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Abstract. The 2014 Ebola epidemic has shown the importance of accurate and rapid triage tools for patients with
suspected Ebola virus disease (EVD). Our objective was to create a predictive score for EVD. We retrospectively
reviewed all suspected cases admitted to the Ebola treatment center (ETC) in Nzérékoré, Guinea, between December 2,
2014, and February 23, 2015. We used a multivariate logistic regression model to identify clinical and epidemiological
factors associated with EVD, which were used to create a predictive score. A bootstrap sampling method was applied
to our sample to determine characteristics of the score to discriminate EVD. Among the 145 patients included in the
study (48% male, median age 29 years), EVD was confirmed in 76 (52%) patients. One hundred and eleven (77%)
patients had at least one epidemiological risk factor. Optimal cutoff value of fever to discriminate EVD was 38.5°C.
After adjustment on presence of a risk factor, temperature higher than 38.5°C (odds ratio [OR] = 18.1, 95% confidence
interval [CI] = 7.6–42.9), and anorexia (OR = 2.5, 95% CI = 1.1–6.1) were independently associated with EVD. The
score had an area under curve of 0.85 (95% CI = 0.78–0.91) for the prediction of laboratory-confirmed EVD. Classifi-
cation of patients in a high-risk group according to the score had a lower sensitivity (71% versus 86%) but higher spec-
ificity (85% versus 41%) than the existing World Health Organization algorithm. This score, which requires external
validation, may be used in high-prevalence settings to identify different levels of risk in EVD suspected patients and
thus allow a better orientation in different wards of ETC.

INTRODUCTION

The 2013–2016 Ebola epidemic in west Africa started in
December 2013 in rural southern Guinea, and was declared a
public health emergency of international concern by the World
Health Organization (WHO) in August 2014. As of March
2016, the total number of suspected cases was 28,639 resulting
in 11,316 deaths (mortality 40%).1 Early in the course of this
epidemic, the increasing number of patients vastly outstripped
the available isolation and treatment capacity in the three
most affected countries, Guinea, Liberia, and Sierra Leone.
One of the main issues that health authorities faced was to
rapidly identify and isolate cases to break the chain of Ebola
virus disease (EVD) transmission. In the absence of a reliable
EVD rapid diagnostic test, accurate screening algorithms,
based on epidemiological and clinical characteristics of patient
are needed. However, several studies have underlined the dif-
ficulty in distinguishing EVD from other causes of febrile ill-
ness such as malaria or typhoid.2,3 Of note, clinical symptoms
at admission have been also found to be associated with mor-
tality making the assumption that care and more specifically
setting in which the patient is hospitalized could be tailored to
the clinical presentation.4,5 Clinical case definition has evolved
throughout the epidemic and was adapted locally as the out-
break developed.6

Alliance for International Medical Action (ALIMA)
Ebola Treatment Center (ETC) was opened on December 2,
2014, in Nzérékoré. Suspected EVD patients coming from
Nzérékoré region were referred to this ETC. At that time, the

screening tool used was the WHO definition described as fol-
lows: “Any person, suffering or having suffered from a sudden
onset of high fever and having had contact with a suspected,
probable, or confirmed Ebola case or any person with sudden
onset of high fever and at least three of the following symp-
toms: headaches, vomiting, anorexia/loss of appetite, diarrhea,
lethargy, stomach pain, aching muscles or joints, difficulty
swallowing, breathing difficulties, hiccup, or any person with
inexplicable bleeding.”6

The aim of this study was first to identify epidemiological,
sociodemographic, and clinical variables associated with EVD
diagnosis and to create, based on these variables, a predictive
score for identification of confirmed EVD, using data from
confirmed and excluded EVD cases admitted to Nzérékoré
ETC during the study period.

METHODS

Population of the study. Between December 2, 2014, and
February 23, 2015, all patients referred to the ALIMA
Nzérékoré ETC were included in the study. Patients were
either referred by the Ministry of Health Ebola alert system,
by health-care settings or came on their own.
Data collection. At admission, patients or their family

members were first asked questions concerning personal infor-
mation, symptoms, duration of illness, and epidemiological risk
factors for possible EVD. Particular importance was accorded
to health-care workers, those who had attended a funeral or
those having contact with an ill relative, describing symptoms
of the WHO definition. Trained Guinean and international
nurses or physicians recorded data on standardized paper
forms and made the decision to admit to the ETC based on
the structured interview and any visual observations that could
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be made at 3–4 m distance through a Plexiglas wall that
prevented direct contact between health workers and those
presenting to the ETC. All patients were first admitted to
one of two suspect wards. Those who gave a history of
vomiting and diarrhea or bleeding were admitted to the
“highly suspect” ward, whereas those without these features
were admitted to a “suspect” ward. Clinical staff wearing per-
sonal protective equipment then entered the isolation zone
and directly examined patients for EVD features. Fever was
considered as a documented axillary temperature of 37.5°C or
higher (axillary temperature plus 0.5°C).
A blood sample was collected from all patients for EVD

diagnostic testing by semiquantitative Ebola virus reverse
transcription polymerase chain reaction (RT-PCR) in the
Pasteur mobile laboratory, in Macenta, for all patients admit-
ted between December 2 and December 25, 2014, and there-
after in the B-Life laboratory located in the Nzérékoré ETC.
Patients with a positive test result were moved to the con-
firmed ward of the ETC and treated according to standard-
ized protocol guidelines.
Patients with initial negative test result were held until a

second test done 72 hours after the onset of symptoms was
negative. Patients’ vital signs and clinical status were trans-
mitted orally from the isolation zone to a nurse or physician
outside the zone. Each patient had a written medical record
of care, laboratory results, and outcomes maintained in the
medical office of the ETC. This paper record was then
entered into an individual electronic medical record.
Statistical analysis. Patients admitted to ETC were catego-

rized as confirmed cases or excluded cases depending on one
or more Ebola virus RT-PCR results. Patients with no RT-
PCR result were excluded from the analysis.
The relationship between EVD and the 18 sociodemo-

graphic, clinical, and epidemiologic variables were assessed
using Fisher’s exact test or Wilcoxon rank-sum test as appro-
priate. Epidemiologic variables were defined as being a health
worker or having had contact with a person with suspected
EVD or having attended funerals. Differences in median
time from onset of symptoms to admission were assessed by
Wilcoxon rank-sum tests.
The sensitivity and specificity of every clinical characteris-

tic were calculated. The sensitivity and specificity of the
WHO suspect case definition (Figure 1) were also assessed.
We divided the WHO definition into the following three sub-
definitions to allow further comparisons: WHO subdefinition1
(risk factor + clinical symptoms), WHO subdefinition2 (risk
factor + T° ≥ 37.5°C) and WHO subdefinition3 (T° ≥ 37.5°C +
clinical symptoms). In these assessments, the gold standard
was considered to be the laboratory-confirmed EVD.
To quantify the prognostic utility of the variables, a multi-

variate logistic regression with EVD as the dependent variable
was performed using a stepwise backward selection algorithm;
all collected variables were tested in univariate analysis, then
all variables with a P value < 0.20 in the univariate analysis
were introduced into the multivariate model. Only variables
with a value < 0.05 were retained in the final model except for
the variable “presence of an epidemiological risk factor” that
we decided to force into the model because of its known rela-
tion with EVD transmission in previous studies,7 and because
of the key role that these epidemiological factors have in the
WHO definition. Concerning fever, a receiver-operating char-
acteristic (ROC) curve with different cutoffs was plotted. In

the final model, we tested different cutoffs for fever (37.5; 38;
38.5°C). These cutoffs have been considered relevant for the
following reasons: 37.5°C and 38°C, respectively, are the cur-
rent and prior WHO EVD definition cutoffs, and 38.5°C was
arbitrary chosen to have a third cutoff with the same interval
between the first two cutoffs. Appropriate fit of the final
model was confirmed using the Hosmer–Lemeshow goodness-
of-fit test. Subsequently, this temperature cutoff value was
substituted in the model’s equation.
The final logistic regression model was considered as the

risk prediction model and was used to estimate the odds ratio
for each parameter included in the prediction equation for
EVD. The logistic regression coefficients of each included
parameter were converted into an integer risk score by divid-
ing the regression coefficient by a single constant that was then
rounded. A risk score was then calculated for each patient by
summing the points attributed to each variable according to its
presence or not in each patient. This method is further
described in the paper by Sullivan and others.8 The population
was divided into three categories according to the score:
patients at low risk, patients at medium risk, and patients at
high risk for EVD.
The discrimination of this scoring system was assessed

against the criterion standard of laboratory-confirmed EVD
with ROC curves analysis, presenting area under curves
(AUCs), and their 95% confidence intervals (CIs) computed
after 1,000 stratified bootstrap replicates (with replacement).
EVD score has been considered as a whole for AUC estima-
tion. The nonparametric estimate of AUC was performed
using the Wilcoxon rank-sum test, namely the proportion of
all possible pairs of nondiseased and diseased test subjects
for which the diseased result is higher than the nondiseased
one plus half the proportion of ties.9,10 All analyses were
performed using Stata (V12; StataCorp, College Station, TX).
Ethics. This is a secondary analysis conducted on data col-

lected for clinical management. All health care was provided

FIGURE 1. World Health Organization (WHO) case definitions for
Ebola virus disease during an epidemic: Adapted from WHO. Clinical
management of patients with viral hemorrhagic fever: a pocket guide
for the front-line health worker. 2014:1–113. Available at: http://apps
.who.int/iris/handle/10665/130883.
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free of charge, and patients had the option of refusing treat-
ment at any time. No specific authorizations and consents
were collected for this retrospective study. All information
had been deidentified before analysis.

RESULTS

Patients’ sociodemographic and epidemiological charac-
teristics. Overall, 147 patients were admitted to Nzérékoré
ALIMA ETC, among which 145 patients were included in
the study; two patients were excluded because of non-
reported RT-PCR results. Of 145 patients enrolled, 69 (48%)
were male with a median age at 29 years (interquartile range
[IQR] = 20–26). EVD was confirmed in 76 (52%) patients.
One hundred and eleven (77%) patients had at least one epi-
demiological risk factor: 14 (10%) were health-care workers,
37 (25%) attended funerals, and 106 (72%) reported contact
with a relative suspected of having EVD. No statistically sig-
nificant differences were observed between confirmed and
excluded EVD cases regarding presence of an epidemiologi-
cal risk factor (confirmed cases: N = 62, 82% versus excluded
cases: N = 49, 71% [P = 0.17]) and time from onset of symp-
toms to admission to the ETC (3 days [IQR = 1–5] for con-
firmed cases versus 2 days [IQR = 1–5] for excluded cases
[P = 0.20]) (Table 1).
Clinical symptoms. At admission to ETC, the most fre-

quent symptoms observed were fever (N = 106, 72%),
intense fatigue (85, 59%), headache (67, 47%), anorexia (60,

42%), and joint pain (58, 40%). In the univariate analysis,
presence of fever (odds ratio [OR] = 14.6, 95% CI = 5.3–
40.6; P < 0.001), anorexia (OR = 3.0, 95% CI = 1.5–6.1; P =
0.002), diarrhea (OR = 2.9, 95% CI = 1.4–6.0; P = 0.003),
intense fatigue (OR = 2.3, 95% CI = 1.2–4.5; P = 0.02), and
vomiting (OR = 2.1, 95% CI = 1.1–4.2, P = 0.04) were signifi-
cantly associated with EVD. Conjunctivitis (OR = 6.9, 95%
CI = 0.8–57.6; P = 0.07) and muscular pain (OR = 2.0, 95%
CI = 0.9–4.0); P = 0.07) were not significantly associated
with EVD.
Bleeding was reported in only 14 (10%) EVD cases. Five

(7%) EVD patients presented no fever at admission. All EVD
cases had either fever or a risk factor for EVD exposure.
Fever appeared in two of them after 4 and 6 days of stay

corresponding to 9 and 6 days after onset of symptoms,
respectively. In the remaining three, no fever was observed
throughout the ETC stay. Of them, two died 3 days after
admission and only one 14-year-old patient survived
throughout his 15-day stay without fever.
Sensitivity and specificity. Fever as a unique symptom had

a predictive ability to discriminate EVD (Area Under Curve
0.85 (95% CI 0.78–0.91). After multivariate analysis, 38.5°C
cut-off was considered the optimal cutoff and used in the
prediction model (Figure 2).
Sensitivity and specificity of the 18 variables tested are

displayed in Table 2. WHO definition had a sensitivity of
76.8% (95% CI = 66.0–85.1) and specificity of 56.5 (95% CI =
44.0–68.2).

TABLE 1
Patients’ characteristics admitted to Nzérékoré Ebola Treatment Center; November 2014–February 2015

Total (N = 145)
EVD-confirmed cases

(N = 76)
EVD-excluded cases

(N = 69) Crude OR* (95% CI) P value

Female† 77 (52%) 47 (62%) 29 (42%) 2.4 (1.2–4.3) 0.02
Median age, years 29 (20–46) 28 (18–48) 30 (2,245) – 0.65
Age groups, years† 0.65
< 15 21 (14%) 12 (16%) 9 (13%) Reference
15–29 57 (39%) 30 (40%) 27 (39%) 0.8 (0.3–2.3)
30–44 36 (25%) 17 (22%) 19 (28%) 0.7 (0.2–2.0)
≥ 45 31 (21%) 17 (22%) 14 (20%) 0.9 (0.3–2.8)

Risk factor†
Health-care worker 14 (10%) 8 (11%) 6 (9%) 1.2 (0.4–3.8) 0.78
Funeral attendance 37 (25%) 21 (28%) 16 (23%) 1.3 (0.6–2.7) 0.57
Contact 106 (72%) 58 (76%) 48 (70%) 1.4 (0.7–2.9) 0.45
At least one of the above risk factor 111 (77%) 62 (82%) 49 (71%) 1.8 (0.8–3.9) 0.17

Median delay from onset of symptoms to admission, days 3 (1–5) 3 (1–5) 2 (1–5) – 0.2
Symptoms
Fever (≥ 37.5°C)† 105 (72%) 71 (93%) 34 (49%) 14.6 (5.3–40.6) < 0.001
Fever (≥ 38°C)† 86 (59%) 67 (88%) 19 (28%) 19.6 (8.2–47.0) < 0.001
Fever (≥ 38.5°C)† 73 (50%) 61 (80%) 12 (17%) 19.3 (8.3–47.8) < 0.001
Intense fatigue† 85 (59%) 52 (68%) 33 (49%) 2.3 (1.2–4.5) 0.02
Diarrhea and/or vomiting† 76 (52%) 47 (62%) 29 (42%) 2.2 (1.1–4.3) 0.02
Headache† 67 (47%) 34 (45%) 33 (49%) 0.9 (0.5–1.7) 0.74
Joint pain† 58 (40%) 34 (45%) 24 (35%) 1.5 (0.8–2.9) 0.31
Anorexia† 60 (42%) 41 (54%) 19 (28%) 3.0 (1.5–6.1) 0.002
Muscular pain† 47 (33%) 30 (39%) 17 (25%) 2.0 (0.9–4.0) 0.07
Abdominal pain† 47 (33%) 27 (36%) 20 (29%) 1.3 (0.7–2.7) 0.48
Cough† 33 (23%) 21 (28%) 12 (18%) 1.8 (0.8–4.0) 0.17
Difficulty in swallowing† 21 (15%) 12 (16%) 9 (13%) 1.2 (0.5–3.1) 0.81
Bleeding† 14 (10%) 10 (13%) 4 (6%) 2.5 (0.7–8.2) 0.165
Difficulty breathing† 13 (9%) 5 (7%) 8 (11%) 0.5 (0.2–1.7) 0.39
Conjunctivitis† 8 (6%) 7 (9%) 1 (1%) 6.9 (0.8–57.6) 0.07
Epigastralgia† 4 (3%) 3 (4%) 1 (1%) 2.8 (0.3–27.5) 0.62

Death 53 (37%) 46 (61%) 7 (10%) – < 0.001
CI = confidence interval; EVD = Ebola virus disease; OR = odds ratio. Data are median (interquartile range) or n (%).
*Crude ORs were obtained through univariate logistic regression.
†Variables tested in score-building model.
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Prediction model. All sociodemographical variables signifi-
cantly associated with EVD in univariate analysis with P <
0.2 were included in the multivariate model. Then, a back-
ward stepwise selection procedure was performed to obtain
a final model into which “epidemiological risk factor” was
forced. At the end of the selection procedure, three variables
were retained in the final model: temperature higher than
38.5°C (adjusted OR [aOR] = 18.1, 95% CI = 7.6–42.9),
anorexia (aOR = 2.5, 95% CI = 1.1–6.1), and presence of a

risk factor (aOR = 1.9, 95% CI = 0.7–5.2). The goodness of
fit of the model was 0.69 (Hosmer–Lemeshow test).
The log odds ratios of the three variables selected in the

final model were converted into an integer score as described
in the methods. Points assigned were 3, 2, and 1 for tempera-
ture ≥ 38.5°C, anorexia, and risk factor, respectively. We
constructed an individual EVD score, which was calculated by
summing the individual points for each of these three vari-
ables. This score ranged from 0 to 6.
When applied to the full dataset, the score had an AUC of

0.85 (95% CI = 0.78–0.91) for the prediction of laboratory-
confirmed EVD. After performing 1,000 bootstrap samples,
the average AUC was 0.82 (95% CI = 0.77–0.87).
We classified patients enrolled in our study in three groups

according to their EVD score: Low risk (0–2); medium risk
(2–4); high-risk ≥ 4.
Table 3 demonstrates EVD score performance and the pro-

portion of patients with laboratory-confirmed and excluded
EVD into each group. Sensibility and specificity of the score

FIGURE 2. Receiver-operating characteristic (ROC) curves of dif-
ferent thresholds of fever predicting Ebola virus disease; Nzérékoré
Ebola Treatment Center; November 2014–February 2015. Tempera-
ture 37.5°C; 95% confidence interval (CI) = area under curve
(AUC) [0.66–0.79]. Temperature 38°C; 95% CI = AUC [0.74–0.87].
Temperature 38.5°C; 95% CI = AUC [0.75–0.88].

TABLE 2
Performance of clinical and epidemiological characteristics at admis-

sion in distinguishing Ebola virus disease confirmed cases vs.
excluded cases; Nzérékoré Ebola Treatment Center; November
2014–February 2015

Se (95% CI) Sp (95% CI)

Presence of a risk factor 81.5 (44.0–60.7) 29.0 (19.0–41.3)
Fever (≥ 37.5°C) 93.4 (84.7–97.5) 50.7 (38.5–62.9)
Fever (≥ 38°C) 88.2 (78.2–94.1) 72.5 (60.2–82.2)
Fever (≥ 38.5°C) 80.2 (69.2–88.2) 82.6 (71.2–90.3)
Intense fatigue 68.4 (56.6–78.3) 51.5 (39.1–63.6)
Headache 45.3 (33.9–57.2) 51.5 (39.1–63.6)
Joint pain 44.7 (33.4–56.5) 64.7 (52.1–75.6)
Muscular pain 39.5 (28.7–51.4) 75.0 (62.8–84.3)
Diarrhea 47.4 (35.9–59.1) 76.4 (64.3–85.6)
Vomiting 46.0 (34.7–57.8) 71.0 (58.7–81.0)
Abdominal pain 36.0 (25.5–41.3) 70.6 (58.1–80.7)
Difficulty in swallowing 15.8 (8.8–26.4) 86.7 (75.9–93.4)
Anorexia 54.0 (42.2–65.3) 72.4 (60.2–82.2)
Epigastralgia 4.0 (1.0–12.0) 98.5 (91.0–99.9)
Cough 27.6 (18.3–39.3) 82.4 (70.8–90.2)
Difficulty breathing 6.6 (2.4–15.3) 88.2 (77.6–94.4)
Conjunctivitis 9.2 (4.1–18.6) 98.5 (91.1–99.9)
Bleeding 13.2 (6.8–23.3) 94.2 (85.1–98.1)
Fever (≥ 38.5°C)+ risk factor 68.4 (56.6–78.3) 82.6 (71.2–90.3)
WHO definition (Global) 85.8 (76.7–93.2) 40.6 (29.1–53.1)
WHO subdefinition1 (risk

factor + clinical symptoms)
63.2 (51.3–73.7) 66.7 (54.2–77.3)

WHO subdefinition2 (T° ≥
37.5°C + risk factor)

75.0 (63.5–83.9) 62.3 (49.8–73.5)

WHO subdefinition3 (T° ≥
37.5°C + clinical symptoms)

67.1 (55.2–77.2) 76.8 (64.8.0–85.8)

CI = confidence interval; Se = sensitivity; Sp = specificity; WHO = World Health
Organization.

TABLE 3
Performance of Ebola score according to a risk level determined by

the prediction model; Nzérékoré Ebola Treatment Center;
November 2014–February 2015

EVD-
confirmed

cases

EVD-
excluded
cases

Total
number

of patients Se 95% CI Sp 95% CI

Low risk 7 (14%) 43 (86%) 50 91 (81–96) 62 (50–73)
Medium risk 15 (48%) 16 (52%) 31 80 (69–88) 23 (14–35)
High risk 54 (84%) 10 (16%) 64 71 (59–81) 85 (74–92)

CI = confidence interval; EVD = Ebola virus disease; Se = sensitivity; Sp = specificity.
Low risk: patients with Ebola prediction score = 0–2; medium risk = 2–4; high-risk ≥ 4.

FIGURE 3. Receiver-operating characteristic (ROC) curves for
high-risk group definition of Ebola virus disease (EVD) score com-
pared with different scores based on World Health Organization
(WHO) definition for predicting EVD; Nzérékoré Ebola Treatment
Center; November 2014–February 2015. High-risk group; 95% confi-
dence interval (CI) = area under curve (AUC) [0.72–0.85]. WHO
global definition; 95% CI = AUC [0.57–0.71]. WHO1 (risk factor +
clinical symptoms); 95% CI = AUC [0.57–0.73]. WHO2 (T° ≥ 37.5°C +
risk factor); 95% CI = AUC [0.65–0.79]. WHO3 (T° ≥ 37.5°C + clinical
symptoms); 95% CI = AUC [0.75–0.88].
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for each group were calculated versus all other groups com-
bined. The classification of patients as high-risk level of
EVD score demonstrated a lower sensitivity (71% versus
87%) but a higher specificity (85% versus 41%) than the
WHO algorithm.
Mortality. Mortality was significantly higher in patients

with confirmed EVD cases than in excluded cases (61% ver-
sus 10%, P < 0.001). Of the 76 patients with confirmed EVD,
46 died including six children under 5 years of age, leading to
a case fatality rate of 61%. Median time from onset of symp-
toms to death was 4 days (IQR = 2–5). No clinical symptoms
were statistically associated with mortality. The following fac-
tors were not significantly associated with mortality: bleeding
(OR = 2.9, 95% CI = 0.6–15.0, P = 0.18), difficulty breathing
(OR = 2.8, 95% CI = 0.3–26.0, P = 0.18), and temperature
higher than 38.2°C at admission (OR = 2.5, 95% CI = 0.7–8.8,
P = 0.15).

DISCUSSION

In this study, we compared sociodemographics, clinical, and
epidemiological characteristics of confirmed and excluded EVD
cases admitted in an ETC. Fever, intense fatigue, anorexia,
and gastrointestinal symptoms were the most common symp-
toms at admission in patients with EVD. After adjustment on
the presence of an epidemiological risk factor, we found that
presence of temperature higher than 38.5°C and anorexia were
associated with increased likelihood of EVD.
In the absence of a reliable rapid diagnostic test for EVD,

algorithms based on epidemiological and clinical criteria
offer the only option to determine which patients require iso-
lation pending test results.11 Features of a good clinical algo-
rithm for detecting Ebola cases requires taking several
aspects into account especially in contexts where there is no
choice but to place suspected Ebola patients in the same
ward pending test results. This tool needs to be as sensitive
as possible to identify all sick patients with a clinical picture
consistent with EVD and thus break transmission chains of
this highly lethal disease, while retaining a high degree of
specificity to minimize EVD transmission within the ETC.12

Anorexia that we found associated with likelihood of
EVD support the findings of previous studies.13,14 Anorexia
is a subjective symptom and difficult to assess during the first
patient interview at admission. One may consider that this
symptom may be related to fever and/or gastrointestinal
symptoms. In our multivariate model, we tested whether the
introduction of “diarrhea and/or vomiting” had an impact on
anorexia and EVD. The strength of the association between
anorexia and EVD and more precisely the anorexia OR
value did not change with and without “diarrhea and/or
vomiting” in the model. Of note, no data were available
concerning the delay between the occurrence of anorexia,
onset of symptoms, and ETC admission. We have decided to
adjust our model on the presence of an epidemiological fac-
tor because of its important impact on the transmission of
EVD and because of its central role in the multilevel EVD
WHO definition (Figure 1). This allowed us to compare our
score with WHO definitions.
We also found fever associated to EVD unlike Levine and

others and Lado and others.14,15 In line with data from the
literature, 7% of our patients had no fever at admission. We
should emphasize on the fact that fever measurement may

be biased by several factors. First, fever occurrence may be
variable overtime and during the day in particular. Second,
there is an important variability in the delay between onset
of symptoms and ETC admission between patients; as a
result, there are differences between patients at ETC admis-
sion regarding where they are in their Ebola virus life cycle
and disease natural history and this may also impact fever
onset. Finally, as discussed below, there are also differences
in fever measurement and data collection. These factors may
have impacted different results in different series reported.
In adjusted multivariate analysis, it appeared that the highest

goodness of fit for the model was with the cutoff of 38.5°C.
Our results may suggest that the level of temperature in the
WHO definition should be raised to at least 38°C as it was in
the beginning of the epidemic.
Our estimation of the sensitivity of the WHO definition

(86%) is consistent with results of Lado and others (80%)
and Levine and others (93%). We found a higher specificity
(41%) than both the previous studies (31% and 23%).14,15

Our score has a higher specificity than all the WHO defini-
tion and subdefinitions for EVD (Figure 3).
It has to be noted that Levine and others used different fac-

tors than ours for the creation of an Ebola predictive score
based on data from patients of the Bong county treatment
center in Liberia. Indeed, they found sick contact, diarrhea,
anorexia, and muscle pain associated and abdominal pain as a
negative factor. Fever was not used in their score.15 Theses
discrepancies, probably due to the differences in patients’
characteristics and clinical presentation underline the difficulty
in creating a predictive score that can be widely applied.
In the literature, results concerning clinical factors associ-

ated with mortality are inconsistent. As in our study, Bah
and others16 found no factors significantly associated with
mortality. Others studies showed weakness, gastrointestinal
symptoms, bleeding, difficulty in breathing, intense fatigue,
and myalgia associated with mortality.4,5,17,18 However,
unlike the number of patients needed to establish a predic-
tion model, our sample size of confirmed cases and conse-
quently the number of deaths were probably not sufficient to
estimate variables associated with mortality.
Limitations should be acknowledged in our study. First,

small sample size of our sample may have had an impact on
the robustness of the results. Second, it has to be underlined
that both factors that we found associated with EVD are
uneasy to measure and interpret. Indeed, difficulty in data
collection due to the hard circumstances of work in the ETC
added to the fact that symptoms that were mostly self-
reported may probably have had an impact on the quality of
the data. Furthermore, concerning data collection, it has to
be stressed that temperature plays an important role in the
creation of the score. However, the taking of temperature
may have been influenced by several factors including staff
training and different ways of taking temperature. These
points are important regarding the measuring precision of
our cutoff. Third, data were collected from a single treatment
center, and may thus not be fully representative of all
patients with EVD. Indeed, it seemed that patients recruited
in this part of Forrest Guinea may have been reluctant to
come to the ETC, and thus were more likely to present
severe clinical presentation with late symptoms such as
higher temperature and conjunctivitis which appeared to be
more specific in our sample. Finally, although showing a good
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calibration and been internally validated, thanks to bootstrap
sampling, our score has not been externally validated and
should be ideally tested in a future epidemic in other settings
involving new clinicians. It should be emphasized that this
score’s positive and negative predictive values may be differ-
ent in other settings than the setting where it was estimated
and outside an epidemic context. In addition, it has to be
noted that our sample had a high rate of epidemiological risk,
mainly contact with an EVD case. Given the sensitivity and
specificity of our model, such a score may be only useful
in a highly exposed population and if there is no labora-
tory capacity.
In an outbreak with a high EVD incidence that would

require the set-up of community based triage and isolation units,
this score could assist health workers in their daily decision to
orientate patients in different “suspect wards” according to the
level of risk as well as the presence of “wet symptoms (diar-
rhea and vomiting)” in the clinical presentation. Of note, the
pragmatic classification of patients between suspect ward and
highly suspect ward in Nzérékoré ETC according to the pres-
ence of bleeding or wet symptoms (diarrhea or vomiting) had
a sensitivity of 64% and a specificity of 54%. However, this
classification was rather used to predict contagiousness than
EVD diagnosis.
In conclusion, while rapid diagnostic tests implementa-

tion is ongoing, although difficult to design, an optimal clin-
ical algorithm is needed for future EVD epidemics. Rising
fever cutoff to 38.5°C should be considered to improve
existing algorithms.
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