type, sex, distance to ETC, and health
seeking delay by EVD patients residing in Kenema Dis-
trict had on in-facility CFR; the odds of dying during
EVD treatment, and factors associated with the LOS for
EVD patients discharged alive as well as for those who
died during EVD treatment. Different CFRs were re-
ported for different locations and settings during the
2013–2016 EVD outbreak [1, 8–27]. Worthy of note is
that our CFR is different from those of similar studies
conducted in Sierra Leone during the said EVD outreak
[4, 5, 7, 11, 12, 20, 26–28]. Our high overall CFR com-
pared to the WHO-computed CFR [29] for Sierra Leone
for the same outbreak is surprising, as KGH which pro-
vided staff for KGHETC during the outbreak was con-
sidered to have one of the best facilities in West Africa
for EVD case management due to their years of experi-
ence in handling Lassa fever cases [30]. Lassa fever and
EVD belongs to the same family of enveloped RNA viral
pathogens that induce hemorrhagic fever [31] and both
of them have similar human-to-human transmission

Table 4 Determinants of death during Ebola Virus treatment at Kenema Government Hospital Ebola Treatment Center, Sierra Leone,
during the peak period of the West Africa Ebola outbreak 2013–2016. Results from a multivariate logistic regression

Patient characteristics Adjusted OR* 95% CI

Sex: male vs female (ref) 1.72 0.53–5.84

Occupation: high skilled (ref) workers

Low skilled workers 1.52 0.32–8.07

Children and pupils in junior school 0.73 0.11–4.86

Delay (in days) of health seeking behavior for EVD patients residing in Kenema District 1.00 0.90–1.11

Distance (in km) to ETC 0.99 0.98–1.01

Referral status: residency outside-vs-in (ref) Kenema District 0.24 0.02–3.07

Age 1.00 0.93–1.07 0.98

OR Odds Ratio, ETC Ebola Treatment Center, EVD Ebola Virus Disease, CI Confidence Interval
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mode and case management strategies. KGHETC suf-
fered from high overall CFR although it was considered
at the time as an exemplary facility probably due to poor
EVD case management strategies, insufficient and in-
appropriate logistics as well as from the poor training of
KGHETC clinicians during the EVD outbreak period.
The KGH Lassa fever program had for years back shifted
from patient care to laboratory research work due to
under-funding [30, 32]; which made these clinicians ill-
prepared to handle EVD cases during the early period of
the 2013–2016 EVD outbreak. The lack of the necessary
logistics to handle EVD cases may have also overexposed
these staffs to the infection which greatly affected their
staff strength and led to a cycle of new and more EVD
cases and subsequent deaths. Like Fitzpatrick G et al. [4]
and Rudolf et al. [33], we also discovered that EVD pa-
tients who resided at short distance from the KGHETC
alongside early health seeking [33, 34] had a major influ-
ence on the in-hospital CFR of EVD patients. The sig-
nificantly higher CFR among EVD patients who resided
in Kenema District compared to EVD patients from
other districts who sought EVD treatment at the KGHE
TC may have been due to the admission of mostly sev-
ered EVD patients from within Kenema District who de-
layed in seeking early EVD treatment. EVD patients
from Kenema District had higher delays in health seek-
ing compared to those that came from outside Kenema
District to be treated at KGHETC. Health seeking delay
could be linked within this context to poor or insuffi-
cient health education or the misunderstanding of the
health education messages related to the transmission
dynamics, mode of infection, control and personal pro-
tection against EVD that was passed on at the time of

the EVD outbreak. Many residents of Kenema District
including staff at the Kenema Government Hospital
where the KGHETC was based may have had a false
sense of security that previous exposure to Lassa fever
either in the community or in the clinical setting makes
one immune to EVD. Kenema District is endemic to
Lassa fever and records the highest annual incidence of
Lassa fever cases in Sierra Leone [35]. This false sense of
security may have led to the lack of or poor adherence
to both the EVD health messages passed on during the
outbreak as well as to that of the EVD infection preven-
tion and control practices [32].
The insufficient or lack of health education on the part

of many EVD patients challenged their understanding of
the basic principles behind EVD health education mes-
sages that were spread at the time of the outbreak, such
as infection prevention or early health seeking behav-
iour. Early treatment as well as the expert knowledge
and skills of health practitioners were reported to have
been very crucial in controlling and reducing the impact
of the Ebola epidemic in Sierra Leone [33, 34]. Stehling-
Ariza T and colleagues also attributed the quicker iden-
tification of suspected Ebola cases as well as the inter-
ruption of Ebola transmission to active case surveillance
and health education during the outbreak period [36].
Another possibility for the significantly lower CFR
among the EVD patients who resided outside Kenema
District compared to those EVD patients who resided
within Kenema District is that the more severe EVD
cases of those who resided outside Kenema District may
have been so weak to not even venture to travel for ad-
mission to KGHETC, or that they died before they could
reach the KGHETC thereby introducing survival bias [2,

Table 5 Determinants of length of stay (in days) during Ebola Virus treatment at Kenema Government Hospital Ebola Treatment
Center, Sierra Leone by vital status at discharge during the peak period of the West Africa Ebola outbreak 2013–2016. Results from a
multivariate linear regression

Patient characteristics Regression coefficients of EVD
patients who survived

95% CI Regression coefficients of EVD
patients who died

95% CI

Sex: male vs female (ref) - 1.77 - 8.75 –
5.21

3.36 - 2.54 –
9.25

Occupation: high skilled (ref) workers

Low skilled workers - 5.91 - 24.60 –
12.79

- 10.33 - 19.57 –
- 1.09

Children and pupils in junior school - 0.86 - 12.86 –
11.14

- 6.17 - 15.23 –
2.87

Delay (in days) of health seeking behavior for EVD
patients residing in Kenema District

- 0.49 - 0.12 –
1.09

- 0.05 - 0.49 –
0.39

Distance (in km) to ETC - 0.06 - 0.14 – -
0.02

- 0.07 - 0.12 – -
0.03

Referral status: residency outside-vs-in (ref) Kenema
District

1.21 - 17.67 –
20.09

- 3.34 - 13.93 –
7.25

Age 0.21 - 0.36 –
0.77

0.35 0.11–0.58

OR Odds Ratio, ETC Ebola Treatment Center, EVD Ebola Virus Disease, CI Confidence Interval
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4, 37]. Similarly also, the lower CFR amongst EVD pa-
tients who came from outside Kenema District may be
attributed to the fact that this subpopulation of EVD pa-
tients received decentralized (and hence maybe more at-
tentive) treatment in holding centers [37] en route to
KGHETC, thereby providing them additional advantage
compared to those EVD patients who resided within
Kenema District. It is also possible that EVD cases resid-
ing within Kenema District may have presented high
Ebola Virus (EV) viral load at the time of admission. Al-
though we did not measure EV viral load upon admis-
sion, Theocharopoulus et al. had previously reported
that the low EVD viral load of patients from outside the
district where the EVD patients was referred from com-
pared to those EVD patients admitted from within the
district may be due to their longer admission time, as
well as in-transit admission prior to their referral to the
distance ETC [26], while some studies have reported
high viral load as a significant predictor of EVD mortal-
ity [26, 36, 37]. However, like Theocharopoulus et al.
[26] we also discovered no significant association be-
tween the odds of dying for EVD patients who were res-
iding outside Kenema District and those EVD patients
who were residing within Kenema District as well as for
those EVD patients who stayed very far from an ETC
compared to those who stayed closer to the ETC. Like
the establishment of proximal ETCs for EVD patients,
the finding that patients who resided within Kenema
District had more favourable odds of survival when the
sought early treatment once again suggests the import-
ance of information, education and communication
(IEC) programs as an essential tool in outbreak manage-
ment. IEC programs are messaging strategies that have
been reported to be effective and crucial in controlling
Ebola outbreaks if they are implemented early and in-
volve key stakeholders during an intervention [38]. From
our study it becomes apparent that to improve the odds
of survival during an EVD treatment, disease prevention
and control agencies should prioritize the dissemination
of messages about the disease, its treatment availability
as well as its control strategies. Additionally, an under-
standing of the perception and responses to the EVD
outbreak by the community should also lie at the core of
any EVD outbreak IEC program.
We discovered that EVD patients who came from out-

side Kenema District where the KGHETC was located
spent less time to be cured compared to those who re-
sided within Kenema District. This observation may be
due to the admission of EVD patients from within
Kenema District that may have been suffering from a
more severe course of infection as compared to EVD pa-
tients from the other districts. EVD patients with a more
severe course of infection and more impaired general
condition will have to spend more time to be cured, but

may in case of a fatal outcome show a shorter time
period until death. Thus, our position is that, although
the establishment of a community and proximal ETC is
very crucial for reducing community and in-facility
nosocomial EVD transmission, yet we believe that seek-
ing early EVD treatment is very important for attaining
a positive treatment outcome. We believe that IEC pro-
grams alongside with other EVD sensitization and
awareness raising strategies that target health benefits of
early EVD treatment should be rigorously applied within
an EVD outbreak.
Our study is beset with some limitations: (1) Lack of

sufficient clinical information that serves as a challenge
for conducting an in-depth analysis of any association
between CFR, LOS and EVD patient referral status. Un-
like other ETCs, like the 34 Military Hospital ETC that
started operations in the capital city Freetown in the
midway of the 2013–2016 EVD outbreak, the KGHETC
was overwhelmed during the study period since they
were the first ETC having to start operations in the
country. Because of this overstretch at the KGHETC,
EVD patients clinical information were collected on a
limited basis and was focused on syndromic classifica-
tions including but not limited to “admitted in bad state”
as well as few striking findings (mutism, blindness, an-
orexia) that would be relevant in the course of further
patient management within the facility. In some patients
it is not even clear whether some of the reported clinical
symptoms had been present prior to their EVD infec-
tion. This limited clinical information in our data ren-
dered an in-depth analysis of the relationship between
the spectrum and severity of clinical characteristics of an
EVD patient and the evolution of the infection and its
treatment outcome challenging. (2) Also, there was no
laboratory data (cycle threshold-Ct) on the EVD viral
load of the patients upon their admission. Such data
would have provided us another proxy indicator for se-
verity in a given EVD patient upon admission.

Conclusions
From our findings we observed that health seeking delay,
distance travelled to treatment facilities, length of stay
and treatment outcomes show complex interdepen-
dences. This implies that in any future Ebola outbreak
where community EVD transmission is well underway,
health authorities should consider targeted health educa-
tion with high priority given to seeking early EVD treat-
ment, as well as the construction of strategic ETCs as an
important component of their response strategy.

Abbreviations
CFR: Case Fatality Rate; CHD: Cadaver Handling Delay; CI: Confidence Interval;
CRF: Case Report Form; DDP: Delay in the Discharge of Patient;
DTI: Discharge Testing Interval; ETC: Ebola Treatment Center; EV: Ebola Virus;
EVD: Ebola Virus Disease; HSD: Health Seeking Delay for all EVD patients

Kangbai et al. Archives of Public Health          (2021) 79:131 Page 12 of 14



irrespective of District of origin; HSDCP: Health Seeking Delay by EVD
Patients who were discharged alive; HSDDP: Health Seeking Delay by EVD
patients who Died; HSDKD: Health Seeking Delay for patient residing in
Kenema District; HSDNK: Health Seeking Delay for patient residing outside
Kenema District; IEC: Information, Education and Communication;
IQR: Interquartile Range; KGH: Kenema Government Hospital; KGHE
TC: Kenema Government Hospital Ebola Treatment Center; LMU: Ludwig-
Maximilians-Universität, Munich, Germany; LOS: Length of stay; LOSA: Length
of Stay for EVD Patient who Survived Treatment; LOS-CP: Length of stay for
EVD patients who were discharged alive; LOS-DP: Length of stay for EVD
patients who Died; LSP: Length of Symptomatic Period; OLOS: Overall
Length of stay; ORS: Oral Rehydration Salt; RNA: Ribonucleic acid;
RRD: Return of EVD test Result Delay; RT-PCR: Real Time Polymerase Chain
Reaction; RTR: Return of EVD Test Result; SPCP: Symptomatic period for EVD
patients who were discharged alive; SPDP: Symptomatic period for EVD
patients who died

Acknowledgements
Our sincere thanks to the health workers, military personnel attached to the
34 Military Hospital for collecting and collating the medical data that were
analyzed in this study, as well as all those who suffered in diverse ways
during the Ebola outbreak in Sierra Leone.

Authors’ contributions
JK, MH, FS and GF conceived and designed this study as well as organized
the conduct of this research in the research field. JK, CH and GF performed
the statistical analysis. JK and GF drafted the manuscript. GF, CH, FS and MH
critically reviewed and revised the manuscript. FS oversaw the collection and
collating of the research data. JK obtained ethical clearance. The author(s)
read and approved the final manuscript.

Authors’ information
Not applicable.

Funding
No part of this study received funding or compensation whatsoever during
its conception, execution or for publication.

Availability of data and materials
The datasets generated and analyzed during the current study are not
publicly available due to patient confidentiality and the sensitive nature of
this study. This is an aggregate dataset that is being protected by the Sierra
Leone Ethics and Scientific Review Committee in order to protect the
identity of the patients whose medical data were analyzed.

Declarations

Ethics approval and consent to participate
The Sierra Leone Ethics and Scientific Review Committee (Opinion date 29
March 2057) and the Institutional Review Board at the Ludwig-Maximillian’s
Universidad Muenchen, Germany (Opinion No. LMU 17–582) approved this
study. The Sierra Leone Ethics and Scientific Review Committee provided
ethical clearance for conducting this study.

Consent for publication
Not Applicable.

Competing interests
All authors declared they have no competing interest.

Author details
1Center for International Health, University of Munich (LMU), Munich,
Germany. 2Department of Environmental Health Sciences, Njala University,
Freetown, Sierra Leone. 3School of Public Health and Tropical Medicine,
Tulane University, New Orleans, USA. 4Department of Statistics, University of
Munich (LMU), Munich, Germany. 5Division of Infectious Diseases and
Tropical Medicine, University Hospital, LMU, Munich, Germany. 6Department
of Microbiology, College of Medicine and Allied Health Sciences, University
of Sierra Leone, Freetown, Sierra Leone. 7The 34 Military Hospital, Wilberforce,
Freetown, Sierra Leone.

Received: 5 February 2021 Accepted: 2 July 2021

References
1. WHO statement on the meeting of the International Health Regulations

Emergency Committee regarding the 2014 ebola outbreak in West Africa.
08 August 2014. Available from: http://who.int/mediacentre/news/sta
tements/2014/ebola-20140808/en/. Accessed 27 Apr 2020.

2. WHO Ebola Response Team, Agua-Agum J, Ariyarajah A, Aylward B, Blake
IM, Brennan R, et al. West African Ebola Epidemic after One Year Slowing
but Not Yet under Control. N Engl J Med. 2015;372:584–7.

3. World Health Organization. Ebola virus disease, fact sheet. 2015. Available at
www.who.int/mediacentre/factsheets/fs103/en. Accessed 27 Apr 2020.

4. Fitzpatrick G, Vogt F, MoiGbabai OB, Decroo T, Keane M, De Clerck H, et al.
The contribution of Ebola viral load at admission and other patient
characteristics to mortality in a Médecins Sans Frontières Ebola case
management Centre, Kailahun, Sierra Leone, June–October 2014. J Infect
Dis. 2015;212(11):1752–8. https://doi.org/10.1093/infdis/jiv304.

5. Lamunu M, Olu OO, Bangura J, Yoti Z, Samba TT, Kargbo DK, et al.
Epidemiology of Ebola virus disease in the Western area region of Sierra
Leone, 2014–2015. Front Public Health. 2015;5:33. https://doi.org/10.3389/
fpubh.2015.00033.

6. Garske T, Cori A, Ariyarajah A, Blake IM, Dorigatti I, Eckmanns T, et al.
Heterogeneities in the case fatality ratio in the West African Ebola outbreak
2053–205637. Philos Trans R Soc Biol Sci. https://doi.org/10.1098/rstb.2056.
0308.

7. Forna A, Nouvellet P, Dorigatti I, Donnelly CA. Case fatality ratio estimates
for the 2015–2015 West African ebola epidemic. Application of boosted
regression trees for imputation. 2015. Available at SSRN: https://ssrn.com/a
bstract=3220099

8. Team WER. Ebola virus disease in West Africa–the first 9 months of the
epidemic and forward projections. N Engl J Med. 2015;371(16):1481–95.

9. Crowe SJ, Maenner MJ, Kuah S, Erickson BR, Coffee M, Knust B, et al.
Prognostic indicators for Ebola patient survival. Emerg Infect Dis. 2015;22:
217–23 https://doi.org/10.32015/eid2202.151250.

10. Fasina FO, Adenubi OT, Ogundare ST, Shittu A, Bwala DG, Fasina MM.
Descriptive analyses and risk of death due to Ebola virus disease, West
Africa, 2014. J Infect Dev Ctries. 2015;9(12):1298–307. https://doi.org/10.3
855/jidc.6484.

11. Hunt L, Gupta-Wright A, Simms V, Tamba F, Knott V, Tamba K, et al. Clinical
presentation, biochemical, and haematological parameters and their
association with outcome in patients with Ebola virus disease: an
observational cohort study. Lancet Infect Dis. 2015;15(11):1292–9. https://
doi.org/10.1016/S1473-3099(15)00144-9.

12. Schieffelin JS, Shaffer JG, Goba A, Gbakie M, Gire SK, Colubri A, et al. KGH
Lassa Fever Program; Viral Hemorrhagic Fever Consortium; WHO Clinical
Response Team. Clinical illness and outcomes in patients with Ebola in
Sierra Leone. N Engl J Med. 2014;371:2092–100. https://doi.org/10.1056/
NEJMoa1411680.

13. Bah EI, Lamah MC, Fletcher T, Jacob ST, Brett-Major DM, Sall AA, et al.
Clinical presentation of patients with Ebola virus disease in Conakry. Guinea
N Engl J Med. 2015;372(1):40–7. https://doi.org/10.1056/NEJMoa1411249.

14. Carter SE, O’Reilly M, Frith-Powell J, Kargbo AU, Byrne D, Niederberger E.
Treatment seeking and ebola community care centers in Sierra Leone: a
qualitative study. J Health Commun. 2015;22(sup1):66–71. https://doi.org/1
0.1080/10810730.2015.1216204.

15. Borchert M, Mutyaba I, Van Kerkhove MD, Lutwama J, Luwaga H, Bisoborwa
G, et al. Ebola haemorrhagic fever outbreak in Masindi District, Uganda:
outbreak description and lessons learned. BMC Infect Dis. 2015;11:357.
https://doi.org/10.1186/1471-2334-11-357 PMID: 22204600.

16. Osterholm MT, Moore KA, Kelley NS, Brosseau LM, Wong G, Murphy FA,
et al. Transmission of Ebola viruses: what we know and what we do not
know. MBio. 2015;6(2):e00137. https://doi.org/10.1128/mBio.00137-15
Review. Erratum in: MBio.2015;6(4):e01154. Formenty, Pierre [Deleted].
PubMed Central PMCID: PMC4358015. PMID: 25698835.

17. Brainard J, Hooper L, Pond K, Edmunds K, Hunter PR. Risk factors for
transmission of Ebola or Marburg virus disease: a systematic review and
meta-analysis. Int J Epidemiol. 2015;45(1):102±116. https://doi.org/10.1093/
ije/dyv307 PMID: 26589246.

18. Gulland A. UK’s plan to build community care centers for Ebola patients is
questioned. Br Med J. 2014, 2014;349(8). https://doi.org/10.1136/bmj.g6788.

Kangbai et al. Archives of Public Health          (2021) 79:131 Page 13 of 14

http://who.int/mediacentre/news/statements/2014/ebola-20140808/en/
http://who.int/mediacentre/news/statements/2014/ebola-20140808/en/
http://www.who.int/mediacentre/factsheets/fs103/en
https://doi.org/10.1093/infdis/jiv304
https://doi.org/10.3389/fpubh.2015.00033
https://doi.org/10.3389/fpubh.2015.00033
https://doi.org/10.1098/rstb.2056.0308
https://doi.org/10.1098/rstb.2056.0308
https://ssrn.com/abstract=3220099
https://ssrn.com/abstract=3220099
https://doi.org/10.32015/eid2202.151250
https://doi.org/10.3855/jidc.6484
https://doi.org/10.3855/jidc.6484
https://doi.org/10.1016/S1473-3099(15)00144-9
https://doi.org/10.1016/S1473-3099(15)00144-9
https://doi.org/10.1056/NEJMoa1411680
https://doi.org/10.1056/NEJMoa1411680
https://doi.org/10.1056/NEJMoa1411249
https://doi.org/10.1080/10810730.2015.1216204
https://doi.org/10.1080/10810730.2015.1216204
https://doi.org/10.1186/1471-2334-11-357
https://doi.org/10.1128/mBio.00137-15
https://doi.org/10.1093/ije/dyv307
https://doi.org/10.1093/ije/dyv307
https://doi.org/10.1136/bmj.g6788


19. McCormick JB, Webb PA, Krebs JW, Johnson KM, Smith ES. A prospective
study of the epidemiology and ecology of Lassa fever. J Infect Dis. 1987;155:
437–44.

20. Senga, et al. Factors underlying Ebola virus infection among health workers,
Kenema, Sierra Leone, 2014–2015. Clin Infect Dis. 2015;63(4):454–9.

21. Sierra Leone Ministry of Health and Sanitation. Ebola virus disease situation
report. Available at: http://health.gov.sl/wp-content/uploads/2055/07/Sierra-
Leone-EVD-National-Sit-Rep_Vol-412.pdf. Accessed 2 July 2059.

22. World Health Organisation. Clinical management of patients with viral
haemorrhagic fever: a pocket guide for front line health worker. 2014.

23. Microsoft. Microsoft Word. Redmond: Microsoft; 2058.
24. Technical Guidelines for Integrated Disease Surveillance and Response in

the African Region (2nd ed.) Brazzaville: World Health Organization;2050.
http://www.afro.who.int/en/clusters-a-programmes/dpc/integrated-disea
sesurveillance/features/2775-technical-guidelines-for-integrated-disease-
surveillance-and-response-inthe-african-region.html.

25. Team RC. R: A language and environment for statistical computing. Vienna:
R Foundation for Statistical Computing, R Core Team; 2057.

26. Theocharopoulos G, Danis K, Greig J, Hoffmann A, De Valk H, Jimissa A,
et al. Ebola management centre proximity associated with reduced delays
of healthcare of Ebola Virus Disease (EVD) patients, Tonkolili, Sierra Leone,
2014–15. PLoS One. 2057;12(5):e0176692. https://doi.org/10.1371/journal.
pone.0176692.

27. Lado M, Walker NF, Baker P, Haroon S, Brown CS, Youkee D, et al. Clinical
features of patients isolated for suspected Ebola virus disease at Connaught
hospital, Freetown, Sierra Leone: a retrospective cohort study. Lancet Infect
Dis. 2055;15(9):1024–33. https://doi.org/10.1016/S1473-3099(15)00137-1.

28. Yan T, Mu J, Qin E, Wang Y, Liu L, Wu D, et al. Clinical characteristics of 154
patients suspected of having Ebola virus disease in the Ebola holding
center of Jui government Hospital in Sierra Leone during the 2014 Ebola
outbreak. Eur J Clin Microbiol Infect Dis. 2055;34(10):2089–95. https://doi.
org/10.1007/s10096-015-2457-z.

29. WHO Ebola Response Team. West African Ebola Disease among male and
female persons in West Africa. N Engl J Med. 2016;374:1. https://doi.org/10.1
056/NEJMc1510305.

30. Khan SH, Goba A, Chu M, et al. New opportunities for field research on the
pathogenesis and treatment of Lassa fever. Antiviral Res. 2008;78(1):103–15.

31. Goba, et al. An outbreak of ebola virus disease in the Lassa Fever Zone. J
Infect Dis. 2016;214(Suppl 3): S110–21.

32. Bausch DG. The year that Ebola virus took over West Africa: missed
opportunities for prevention. Am J Trop Med Hyg. 2015;92(2):229–32.
https://doi.org/10.4269/ajtmh.14-0818.

33. Rudolf F, Damkjær M, Lunding S, Dornonville de la Cour K, Young A, Brooks
T, Sesay T, Salam AP, Mishra S, Storgaard M. Influence of Referral Pathway
on Ebola Virus Disease Case-Fatality Rate and Effect of Survival Selection
Bias. Emerg Infect Dis. 2017;23(4):597-600. https://doi.org/10.3201/eid2304.1
60485.

34. Jones-Konneh TEC, Murakami A, Sasaki H, Egawa S. Intensive education of
health care workers improves the outcome of Ebola virus disease: lessons
learned from the 2014. Outbreak in Sierra Leone. Tohoku J Exp Med. 2017;
243(2):101–5.36. https://doi.org/10.1620/tjem.243.101.

35. Shaffer JG, Grant DS, Schieffelin JS, Boisen ML, Goba A, et al. Lassa fever in
post-conflict Sierra Leone. PLoS Negl Trop Dis. 2014;8(3):e2748. https://doi.
org/10.1371/journal.Pntd.0002748.

36. Stehling-Ariza T, Rosewell A, Moiba SA, Yorpie BB, Ndomaina KD, Jimissa KS,
et al. The impact of active surveillance and health education on an Ebola
virus disease cluster - Kono District, Sierra Leone, 2014-2015. BMC Infect Dis.
2016;16(1):611. https://doi.org/10.1186/s12879-016-1941-0.

37. Marzi A, Yoshida R, Miyamoto H, Ishijima M, Suzuki Y, Higuchi M, et al.
Protective efficacy of neutralizing monoclonal antibodies in a nonhuman
primate model of Ebola hemorrhagic fever. PLoS One. 2012;7(4):e36192.
https://doi.org/10.1371/journal.pone.0036192 Epub 2012. PMID: 22558378.

38. Kinsman J, de Bruijne K, Jalloh AM, Harris M, Abdullah H, Boye-Thompson T,
et al. Development of a set of community-informed Ebola messages for
Sierra Leone. PLoS Negl Trop Dis. 2017;11(8):e0005742. https://doi.org/10.13
71/journal.pntd.0005742.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Kangbai et al. Archives of Public Health          (2021) 79:131 Page 14 of 14

http://health.gov.sl/wp-content/uploads/2015/07/Sierra-Leone-EVD-National-Sit-Rep_Vol-412.pdf
http://health.gov.sl/wp-content/uploads/2015/07/Sierra-Leone-EVD-National-Sit-Rep_Vol-412.pdf
http://www.afro.who.int/en/clusters-a-programmes/dpc/integrated-diseasesurveillance/features/2775-technical-guidelines-for-integrated-disease-surveillance-and-response-inthe-african-region.html
http://www.afro.who.int/en/clusters-a-programmes/dpc/integrated-diseasesurveillance/features/2775-technical-guidelines-for-integrated-disease-surveillance-and-response-inthe-african-region.html
http://www.afro.who.int/en/clusters-a-programmes/dpc/integrated-diseasesurveillance/features/2775-technical-guidelines-for-integrated-disease-surveillance-and-response-inthe-african-region.html
https://doi.org/10.1371/journal.pone.0176692
https://doi.org/10.1371/journal.pone.0176692
https://doi.org/10.1016/S1473-3099(15)00137-1
https://doi.org/10.1007/s10096-015-2457-z
https://doi.org/10.1007/s10096-015-2457-z
https://doi.org/10.1056/NEJMc1510305
https://doi.org/10.1056/NEJMc1510305
https://doi.org/10.4269/ajtmh.14-0818
https://doi.org/10.3201/eid2304.160485
https://doi.org/10.3201/eid2304.160485
https://doi.org/10.1620/tjem.243.101
https://doi.org/10.1371/journal.Pntd.0002748
https://doi.org/10.1371/journal.Pntd.0002748
https://doi.org/10.1186/s12879-016-1941-0
https://doi.org/10.1371/journal.pone.0036192
https://www.ncbi.nlm.nih.gov/pubmed/22558378
https://doi.org/10.1371/journal.pntd.0005742
https://doi.org/10.1371/journal.pntd.0005742

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study design
	Study setting
	Treatment protocol
	Ethics review
	Data collection and processing
	Variables and statistical analysis

	Results
	Study patients
	EVD patients clinical characteristics and potential source of infection
	Factors associated with dying during EVD treatment
	Factors associated with LOS for confirmed EVD patients that were discharged alive from KGHETC
	Factors associated with LOS for confirmed EVD patients that died in KGHETC

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Authors’ information
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

