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Abstract 

Background: Empiric antimalarial treatment is a component of protocol-based management of Ebola virus disease 
(EVD), yet this approach has limited clinical evidence for patient-centered benefits.

Methods: This retrospective cohort study evaluated the association between antimalarial treatment and mortality 
among patients with confirmed EVD. The data was collected from five International Medical Corps operated Ebola 
Treatment Units (ETUs) in Sierra Leone and Liberia from 2014 through 2015. The standardized protocol used for 
patient care included empiric oral treatment with combination artemether and lumefantrine, twice daily for three 
days; however, only a subset of patients received treatment due to resource variability. The outcome of interest was 
mortality, comparing patients treated with oral antimalarials within 48-h of admission to those not treated. Analysis 
was conducted with logistic regression to generate adjusted odds ratios (aORs). Multivariable analyses controlled 
for ETU country, malaria rapid diagnostic test result, age, EVD cycle threshold value, symptoms of bleeding, diarrhea, 
dysphagia and dyspnea, and additional standard clinical treatments.

Results: Among the 424 cases analyzed, 376 (88.7%) received early oral antimalarials. Across all cases, mortality 
occurred in 57.5% (244). In comparing unadjusted mortality prevalence, early antimalarial treated cases yielded 55.1% 
mortality versus 77.1% mortality for those untreated (p = 0.005). Multivariable analysis demonstrated evidence of 
reduced aOR for mortality with early oral antimalarial treatment versus non-treatment (aOR = 0.34, 95% Confidence 
Interval: 0.12, 0.92, p = 0.039).

Conclusion: Early oral antimalarial treatment in an EVD outbreak was associated with reduced mortality. Further 
study is warranted to investigate this association between early oral antimalarial treatment and mortality in EVD 
patients.
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Introduction
The 2014–16 Ebola virus disease (EVD) epidemic in West 
Africa was the largest since the discovery of the virus in 
1976 [1]. The mortality of EVD is high, averaging around 
50%, although varies greatly, ranging from 25 to 90% 
across outbreak and treatment settings [1]. EVD is found 
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in areas endemic to other infectious diseases and it can 
be difficult to differentiate EVD from other infectious 
diseases during initial evaluations [1]. Malaria, which is 
highly endemic in West Africa, can present with simi-
lar symptoms to EVD and was common among patients 
presenting to Ebola Treatment Units (ETUs), including 
among EVD-positive patients during the 2014–16 epi-
demic [1–7]. The World Health Organization (WHO) 
guidelines recommend empiric antimalarial treatment 
for patients with suspected EVD [8], and as such antima-
larial medications are commonly given in EVD treatment 
protocols [2–4, 9–23].

Multiple antimalarial medications have been shown 
to have activity against the Ebola Virus (EBOV) in labo-
ratory studies. Amodiaquine, mefloquine, and chloro-
quine inhibit cellular entry of EBOV in  vitro [24–30]. 
However, conflicting results on the survival impacts with 
chloroquine treatment in EVD animal models have been 
reported [24–26, 31–34]. Furthermore, there exists lim-
ited clinical evidence for improvements in patient-cen-
tered outcomes with the use of empiric antimalarials in 
EVD care from outbreak settings [13, 23, 35].

During the course of the West Africa EVD outbreak, 
International Medical Corps (IMC) operated five ETUs, 
three in Sierra Leone and two in Liberia, with local part-
ners, providing care to over 2,500 patients, including 478 
with confirmed EVD. The three ETUs in Sierra Leone 
received patients who were triaged by a government 
run District Ebola Response Center, and the two ETUs 
in Liberia received all patients in their respective geo-
graphic areas. All of the ETUs followed IMC guidelines 
that were developed based on guidance from the WHO 
and Médecins Sans Frontières collected in previous out-
break settings [36]. Given the frequent use of antima-
larial medications in EVD treatment and the limited data 
on clinical impact, this study evaluated the association 
between early treatment with the oral antimalarial agent 
combination artemether-lumefantrine on mortality in 
patients with EVD using the multinational IMC database.

Methods
Study design, setting and population
The data for this retrospective multisite study were 
derived from five ETUs operated by IMC from 15 Sep-
tember 2014 through 31 December 2015 in Liberia and 
Sierra Leone [36]. The Sierra Leone Ethics and Scientific 
Review Committee, the University of Liberia and Rhode 
Island Hospital Institutional Review Boards provided 
ethical approval for this study and waived informed con-
sent. Data from those clinical sites were collected dur-
ing routine patient care and combined into a robust, 
multi-site database which has previously been employed 
to assess care provision and patient outcomes in EVD 

[35–38]. The database was created from the original 
patient charts by trained staff using standardized clini-
cal records, and data validation and standardization was 
conducted followed by audits of the data to ensure integ-
rity. Lot quality assurance sampling (LQAS) methods, 
as previously reported, identified data accuracy at 99% 
consistency [36]. All patients admitted to the ETUs, who 
had a final diagnosis of EVD and data on oral antima-
larial treatment and mortality were eligible for inclusion. 
Patients were considered as a part of the treatment group 
if they received oral antimalarial treatment, regardless 
of whether or not they received IV antimalarials, given 
that only a small number of patients received IV antima-
larials. Patients who died before ETU triage assessments 
were excluded.

Clinical procedures
All patients received care from trained practitioners 
who used standardized guidelines developed by IMC 
in consultation with local and trans-national bodies for 
the treatment of EVD (Additional file 1). The guideline-
based care recommended artemether-lumefantrine for 
all patients, 4 tablets by mouth twice a day for 3  days 
for adults. For children less than 35  kg (kg), dosing for 
artemether-lumefantrine was weight based (Additional 
file 1). Patients unable to take oral antimalarials or who 
were deemed to have severe malaria were treated with IV 
antimalarials (artemether or artesunate) until oral medi-
cations could be tolerated [39]. Malaria rapid diagnostic 
test (RDT) results were reported as positive, negative, or 
not performed for all ETU patients. When undertaken, 
patients were tested for malaria, using the BinaxNow™ 
RDT which detects antigens from the Plasmodium spe-
cies of Ovale, Vivax, Malariae, and Falciparum [40]. 
Patients were tested for malaria when the resources 
were available and when the staff decided an RDT was 
clinically helpful. EVD testing was carried out using the 
real-time reverse transcription polymerase chain reac-
tion (RT-PCR) assays. EVD cycle threshold (CT) values 
(inversely proportional to viral load) were coded as three 
categories of > 22 (low viral load), ≤ 22 (high viral load), 
and missing when results were not available [41].

Statistical analysis
Statistical analyses were completed using R (Version 
1.2.1335) statistical software [42]. Descriptive statistics 
were conducted for the study population with means and 
standard deviations (SD) or medians with interquartile 
ranges (IQR) for continuous variables, and frequencies 
with corresponding percentages calculated for categori-
cal variables as appropriate. The primary study outcome 
was mortality during ETU care. Due to the poten-
tial for survivor bias derived from the high observed 
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early mortality in this patient population [43], early 
oral antimalarial treatment was chosen as the primary 
predictor variable. Early empiric treatment with oral 
antimalarials was defined as the initiation of treatment 
with artemether-lumefantrine within the first 48  h of 
ETU admission. Missing data was present only for RDT 
and CT assay values, as such this was not corrected for as 
missing data was not random – patients who died earlier 
in ETU care were more likely to have missing laboratory 
data. Due to this, correction for the missing data could 
bias the results, as has been described in other EVD stud-
ies [37, 38, 41].

Inferential analyses were conducted comparing charac-
teristics between the treated and untreated oral antima-
larials groups, and between patients that lived and died. 
Pearson chi-square tests or Fischer’s exact test were used 
for categorical variables and student’s t-tests or rank-sum 
tests were used for continuous variables as appropriate. 
Multivariable logistic regression models for the outcome 
of mortality during ETU care were constructed to gen-
erate adjusted odds ratios (aORs) with associated 95% 
confidence intervals (CI). Variable selection for inclusion 
in the multivariable modeling were based on identified 
evidence of difference (p < 0.05) in the bivariate analy-
ses as well as on previous literature demonstrating asso-
ciations with mortality in EVD. The variables included 
in the multivariable models, based on past literature, 
included: multivitamin (MVI) treatment [44], Cefixime 
treatment [45], clinical signs and symptoms of bleeding, 
diarrhea, dyspnea, and dysphagia [7], initial CT value and 
age [43]. Age was modeled with a cubic spline due to the 
previously documented quadratic relationship between 
age and mortality in EVD [43]. As treatments with MVI, 
Vitamin C and Vitamin A, were found to be colinear in 
the data, MVI treatment, which included both Vitamin 
A and C, was utilized in the analytical models. Malaria 
RDT results were included in the analytical models given 
their direct relation to the treatment exposure of inter-
est. Country of treatment and oral rehydration solution 
(ORS) were also included in the models..

Sensitivity analyses, using both stratified and alter-
native predictor approaches, were completed using 
adjusted regression modeling as in the primary analysis. 
This approach has been used in other similar research 
[37, 38]. One sensitivity analysis assessed the effect of 
artemether-lumefantrine within the first 48  h of ETU 
admission stratified based on malaria RDT categoriza-
tion of negative or unknown. Another analysis stratified 
the models based on the three possible CT value results, 
and a final sensitivity analysis evaluated the use of intra-
venous (IV) antimalarial medications alone or in addition 
to oral treatment as compared to oral antimalarial medi-
cations alone. Due to an identified significant correlation 

between oral antimalarial administration and paraceta-
mol an additional model incorporating paracetamol as an 
alternative predictor was performed.

Results
From patients treated at the five ETUs, 478 had EVD, and 
of these 424 were eligible for inclusion (Fig. 1). The aver-
age age was 30.5  years (SD ± 18.7  years), and the popu-
lation was 59.7% female. Overall, the most commonly 
observed clinical signs and symptoms were diarrhea 298 
(70.3%), dysphagia 171 (40.3%), and dyspnea 135 (31.8%). 
High CT value (low viral loads) were found in 122 (43.4%) 
of the 281 patients with CT value results, while 159 
(56.6%) had low CT values (high viral load). Malaria RDT 
assessments were carried out on 243 (57.3%) patients, 
with 48 (19.8%) having a positive result (Table 1).

Antimalarial treatments
A total of 391 (92.2%) of the overall 424 patients studied 
received antimalarial treatment at any time point during 
care. Of those, 11 (2.6%) patients received only IV anti-
malarials while 31 (7.9%) were treated with both oral 
and IV antimalarial medications. Early oral antimalari-
als initiated within the first 48 h of care were provided to 
376 cases (88.7%). Evidence of differences were observed 
between those treated and those not treated with early 
oral antimalarials based on the country of treatment, 
receipt of ORS (p < 0.001), cefixime (p < 0.001), multivi-
tamins (p < 0.001), vitamin C (p < 0.001), and vitamin A 
(p < 0.001); and those with abnormal bleeding (p = 0.001) 
as compared to those without (Table  2). There was no 
evidence of oral antimalarial treatment difference among 
those with different Malaria RDT values or CT values, 
compared between all groups in each category.

478 patients with EVD 

424 patients analyzed 

48 patients missing sufficient 
treatment data

6 patients deceased on arrival 

376 patients received 
early oral antimalarial 

treatment
169 survivors
207 deceased

48 patients did not receive 
early oral antimalarial 

treatment
11 survivors
37 deceased

Fig. 1 Study flow diagram
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Mortality outcomes
Of the 424 patients included in this analysis, 244 (57.5%) 
died during treatment, including 207 (55.1%) of the 376 
that received oral antimalarials in the first 48  h of care 
and 37 (77.1%) of the 48 that did not receive oral antima-
larials in the first 48 h of care. Across the five ETU sites 
in Sierra Leone and Liberia, 290 patients were treated 
in Sierra Leone and 134 were treated in Liberia. Of the 
patients in Sierra Leone, 171 (59.0%) died during treat-
ment, and of those in Liberia, 73 (54.5%) died during 

treatment (Fig.  2). There was no evidence of mortality 
difference between the two countries (p = 0.399, Table 3).

Having a high CT value (low viral load) was associ-
ated with decreased mortality as compared with having 
a low CT value or missing CT value. Overall, there were 
no evidence of differences in Malaria RDT status among 
those who died as compared to those that lived. Treat-
ment with ORS, cefixime, multivitamins and Vitamin A 
all had evidence of association with decreased mortal-
ity, and increased mortality was associated with patients 
having signs and symptoms of abnormal bleeding, coma, 
diarrhea dysphagia, dyspnea, and jaundice (Table  3). 
In multivariable regression modeling, adjusting for the 
covariates of age, CT value, bleeding, diarrhea, dyspnea, 
dysphagia, country of treatment, Malaria RDT status, 
treatments with cefixime, ORS, and MVI, oral antima-
larial treatment provided within the first 48 h of care was 
associated with reduced mortality (aOR = 0.34, 95% CI: 
0.12, 0.92; p = 0.039).

Sensitivity analysis
Among patients with a negative malaria RDT result, 
there was no evidence of an association identified with 
mortality for patients receiving early oral antimalarial 
treatment (aOR = 0.57, 95% CI: 0.16, 2.0, p = 0.385; Addi-
tional file 2). In the analysis of cases in which RDT were 
not performed, evidence of an association with reduced 
mortality was observed (aOR = 0.05, 95% CI: 0.00, 0.60, 
p = 0.034). In stratified sensitivity analyses based on CT 
value results, there was no observed reduction in mor-
tality across the three categories (low viral loads, high 
viral load or missing). In assessing the impact of IV treat-
ment, as compared to oral antimalarial treatment alone, 
no association was identified with mortality (aOR = 0.55, 
95% CI: 0.19, 1.53, p = 0.256). Running the multivariate 
model with the addition of paracetamol as a predictor 
there was no observed association with mortality out-
comes (aOR = 0.79, 95% CI: 0.21, 2.84, p = 0.726).

Discussion
Although there now exist effective, targeted therapeutics 
for use in EVD [41], supportive care and utilization of 
non-EVD specific antimicrobials is recommended in clin-
ical management. However, many of these recommenda-
tions, including empirical treatment for malaria infection 
in EVD outbreaks, are based on limited patient-centered 
evidence. The data from the current multisite analy-
sis demonstrates that when controlling for confounding 
factors, there is evidence that treatment with early oral 
antimalarials was associated with a decrease in mortal-
ity. These findings support current treatment guidelines 
which call for empiric antimalarial medications provided 
to patients being cared for in EVD outbreak settings.

Table 1 Cohort characteristics

*Values represent mean with standard deviation
† Values represent median with interquartile range

n (%)

Age (years)* 30.5 (± 18.7)

Sex

 Female 253 (59.7)

 Male 171 (40.3)

Length of stay (days)† 7 (4, 12)

Country of treatment

 Sierra Leone 290 (68.4)

 Liberia 134 (31.6)

Rapid diagnostic test for malaria results

 Positive 48 (11.3)

 Negative 195 (46.0)

 Not Tested 181 (42.7)

Cycle threshold value /viral load

 ≥22 (Low Viral Load) 122 (28.8)

  < 22 (High Viral Load) 159 (37.5)

 Missing 143 (33.7)

Treatments received in the first 48 hours of care

 Artemether-lumefantrine 376 (88.7)

 ORS 373 (88.0)

 Cefixime 360 (84.9)

 Multivitamins 261 (61.6)

 Ondansetron 111 (26.2)

 Vitamin C 383 (90.3)

 Zinc Sulphate 22 (5.2)

 Paracetamol 399 (94.1)

 Vitamin A 330 (77.8)

Signs & symptoms in the first 48 hours of care

 Abnormal Bleeding 122 (28.8)

 Coma 6 (1.4)

 Diarrhea 298 (70.3)

 Dysphagia 171 (40.3)

 Dyspnea 135 (31.8)

 Jaundice 25 (5.9)

 Anorexia 283 (66.7)

 Abdominal Pain 265 (62.5)

 Vomiting 254 (59.9)
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There is only minimal and conflicting existing data on 
the impact of antimalarial agents on patient-centered 
outcomes in EVD [13]. A serologic analysis from a sin-
gle ETU in Liberia found that plasmodium species par-
asitemia was associated with increased survival in EVD 
cases  independent  of treatment with antimalarial expo-
sure [46]. Gignoux et  al. found that among EVD-pos-
itive patients, the adjusted risk of death was reduced in 
patients treated with artesunate-amodiaquine versus 
artemether-lumefantrine [13]. This effect was strongest 
in EVD-positive patients without malaria co-infection 
[13]. The authors suggest that this effect may be explained 

either by activity of amodiaquine against the EBOV, as 
has been shown in  vitro, or another confounding effect 
[13, 27, 29]. Garbern et al. found that, in analyzing data 
from a population that received community-level mass 
drug administrations of antimalarial treatments in West 
Africa, there was a no evidence of change in mortality 
among patients treated with artesunate-amodiaquine 
[35]. However, the findings from the current data sup-
port the hypothesis that antimalarials confer a beneficial 
effect in patients with EVD. Furthermore, in the sensi-
tivity analysis, evidence of a protective association was 
found among patients lacking RDT results and a lack of 

Table 2 Cohort characteristics stratified by early oral antimalarial treatment exposure

*Values represent mean with standard deviation
† Values represent median with interquartile range

Treated (n = 376, %) Untreated (n = 48, %) P-value

Age (years)* 31.2 ± 18.8 23.0 ± 15.9 0.001

Sex

 Female 223 (59.3) 30 (62.5) 0.756

 Male 153 (40.7) 18 (37.5)

Length of Stay (days)† 7, (4, 12) 5, (1, 8) 0.216

Country of Treatment

 Sierra Leone 249 (66.2) 41 (85.4) 0.008

 Liberia 127 (33.8) 7 (14.6)

Rapid diagnostic test for malaria results

 Positive 45 (12.0) 3 (6.3) 0.177

 Negative 167 (44.4) 28 (58.3)

 Not Tested 164 (43.6) 17 (35.4)

Cycle threshold value /viral load

 ≥22 (Low Viral Load) 112 (29.8) 10 (20.8) 0.162

  < 22 (High Viral Load) 135 (35.9) 24 (50.0)

 Missing 129 (34.3) 14 (29.2)

Treatments received first 48 hours of care

 ORS 350 (93.1) 23 (47.9) 0.000

 Cefixime 342 (91.0) 18 (37.5) 0.000

 Multivitamins 243 (64.6) 18 (37.5) 0.000

 Ondansetron 97 (25.8) 14 (29.2) 0.604

 Vitamin C 357 (94.9) 26 (54.2) 0.000

 Zinc Sulphate 19 (5.1) 3 (6.3) 0.727

 Vitamin A 315 (83.8) 15 (31.3) 0.000

Signs & symptoms first 48 hours of care

 Abnormal Bleeding 98 (26.1) 24 (50.0) 0.001

 Coma 2 (0.5) 4 (8.3) 0.002

 Diarrhea 266 (70.7) 32 (66.7) 0.615

 Dysphagia 152 (40.4) 19 (39.6) 1.00

 Dyspnea 117 (31.1) 18 (37.5) 0.753

 Jaundice 22 (5.9) 3 (6.3) 0.754

 Anorexia 252 (67.0) 31 (64.6) 0.747

 Abdominal Pain 237 (63.0) 28 (58.3) 0.530

 Vomiting 223 (59.3) 31 (64.6) 0.534
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protective association was noted using the same predic-
tive model with paracetamol, a medication which had 
statistically significant association with oral antimalar-
ial administration. Insignificant protective effects were 
noted across sensitivity analyses stratified by all CT value 
results as well as early in those receiving oral antimalarial 
treatment with artemether-lumefantrine in the subgroup 
of patients with a negative malaria RDT result in which 
the point estimates were in favor of mortality benefit with 
early oral antimalarial treatment. The lack of evidence 
in the sensitivity analysis may be due to a type II error 
derived from the smaller sample sizes in the stratified 
analyses or could be due to statistical chance. Although 
there was evidence of an association between a reduc-
tion in mortality and early oral anti-malarial treatment, 
the sensitivity analysis did not yield evidence of this asso-
ciation in RDT negative patients and the literature base 
is conflicting. The current results should be reinforced 
by additional prospective studies, drawn from EBV out-
break settings applying standardized international guide-
lines, for external validation evaluating treatment with 
artemether-lumefantrine among cases with and without 
malarial disease in EVD outbreak response care.

A study using computer modeling by Ekins et al. found 
that the antimalarials chloroquine and amodiaquine had 
favorable antimalarial binding to a protein site likely in 
EBOV and other filoviruses [47]. Similarly, Goyal et  al. 

demonstrated in  vitro inhibition of EBOV by chloro-
quine and amodiaquine [48]. Although research on 
artemether-lumefantrine does not specifically exist, the 
laboratory data indicate that there is a potential biologic 
activity for EBOV treatment with antimalarial drugs. 
Given the limited data on the patient-centered impacts 
of other antimalarial medications, further studies of not 
only artemether-lumefantrine but other commonly avail-
able malaria treatment regimens would be beneficial to 
inform this area of research.

IV administration of antimalarial medications are the 
preferred route when patients are experiencing severe 
illness due to malaria [49]. In severe malaria, gastroin-
testinal intolerance and erratic intestinal absorption can 
occur, which may make the use of oral medications unre-
liable or ineffective [50]. This can be further compounded 
by coinfection with EVD, where large-volume gastroin-
testinal fluid loss can occur [49]. Although the regres-
sion analysis evaluation of the addition of IV antimalarial 
treatment found no evidence of impact on mortality, the 
number of subjects receiving IV treatment were small 
and those receiving IV medications were likely to have 
more severe illness, which may not have been adequately 
controlled for in the modeling approach. As such, defini-
tive understanding of the role of IV antimalarial treat-
ments cannot be concluded from the available data and 
this treatment approach warrants further study.

Fig. 2 Proportional mortality outcomes by country with 95% confidence intervals
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Limitations and strengths
The study has limitations that must be taken into con-
sideration. Treatment with oral antimalarials was not 
administered in a random approach but rather when the 
resources were available, potentially allowing for selec-
tion bias. This was controlled for as best as possible 
within the scope of this data with regression analyses, but 
residual impacts from unidentified confounders are still 
possible. Additionally, the data did not allow for evalua-
tion of dose–response effects and treatment durations 
which could be important factors in patient outcomes 

that warrant further study. All of the patients in this study 
were treated in the context of IMC operated ETUs, lead-
ing to both a standardization of care and data collection, 
but potentially a decrease in the generalizability of the 
findings. Country of treatment was controlled for, but, 
given the limitations of the data, it was not possible to 
have more granular location control. However, the proto-
cols used at the clinical sites were based on international 
guidelines and as such the data are likely generalizable to 
outbreak populations in similar environments where care 
is generally informed by international recommendations.

Table 3 Cohort characteristics stratified by mortality outcomes

*Values represent mean with standard deviation
†  Values represent median with interquartile range

Survived (n = 180, %) Died (n = 244, %) p-value

Age (years)* 28.7 ± 15.3 31.8 ± 20.8 0.080

Sex

 Female 108 (60.0) 145 (59.4) 0.921

 Male 72 (40.0) 99 (40.6)

Length of Stay (days)† 13, (10, 17) 4, (3, 6) 0.000

Country of Treatment

 Sierra Leone 119 (66.1) 171 (70.1) 0.399

 Liberia 61 (33.9) 73 (29.9)

Rapid diagnostic test for malaria results

 Positive 17 (9.4) 31 (12.7) 0.082

 Negative 94 (52.2) 101 (41.4)

 Not Tested 69 (38.3) 112 (45.9)

Cycle Threshold Value /Viral Load

 ≥22 (Low Viral Load) 81 (45.0) 41 (16.8) 0.000

  < 22 (High Viral Load) 50 (27.8) 109 (44.7)

 Missing 49 (27.2) 94 (38.5)

Treatments received first 48 hours of care

 Artemether-lumefantrine 169 (93.9) 207 (84.8) 0.005

 ORS 166 (92.2) 207 (84.8) 0.023

 Cefixime 163 (90.6) 197 (80.7) 0.006

 Multivitamins 121 (67.2) 140 (57.4) 0.044

 Ondansetron 48 (26.7) 63 (25.8) 0.911

 Vitamin C 164 (92.8) 219 (89.8) 0.740

 Zinc Sulphate 7 (3.9) 15 (6.1) 0.378

 Vitamin A 152 (84.4) 178 (73.0) 0.006

Signs & symptoms first 48 hours of care

 Abnormal Bleeding 42 (23.3) 80 (32.8) 0.039

 Coma 0 (0.0) 6 (2.5) 0.041

 Diarrhea 111 (61.7) 187 (76.6) 0.001

 Dysphagia 60 (33.3) 111 (45.5) 0.012

 Dyspnea 41 (22.8) 94 (38.5) 0.001

 Jaundice 2 (1.1) 23 (9.4) 0.000

 Anorexia 116 (64.4) 167 (68.4) 0.405

 Abdominal Pain 108 (60.0) 157 (64.3) 0.363

 Vomiting 104 (57.8) 150 (61.5) 0.483
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One of the strengths of this study is that it is able to 
draw on validated patient data from a robust database 
where patient care was standardized across all ETUs. 
In this, we would like to acknowledge the diligent work 
done by those who collected this data across all of the 
ETUs. This study is also able to provide insight into an 
area where it is not feasible to conduct a randomized 
control trial to assess outcomes.

Conclusion
This current study found that artemether-lumefantrine 
administered early in ETU care in an outbreak setting 
was associated with decreased mortality in patients with 
EVD. These data support the empiric provision of anti-
malarial medications, as currently recommended by 
international guidelines, however additional prospec-
tive studies, in epidemic settings following international 
guidelines, would be beneficial to validate these findings 
and enhance our understanding of the impacts of other 
routes of administration and alternative antimalarial 
treatment regimes.
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