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Abstract

Background

Ebola virus disease (EVD) is a highly lethal condition for which no specific treatment has

proven efficacy. In September 2014, while the Ebola outbreak was at its peak, the World

Health Organization released a short list of drugs suitable for EVD research. Favipiravir, an

antiviral developed for the treatment of severe influenza, was one of these. In late 2014, the

conditions for starting a randomized Ebola trial were not fulfilled for two reasons. One was

the perception that, given the high number of patients presenting simultaneously and the

very high mortality rate of the disease, it was ethically unacceptable to allocate patients

from within the same family or village to receive or not receive an experimental drug, using a

randomization process impossible to understand by very sick patients. The other was that,

in the context of rumors and distrust of Ebola treatment centers, using a randomized design

at the outset might lead even more patients to refuse to seek care.

Therefore, we chose to conduct a multicenter non-randomized trial, in which all patients

would receive favipiravir along with standardized care. The objectives of the trial were to

test the feasibility and acceptability of an emergency trial in the context of a large Ebola out-

break, and to collect data on the safety and effectiveness of favipiravir in reducing mortality

and viral load in patients with EVD. The trial was not aimed at directly informing future guide-

lines on Ebola treatment but at quickly gathering standardized preliminary data to optimize

the design of future studies.

Methods and Findings

Inclusion criteria were positive Ebola virus reverse transcription PCR (RT-PCR) test, age�
1 y, weight� 10 kg, ability to take oral drugs, and informed consent. All participants

received oral favipiravir (day 0: 6,000 mg; day 1 to day 9: 2,400 mg/d). Semi-quantitative

Ebola virus RT-PCR (results expressed in “cycle threshold” [Ct]) and biochemistry tests

were performed at day 0, day 2, day 4, end of symptoms, day 14, and day 30. Frozen sam-

ples were shipped to a reference biosafety level 4 laboratory for RNA viral load measure-

ment using a quantitative reference technique (genome copies/milliliter). Outcomes were

mortality, viral load evolution, and adverse events. The analysis was stratified by age and

Ct value. A “target value” of mortality was defined a priori for each stratum, to guide the inter-

pretation of interim and final analysis.
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Between 17 December 2014 and 8 April 2015, 126 patients were included, of whom 111

were analyzed (adults and adolescents,�13 y, n = 99; young children,�6 y, n = 12). Here

we present the results obtained in the 99 adults and adolescents. Of these, 55 had a base-

line Ct value� 20 (Group A Ct� 20), and 44 had a baseline Ct value < 20 (Group A Ct <

20). Ct values and RNA viral loads were well correlated, with Ct = 20 corresponding to RNA

viral load = 7.7 log10 genome copies/ml. Mortality was 20% (95% CI 11.6%–32.4%) in

Group A Ct� 20 and 91% (95% CI 78.8%–91.1%) in Group A Ct < 20. Both mortality 95%

CIs included the predefined target value (30% and 85%, respectively). Baseline serum cre-

atinine was�110 μmol/l in 48% of patients in Group A Ct� 20 (�300 μmol/l in 14%) and in

90% of patients in Group A Ct < 20 (�300 μmol/l in 44%). In Group A Ct� 20, 17% of

patients with baseline creatinine�110 μmol/l died, versus 97% in Group A Ct < 20. In

patients who survived, the mean decrease in viral load was 0.33 log10 copies/ml per day of

follow-up. RNA viral load values and mortality were not significantly different between adults

starting favipiravir within <72 h of symptoms compared to others. Favipiravir was well

tolerated.

Conclusions

In the context of an outbreak at its peak, with crowded care centers, randomizing patients to

receive either standard care or standard care plus an experimental drug was not felt to be

appropriate. We did a non-randomized trial. This trial reaches nuanced conclusions. On the

one hand, we do not conclude on the efficacy of the drug, and our conclusions on tolerance,

although encouraging, are not as firm as they could have been if we had used randomiza-

tion. On the other hand, we learned about how to quickly set up and run an Ebola trial, in

close relationship with the community and non-governmental organizations; we integrated

research into care so that it improved care; and we generated knowledge on EVD that is

useful to further research. Our data illustrate the frequency of renal dysfunction and the

powerful prognostic value of low Ct values. They suggest that drug trials in EVD should sys-

tematically stratify analyses by baseline Ct value, as a surrogate of viral load. They also

suggest that favipiravir monotherapy merits further study in patients with medium to high

viremia, but not in those with very high viremia.

Trial registration

ClinicalTrials.gov NCT02329054

Introduction
Since December 2013, a large outbreak of Ebola virus disease (EVD) has occurred, principally
affecting Guinea, Liberia, and Sierra Leone [1–3]. This has been the largest and deadliest EVD
outbreak ever to be reported.

Once symptomatic, the disease rapidly moves toward a systemic inflammatory response
with immune suppression and multi-organ failure, resulting in very high mortality rates [4,5].
In the absence of effective specific treatments, care is primarily aimed at managing complica-
tions [6–10]. In West Africa, care of patients with EVD is provided at clinics with limited facili-
ties compared to those available in -higher income countries.
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In September 2014, the World Health Organization (WHO) launched a fast-track process
to identify potential anti-Ebola drugs, and identified four classes of products, namely, immuno-
modulators, immunoglobulins, small inhibitory RNA, and antivirals [11]. Three criteria were
established for a drug to be acceptable as a candidate for clinical trials, namely, availability of
safety data in humans, evidence for in vivo efficacy against Ebola virus (EBOV) from preclini-
cal studies, and sufficient drug supply. Favipiravir, an RNA polymerase inhibitor, was the only
antiviral to meet all three criteria. The drug, originally developed and approved in Japan for the
treatment of severe influenza, had documented activity against EBOV in mice [12–15]. Toler-
ance had been demonstrated to be good in more than 2,000 healthy humans participating in
phase I trials or humans with influenza participating in phase II or III trials of treatment of
influenza with favipiravir (Carol Epstein, personal communication) [16]. The drug was readily
available and had already been given through compassionate use to several health workers with
EVD evacuated fromWest Africa to Europe [10].

In September 2014, our group decided to initiate a proof-of-concept trial of favipiravir in
patients with EVD in Guinea. The objectives of the trial were to test the feasibility and acceptability
of an emergency trial in the context of a large Ebola outbreak and to collect preliminary data on the
safety and effectiveness of favipiravir in reducing mortality and viral load in patients with EVD.

Methods

Pre-trial Assumptions and Basic Requirements
This trial had to be thought out in highly unusual conditions. When designing the trial, we
made the following basic assumptions.

Staff and patient safety issues. The trial was to be conducted in rural field centers inte-
grated into the community and with little if any experience of conducting clinical trials. Partic-
ular attention had to be paid to the risks for healthcare personnel and patients. Blood
collection and sample manipulation had to be restricted to the minimum. Data collection had
to be simple, with no circulation of material from the inside towards the outside of the isolation
zone. Any decisions regarding modification of current care practices had to be made because
they were considered necessary to improve care, not just for the sake of the trial. Due to the
limited availability of clinical and paraclinical resources for monitoring toxicity, particular
attention had to be paid to mortality. Therefore, we decided that mortality should be reported
to a data safety monitoring board (DSMB) on a daily basis and that intermediate analyses
should be performed after inclusion of every 20 adult patients (or every ten children), with the
trial to be stopped in case of futility or unanticipated high mortality.

The importance of early treatment. The efficacy of an antiviral treatment for acute viral
diseases is likely to be optimal within the first hours following infection, when a high ratio of
antiviral drug level to viral particles can still be achieved [15,17]. Thus, in order to have the
highest chance to detect the potential efficacy of favipiravir, we would have preferred the trial
to be conducted in patients starting treatment in the very early stages of the disease course. How-
ever, no historical data were available to determine empirically the optimal cutoff value for the
time since first infection that would discriminate between effective and ineffective anti-EBOV
drug treatment. Moreover, the only way of determining the disease duration was to use as a
proxy the time since first symptoms as reported by the patient, which was a subjective variable
that may not be reliable. Therefore, we decided arbitrarily that all individuals with no contraindi-
cation to favipiravir had to be proposed treatment, regardless of symptom duration, but that the
main analysis would be conducted in patients starting treatment within 3 d of symptom onset.

The need for a high dose. For the treatment of influenza, favipiravir is given orally for 5 d,
at the dose of 1,600 mg twice a day on the first day and of 600 mg twice a day for the
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subsequent 4 d [13,16]. Because higher concentrations of favipiravir were required to inhibit
EBOV than H1N1 in preclinical studies, we knew that the dose for Ebola had to be higher than
that used for influenza [14,15]. However, because no dose-finding trial had previously been
conducted in EVD, we had to find a way to estimate the appropriate anti-Ebola dose. We used
in vivo and in vitro data on favipiravir efficacy against EBOV and on favipiravir pharmacoki-
netics in uninfected mice and humans to estimate the target plasma concentration in humans
with EVD, and then to model the dose to achieve the target [18]. We calculated the target time-
weighted average plasma concentration (Cave_u) to be 52 μg/ml. Using this model, we estimated
that the dose required to achieve this concentration in adults would be 6,000 mg on day 0, fol-
lowed by 2,400 mg/d from day 1 to day 9. Doses in children were derived from adult doses and
adapted for body weight [19]. Since the duration of the EBOV viremic phase had previously
been estimated to be 10 d [20–22], and there may be a risk of a viral rebound due to EVD-
related immunosuppression if an effective antiviral treatment is stopped too early, we decided
empirically that the duration of treatment would be 10 d.

The issue of children. Previous clinical data on favipiravir for the treatment of influenza
have been collected exclusively in adults. However, given the high EVD mortality rate and the
good tolerance profile of the drug, we considered it unethical to restrict access to the drug to
parents while their children would receive standard care only [23]. Therefore, we asked pedia-
tricians to assess potential safety issues in children. The experts concluded that maturation of
both renal function and the enzymes involved in the metabolism of favipiravir was achieved at
the age of 12 mo, whereas favipiravir disposition would be impossible to predict in infants
below this age. We thus decided to include all children�12 mo of age.

The choice of trial design. The conditions for rapidly putting together a trial were difficult
for six reasons. First, there was an urgent need to identify drugs capable of decreasing EVD
mortality, but none of the potential anti-Ebola drugs, including favipiravir, had undergone the
full development program that usually precedes efficacy trials. Second, limited data were avail-
able on the evolution of biological parameters during the course of the disease [7,24,25]. There-
fore, there was little evidence to base a trial design on. Third, care provision was difficult to
organize because of the anticipated workload and the danger to non-governmental organiza-
tion (NGO) personnel. For example, certain NGOs had decided not to administer treatments
by the intravenous route if the number of patients to treat was high. In many treatment centers,
medical follow-up was exclusively clinical and no biological monitoring was performed [26].
Fourth, the course of the current outbreak was unpredictable, which made it impossible to pre-
dict the recruitment capacity for a trial. Fifth, EVD often strikes in clusters, with many patients
from the same family presenting at a given treatment center at the same time. Both the NGOs
engaged in Ebola containment and treatment in Guinea and the JIKI trial investigators felt
that, given the very high mortality rate of the disease, it was ethically unacceptable to random-
ize patients from within the same family or village, who appear together to seek care, to receive
or not receive an experimental drug. Finally, EVD is a highly transmissible disease needing
strict isolation measures that compound the fear generated by this disease in the communities
it affects. This had led to frequent tensions in the community, including physical violence and
rumors of illicit drug experimentation and organ stealing at Ebola treatment centers [27]. This
also commonly led outreach teams to face the difficult situation of patients refusing to be trans-
ferred to an Ebola treatment center [28]. In this context, there was the fear that a randomized
research design might lead the community to become even more distrustful, and patients more
reluctant to seek care [29]. The first four reasons invited us to rapidly gather standardized pre-
liminary data to guide further research. The two latter reasons made us decide that the condi-
tions for running a randomized trial were not fulfilled.
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Therefore, we chose to conduct a proof-of-concept trial, in which all patients would receive
favipiravir as well as standardized care including intravenous fluid regulation, and in which
virological and biochemistry parameters would be systematically monitored during treatment.
The trial was not aimed at directly informing future guidelines on Ebola treatment but at
quickly gathering standardized preliminary data to optimize the design of future studies.

Design
The JIKI trial was a multicenter proof-of-concept non-comparative trial conducted in four
Ebola treatment centers in Guinea.

Endpoints
In a proof-of-concept trial, primary endpoints are usually pharmacokinetics, tolerance, and
biological efficacy. Because of the particularly high case fatality rate in this disease, we chose
mortality as the primary endpoint. We hypothesized that all deaths would occur within 14 d.
Therefore, the prespecified primary endpoint was mortality within 14 d. Secondary endpoints
were evolution of EBOV plasma RNA, occurrence of grade 3 or 4 clinical or biological adverse
events, criteria for discharge, evolution of infectious loads, viral micro-diversity, and plasma
trough concentrations of favipiravir. Criteria for discharge were the absence of fever and signif-
icant symptoms for four consecutive days, ability to feed and walk independently, and two con-
secutive negative blood EBOV reverse transcription PCR (RT-PCR) tests.

Settings
Three Ebola treatment centers were identified before initiation of the trial, all located in rural
forested Guinea: one in Gueckedou, run by Médecins sans Frontières (MSF), one in Nzerekore,
run by the Alliance for International Medical Action, and one in Macenta, run by the French
Red Cross. After the trial was started, a fourth center was added, located at the capital’s interna-
tional airport (Conakry) and run by the French military health service. This last center was spe-
cifically dedicated to the care of healthcare workers (Fig 1).

Eligibility Criteria
All patients admitted to one of the four treatment centers during the study period were assessed
for eligibility criteria. The inclusion criteria were age� 1 y and body weight� 10 kg, EVD con-
firmed by a positive RT-PCR test for EBOV RNA, and oral or signed informed consent. Exclu-
sion criteria were pregnancy and inability to take the drug (encephalopathy or severe
vomiting).

Trial Treatment
All participants received standard care and favipiravir. Standard care included oral or intrave-
nous rehydration, electrolyte correction, empiric antimalarial and antibacterial therapies, anal-
gesics, and antiemetic drugs [6–10].

Favipiravir (Toyama Chemical, 200-mg tablets that can be crushed and mixed with liquid)
was given orally. The treatment started as soon as consent was obtained (day 0) and was
administered for 10 d. The adult dose was 6,000 mg on day 0 (first dose: 2,400 mg; second dose
[8 h after the first dose]: 2,400 mg; third dose [8 h after the second dose]: 1,200 mg) and 2,400
mg (1,200 mg twice a day) on day 1 to day 9. For children, the dose was adapted according to
body weight [19].

Experimental Treatment with Favipiravir for Ebola Virus Disease
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Patients remained hospitalized at the treatment center until day 14 or until they reached the
criteria for discharge (see “Endpoints” above) if this occurred after day 14. After discharge, all
patients were asked to return at day 30 for an end-of-study visit.

Laboratory Tests
Blood samples were taken in EDTA and heparin tubes at day 0, day 2, day 4, end of symptoms,
day 14, and day 30. Samples were immediately decanted. EDTA tubes were used for immediate
determination of viremia, and heparin tubes for standard biochemical tests. The remaining
serum was divided into aliquots and frozen at −20°C.

Immediate tests were performed at onsite laboratories in Gueckedou (European Mobile Labo-
ratory Project), Macenta (Pasteur Institute), Nzerekore (Biological Light Fieldable Laboratory for
Emergencies/Belgian First Aid and Support), and Conakry (French military health service).

Fig 1. JIKI trial settings. The red stars indicate the four Ebola treatment centers that participated in the JIKI trial. Three were in the southern Guinean
highlands (Gueckedou, Macenta, Nzerekore), and one was in coastal Guinea (Conakry). Source: Adapted from aWikipedia map, derived from a United
Nations map; public domain.

doi:10.1371/journal.pmed.1001967.g001
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Initial diagnosis of EVD was made using a semi-quantitative RT-PCR assay (RealStar Filovi-
rus Screen RT-PCR Kit 1.0, Altona Diagnostics). The results were expressed in terms of “cycle
threshold” (Ct), whose value is inversely proportional to viral load. The Ct cutoff value for pos-
itivity was<40. Biochemical assays were performed using either the Piccolo Xpress (Abaxis) or
the i-STAT (Abbott Laboratories) point-of-care system. In all four centers, systematic bio-
chemical tests included blood urea nitrogen, creatinine, sodium, potassium, and glucose. In
three of the four centers (Gueckedou, Macenta, and Conakry), serum aspartate aminotransfer-
ase (AST), alanine aminotransferase (ALT), total bilirubin, amylase, albumin, creatine phos-
phokinase (CK), and C-reactive protein (CRP) were also assayed. During the trial, viral load
(via Ct) and blood biochemistry results were provided to clinical teams in real time.

Frozen samples were then shipped to the Inserm Jean Mérieux BSL-4 Laboratory in Lyon.
Viral RNA was extracted from 100 μl of plasma using a QIACube instrument and the QIAamp
viral RNA isolation kit (Qiagen). Viral RNA was reverse transcribed, and the resulting DNA
amplified in duplicates using a LightCycler 480 (Roche Diagnostics) with the OneStep RT-PCR
Kit (Qiagen) and the primers and probe described by Huang et al. [30]. The absolute number
of viral RNA copies was determined using a 655b RNA fragment synthesized with the RiboP-
robe Combination System–SP6/T7 (Promega). The detection limit of the assay was 2,500 RNA
copies/ml of plasma.

Ethics
Three ethics committees were approached, namely, the institutional review board of the Insti-
tut National de la Santé et de la Recherché Médicale (Inserm, France), the Médecins Sans Fron-
tières International Ethics Committee, and the Guinean Comité National d’Éthique pour la
Recherche en Santé. All three committees commented on the protocol and approved the final
version and further amendments. Even though not asked for formal approval, because it was
neither the sponsor nor investigator of the study, the WHO Ethics Research Committee
received the trial protocol and provided important advice that helped improve it.

Informed consent forms were signed by the patients themselves for adults, or by the parents
or guardians for children. When an adult gave oral consent, the form was signed by both the
social worker and the physician who provided the pre- and post-test counseling and informed
the patient about the trial [31]. The three institutional review boards approved the use of oral
consent. The trial information sheets and consent forms are presented in S3 Text.

Statistical Analysis
The statistical analysis plan evolved between the start of the trial in December 2014 and the
interim analysis of the data in January 2015. This section describes these changes in the order
in which they were made.

Initial principles. The study protocol established two principles. First, even if all patients
received the same treatment and were followed under the same procedures, for the data analy-
sis, they needed to be stratified into subgroups relating to variables that were expected to influ-
ence the effectiveness of favipiravir. This enabled a reduction in the number of participants to
be included and thus a more rapid preliminary evaluation.

In the initial version of the protocol, this stratification was performed with respect to two
variables. The first was age, with patients being divided into an adult subgroup,�18 y of age,
and a children and adolescents subgroup,<18 y. The second stratification variable was the
time since first symptoms, as reported by the patient, using a cutoff threshold of 72 h. This
stratification was justified by the study hypothesis that favipiravir would be more effective in
patients treated early in the disease course. Since the number of children and adolescents was
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expected to be low, stratification by time since first symptoms was not applied to this age
group. Therefore, three analysis subgroups were considered: adults who started favipiravir
within 72 h of first symptoms (Group A<72 h), adults who started favipiravir�72 h after
symptom onset (Group A�72 h), and children and adolescents (Group C).

Second, data-derived mortality thresholds (“target values”) were defined a priori for each
analysis subgroup. These target values could be used to decide whether to stop or continue the
trial, and to guide analysis and interpretation of the data. If the interim analyses showed that
the trial would have no chance of demonstrating a mortality rate significantly lower than the
target value using the Whitehead triangular test [32], the trial would be stopped for futility
[33]. The protocol specified that the target values would be chosen on the basis of the best
available historical data (see below).

Before we found any historical database, we estimated that 60 participants in a given group
would provide a power at least equal to 89% to conclude that mortality in the group was signifi-
cantly lower than any target value if the trial mortality was 20% lower than the target value (S1
Table). For example, If the target value in a group was set to 60%, 60 participants in this group
would provide 89% power to show that trial mortality was significantly lower than the target
value if trial mortality in this group was�40%. Because the efficacy of favipiravir was expected
to be greater in Group A<72 h, we initially decided that recruitment would continue in all
groups until 60 patients had been recruited into Group A<72 h, unless early termination was
recommended by the DSMB.

Historical data. In the middle of December 2014, before the first patient was enrolled in
the study, we received a database including information on age, sex, date of first symptoms,
outcome (died or recovered), and the date that the outcome was documented for all patients
hospitalized in the Ebola treatment centers managed by MSF in forested Guinea since the
beginning of the outbreak. Using this database, we analyzed the data for the 540 patients hospi-
talized between 15 September and 15 December 2014, the 3 mo preceding the start of the JIKI
study. The characteristics of these patients are presented in S2 Table. In this database, the over-
all case fatality rate was 58%, there was no indication that the case fatality rate evolved over the
3-mo evaluation period (S1 Fig), and mortality was not significantly different between adults
hospitalized<72 h or�72 h after first symptoms. Based on these findings, we set the target
value for the JIKI trial analysis to 55% in all groups.

At the beginning of January 2015, a fortnight after starting the study, we obtained additional
biological data on the 540 patients in the database and, notably, information on viral load
expressed as EBOV RT-PCR Ct. We therefore combined the two databases and performed a
multivariable regression analysis of variables associated with mortality [34]. We found that Ct
value was independently and strongly associated with mortality, with a cutoff at Ct = 20 and an
adjusted odds ratio of mortality of 11.1 (95% CI 7.2–17.1) in patients with baseline Ct< 20
compared to those with baseline Ct� 20. Age was also associated with mortality, with two cut-
offs, one at 6 y and one at 30 y. These cutoffs were determined by maximizing the Youden’s
index (S3 Table; S2 Fig) [35].

Revised stratification and target values. The finding from the multivariable analysis of
the historical database was considered as important new information, having a bearing on the
conduct or interpretation of the study. It was presented to the trial’s scientific advisory board
and DSMB on 14 January 2015. In consequence, it was decided that three new groups, based
on age and baseline Ct value, would be considered in the final analysis, and a protocol amend-
ment enshrining this decision was implemented. For patients>6 y of age, the amendment estab-
lished two groups, the first with a baseline Ct value� 20 (Group A Ct� 20) and the second with
a baseline Ct value< 20 (Group A Ct< 20). For young children (�6 y of age), for whom the
sample size was expected to be too small to allow stratification, the group included all patients
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irrespective of baseline Ct value (Group YC). In the historical database, the case fatality rate was
69% for patients�6 y, 30% for patients>6 y with baseline Ct� 20, and 85% for patients>6 y
with baseline Ct< 20 (S2 Table). Based on these findings, we set the JIKI trial target mortality
threshold to 70% for Group YC, 30% for Group A Ct� 20, and 85% for Group A Ct< 20.

An interim analysis in the first 80 participants enrolled in the JIKI trial confirmed that there
was a striking difference in mortality between Group A Ct� 20 and Group A Ct< 20, and sug-
gested that the final results of the trial would be very likely to show that favipiravir would have
no efficacy in Group A Ct< 20. In addition, the analysis showed that Group A Ct� 20 and
Group A Ct< 20 were strikingly different in terms of the frequency, seriousness, and revers-
ibility of kidney failure. These interim results thus clearly suggested that trials of antiviral drugs
in EVD should be stratified by Ct value and that trials of antiviral monotherapy should primar-
ily target patients with a Ct� 20. Since the JIKI trial was the only ongoing anti-Ebola trial at
that time, and because these findings were considered to provide an important change in para-
digm for designing antiviral drug trials in EVD, the investigators, together with the steering
committee and the DSMB, made the decision to communicate the interim results while the
trial was ongoing. The results were thus presented as a late-breaker oral presentation at the
22nd Conference on Retroviruses and Opportunistic Infections (Seattle, Washington, US; 23–
26 February 2015; abstract 103-ALB) [36].

In this paper, we report the final results of the JIKI trial using the revised stratification, and
expand and complement the messages delivered in February 2015.

Other statistical methods. Mortality rates are given with their 95% confidence interval, as
estimated by using the Wilson method [33].

Among patients who survived, we analyzed the evolution of log10 viral load data using a lin-
ear mixed effect model assuming additive error. The model had two parameters, one for the
baseline log10 viral load and one for the slope of evolution of log10 viral load under treatment,
both with additive random effects. Parameters were estimated using the stochastic approxima-
tion expectation maximization (SAEM) algorithm implemented in Monolix 4.3 (Lixoft). For
each parameter we report the estimated mean and standard deviation (SD) of inter-individual
variability [37].

Trial Implementation
The decision to perform the trial was made on 7 September 2014. It took us 13 wk to open the
first site and start recruitment. This time was dedicated to building the trial consortium; writ-
ing the protocol; raising funds; negotiating with the manufacturers of favipiravir; identifying
the trial sites; seeking approval from the three ethics committees; preparing the trial case report
form, procedures, and database; organizing the drug shipment; and defining and agreeing on
clinical and laboratory procedures, in addition to preparing the trial in the field (Fig 2).

The first field action consisted of an intensive phase of communication with the community,
both outside (community leaders) and inside (staff) the Ebola treatment centers, to present the
trial and seek advice on procedures. Outside the treatment centers, we established a community
monitoring board for the trial, including local political and community leaders. This commit-
tee was informed about the goals and procedures of the trial before enrollment started and was
provided with regular updates on study progress once the trial had started. The committee was
mandated to provide feedback from the community on perceptions of the study and to advise
investigators on practical, social, and ethical issues arising from the conduct of the study, such
as consent for participating children whose parents were not contactable. Within the treatment
centers, we met all team members, including non-medical and paramedical personnel, during
19 meetings with a total of 326 individuals. The second action consisted of working out all
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aspects relating to informed consent, adherence, and communication with patients and family
with the treatment center social workers. Further actions included logistical arrangements,
recruitment of staff to compensate for the projected increased workload due to the trial
(counseling, collecting information, obtaining consent, drug preparation and delivery, blood
sample collection), and training sessions for all personnel involved with any trial procedure.
The last pre-inclusion step consisted of two formal launch meetings with the DSMB and with
the community monitoring board.

Results

Trial Progress
The trial sites were opened sequentially. Recruitment started on 17 December 2014 in Guecke-
dou, 26 December 2014 in Nzerekore, 1 February 2015 in Conakry, and 3 February 2015 in
Macenta. As shown in Fig 2, recruitment had two rapid phases, one in mid-December in
Gueckedou and one in late January in Nzerekore, during which 36 and 17 patients were
recruited in 4 d and 2 d, respectively [38]. During the rest of the trial, recruitment was slow,
with no further cluster effects. The three forested Guinea clinics enrolled patients until they
were eventually closed because of the end of the outbreak in the region. On 26 May 2015, the
only trial center remaining open, the Conakry center, had not admitted any patients since 8
April 2015. After seeking advice from the trial DSMB and scientific advisory board, the investi-
gators decided to close the trial and analyze the data.

Fig 2. JIKI trial progress. ALIMA, Alliance for International Medical Action; CRF, Croix Rouge Française (French Red Cross); EU, European Union; Inserm,
Institut National de la Santé et de la Recherche Médicale; SSA, Service de Santé des Armées (French military health service).

doi:10.1371/journal.pmed.1001967.g002
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Participants
During the study period, 129 individuals met the eligibility criteria, of whom 126 were included
in the trial (Fig 3). Fifteen were subsequently excluded from the final analysis: ten because they
had received convalescent plasma in another treatment center prior to enrollment in the trial,
and five because they had no available Ct value at baseline and could not be classified according
to the revised stratification. The remaining 111 patients were included in the analysis. Fifty-five
belonged to Group A Ct� 20, 44 to Group A Ct< 20, and 12 to Group YC. Their characteris-
tics are presented in Table 1. As no child aged 7–12 y attended the trial centers during the

Fig 3. JIKI trial flow chart. *Including a pregnant woman. **Of the 15 patients excluded from the analysis, four died (received plasma: n = 3/10; missing Ct
value, n = 1/5) and 11 survived. ***All aged�13 y because no child aged 7–12 y attended the trial centers during the study period.

doi:10.1371/journal.pmed.1001967.g003
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study period, all patients in Group A Ct� 20 and in Group A Ct< 20 were adults or adoles-
cents aged�13 y. Therefore, throughout the following sections, Groups A Ct� 20 and A
Ct< 20 will be referred to as “adolescents and adults,” and Group YC as “young children.”

Table 1. JIKI trial: participants’ characteristics, according to age and baseline Ct value.

Characteristic Young Children: Group YC
(n = 12)

Adults and Adolescents

Group A Ct � 20
(n = 55)

Group A Ct < 20
(n = 44)

p-
Value†

Female sex 6 (50%) 38 (69%) 25 (57%) 0.22

Age (years)* 4.0 (3.5 to 5.0) 35.0 (20.0 to 50.0) 36.5 (26.5 to 52.5) 0.33

�6 y 12 (100%) — — 1.00

13 to 29 y — 22 (40%) 17 (39%)

�30 y, n — 33 (60%) 27 (61%)

Time from first symptoms to admission (days) 1.5 (1.0 to 2.5) 3.0 (2.0 to 6.0) 4.0 (2.0 to 7.0) 0.09

Symptoms prior to admission

Fever 11 (92%) 49 (89%) 40 (91%) 1.00

Diarrhea 2 (17%) 24 (44%) 24 (55%) 0.32

Nausea/vomiting 3 (25%) 27 (49%) 20 (45%) 0.84

Hemorrhage 0 (0%) 2 (4%) 2 (5%) 1.00

Hiccup 0 (0%) 10 (18%) 7 (16%) 0.80

Extreme fatigue 11 (92%) 48 (87%) 43 (98%) 0.07

Positive malaria rapid test‡ 8 (67%) 6 (11%) 5 (12%) 1.00

EBOV RT-PCR Ct value§ 19.9 (16.8 to 21.4) 23.4 (21.9 to 26.6) 17.5 (16.1 to 18.4) <0.001

<20 7 (63%) — 44 (100%) -

20 to 24.9 3 (27%) 33 (60%) —

�25 1 (9%) 22 (40%) —

EBOV viral load (log10 copies/ml)** 8.8 (6.7 to 9.2) 6.8 (5.8 to 7.5) 8.7 (8.1 to 9.2) <0.001

Serum biochemistry

Creatinine (μmol/l)k 50 (40 to 93) 108 (80 to 202) 285 (146 to 521) <0.001

Creatinine < 110 μmol/l 6 (75%) 26 (52%) 4 (10%) <0.001

Creatinine 110 to 299 μmol/l 2 (25%) 17 (34%) 19 (46%)

Creatinine � 300 μmol/l 0 (0%) 7 (14%) 18 (44%)

BUN (mmol/l) 5.8 (5.2 to 12.1) 7.0 (4.3 to 14.2) 14.8 (9.0 to 25.8) <0.001

BUN: creatinine ratio*** 0.14 (0.10 to 0.21) 0.06 (0.05 to 0.08) 0.05 (0.04 to 0.07) 0.31

Sodium (mmol/l)†† 131 (129 to 133) 132 (128 to 136) 132 (129 to 135) 0.88

Potassium (mmol/l)‡‡ 4.8 (4.5 to 6.3) 3.8 (3.4 to 4.2) 3.9 (3.6 to 4.7) 0.34

Glucose (mmol/l)§§ 6.7 (5.2 to 7.9) 5.0 (4.5 to 7.0) 6.0 (4.8 to 6.8) 0.98

AST (IU/l)kk 204 (69 to 731) 351 (118 to 1,002) 1,515 (318 to 2,000) 0.009

ALT (IU/l)kk 85 (21 to 313) 118 (43 to 291) 390 (267 to 581) <0.001

ALT/AST ratiokk 0.23 (0.13 to 0.49) 0.32 (0.25 to 0.40) 0.21 (0.14 to 0.38) 0.02

CK (IU/l)kk 279 (190 to 342) 909 (490 to 2,882) 2,506 (1,002 to 4,487) 0.02

Total bilirubin (μmol/l)kk 103 (103 to 120) 188 (154 to 205) 205 (154 to 291) 0.09

Amylase (IU/l)kk 35 (24 to 37) 96 (70 to 144) 135 (85 to 195) 0.13

CRP (mg/l)kk 59 (36 to 64) 16 (5 to 37) 29 (15 to 49) 0.12

Albumin (g/l)kk 31 (29 to 34) 30 (27 to 35) 30 (29 to 36) 0.84

Time from first symptoms to favipiravir initiation
(days)

3.0 (3.0 to 4.0) 5.0 (3.0 to 7.0) 5.0 (3.5 to 8.0) 0.24

(Continued)
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Treatment
All patients took favipiravir as per the protocol. The median time between first symptoms and
first favipiravir intake was 4 d (interquartile range [IQR] 3;7). During follow-up, the 111 partic-
ipants had 1,442 favipiravir intakes, including 71% with intact tablets and 29% with crushed
tablets dispersed in water or fruit juice. Vomiting within 30 min of pill intake was reported in
30 instances (2%) in 21 patients, of whom 14 had one sole vomiting episode, six had two epi-
sodes, and one had four episodes.

Mortality
Sixty participants died. The median time between favipiravir initiation and death was 3 d (IQR
2;5). All but one death occurred before day 9. The remaining death (Group A Ct� 20)
occurred at day 17. Our initial goal was to consider EVD mortality during the acute phase of
the disease, and our hypothesis at the time the protocol was written was that all deaths would
occur within 14 d. When we accessed the database containing the historical data, we found that
98% of pre-trial deaths occurred within day 14 (individuals with characteristics corresponding
to Group A Ct� 20, 95%; Group A Ct< 20, 100%; Group YC, 98%), and that the remaining
2% occurred between day 14 and day 21. We did not find any obvious reason to consider death
before and after 14 d separately, as the goal of any treatment for EVD during the acute phase is
to decrease the overall acute mortality. Therefore, even though the predefined trial endpoint
was “mortality within 14 d,” throughout the following sections, we will consider “on-trial mor-
tality,” which includes all 60 deaths. In the 51 patients who survived, the median time between
favipiravir initiation and end of symptoms was 9 d (IQR 6; 12). One patient was lost to follow-

Table 1. (Continued)

Characteristic Young Children: Group YC
(n = 12)

Adults and Adolescents

Group A Ct � 20
(n = 55)

Group A Ct < 20
(n = 44)

p-
Value†

IV fluid rehydration during treatment 9 (75%) 47 (85%) 44 (100%) 0.01

Data are n (percent) or median (interquartile range).
†p-Values for comparison between Group A Ct � 20 and Group A Ct < 20 (Fisher exact test or Wilcoxon rank sum test, as appropriate).

*As no child aged 7–12 y attended the trial centers during the study period, all patients in Group A Ct � 20 and Group A Ct < 20 were adults or

adolescents aged �13 y.
‡Two missing values (one in Group A Ct � 20, one in Group A Ct < 20).
§One missing value in Group YC.

**21 missing values (six in Group YC, nine in Group A Ct � 20, six in Group A Ct < 20).
k12 missing values (four in Group YC, five in Group A Ct � 20, three in Group A Ct < 20).
¶11 missing values (three in Group YC, five in Group A Ct � 20, three in Group A Ct < 20).

***12 missing values (four in Group YC, five in Group A Ct � 20, three in Group A Ct < 20).
††16 missing values (three in Group YC, six in Group A Ct � 20, seven in Group A Ct < 20).
‡‡18 missing values (three in Group YC, six in Group A Ct � 20, nine in Group A Ct < 20).
§§19 missing values (three in Group YC, nine in Group A Ct � 20, seven in Group A Ct < 20).
kkSerum AST, ALT, CK, bilirubin, amylase, CRP, and albumin measurements were performed in three of the four trial centers (Gueckedou, Macenta, and

Conakry) (n = 48 for AST: three in Group YC, 31 in Group A Ct � 20, 14 in Group A Ct < 20; n = 57 for ALT: four in Group YC, 31 in Group A Ct � 20, 22

in Group A Ct < 20; n = 57 for CK: five in Group YC, 31 in Group A Ct � 20, 21 in Group A Ct < 20; n = 56 for bilirubin: five in Group YC, 31 in Group A

Ct � 20, 20 in Group A Ct < 20; n = 58 for amylase: five in Group YC, 31 in Group A Ct � 20, 22 in Group A Ct < 20; n = 56 for CRP: five in Group YC, 30

in Group A Ct � 20, 21 in Group A Ct < 20; n = 58 for albumin: five in Group YC, 31 in Group A Ct � 20, 22 in Group A Ct < 20).

BUN, blood urea nitrogen; IU, international units.

doi:10.1371/journal.pmed.1001967.t001
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up after discharge, and 50 attended the 30-d end-of-study visit. On day 30, all 50 patients were
apyretic.

As shown in Fig 4, on-trial mortality was 20.0% (95% CI 11.6%–32.4%) in Group A
Ct� 20, which is 33% lower than the target value (30%); 90.9% (95% CI 78.8%–96.4%) in
Group A Ct< 20, which is 7% higher than the target value (85%); and 75.0% (95% CI 46.8%–

91.1%) in Group YC, which is 7% higher than the target value (70%). The 95% confidence
interval of the observed mortality rate included the target value for all groups. In Group A
Ct� 20, all deaths occurred in patients with Ct< 25, and no patient with baseline Ct� 25
died.

Secondary Endpoints in Adolescents and Adults
Virology. During the entire follow-up period, there were 371 RT-PCR Ct measurements

and 295 RNA viral load measurements. Baseline RT-PCR Ct and RNA viral load were well cor-
related (correlation coefficient 0.88, p< 0.001). A baseline Ct value of 20 corresponded to a
RNA viral load of 5 × 107 genome copies/ml of plasma (7.7 log10 copies/ml) (Fig 5). Mortality
was much lower in patients with baseline Ct� 20 compared to those with baseline Ct< 20
(20% versus 91%, p< 0.001), and in patients with baseline viral load� 7.7 log10 copies/ml
compared to those with viral load> 7.7 log10 copies/ml (23% versus 88%, p< 0.001). Fig 6
shows the dynamics of Ct values (Fig 6A) and RNA viral loads (Fig 6B) in patients who sur-
vived and in those who died. In all but two patients who died, there was no significant decrease
in viral load before death. In patients who survived, the mean decrease in viral load was esti-
mated at 0.33 (SD 0.03) log10 copies/ml per day of follow-up (Fig 7). All patients who survived
had two negative RT-PCR tests before discharge.

Renal function. During the entire follow-up period, there were 289 serum creatinine mea-
surements. Renal function impairment was much more frequent, advanced, and related to
death in Group A Ct< 20 than in Group A Ct� 20. In Group A Ct< 20, baseline serum creat-
inine was�110 μmol/l in 90% of patients, including 44% with creatinine� 300 μmol/l, and
97% of patients whose baseline creatinine was�110 μmol/l died. In Group A Ct� 20, baseline
creatinine was�110 μmol/l in 48% of patients, including 14% with creatinine� 300 μmol/l,
and 17% of patients with a baseline creatinine� 110 μmol/l died (Fig 8). Creatinine levels
returned to normal values before day 30 in all patients who survived (Fig 9).

Transaminases and creatine phosphokinase. In the subset of 58 adults and adolescents
who were hospitalized at the Gueckedou, Macenta, or Conakry trial centers, there were 151
AST measurements, 164 ALT measurements, and 160 CK measurements during the entire fol-
low-up period (Fig 9). Abnormal values at baseline were more frequent, advanced, and related
to death in Group A Ct< 20 than in Group A Ct� 20. In Group A Ct< 20, AST was�1,000
IU/l in 12/18 (67%) patients, of whom 11 (92%) died, and CK was�4,000 IU/l in 7/23 (30%)
patients, of whom six (86%) died. In Group A Ct� 20, AST was�1,000 IU/l in 8/31 (26%)
patients, of whom one (12%) died, and CK was�4,000 IU/l in 4/32 (12%) patients, of whom
two (50%) died. The median ALT/AST ratio was 0.29 (IQR 0.21; 0.40), with no significant dif-
ference between Group A Ct< 20 and Group A Ct� 20.

Drug tolerance. No grade 3 or 4 clinical event was considered to be related to the drug by
the investigators. All deaths were associated with uncontrolled EBOV viremia and disease
progression.

Many patients had grade 3 or 4 impaired biochemical values at baseline, that is, before they
received favipiravir. Therefore, we detail here all available biochemical parameters at baseline
and during follow-up, in order to show the evolution in all patients, including in those with
very high values at baseline.
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Fig 4. JIKI trial mortality, according to age and baseline RT-PCR Ct value.Histograms represent mortality percentages. Vertical bars represent 95%
confidence intervals. Red bars represent target values. The RT-PCR assay was conducted using the RealStar Filovirus Screen RT-PCR Kit 1.0 (Altona
Diagnostics).

doi:10.1371/journal.pmed.1001967.g004
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In 41 of the 48 patients who survived, abnormal serum levels of creatinine and, when avail-
able, transaminases and CK rapidly improved on treatment. The remaining seven patients pre-
sented transient on-treatment increases in one or another of these markers. All patients
continued favipiravir, and levels normalized before discharge (Fig 10A).

In four of the 11 patients who died in group A Ct� 20, serum creatinine and, when avail-
able, transaminases increased before death (Fig 10B). The cause of death was considered to be
EVD in each case. Their last available EBOV plasma RNA values were 9.4, 9.1, 9.0, and 7.7
log10 copies/ml; their last available ALT measures were 112, 135, 290, and 134 IU/l; and their
last available AST measures were 650, 724, 1,579, and 848 IU/l. Only two of these four patients
presented on-treatment increase in creatinine before death. The last available creatinine values
for these two patients were 296 and 132 μmol/l.

Early Treatment
Of the 99 adults and adolescents for whom data were analyzed, 31 started favipiravir within
<72 h of first symptoms and 68 started favipiravir�72 h after first symptoms. There was no
significant difference between adults who started favipiravir within<72 h and those who
started favipiravir�72 h after first symptoms in terms of baseline Ct (median 20.5 [IQR 18.7;
23.4] versus median 20.2 [IQR 17.5; 24.7], p = 0.6), baseline RNA viral load (median 7.6 log10
copies/ml [IQR 7.0; 8.6] versus median 7.6 log10 copies/ml [IQR 6.1; 8.6], p = 0.7), and mortal-
ity (45.2% [95% CI 27.3–64.0] versus 54.4% [95% CI 41.9–66.5], p = 0.5). All other baseline
and follow-up characteristics were similar between patients who started favipiravir<72 h ver-
sus�72 h after first symptoms, with the exception of baseline creatinine (median 115 μmol/l
[IQR 78; 208] versus median 170 μmol/l [IQR 109; 398], p = 0.01).

Fig 5. JIKI trial: correlation between EBOV RT-PCR Ct value and RNA viral load at baseline in
adolescents and adults. The black line represents the regression line. The Spearman rank correlation
coefficient was 0.88 (p < 0.001). A baseline Ct value of 20 corresponded to an RNA viral load of 5 × 107

genome copies/ml of plasma (7.7 log10 copies/ml). Of the 99 adolescents and adults, 84 had both an RT-PCR
Ct and an RNA viral load measurement at baseline. Red dots represent patients who died. Blue dots
represent patients who survived.

doi:10.1371/journal.pmed.1001967.g005
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Baseline and Follow-Up Characteristics of Patients Who Survived and
ThoseWho Died
Baseline and follow-up characteristics of patients who survived and those who died are shown
in S4 Table. Compared to patients who survived, those who died were older, had higher median
RNA viral load, lower median Ct value, and higher serum creatinine and blood urea nitrogen

Fig 6. JIKI trial: evolution of RT-PCRCt values and RNA viral load in adolescents and adults. (A)
Evolution of RT-PCR Ct values. (B) Evolution of RNA viral loads. The x-axis represents the time since first
symptoms (for example, for a patient whose first symptom occurred 5 d before admission to the treatment
center, the baseline value dot is positioned at 5 d). Each line represents one patient. Dots represent baseline
values, X’s represent follow-up values, and asterisks represent values below the limit of quantification. Red
symbols represent patients who died; blue symbols represent patients who survived.

doi:10.1371/journal.pmed.1001967.g006
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Fig 7. JIKI trial: evolution of RNA viral load in adolescents and adults. (A) Evolution of RNA viral load in
adolescents and adults who survived. The x-axis represents the time since favipiravir initiation (day 0). Each
blue line represents one patient (n = 48). Circles represent baseline and follow-up values. Asterisks represent
values under the limit of detection (3.4 log10 copies/ml). The black line represents the mean log10 viral load
decline estimated from a linear mixed effect model. The mean initial viral load was estimated at 6.65 log10
copies/ml (SD 0.86), and the mean slope of viral load evolution at −0.33 log10 copies/ml (SD 0.03) per day of
follow-up. (B) Evolution of RNA viral load in adolescents and adults who died. The x-axis represents the time
since favipiravir initiation (day 0). Each red line represents one patient (n = 49). Circles represent baseline
and follow-up values. The black line represents the mean log10 viral load evolution estimated from a linear
mixed effect model. The mean initial viral load was estimated at 8.54 log10 copies/ml (SD 0.21), and the mean
slope of viral load evolution at −0.001 log10 copies/ml (SD 0.15) per day of follow-up.

doi:10.1371/journal.pmed.1001967.g007
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levels at baseline, and more severe diarrhea, more severe pain, more frequently impaired con-
sciousness, and more frequent hemorrhage during their hospital stay.

Secondary Endpoints in Young Children
Of the 12 children�6 y of age (Group YC), eight had a positive malaria rapid test at baseline;
seven had a baseline Ct< 20, four had a baseline Ct� 20, and one had no available Ct value at
baseline. Baseline serum AST was>1,000 IU/l in one child. The median ALT/AST ratio was
0.23. No child presented a baseline CK value> 4,000 IU/l. Baseline serum creatinine value was
available for eight children, of whom two had a creatinine value between 110 and 300 μmol/l.
In the three children who survived, the baseline Ct values were 19.9, 28.4, and unavailable, and
the baseline viral RNA load was 9.10 log10 copies per ml and unavailable (two children). Base-
line and follow-up Ct, RNA viral load, creatinine, transaminase, and CK values in children�6
y are detailed in S3 Fig

Other Secondary Endpoints
The protocol mentioned three additional secondary endpoints: evolution of infectious loads,
viral micro-diversity, and plasma trough concentrations of favipiravir. Because the amount of
plasma we were able to collect in the biobank was not sufficient to measure these outcomes in

Fig 8. JIKI trial: baseline serum creatinine in adolescents and adults and outcomes according to baseline values.Creat, creatinine.

doi:10.1371/journal.pmed.1001967.g008
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all patients after viral loads were measured, and because of technical challenges that will require
time to deal with, all three outcomes will be measured secondarily in selected samples. Plasma
trough concentrations will be included in a model using data from various studies, including
this trial and animal studies, to update our simulation of drug doses and draw updated conclu-
sions on the most appropriate dose of favipiravir to reach the target plasma concentration.

Discussion
This trial was put together in 13 wk, in remote treatment centers, in an environment of com-
munity tensions, and in a country that had little experience in clinical trials. A first lesson to be
drawn from this experience is that, although difficult, emergency trials are feasible in the con-
text of a deadly contagious disease outbreak. This trial was achieved as a result of good collabo-
ration between investigators, health authorities, NGOs, community leaders, and patients.

The JIKI trial is, to our knowledge, the first to evaluate a specific anti-EVD treatment and
the largest that has been performed in EVD to date. This trial presented many challenges from
inception to the final analysis, which have been met pragmatically. The results of the study, as

Fig 9. JIKI trial: evolution of serum creatinine, aspartate aminotransferase, alanine aminotransferase, and creatine phosphokinase in adolescents
and adults. The x-axis represents the time since first symptoms (for example, for a patient whose first symptom occurred 5 d before day 0, the baseline value
dot is positioned at 5 d). Each line represents one patient. Dots represent baseline values, and X’s represent follow-up values. Red symbols represent
patients who died; blue symbols represent patients who survived. Dark red lines represent patients with baseline Ct < 20 who died, light red lines represent
patients with baseline Ct� 20 who died, dark blue lines represent patients with baseline Ct < 20 who survived, and light blue lines represent patients with
baseline Ct� 20 who survived. Samples obtained more than 25 d after onset of symptoms are not represented.

doi:10.1371/journal.pmed.1001967.g009
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Fig 10. JIKI trial: evolution of serum creatinine, transaminases, and creatine phosphokinase in the 11 adolescents and adults who had worsening
in at least one biochemical parameter on favipiravir. (A) Patients who survived (n = 7). (B) Patients who died (n = 4). Each line represents one patient. All
patients are identified with an ID number (from 1 to 7) or letter (from a to d) throughout the figures. For all 11 patients, all available data are shown. Dots
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well as the challenges that were encountered, provide useful information for future clinical
research in EVD.

Is Favipiravir Effective in the Treatment of EVD?
From the outset, we were aware that the JIKI trial would not be able to answer this question,
but rather to identify trends and to orientate the design of future studies that may provide a
definitive answer. The results of the study indicate that monotherapy with favipiravir is
unlikely to be effective in patients with very high viremia and merits further investigation in
patients with intermediate to high viremia. This conclusion is based on two findings, namely,
the observed mortality rates and the dynamics of EBOV RNA load on treatment. In Group A
Ct< 20, mortality was 7% higher than the target value and viral loads did not decrease. This
suggests that any future trial is unlikely to demonstrate any benefit of favipiravir in these
patients. In Group A Ct� 20, mortality was 33% lower than the target value and viremia
decreased rapidly on treatment. The trial was non-randomized, the statistical power was low,
and the 95% CI of mortality included the target value. Therefore, this finding does not prove
that favipiravir was effective in these patients but only suggests that the question remains open
and gives some indication on how to better address it.

A third set of findings related to biological markers of organ damage also supports the perti-
nence of stratification of patients according to viral load. Patients with very high viremia had
levels of creatinine, transaminases, and CK that suggested established organ failures requiring
intensive care, while patients with a medium to high viral load had less frequent and, when
present, reversible organ failures. In the context of limited resource availability, the former type
of patients is unlikely to benefit from any specific monotherapy, while the latter is more likely
to benefit from specific interventions.

The lesson that we draw from this is that future drug trials in EVD should systematically
stratify analyses by baseline level of viremia, and that future research on favipiravir should
focus on patients with a Ct value� 20. The utility of such a stratification became apparent in
January 2015 from an interim analysis of the first 80 patients included in the study [36], and
the protocol and statistical analysis plan of the JIKI trial were amended accordingly.

Would It Have Been Better to Perform a Randomized Study at the
Outset in Order to Demonstrate Efficacy Unequivocally?
Some authors have criticized non-randomized studies and have recommended performing
randomized controlled trials (RCTs) at the outset [39,40]. This is a central debate. There is no
doubt that randomized designs should be used whenever possible, as they are the best way to
unequivocally demonstrate the efficacy and safety of an experimental drug. During this recent
outbreak, however, we were faced with two arguments that made us decide not to use a ran-
domized design at the outset. The first argument was the perception by both Ebola care work-
ers and researchers in the field that it would be unethical to allocate patients from within the
same family or village to receive or not receive an experimental drug, using a randomization
process that would be unlikely to be understood by very sick and/or distrustful patients. The
second argument was the need to build a partnership with a community that had no experience
in emergency research. In the context of Ebola—with countrywide disruption of normal

represent baseline values, and X’s represent follow-up values. Dark blue lines represent patients with baseline Ct < 20 who survived. Light blue lines
represent patients with baseline Ct� 20 who survived. Light red lines represent patients with baseline Ct� 20 who died. The x-axis represents the time since
first symptoms (for example, for a patient whose first symptom occurred 5 d before admission to the treatment center, the baseline value dot is positioned at 5
d). Samples obtained more than 25 d after onset of symptoms are not represented. All 11 patients continued favipiravir.

doi:10.1371/journal.pmed.1001967.g010
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routines, isolation measures perceived as coercive [28], and rumors about and distrust of Ebola
treatment centers—a randomized trial was deemed likely to worsen the situation and lead even
more patients to refuse to seek care [29].

Both arguments were strong, in the context of an outbreak at its peak, with care centers
being crowded and having no previous experience in Ebola research. As time passed by, the
outbreak weakened, the rate of patients showing up at Ebola treatment centers fell below one
per day, the centers gained experience with research, and the possibility that a randomized trial
would become eventually ethically acceptable increased. Timeliness, experience, and commu-
nity perception are key elements to the debate surrounding the design of trials in emergency
situations [29].

During the recent outbreak, three non-randomized trials were launched at the outset
[36,41,42], and one RCT was initiated later, in March 2015. The RCT was a trial of ZMapp, a
combination of monoclonal antibodies [43]. The amount of preclinical data available for this
treatment, notably in non-human primates, was larger than for favipiravir [44]. The March
2015 version of the ZMapp RCT protocol specified a stratification of inclusion and data analy-
sis by Ct value [43], on the basis of the preliminary data of the JIKI trial presented in February
2015 at the 22nd Conference on Retroviruses and Opportunistic Infections [36]. Because the
ZMapp trial started within the late phase of the outbreak, the rate of patients showing up for
care was low. Its results, when published, will tell us whether it had been possible to recruit suf-
ficient patients in this RCT in order to conclude on the efficacy of the treatment. Even if this
was not the case, however, the randomized design will add strength to the results, making them
more likely to allow valid inferences to be made regarding drug efficacy and tolerance and to
inform the design of future studies.

Cooper et al. recently proposed a multi-stage approach including both non-randomized and
randomized elements, triaging treatments into those with no effect that should be discarded
quickly, those with clear benefits that should be used immediately, and those with promise,
requiring evaluation in an RCT. This triage approach uses initial single-arm studies where all
patients receive the treatment, which is what we did in the JIKI trial [45].

The findings of the JIKI trial provide data on potential treatment effect size that can be used
to design a future randomized trial of favipiravir based on realistic a priori hypotheses. In such
a trial, the target population should consist of patients with a Ct value� 20 (or an equivalent
threshold using a different PCR technique), the primary outcome variable should be mortality,
the anticipated mortality rate in the control group should be 30%, and the trial should have suf-
ficient statistical power to demonstrate a reduction in mortality in the favipiravir group of 30%.
To this end, the trial would need to include at least 784 patients overall (392 by arm). This sim-
ple sample size estimation suggests that it will be difficult to recruit enough patients with EVD
for a trial assessing any treatment with interesting potential clinical efficacy that is nevertheless
around 30% in a group of patients in which the reference mortality rate is expected to be
around 30%. The scientific community still needs to consider the best way to determine
unequivocal proofs of efficacy in such conditions [45,46].

Is High-Dose Favipiravir Well Tolerated?
Conclusions regarding safety can only be drawn from observations in Group A Ct� 20. In
Group A Ct< 20, most of the patients died rapidly, and, even though these deaths were all
attributed to EVD, it is not possible with the available paraclinical data to affirm unequivocally
the absence of toxicity of favipiravir.

In contrast, the findings in Group A Ct� 20 provide a convincing suggestion of the good
tolerability of favipiravir. In this group, the patients who died all had a high viral load together
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with clinical and biochemical abnormalities that were clearly consistent with uncontrolled
EVD. All the other patients in this group, even those with very abnormal biochemical markers
at baseline or who developed highly abnormal values during follow-up, survived. None of these
patients needed to discontinue favipiravir treatment, and all achieved normal values for bio-
chemical markers on treatment. These findings suggest that favipiravir can be used at a daily
dose twice higher and for a duration twice longer than that used for the treatment of influenza.
If necessary, it would be acceptable to test higher doses.

What Did We Learn about the Physiopathology of EVD?
Proof-of-concept trials can rapidly provide new findings that can be shared with the scientific
community and help increase knowledge to facilitate clinical research in the emergency setting.
When the JIKI trial was initiated, little information was available on the relationship between
EBOV and renal function [7,24,25]. Similarly, although a few studies had reported data on
viral load in EVD [22,47,48], no trial had used Ct as a clinical marker in the field. In February
2015, after we found interesting results in an interim analysis of the JIKI trial, we reported the
frequency of renal failure, the relationship between renal failure and low Ct values, and the
powerful prognostic value of low Ct values [36]. Since our communication, these results have
been confirmed by others, and creatinine and Ct have become the two most important markers
used in the field for evaluating patient prognosis [49,50].

Ct Value and RNA Viral Load
We used a single semi-quantitative RT-PCR test in the field to obtain Ct values and then re-
tested all samples with a quantitative reference technique measuring the number of genome
copies per milliliter in a centralized reference laboratory. As the correlation between Ct and
RNA genome copy values was strong, we are confident that field Ct values were measured
homogeneously. We conclude that the Ct value is acceptable as a real-time surrogate marker of
real viral load. To our knowledge, this is the first study to validate such a correlation in trial
conditions.

Using the pre-trial database, we found that a threshold of 20 cycles was a highly sensitive
cutoff to separate two groups of patients, with patients with Ct< 20 having an adjusted odds
ratio of mortality of 11.1 compared to those with Ct� 20. A powerful predictor yielding such a
high odds ratio is very rare in clinical practice. During the trial, the 20-cycle threshold was
robust and had similar strong predictive value for mortality. However, because the Ct value
may vary depending on technique and technician experience, the 20-cycle threshold that we
identified may not be universally replicable. Virologists should work at the international level
to standardize techniques and validate a robust field reference.

Finally, we recorded a rapid decrease in viral load in patients in Group A Ct� 20. Since
there were no historical reference data on the evolution of EBOV viral load in large patient
cohorts, it was not possible to interpret this as related to the drug. However, to our knowledge,
this is the first study after the report by Towner et al. [22] in 2004 to report the evolution of
viral load in EVD systematically using repeated measures. We estimated a mean decrease of
0.35 log10 genome copies/ml per day of follow-up. This may be useful as a benchmark to com-
pare the dynamics of EBOV viral load in future drug trials [51].

Renal Function
We found a higher than expected rate of renal dysfunction and acute kidney injury. Most
highly viremic patients had elevated creatinine values and died. Renal function in patients with
intermediate viremia was less frequently impaired, and most of these patients survived with
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fluid management. These findings suggest both a reduction in circulating volume due to vomit-
ing and diarrhea, and acute kidney injury resulting from the visceral consequences of the dis-
ease [7]. The latter may include acute tubular necrosis, microvascular thrombi, or sepsis-like
kidney injury occurring in the context of a systemic inflammatory response with multi-organ
failure [5,52,53]. The high frequency of elevated transaminases, mainly affecting AST and asso-
ciated with normal bilirubin values and elevated CK values, was more evocative of muscular
tissue injury than liver injury. Such myositis could be due to direct viral invasion of myocytes
or to virus-mediated inflammatory mechanisms involving myotoxic cytokines [54–56]. A leak-
age of muscle cell contents, including sarcoplasmic proteins, in the circulation could also con-
tribute to kidney injury [57–59].

Is it Important to Treat Early?
We found no difference between patients who showed up within 3 d of first symptoms and
those who did not in terms of viral load or mortality, both in the trial and in the historical data-
base. This may suggest that using self-report of symptom onset as a proxy of early clinic atten-
dance is unreliable, or that peak viral load and the consequences of the disease may be present
within hours of first symptoms in some patients, even if we know that this is not the case in
others. This tells us nothing about the efficacy of favipiravir, as our study is not conclusive on
this point. If favipiravir or any other treatment is shown to be effective in the future, this lack
of difference also does not argue against treating patients as early as possible, but rather sug-
gests that it may be necessary to treat patients within hours rather than days of infection. Fur-
ther research should address rapid testing techniques, accelerated test-and-treat procedures,
and preventive treatment for high-risk contacts [60].

Conclusion
Almost two years after the start of the EVD epidemic in West Africa, no effective treatment has
yet be demonstrated. In future epidemics, it will be important to integrate clinical research into
standard care. All patients with EBOV infections should be eligible for large, internationally
coordinated trials of experimental treatments in order to identify effective treatments with the
best level of evidence of efficacy possible.

In the midst of an Ebola outbreak, researchers may be faced with elements that make them
feel that randomizing patients to receive either standard care or standard care plus an experi-
mental drug is not ethically acceptable. In these rare circumstances, it can be decided to not
run a trial and to wait for more favorable conditions, or to run a non-randomized trial. In this
pilot experience, we did the latter. Our conclusions are nuanced. On the one hand, we cannot
conclude on the efficacy of the drug, and our conclusions on tolerance, although encouraging,
cannot be as firm as they would have been if we could have used randomization. On the other
hand, we learned a lot about how to quickly set up and run a trial in such unusual circum-
stances and in close relationship with the community and NGOs, we integrated research into
care so that it improved care, we rapidly generated and shared with the scientific community
intermediate data that were useful for designing Ebola research, and we gathered evidence that
will allow researchers to base further trials on strong preliminary assumptions.

Our study provided no evidence that favipiravir monotherapy at this dose might have a
favorable benefit/risk ratio in patients with very high viral load. This does not prove that favi-
piravir could not provide a benefit in a person with very high viral load, but suggests that fur-
ther studies in the same context will be very unlikely to show that monotherapy with
favipiravir decreases mortality in patients with very high viral load. In contrast, in patients with
a Ct� 20 or a viral load below 108 genome copies/ml, future research on favipiravir
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monotherapy would be merited. As the changes that occur in patients with severe sepsis can
influence pharmacokinetic parameters [61,62], it may also be of interest to evaluate higher
doses than those used in the JIKI trial.

Supporting Information
S1 Fig. Historical database: pre-trial EVD weekly case fatality rates fromMSF Ebola treat-
ment centers in forested Guinea during the 3 mo preceding JIKI trial start. The historical
data include all patients with confirmed EVD who presented at the MSF Ebola treatment cen-
ters in forested Guinea from 15 September 2014 (week 38) to 14 December 2014 (week 50)
(n = 540); the black line is the observed case fatality rate per week; the red dotted line is the cen-
tered moving average case fatality rate of order 3 (trend based on a 3-wk moving average).
(TIF)

S2 Fig. Historical database: pre-trial mortality in patients with EVD according to baseline
RT-PCR Ct values. The historical data include all patients with confirmed EVD who presented
at the MSF Ebola treatment centers in forested Guinea during the 3 mo preceding JIKI trial
start (15 September 2014 to 14 December 2014). (A) Pre-trial mortality rate in each stratum of
baseline RT-PCR Ct value. (B) Specificity, sensitivity, and Youden’s index (sensitivity + speci-
ficity − 1) of baseline RT-PCR Ct value for mortality. The Youden index was maximum for a
baseline RT-PCR Ct value of 20.2.
(TIF)

S3 Fig. JIKI trial: evolution of RT-PCR Ct values, RNA viral load, creatinine, AST, ALT,
and CK in young children (�6 y of age). The x-axis represents the time since first symptoms
(for example, for a patient whose first symptom occurred 5 d before admission to the treatment
center, the baseline value dot is positioned at 5 d). Each line represents one patient. Dots repre-
sent baseline values, X’s represent follow-up values, and asterisks represent values below the
limit of quantification. In all panels, red symbols represent patients who died, and blue symbols
represent patients who survived. Dark red lines represent patients with baseline Ct< 20 who
died, light red lines represent patients with baseline Ct� 20 who died, dark blue lines represent
patients with baseline Ct< 20 who survived, and light blue lines represent patients with base-
line Ct� 20 who survived. Lines with no initial dot represent patients with unavailable baseline
values (only follow-up values are available). Samples obtained more than 25 d after onset of
symptoms are not represented.
(TIF)

S1 Table. JIKI trial preparation: power provided by a sample size of 60 participants to dem-
onstrate that mortality in the trial is significantly below a target value, according to differ-
ent hypotheses of target values and mortality.
(PDF)

S2 Table. Historical database: characteristics of patients with EVD hospitalized in MSF
Ebola treatment centers in forested Guinea during the 3 mo preceding JIKI trial start (15
September 2014 to 14 December 2014).
(PDF)

S3 Table. Historical database: factors associated with pre-trial mortality in patients with
EVD hospitalized in MSF Ebola treatment centers in forested Guinea during the 3 mo pre-
ceding JIKI trial start (15 September 2014 to 14 December 2014).
(PDF)
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Editors' Summary

Background

In 2014 and 2015, an Ebola virus outbreak larger than any known before occurred in West
Africa. Ebola virus disease (EVD) is highly contagious, and many infected people die. Cen-
tral to the emergency response to the recent outbreak were local Ebola treatment centers
where patients were diagnosed, were isolated, and received supportive care. With thou-
sands of patients dying and many health workers contracting the disease, fear was ubiqui-
tous and distrust abundant. While conducting research in this environment was extremely
challenging, the urgent need for treatments and the opportunity to conduct studies that
could bring such treatments closer to reality was also recognized. In September 2014,
WHO released a short list of existing drugs that were candidates for clinical trials among
patients infected in the outbreak. Favipiravir, an antiviral drug developed in Japan for
patients with severe influenza, was on the list.

WhyWas This Study Done?

Because of the urgent need to find drugs that could reduce deaths caused by Ebola, the
researchers decided to conduct a clinical trial using favipiravir in patients with EVD in
Guinea. In view of the circumstances, they decided against a randomized controlled trial
and instead designed a study where all participants would receive the same treatment. In
randomized controlled trials only some participants receive the treatment in addition to
standard care, while others serve as a control group and receive standard care only, or
standard care plus a placebo. Such studies allow stronger conclusions to be drawn about
whether a treatment is safe and whether it works or not. The researchers had two main
reasons for this decision. First, patients from the same family or village often sought EVD
treatment at the same time, and the researchers felt that it was ethically unacceptable to
randomize such groups, with only some of them receiving the experimental drug. Second,
the strict isolation procedures imposed to interrupt virus transmission had intensified fear
in affected communities and fueled rumors of illicit drug experimentation and organ theft
at the treatment centers. In this context, the researchers worried that a randomized study
might increase distrust among the community and the reluctance of patients to seek care.
Rather than seeking definitive answers about the safety and efficacy of favipiravir in
patients with EVD, the objectives of the study as it was designed were to test the feasibility
and acceptability of an emergency trial in the context of a large Ebola outbreak and to
learn lessons from the experience. In addition, the researchers planned to collect data on
the safety and effectiveness of favipiravir in reducing mortality and viral load in patients
with EVD in the hope that their preliminary findings could improve the design of subse-
quent trials and the chance to provide conclusive answers.

What Did the Researchers Do and Find?

After 13 weeks of preparation, the trial took place from December 2014 to April 2015 at
four separate Ebola treatment centers, three in rural areas and one in an urban setting. In
addition to standard care (which included rehydration, antimalarial and antibacterial ther-
apies, and medication to reduce fever, pain, and nausea), all participants were given favi-
piravir by mouth for ten days, at doses substantially higher than those recommended for
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patients with influenza. Outcomes measured were mortality, viral load changes over time
(based on blood samples), and adverse events.
EVD was confirmed with an assay that used patient blood and provided an estimate of the
viral load, that is, of how much virus the blood contained. Because viral load was known to
influence the course of EVD, the researchers analyzed the participants in two groups,
namely, those with a viral load estimate above a certain threshold and those with viral load
estimate below the threshold. They also used existing data from Guinean patients diag-
nosed with Ebola earlier in the outbreak who had received only standard care and calcu-
lated an expected mortality rate for patients above and below the viral load threshold.
The researchers were able to enroll 126 participants in the trial. Of these, 111 were
included in the final analysis. Of 99 adult and adolescent participants 13 years and older,
55 were in the lower viral load group and 44 in the higher viral load group. Mortality was
20% in the former and 91% in the latter. Neither mortality rate was significantly different
from that of earlier patients who had received only standard care. The researchers also
found that favipiravir was well tolerated. None of the patients stopped the course of treat-
ment, vomiting following drug intake was rare, and no severe adverse events were attrib-
uted to the drug. The researchers did not see a difference in mortality between patients
who reported onset of symptoms less than three days before the start of treatment and
those whose symptoms had started more than three days the start of treatment.

What Do these Findings Mean?

The report shows that it is possible to conduct an emergency trial during an outbreak in a
low-resource setting. In fact, at the time of its acceptance, this paper reported on an Ebola
treatment trial larger than any other yet published. The experience described should be
useful for similar undertakings in the future. The following conditions contributed to the
success of the trial: close collaboration between researchers, local health officials, and
affected communities on one hand, and flexibility in design, conduct, and analysis based
on close monitoring and interim assessments on the other. Besides using interim results to
influence the conduct and analysis of their own trial, the researchers also shared these
results with the scientific community in real time, and this feedback influenced other
research during the outbreak.
The trial could not answer definitively whether favipiravir treatment was safe or reduced
mortality in patients with EVD. The results suggest that the drug is unlikely to be benefi-
cial for patients with very high viral loads, at least when given by itself. They also suggest
that favipiravir is safe in patients with lower viral loads, and that in such patients addi-
tional efficacy studies are warranted. Intermediate analysis of various measurements in
trial participants showed that the estimate of viral load from the field EVD diagnosis test is
a good proxy for the actual viral load (determined after the samples were shipped to and
analyzed in a reference laboratory in France) and suitable as a surrogate marker. The
results also confirm that viral load is a strong predictor of mortality.

Additional Information

This list of resources contains links that can be accessed when viewing the PDF on a device
or via the online version of the article at http://dx.doi.org/10.1371/journal.pmed.1001967.

• TheWorld Health Organization has pages on Ebola virus disease, trials of Ebola
treatments and vaccines, and the current update of the list of suitable drugs for testing or
use in patients infected with Ebola (originally compiled in September 2014)
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http://dx.doi.org/10.1371/journal.pmed.1001967
http://who.int/csr/disease/ebola/faq-ebola/en/
http://www.who.int/medicines/emp_ebola_q_as/en/
http://www.who.int/medicines/emp_ebola_q_as/en/
http://www.who.int/medicines/ebola-treatment/2015_0703TablesofEbolaDrugs.pdf?ua=1


• US Centers for Disease Control and Prevention has information on the Ebola outbreak
in West Africa

• The European Centre for Disease Prevention and Control also has information on the
Ebola outbreak in West Africa
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http://www.cdc.gov/vhf/ebola/outbreaks/2014-west-africa/
http://www.cdc.gov/vhf/ebola/outbreaks/2014-west-africa/
http://ecdc.europa.eu/en/healthtopics/ebola_marburg_fevers/Pages/ebola-outbreak-west-africa.aspx

