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Abstract
Background—Anecdotal reports suggesting that survival rates among hospitalized patients with Ebola
virus disease in Guinea are higher than the 29.2% rate observed in the current epidemic in West Africa.

Methods—Survival after symptom onset was determined using Kaplan Meier survival methods among
patients with confirmed Ebola virus disease treated in Conakry, Guinea from March 25, 2014, to August 5,
2014. We analyzed the relationship between survival and patient factors, including demographics and clini-
cal features.

Results—Of the 70 patients analyzed [mean age ± standard deviation (SD), 34 ± 14.1; 44 were men], 42
were discharged alive with a survival rate among hospitalized patients of 60% (95% confidence interval,
41.5–78.5%). The survival rate was 28 (71.8%) among 39 patients under 34 years of age, and 14 (46.7%)
among 30 patients aged 35 years or greater (p = 0.034). The rates of myalgia (3 of 42 versus 7 of 28, p =
0.036) and hiccups (1 of 42 versus 5 of 28, p = 0.023) were significantly lower among patients who sur-
vived.

Conclusions—Our results provide insights into a cohort of hospitalized patients with Ebola virus disease
in whom survival is prominently higher than seen in other cohorts of hospitalized patients.

 
On March 23, 2014, the World Health Organization
(WHO) was notified as an outbreak1 and by June 18,
2014, it was considered the largest outbreak of Ebola
virus disease.2 Ebola virus disease in the current epi-
demic has disproportionately affected the persons who
are between 15 and 44 years of age (comprising 60.8%
of cases, although this age group makes up only 44% of
the population).1 The estimated case survival rate was
29.2% (95% confidence interval, 27.8–30.6%) among
the persons with known clinical outcome of infection in
an analysis of 3343 confirmed and 667 probable Ebola
cases collected in Guinea, Liberia, Nigeria, and Sierra
Leone.1 The case survival rate was higher among hospi-
talized patients (35.7%, 95% confidence interval 33.6–
37.8%) than among all patients with definitive out-

comes. There was a prominently higher case survival
rate among health care workers in Guinea of 43.9%
(95% confidence interval, 30.5–57.3%) as compared
with the 20% (95% confidence interval, 15.1–24.9%)
rate observed in Liberia.1 There were anecdotal reports
suggesting that the case survival rates among hospital-
ized patients with Ebola virus disease in Guinea were
much higher than the 20% rate observed in patients trea-
ted at Kikwit General Hospital during the 1995 out-
break.3 However, higher survival has not been con-
firmed and reasons underlying higher survival have not
been identified.

We performed an analysis of patient level data collected
at Donka National Hospital, Conakry, Guinea to deter-
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mine the survival and associated factors among patients
with Ebola virus disease hospitalized in Guinea.

Methods
Donka National Hospital, Conakry, Guinea serves as the
predominant designated hospital for the treatment of
Ebola virus infected patients in Guinea. Since March
2014, an isolation ward comprising a single-level build-
ing structure has been setup for management of con-
firmed Ebola virus disease patients. The presence of
Ebola virus disease is confirmed by means of polymer-
ase chain reaction test. The isolation unit comprises of
small (two beds) and large rooms (three beds).

Acute care is provided in three shifts and by five teams
consisting of doctors, nurses, psychologists, and hygien-
ists, who staffs each shift. Vital signs are measured four
times daily using cuff measurements and manual palpa-
tion. Antimalarial agents consisting of a combination of
Artemether and Lumefantrine are routinely used in all
patients. The treatment is focused on symptom relief,
which includes oral paracetamol (acetaminophen), tra-
madol, and infrequently intravenous or intramuscular
morphine sulphate for fever, headache, arthralgia, and
myalgias. Oral hydration formulation is the preferred
intervention, but intravenous hydration using lactated
Ringers, dextrose-based fluids, and rarely normal saline
is used for the treatment of volume depletion, hypoten-
sion, and malnutrition. Nutritional care is dependent on
food provided by families. Patients who are not able to
tolerate oral intake rely on caloric intake from intrave-
nous dextrose containing fluids. Laboratory tests, such
as complete blood count and basic metabolic panel, are
not performed to avoid spread of infection during trans-
port to routine laboratories in other parts of the hospital.
Blood transfusions and central venous catheters are very
rarely used. There are no intravenous vasopressors,
parenteral nutrition formulations, and mechanical venti-
lators in use. The only option for respiratory distress is
supplemental oxygen via facemask. There was no antivi-
ral medication, vaccine, and exchange transfusion being
used within the ward during the study period. If a patient
is afebrile or asymptomatic for three days, a polymerase
chain reaction test is performed and if negative, the
patient is discharged.

The findings of each patient encounter that are recorded
include vitals, medication administered, and any new
development, which are dictated to a team member out-
side the isolation ward and archived in the paper files.
Clinical and demographic data were collected from the
paper files with the use of a standard case investigation
form and entered in a database on confirmed, probable,

and suspected Ebola virus disease cases. The study con-
tained 54 variables, some of which were patient’s age,
sex, signs and symptoms (present at admission to hospi-
tal), the date of symptom onset and of hospital admis-
sion, and the date of death or discharge. The only labo-
ratory test recorded in the database was qualitative poly-
merase chain reaction test results. All records were dei-
dentified consistent with the Privacy Rule (45 C.F.R. §
164.514(b)(2)(i))4 and met the definition of deidentified
records provided by the Office of Human Research Pro-
tections.5

Statistical Analysis
The analysis was predominantly descriptive with catego-
rical and continuous variables expressed as frequencies
and means with SDs, respectively. We performed uni-
variate analysis, chi-square test for categorical, and t-test
for continuous variables to identify factors associated
with survival, including age, gender, time interval
between symptom onset and admission, and clinical fea-
tures. The 21-day survival after the first day of hospitali-
zation was estimated using Kaplan Meier survival meth-
ods. The survival rates were estimated with standard
error (SE) to provide the precision of estimate. We
attempted to identify a group of patients who were likely
to survive based on a combination of risk factors identi-
fied in the univariate analysis. We analyzed various
dichotomization points for age and selected the cutoff
point where statistically significant difference in sur-
vival was evident. All analyses were performed using
the SPSS statistics software (IBM Corp, Armonk, NY).

Results
There were 75 patients with confirmed Ebola virus dis-
ease entered in the database at the time of data censor
(from March 25, 2014, to August 5, 2014). Care was
ongoing in five patients and outcome was not deter-
mined. A total of 70 patients were included in the analy-
sis (mean age ± SD, 34 ± 14.1; 44 were men). The mean
± SD time interval between symptom onset and admis-
sion was 5.7 ± 3.6 days and mean ± SD for duration of
hospitalization was 7 ± 5 days. Of the 70 patients ana-
lyzed, 42 were discharged alive and free of infection
providing a survival rate among hospitalized patients of
60% (95% CI 41.5–78.5%). The survival rate according
to age strata was as follows: 28 (71.8%) among 39
patients under 34 years of age and 14 (46.7%) among 30
patients aged 35 years or greater (p = 0.034). Age was
not available for one patient. The estimated 21-day sur-
vival after first day of hospitalization was 50% (SE
0.07).
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Table 1 provides a comparison of demographic and clin-
ical characteristics between those who survived and
those who did not survive. The mean age (±SD) of
patients who survived was nonsignificantly different
than those who died (31.6 ± 13.9 years versus 37.9 ±
13.8 years, p = 0.068). There was a trend toward higher
survival among women compared with men (19 of 26
versus 23 of 44, p = 0.086). The rates of myalgia (3 of
42 versus 7 of 28, p = 0.036) and hiccups (1 of 42 versus
5 of 28, p = 0.023) were significantly lower among
patients who survived. There was no difference in rate

of fever occurrence (27 of 42 versus 19 of 28, p = 0.758)
and bleeding events (7 of 42 versus 6 of 28, p = 0.616)
between those who survived and those who died. The
mean length (±SD) of hospitalization was significantly
longer among patients who survived compared with
those who died (9.2 ±5 days versus 3.9 ± 2.9 days, p =
<0.001).

The time interval between the onset of symptoms and
the outcome was not available for 6 of 70 patients. The
mean interval (±SD) from symptom onset to outcome

Table 1. Factors associated with survival among patients with Ebola virus disease hospitalized in Donka
National Hospital, Conakry, Guinea (March 25, 2014, to August 5, 2014)

 

Patients who died (%)
 

Patients who survived (%)
 

p-Value
 

Number of patients 28 42
Time intervals*

Symptom onset to admission (days ±SD) 5±2.9 6.2±4 0.188
Length of hospitalization (days ±SD) 3.9±2.9 9.2±5 <0.001
Symptom onset to discharge(days ±SD) 8.9±3.8 15.6±6.2 <0.001
Demographic characteristics
Age (years ±SD)& 37.9±13.8 31.6±13.9 0.068
Men 21(75) 23(54.8)

0.086Women 7(25) 19(45.2)
Clinical features
Fever 19(67.9) 27(64.3) 0.758
Weakness 23(82.1) 32(76.2) 0.552
Anorexia 16(57.1) 18(42.9) 0.241
Skin rash 0(0) 1(2.4) 0.411
Nausea 6(21.4) 11(26.2) 0.649
Vomiting 14(50) 21(50) 0.999
Abdominal pain 7(25) 11(26.2) 0.911
Diarrhea 13(46.4) 17(40.5) 0.622
Myalgia 7(25) 3(7.1) 0.036
Arthralgia 4(14.3) 5(11.9) 0.771
Low back pain 1(3.6) 3(7.1) 0.528
Headache 16(57.1) 19(45.2) 0.329
Dyspnea 0(0) 0(0)
Cough 2(7.1) 1(2.4) 0.335
Hiccups 5(17.9) 1(2.4) 0.023
Thoracic pain 2(7.1) 3(7.1) 0.999
Any bleeding$ 6(21.4) 7(16.7) 0.616
Hemoptysis 0(0) 2(4.8) 0.241
Conjunctivitis 3(10.7) 3(7.1) 0.601
Epistaxis 0(0) 0(0)
Hematemesis 1(3.6) 1(2.4) 0.770
Melena 1(3.6) 3(7.1) 0.528
Rectal bleeding

 

1(3.6)
 

0(0)
 

0.217
 

*Data available for 64 patients. In six patients, time of symptom onset was not known.
& One patient’s age was not recorded.
$ Individual bleeding numbers sum up greater than number of any bleeding events because some patients had more than one type of bleeding event.
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was 12.7 ± 6.2 days. The estimated 21-day survival after
first day of hospitalization was 62% [SE 0.09] and 39%
[SE 0.21] in patients aged <35 years and those aged ≥35
years, respectively (Figure 1). The estimated 21-day sur-
vival after first day of hospitalization was 62% [SE
0.09] and 20% [SE 0.10] in patients who developed or
did not develop either hiccups or myalgias, respectively
(Figure 2). The chances of survival increased as the days
survived after symptom onset increased (see Figure 3).
The mean time interval (±SD) from symptom onset to
death was 8.9 ± 3.8. Half of all deaths occurred within 8
days and 90% of all deaths occurred within 13 days after
symptom onset. The chance of survival was 64.7% in 51
patients who had survived 8 days or greater after symp-
tom onset and 86.1% in 36 patients who had survived 12
days or greater after symptom onset.

Among patients aged ≥35 years, the survival was 33.3%
among those who developed either hiccups or myalgias
and 50% among those who did not develop either (p =

0.464). Among patients aged <35 years, the survival was
22.2% among those who developed either hiccups or
myalgias and 86.7% (p <0.001) among those who did
not develop either symptoms.

Discussion
The survival rate among patients with Ebola virus dis-
ease was 60% among the 70 patients admitted in the
early part of the epidemic at Donka National Hospital,
Guinea. The survival rate among patients with con-
firmed Ebola virus disease was higher than the 20% sur-
vival rate reported in Kikwit General Hospital during
1995.6 The survival at Donka National Hospital was
also higher than the survival rate of 26% observed in
Kenema Government Hospital in Sierra Leone between
May 25, 2014, and June 18, 2014.7 Table 2 summarizes
a comparison of the demographic and clinical features of
the three cohorts of hospitalized patient admitted with
confirmed Ebola virus disease.1 The mean age of the

 

Figure 1. Survival of patients with Ebola virus disease after first day of hospitalization according to age strata. Solid
line: survival among patients aged <35 years. Dashed line: survival among those aged 35 years or greater.
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cohort was 34 years that was similar to the mean age of
34.7 years observed in patients admitted in Kikwit Gen-
eral Hospital.3 There was a higher rate of hemorrhagic
complications and diarrhea seen in patients admitted in
Kikwit General Hospital during the 1995 epidemic com-
pared with patients admitted to Donka National Hospi-
tal, suggesting some difference in clinical manifesta-
tions, which may account for the differential survival.
However, no such difference was evident in the demo-
graphic and clinical characteristics of patients admitted
at Donka National and Kenema Government Hospitals.
The clinical manifestations of fever (in 89% of the
patients) and headache (in 80%) appeared more preva-
lent in the patient cohort from Kenema Government
Hospital in Sierra Leone but symptoms, such as weak-
ness (in 66%) and diarrhea (in 51%), were seen with
equal frequency compared with Donka National Hospi-
tal.7

Variations in intensity of medical care may account for
some of the observed differences in survival rates
between the three cohorts of patients. A linear decrease
in mortality was noted from 100% in January to 62% in
June in 1995 within Kikwit General Hospital, Demo-
cratic Republic of the Congo suggesting a learning curve
in patient management, which was probably not neces-
sary at Donka National Hospital in Guinea. The last two
decades have witnessed considerable advancement in
medical care of sepsis and dysfunction involvement.
However, targeted interventions, such as early resuscita-
tion before the development of organ failure in severely
ill patients, has resulted in an estimated 23% mortality
reduction in previous studies,8 were not instituted at
Donka National Hospital. There was a lack of interven-
tions, such as early goal-directed resuscitation during the
first six hours after recognition using crystalloid or col-
loid fluid resuscitation, vasopressors, and targeted
hemoglobin levels recommended in the guidelines for

 

Figure 2. Survival of patients with Ebola virus disease after first day of hospitalization according to the presence or
absence of hiccups or myalgias. Solid line: survival among patients who did not develop either symptom. Dashed line:
survival among those developed either hiccups or myalgias.
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management of severe sepsis and septic shock.9 There-
fore, it appears unlikely that the higher survival rates in
Donka National Hospital are attributed to early goal-
directed resuscitation and other supportive care meas-
ures, such as provision of enteral nutrition and preven-
tion of nosocomial infections, stress ulcers, skin break-
down, and deep venous thrombosis.10 The relatively low
impact of advancements in medical care is also suppor-
ted by the prominent differences in survival among con-
temporary cohorts in Guinea and Sierra Leone.7 Another
explanation may be regional or hospital specific expo-
sure to other pathogens, such as Lassa virus, malaria
parasites, and gram-negative bacteria, in patients with
Ebola virus disease,11, 12 and concurrent infections con-
tributing to higher mortality. Evidence of altered
immune regulation is evident in serum from Ebola virus
disease patients that contain very low levels of circulat-
ing cytokines produced by T lymphocytes and low
counts of CD3+CD4+ and CD3+CD8+ peripheral
cells.13 Defective inflammatory responses and massive
monocyte/macrophage activation were associated with
fatal outcome in Ebola virus disease patients in two out-
breaks in Gabon14 and the higher mortality in part

maybe related to increased vulnerability to other infec-
tions.

The predictors of survival among Ebola virus disease
patients have been investigated in previous studies.
Younger age at time of infection consistently correlates
with a higher survival in all studies.1,3,7 It remains
unclear whether the lower survival associated with
increased age is similar to the relationship seen between
survival and age in sepsis from bacteremia.15, 16 How-
ever, the prominent decline in survival is seen in elderly
patients (aged ≥65 years) among patients with bactere-
mia associated sepsis and is related to coexistence of co
morbidities.15, 16 However, in Ebola virus disease
patients, the mortality increased among patients aged
≥35 years suggesting other reasons for higher mortality
than existence of comorbidities. T cell and B cell prolif-
erative responses are reduced with aging resulting in a
general decline in immune function, commonly known
as immune senescence that contributes to the increased
susceptibility to pathogens.17 Age-related decrease in
interferon response through STAT1, IRF1, and IRF7
signaling following infection with West Nile Virus has
been previously demonstrated.18 Dendritic cell counts

 

Figure 3. Proportion of patients with Ebola virus disease surviving according to time interval elapsed between symptom
onset and day of discharge. Black and white components of the vertical bar represent proportion of patients who died
or survived according to days past symptom onset, respectively.
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decline with increasing age reducing the antigen-pre-
senting cell populations.19 Therefore, the immune sys-
tem’s ability to respond effectively to Ebola virus infec-
tion may decline with increasing age.

Absence of clinical features, such as fever, weakness,
dizziness, and diarrhea, has been associated with higher
survival in some studies.7 Significant risk factors for
death included a number of general symptoms (diarrhea,
conjunctivitis, difficulty breathing or swallowing, confu-
sion or disorientation, and coma) and hemorrhagic
symptoms (unexplained bleeding, bleeding gums, epis-
taxis, bleeding at the injection site, and bleeding from
the vagina).1 Some of the symptoms maybe manifesta-
tion of end stage clinical deterioration, such as confusion
or disorientation and coma. Absence of myalgias and
hiccups was associated with higher survival in patients
admitted at Donka National Hospital. Hiccups have been
seen in patients with brainstem lesions,20 in patients
with uremia, 21,22 and in those with gastritis or esopha-
gitis.23 Myalgias secondary to muscle inflammation and
myonecrosis is not uncommon in patients with viral
infections.24–27 Acute kidney failure is a commonly
associated factor in patients with virus infection who
develop myalgias.24,26 Therefore, the most likely rea-
sons for association of hiccups and myalgias with mor-

tality may be attributed to such manifestations being a
marker of severe acute kidney failure in patients with
Ebola virus disease. We observed that the highest value
of such symptoms in identifying patients with anticipa-
ted higher survival is among those who are aged <35
years. Interestingly, the survival chances continue to
improve with each continuing day of survival after
symptom onset. Approximately 90% of all deaths occur-
red within 13 days after symptom onset. The chance of
survival was 86.1% in 36 patients who had survived 12
days or greater after symptom onset.

One of the limitations of mortality assessment based on
hospitalized patients is the lack of detection of outside
hospital mortality associated with Ebola virus disease
and mortality associated with undiagnosed infection.
The WHO Ebola response team1 calculated the case
fatality rate as the percentage of fatal Ebola virus disease
cases among reported cases with a known definitive
clinical outcome and estimated a rate of 70.8%. The case
fatality rate among hospitalized patients was 64.3% pos-
sibly attributed to exclusion of deaths in nonhospitalized
patients. When case fatality rate was calculated only
based on the ratio of reported deaths to reported cases,
including in the denominator cases for which the clinical
outcome is unknown, this resulted in an estimate of

Table 2. Demographic and clinical characteristics of hospitalized patients with Ebola virus disease at Donka
National Hospital, Conakry, Guinea (March 25, 2014, to August 5, 2014), Kenema Government Hospital,
Sierra Leone (May 25, 2014, to June 18, 2014), and Kikwit General Hospital, Democratic Republic of Congo
(January 6, 1995, to July 16, 1995).

Characteristics
 

Donka National Hospital
2014

 

Kenema Government Hos-
pital 20147

 

Kikwit General Hospital
19953

 

Mean age (years) 34 NR 34.7
Men 63 42 47
Fever 66 89 NR
Headache 50 80 73
Weakness 79 66 78
Diarrhea 43 51 74
Abdominal pain 26 40 56
Vomiting 50 35 70
Conjunctivitis 9 31 34
Cough 4 20 NR
Rash 1 3 NR
Myalgia and/or arthralgia 20 NR 51
Anorexia 49 NR 73
Dyspnea 0 NR 25
Hiccup 9 NR 14
Any bleeding 19 NR 40–5028

Melena 6 NR 14
Hematemesis

 

3
 

NR
 

13
 

Abbreviations used: NR, not recorded; all values are represented as percentages.
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38%. There is also a time trend, which we were not able
to study that demonstrates a reduction in mortality from
71.3% before August 18 to 59.9% in the period between
August 18 and September 14 in the current Ebola virus
disease epidemic in West Africa.1 The small sample size
provided by the single center design reduced the preci-
sion of survival estimates and limited our ability to
detect smaller magnitude differences between survivors
and those who died. The definitions of certain variables,
such as clinical symptomology, were based on chart
annotation and lacked standardized definitions. How-
ever, the single-center design also provides homogeneity
in medical care and data collection and ascertainment,
and thus reduced the biases introduced by differences in
case definition and patient management.

Our results provide insights into a cohort of hospitalized
patients with Ebola virus disease in whom survival is
prominently higher than seen in other cohorts of hospi-
talized patients. Further studies focused on such cohorts
may identify strategies to improve survival among
patients with Ebola virus disease.
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