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BACKGROUND. The pathogenesis of Ebola virus (EBOV) disease (EVD) is poorly characterized. The 
establishment of well-equipped diagnostic laboratories close to Ebola treatment centers (ETCs) has 
made it possible to obtain relevant virological and biological data during the course of EVD and to 
assess their association with the clinical course and different outcomes of the disease.

METHODS. We were responsible for diagnosing EBOV infection in patients admitted to two ETCs in 
forested areas of Guinea. The pattern of clinical signs was recorded, and an etiological diagnosis was 
established by RT-PCR for EBOV infection or a rapid test for malaria and typhoid fever. Biochemical 
analyses were also performed.

RESULTS. We handled samples from 168 patients between November 29, 2014, and January 31, 
2015; 97 patients were found to be infected with EBOV, with Plasmodium falciparum coinfection in 
18%. Overall mortality for EVD cases was 58%, rising to 86% if P. falciparum was also present. Viral 
load was higher in fatal cases of EVD than in survivors, and fatal cases were associated with higher 
aspartate aminotransferase (AST) and alanine aminotransferase (ALT), C-reactive protein (CRP), 
and IL-6 levels. Furthermore, regardless of outcome, EVD was characterized by higher creatine 
kinase (CPK), amylase, and creatinine levels than in febrile patients without EVD, with higher blood 
urea nitrogen (BUN) levels in fatal cases of EVD only.

CONCLUSION. These findings suggest that a high viral load at admission is a marker of poor EVD 
prognosis. In addition, high AST, ALT, CRP, and IL-6 levels are associated with a fatal outcome of 
EVD. Damage to the liver and other tissues, with massive rhabdomyolysis and, probably, acute 
pancreatitis, is associated with EVD and correlated with disease severity. Finally, biochemical 
analyses provide substantial added value at ETCs, making it possible to improve supportive 
rehydration and symptomatic care for patients.

FUNDING. The French Ministry of Foreign Affairs, the Agence Française de Développement, and 
Institut Pasteur.



2insight.jci.org   https://doi.org/10.1172/jci.insight.88864

C L I N I C A L  M E D I C I N E

Introduction
The most severe recorded Ebola virus 
(EBOV) disease (EVD) outbreak rav-
aged West Africa, mainly Guinea, 
Liberia, and Sierra Leone, in 2014 and 
2015 (1). Previous outbreaks of filovirus 
disease in Central Africa affected only 
a small number of people in a limit-
ed area for only a few months, but the 
unusually large extent of this outbreak 
has required extraordinary resources for 
its control (2). In September 2014, in the 
face of increasing numbers of cases in 
forested areas of Guinea, several Ebola 
treatment centers (ETCs) were estab-
lished as a matter of urgency. One of  
these centers was set up in Macenta, a 
town with 45,000 inhabitants located in 
south-east Guinea, close to the borders 
with Sierra Leone and Liberia. The 
ETC was funded by the French Ministry 
of Foreign Affairs, set up by Médecins 
Sans Frontières, and operated by the 
French Red Cross, with human resourc-
es support from the Etablissement de 
Préparation et de Réponse aux Urgences 
Sanitaires (French Ministry of Health). 
Institut Pasteur set up and ran a labora-

tory close to the ETC to provide diagnostic capacity in the vicinity. The Pasteur Laboratory also dealt with the 
samples from the ETC at Nzerekore, which was operated by the Alliance for International Medical Action, until 
the opening of a laboratory associated with this ETC. A high turnover of technical staff was required to operate 
the laboratory over time, and the teams often lacked experience in handling risk group 4 agents. We therefore 
decided to provide the laboratory staff with a very high level of biosafety, similar to that used in industrialized 
countries for the handling of such viruses. The laboratory was set up to provide physicians with facilities for 
Ebola diagnosis, differential diagnosis for other frequent diseases (malaria and typhoid fever), and the testing of  
essential biological parameters as well as to improve the supportive rehydration care of patients. Indeed, in the 
absence of effective specific treatment, symptomatic care was essential, and the higher survival rates observed 
for repatriated patients receiving intensive care in Northern countries demonstrated the crucial need to improve 
the standard of care in field facilities. Knowledge about the patterns of change in biological parameters during 
human EBOV infection was quite limited, but substantial progress has resulted from the last EBOV outbreak. 
Data for Sudan virus–infected (SUDV-infected) patients demonstrated liver and tissue injury, together with renal 
failure and possible acute pancreatitis (3). More recent reports of biological follow-up for isolated patients or 
cohorts have confirmed these results and suggested that rhabdomyolysis is a common features in EVD (4–8). We 
report here the clinical, virological, and biological parameters recorded for a cohort of EBOV-infected patients 
hospitalized in the Macenta and Nzerekore ETCs between December 2014 and January 2015 who did not 
receive any experimental EBOV-specific therapy.

Results
Clinical description. From November 29, 2014, to January 31, 2015, 183 patients with symptoms consistent with 
the WHO definition of suspected EVD who were admitted to one of the two ETCs had their samples sent to the 
laboratory to be tested for diagnostic purposes. Among them, 168 patients were included in the study according 

Figure 1. Consort diagram of the study.
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to our criteria (Figure 1). During this time frame, the laboratory also received samples from 30 patients from 
places other than the two ETCs, and these were excluded from the study. Testing confirmed EBOV infection in 
58% (n = 97) of these patients (mean age: 30.1 years, range: 1–68 years), and the mortality rate for these cases 
was 59% (Table 1). The mortality rate was similar between both ETCs. Although a lower mortality rate has been 
observed for patients admitted within 3 days after the onset of symptoms, this difference was not significant using 
multivariate analysis (Table 1). The mean age of the patients was independent of disease outcome, although 
mortality tended to be higher (though the differences were not significant) in patients under the age of 10 years 
(91%) or over the age of 45 years (73%). No evidence for recent typhoid fever (IgM+) was found in any patient. 
In contrast, we found that 19% (n = 26) of the patients admitted to the ETCs were positive for Plasmodium falci-
parum. There was no difference in the proportion of P. falciparum–positive patients between EBOV-infected and 
control patients. Coinfection with P. falciparum and EBOV seems to be associated with poor prognosis, as a fatal 
outcome was observed in 86% of coinfected patients, whereas the mortality rate among P. falciparum–negative  
EBOV-infected patients was 60%. This difference was not significant (P = 0.12), but the observed trend suggests 
that coinfection with P. falciparum may increase mortality in patients with EVD. However, of the P. falciparum–
EBOV–positive patients, 7 of 12 were under 10 or above 45 years old, probably accounting for the dramatic mor-
tality observed at these ages. Rather than presenting the clinical signs observed in patients at admission, we have 
chosen to report the symptoms experienced throughout the course of the disease. Indeed, as the period between 
the onset of symptoms and admission was highly variable (mean: 4.6 days, range: <1–14 days), a comparison 

Table 1. Patient Characteristics

n Death Univariable Multivariable
Sex n (%) OR [95% CI] P aOR [95% CI] P

Male 35 18 (51) 0.6 [0.3–1.4] 0.3
Female 62 39 (63)

Time between symptom 
onset and admission

≤3 23 11 (48) 0.3 [0.1–0.9] 0.04 0.5 [0.08–3] 0.4
>3 51 37 (72) 1

Baseline viremia
<25,000 41 16 (39) 0.02 [0.001–0.11] 0.0002 0.07 [0.003–0.5] 0.02
≥25,000 33 32 (97) 1

Baseline titers (log)
<6 28 13 (46) 0.07 [0.003–0.4] 0.01 0.1 [0.006–1.2] 0.1
≥6 14 13 (93) 1

Baseline IL-6
<29 35 17 (49) 0.2 [0.04–0.6] 0.006 0.5 [0.07–3.2] 0.4
≥29 26 22 (85) 1

Age (yr)
0–9 11 10 (91) 7 [0.9–57] 0.08

10–19 19 9 (47) 0.6 [0.2–1.7] 0.5
20–44 45 22 (49) 0.7 [0.3–1.4] 0.4

≥45 22 16 (73) 1.9 [0.7–5.2] 0.3
Presence of P. falciparum

Yes 14 12 (86) 4 [0.9–27.2] 0.09
No 60 36 (60)

Ebola treatment center
Nzerekore 29 19 (65) 1.0 [0.4–2.8] 0.9
Macenta 45 29 (64) 1

All patients were included for univariate analysis. The age and the delay of 2 and 1 patients, respectively, were missing, and the median value was used. 
Baseline titers, delay, viremia, and IL-6 were dichotomized using the cutoff maximizing the Youden’s index. Age groups were categorized as follows: age 
category 1: less than 9 years; age category 2: ranging from 10 to 19; age category 3: ranging from 20 to 44; and age category 4: over 44 years old. We chose 
to be conservative, and only variables with a P value less than 0.05 were included in multivariate analysis. Because IL-6 and titers were missing in several 
patients, we checked that the conclusions of the multivariable analysis were unchanged by running two separate analyses where these variables were not 
included. OR, odds ratio; aOR, adjusted odds ratio.



4insight.jci.org   https://doi.org/10.1172/jci.insight.88864

C L I N I C A L  M E D I C I N E

of clinical presentation at admis-
sion between patients would not 
provide relevant information for 
this study. Almost all patients 
for whom we obtained complete 
clinical follow-up information 
displayed fever, asthenia, and 
diarrhea (Figure 2). Fever and 
asthenia were observed in almost 
all patients at admission, where-
as diarrhea occurred later in the 
clinical course of the disease. 
Headache, vomiting, abdominal 
pain, myalgia, cough, anorexia, 

arthralgia, and thoracic pain were observed in most patients. With the exception of anorexia, all these symptoms 
were reported more frequently in survivors than in fatal cases. But patients with severe illness were very often 
unable to complain of symptoms such as headache, myalgia, and arthralgia. Moreover, patients with symptoms 
associated with dehydration or low food and drink intake (diarrhea, vomiting, nausea, hemorrhage) may be less 
inclined to complain of severe clinical signs, such as headaches, myalgias, and arthralgias, leading to a bias in the 
clinical description. Other signs, such as dysphagia, low back pain, epigastralgia, dyspnea, sore throat, edema, 
vertigo, hiccups, vertebral pain, and coma, were less common. Finally, conjunctival hemorrhages were reported 
in about half of the patients in both the survivor and fatal case groups, whereas other hemorrhagic signs were 
observed in 5%–20% of fatal cases and 0%–10% of survivors.

Time course of  viremia in patients. Viral load was high at admission in all patients, regardless of  
outcome, even for patients admitted 1 day after disease onset (Figure 3). Viral RNA load at admission 
was significantly higher in fatal cases than in survivors, confirming that the intensity of  viremia at 
admission could be used as a prognostic marker, and was correlated with disease severity (Table 1). 
EBOV RNA levels remained high throughout the course of  the disease in fatal cases, whereas viremia 
decreased in survivors about 1 week after the onset of  symptoms, with the virus becoming undetect-
able about 3 weeks after disease onset. However, although viral infectious titers at admission were 
higher in fatal cases than in survivors, this difference was not significant (Table 1).

Figure 2. Percentage of Ebola 
virus disease patients with a 
fatal (n = 42) or nonfatal (n = 35) 
outcome experiencing the various 
symptoms during the course of 
the disease.

Figure 3. Viral load in EBOV-infected patients. (A) 
Viral RNA load, quantified by real-time RT-PCR, is 
presented as the median ± 95% CI for samples obtained 
at different times after disease onset in fatal (dark 
gray squares) and nonfatal (light gray squares) Ebola 
virus disease (EVD) patients. Individual values are also 
presented for samples obtained in fatal (red circles) 
and nonfatal (green circles) EVD patients. Values are 
expressed in arbitrary units (AU), calculated as follows: 
AU = 2(34 – cycle threshold), with a limit of detection for the 
assay corresponding to cycle threshold (Ct) = 34. The 
number of samples used to calculate the different 
median values is indicated for fatal (top line) and non-
fatal (bottom line) patients. (B) Infectious viral titers 
measured at admission are presented with individual 
values and box plot for fatally infected (Fatal., n = 26) or 
surviving (Surv., n = 16) patients. Only samples with a Ct 
< 28 were titrated.



5insight.jci.org   https://doi.org/10.1172/jci.insight.88864

C L I N I C A L  M E D I C I N E

Figure 4. Changes in biological parameters during EVD. (A) Levels of creatine kinase (CPK), amylase, aspartate aminotransferase (AST), alanine ami-
notransferase (ALT), C-reactive protein (CRP), creatinine, blood urea nitrogen (BUN), total bilirubin (T Bil), albumin, glucose, potassium (K+), corrected 
calcium (Ca2+), and sodium (Na+) in plasma from fatal (red circles) and nonfatal (green circles) Ebola virus disease (EVD) patients are presented accord-
ing to the number of days after disease onset. Samples coming from the same patients are linked by a line. Thirty samples from fatal EVD patients are 
presented, except for AST (n = 25), CPK (n = 26), K+ (n = 24), albumin (n = 29), CRP (n = 28), and T Bil (n = 27). Forty samples from nonfatal EVD patients 
are presented, except for AST, BUN, CRP, and T Bil (n = 39); CPK (n = 38); and K+ (n = 37). The median ± 95% CI (C) of individual values for febrile 
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Changes in biological parameters during EVD. Most patients had high levels of creatine kinase (CPK) (Figure 4A 
and Supplemental Figure 1; supplemental material available online with this article; https://doi.org/10.1172/
jci.insight.88864DS1). These levels increased until death in the fatal cases, whereas, in survivors, they peaked a 
few days after disease onset but remained high in some patients until recovery. Plasma amylase concentrations 
were also high in most patients, regardless of outcome, and remained high until the virus was no longer detect-
able in survivors. Very high levels of aspartate aminotransferase (AST) and alanine aminotransferase (ALT) 
were observed during the course of the disease. This increase was transient, with the levels of these enzymes 
decreasing about 1 week after the onset of symptoms, in survivors, whereas they continued to increase relent-
lessly until death in the fatal cases. Furthermore, a high AST/ALT ratio was typically observed in patients with 
EVD (mean: 3.93 ± 0.28 among viremic patients, n = 41). Levels of C-reactive protein (CRP) were also high 
during the symptomatic phase, particularly in fatal cases, and these levels seemed to increase earlier in fatal cas-
es than in survivors. Creatinine concentrations were abnormally high during the first half of the symptomatic 
period in most survivors and were high until death in the fatal cases. Uremia was detected in some survivors 
and fatal cases, whereas bilirubin levels remained in the normal range in most patients. Albumin concentrations 
decreased during the course of the disease in both fatal cases and survivors. Glycemia was unaltered in nonfatal 
infections but decreased steadily until death in fatal cases, with severe hypoglycemia observed in the terminal 
stages. K+ concentrations remained within the normal range in most patients, with only a minority of patients 
experiencing hypokalemia. This electrolyte imbalance tended to be observed late in the course of the disease 
in survivors and was not correlated with a poor outcome. Hypocalcemia was not a common feature in EBOV 
infection, as only a minority of patients had Ca2+ concentrations below the normal range. Finally, Na+ levels 
remained normal throughout the course of the disease in all patients.

Principal component analysis was used to summarize the information represented by the 13 different bio-
logical parameters studied in three distinct populations: EVD survivors during acute disease (from 1 to 13 days 
after onset of symptoms), EVD survivors during early recovery (from 13 to 24 days after disease onset), and fatal 
EVD cases. The variables driving the transition among these populations, which are, thus, linked to prognosis, 
are represented as arrows in Figure 5A. The length of these arrows is correlated to the strength of the variable 
in the transition of one state to another. Contributions of these factors to the first 2 dimensions are represented 
in Figure 5B and have a cumulative percentage of explained variance of 36.9%. Variables most linked to the 
transition to fatal cases and to early recovery in survivors are increased blood urea nitrogen, creatinine, and CRP 
and decreased Ca+ and albumin, major contributors of the first dimension. Increase in levels of AST, ALT, CPK, 
and K+, major contributors of the second dimension, drive, most importantly, the transition to fatal cases only.

Finally, IL-6 levels were moderately increased in the survivors but were nevertheless higher than in 
negative controls (Figure 4B and Supplemental Figure 1). By contrast, in fatal cases, IL-6 levels were 
high from 3 to 4 days after symptom onset and remained so until death, with a maximum 5 to 6 days 
after disease onset. These levels were higher than those observed in negative controls and survivors at 
5 to 6 days after the appearance of  clinical signs.

Association between biochemical parameters and EVD. We investigated the association between bio-
chemical parameters and EVD by comparing the values obtained within the first 2 days after admis-
sion in EVD patients and febrile controls (Figure 6A). AST and ALT levels were significantly higher 
in patients with EVD than in those in which EBOV infection was excluded. The concentrations of  
CPK, amylase, creatinine, and blood urea nitrogen were also significantly higher in EVD patients than 
in EBOV-negative patients. Higher CRP levels and lower Ca2+ concentrations were observed in EVD 
patients as opposed to EBOV-negative patients, but these differences were not significant. No signifi-
cant difference was found between the different groups for levels of  total bilirubin, albumin, glucose, 
K+, and Na+ (data not shown). We observed a strong correlation between uremia and creatinine levels 
in EVD patients, whatever the outcome was (Figure 6B). Finally, significantly higher levels of  IL-6 
were detected at admission in fatal EVD cases as opposed to nonfatal EVD patients and EBOV-nega-
tive patients (Figure 6C). Furthermore, an IL-6 concentration over 29 pg/ml was significantly associ-
ated with a fatal outcome during EVD when a univariable analysis was performed (Table 1). However, 
this association was not significant with a multivariable analysis.

patients without EVD (n = 27) is presented. The dotted lines indicate the limits of the range of normal values, as indicated by the assay manufacturer. 
(B) Plasma IL-6 concentrations for fatal (red circles, n = 43) and nonfatal (green circles, n = 56) EVD cases are shown. Samples coming from the same 
patients are linked by a line. The median ± 95% CI of individual values for febrile patients without EVD (n = 15) is presented.
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Discussion
Despite the limited period of  time over which the ETC received patients and the laboratory processed 
samples, this study provides important insight into the changes in clinical, virological, and biological 
parameters during EVD. The outcome of  EVD was independent of  the time between symptom onset and 
admission, as observed at other ETCs (5, 9, 10). Consistent with other reports (9, 10), the mortality rate 
was particularly high in patients under the age of  10 years or over the age of  45 years, but the differences 
were not significant. The mortality rate at our ETC was consistent with the global mortality recorded in 
Guinea (9). Almost all patients with P. falciparum and EBOV coinfection admitted to the ETC died, but 
this result was not significant. The high number of  children below the age of  10 years among the P. falci-
parum–EBOV–positive patients (5 of  12) probably induced a bias in the mortality. Treatment for malar-
ia (artemether-lumefantrine per os and artesunate i.v.) was systematically administered to all patients 
immediately on admission and was maintained when the patient tested positive for P. falciparum. We 
have no clear explanation for this observation of  an aggravating effect of  P. falciparum malaria. Plasmo-
dium may bias the antiviral immune response, as this parasite is known to suppress adaptive immunity 
to heterologous antigens through the hemozoin-induced failure of  dendritic cell functions (11). A role 
of  the drug combination used at our ETC in the increased mortality is also a possibility, as suggested by 
a recent study showing a decrease in mortality in artesunate-amodiaquine–treated EVD patients com-
pared with artesunate-lumefantrine–treated ones (12). Indeed, this treatment may be harmful because of  
the risk of  prolongation of  QT-interval and of  fatal arrhythmias in patients presenting hypokalemia or 
hypomagnesemia. However, we were not able to evaluate the effect of  artesunate-lumefantrine on mor-
tality associated with prolonged QT-interval, as electrocardiograms were not available in the ETCs. The 
incidence of  malaria was similar in all patients, regardless of  EBOV infection status, and was particularly 
high. This incidence is consistent with the high rates of  mortality unrelated to EVD observed in forested 
areas of  Guinea during the outbreak, with most of  these deaths due to untreated malaria and measles 
(13–15). In contrast, no increase in mortality was associated with coinfection with P. falciparum in anoth-
er study in Guinea (16), and a recent report described a reverse trend and suggested that coinfection may 

Figure 5. Principal component analysis of biological parameters throughout the course of the disease. Principal component analysis (PCA) of 13 different 
biological parameters in 3 distinct populations was performed. PCA is used to summarize the information contained in continuous multivariate data by 
reducing the dimensionality of the data without losing any important information. Samples obtained from surviving Ebola virus disease (EVD) patients 
during the symptomatic phase (i.e., 0–13 days after onset of symptoms) (Acute S) or during early recovery (more than 13 days after onset of symptoms) 
(Early R) and from fatal EVD patients (Fatal) were classified in 3 distinct groups on a 2-dimensional visualization plot of this PCA (A). The variables driving 
the transition between these populations, thus linked to prognosis, are represented by arrows. The purple circle represents the mean of the 3 populations. 
Contributions of these factors to dimensions 1 and 2 are represented in B.
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Figure 6. Association between biochemical parameters and EVD. (A) The levels of analytes measured within the first 2 days after admission are 
represented as individual values for febrile non-Ebola virus disease (non-EVD) patients (C, gray circles; n = 27) and for patients with fatal (EVD, red 
circles; n = 27 for aspartate aminotransferase [AST], creatine kinase [CPK], C-reactive protein [CRP], and corrected calcium [Ca2+]; n = 30 for alanine 
aminotransferase [ALT], amylase, creatinine, and blood urea nitrogen [BUN]) and nonfatal (EVD, green circles; n = 19) EVD. Box plots calculated using 
individual values from febrile controls (C; n = 27) and from EVD patients (EVD; n = 46 or 49) are also represented. The result of the Wilcoxon test used 
to compare the levels of analytes between febrile non-EVD patients and EVD patients is indicated for each analyte. (B) Correlation between BUN 
and creatinine levels in EVD patients (n = 68). Fatal (red circles, n = 30) and nonfatal (green circles, n = 38) patients are presented, but the statistical 
analysis was performed in all EVD patients. The regression line is shown, and the correlation coefficient and P value calculated using a Spearman 
rank order correlation test are indicated. (C) Levels of IL-6 measured at admission are presented as individual values for febrile non-EVD patients (C, 
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be associated with increased survival (17). Further investigation would therefore be needed to definitively 
clarify this point. Besides, the elevated number of  P. falciparum–positive patients admitted in the ETC 
argues for a robust improvement in preventative measures against malaria in the general population to 
limit the admission of  febrile EBOV-negative patients in the ETC.

Fever and/or asthenia were experienced by almost all EVD patients. Most symptoms, other than hemor-
rhagic symptoms and coma, occurred frequently during EVD and at the same frequency regardless of outcome. 
This finding contrasts with those of other reports, in which most other signs were more frequently observed 
in fatal cases than in survivors. This discrepancy probably reflects our reporting of the symptoms observed 
throughout the entire course of the disease, whereas other studies have focused on the clinical signs recorded at 
admission (5, 8, 9, 18, 19). However, we have to keep in mind that the personal protective equipment used by the 
medical staff and the limited amount of time to examine the patients impeded the monitoring of clinical signs.

Viral load was high in all EBOV-infected patients, even those diagnosed 1 day after symptom onset. No 
initial negative EBOV RT-PCR results were obtained for symptomatic patients for whom positive results 
were obtained on subsequent days. There was just one dubious result for a patient admitted 2 days after 
symptom onset. However, given the very high viral load found the following day (Ct = 16), this inconclu-
sive result was probably due to technical problems with the RT-PCR assay rather than a low viral load. 
It is important to bear in mind that EBOV infection cannot be excluded on the basis of  a negative EBOV 
RT-PCR result at early stages of  the disease. Based on the results obtained, we decided to limit this early 
period of  uncertainty to the first 3 days after the onset of  EBOV-associated symptoms in a patient, rather 
than the 4-day waiting period that was initially used when the ETC first opened. Indeed, it is important to 
limit the time for which “negative” patients stay in the ETC to prevent their contamination with EBOV in 
the ward and the unnecessary occupation of  beds and due to the lack of  care appropriate for the patient’s 
real illness. Viral load remained very high until death in fatal cases but declined rapidly about 1 week after 
onset in survivors, suggesting that immune responses were efficient at this time point. The difference in 
viral RNA load between outcomes was very large, and a viral load over 25,000 AI (arbitrary units) (corre-
sponding to a Ct = 19.5) was significantly associated with fatal outcome. Thus, viral RNA load at admis-
sion was correlated with disease severity. Therefore, this parameter is of  high prognostic value and could be 
used to select the patients in most need of  intensive care or likely to benefit from experimental therapy. A 
similar conclusion was drawn in a study of  the cohort recruited for the JIKI favipiravir trial and also in two 
cohorts in Sierra Leone (20, 21), demonstrating the robustness of  this correlation. However, the difference 
between infectious viral load at admission according to the disease outcome was less pronounced than for 
RNA viral load and nonsignificant using a multivariate analysis, and this discrepancy remains unclear. We 
allowed the discharge of  recovering patients after 2 negative EBOV RT-PCR tests, ideally performed 48 
hours apart or 24 hours apart if  the ETC was saturated. This interval between consecutive tests ensured that 
the patients discharged were aviremic and that viral load in urine had decreased considerably. It would be 
unrealistic and unfeasible to wait for the total disappearance of  EBOV RNA from the urine before discharg-
ing patients in the field in an epidemic setting. Moreover, as EBOV persists in semen for a very long time 
and as transmission of  EBOV through sexual intercourse after recovery can occur (22–24), sexual advice 
and a hundred condoms were given to recovering patients before their discharge. Consistent with previous 
studies, which found a correlation between EVD severity and infectious viral load (25), we observed a sim-
ilar trend in our patients, but the difference was not significant, probably because we did not quantify viral 
infectious load in patients with a low viral RNA load (Ct > 27).

The acquisition of  biological parameters during EVD provided us with useful data correlated with 
clinical observations, making it possible to optimize patient monitoring and care. In line with previous 
reports (3–5, 8, 26, 27), we confirmed that massive cytolysis occurred during EVD, particularly in patients 
with fatal infections who had high levels of  AST and ALT. These data are consistent with hepatic damage, 
but the high AST/ALT ratio and CPK concentration also indicate that tissues other than the liver were 
harmed and that massive rhabdomyolysis was associated with the acute phase of  EVD. Bilirubin levels 
were normal, suggesting that fulminant hepatic failure is not a feature of  EVD, even in the most severe 
cases (5). The hypocalcemia observed in a substantial proportion of  patients, which continued to worsen 

gray circles; n = 15) and for patients with fatal (fatal., red circles; n = 39) and nonfatal (Surv.; n = 22) EVD. Box plots calculated using these individual 
values are also represented. The results of the ANOVA on ranks test used to compare the levels of IL-6 between the different groups are indicated.
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until death in fatal cases, is also consistent with rhabdomyolysis, which results in the transfer of  free ionized 
Ca2+ into altered tissues (28). The mechanisms of  acute virus-induced rhabdomyolysis are unknown, but 
these events can be linked to the intense myalgia frequently experienced by EBOV-infected patients (4) and 
may be involved in the pathogenic cascade that leads to terminal shock and death. Indeed, the necrosis of  
muscular tissue creates a “third space” in which intravascular fluid accumulates, leading to hypovolemia. 
In addition, muscle damage can lead to the release of  endotoxins, vasoconstricting and prothrombotic com-
pounds in the circulation, and therefore can participate in the shock syndrome, coagulation disorders, and 
renal failure observed during EVD (28, 29). Levels of  AST, and, to a lesser extent, ALT, appeared to be the 
most powerful markers of  severity during EVD in our cohort. A similar observation was previously report-
ed for EBOV and SUDV (3–5, 8). Striking differences were observed in the patterns of  change in biological 
analyte levels associated with tissue damage during disease. Indeed, whereas AST, ALT, and CPK levels 
increased steadily until death in fatal cases, the opposite pattern was observed in survivors, with only a tran-
sient peak about 5 to 6 days after symptom onset, followed by a decline. These observations suggest that 
EBOV causes limited damage over a short time in nonfatal infections. A similar pattern was observed for 
IL-6, with high levels throughout the disease in fatal cases and only a moderate, transient increase in survi-
vors. These findings differ from other studies of  EBOV (30–32) in which concentrations of  IL-6 were higher 
during nonfatal infections than in fatal cases, whereas consistent results were obtained with SUDV-infected 
patients (33) and with cynomolgus monkeys with severe Lassa fever (34). IL-6 is produced principally by 
activated monocytes/macrophages, mostly in liver. This release of  IL-6 probably reflects tissue damage 
and hepatic regeneration (35) and could, therefore, be used as a marker of  disease severity. High IL-6 levels 
may also result from tissue damage in other organs and muscles, consistent with the concomitantly high 
levels of  AST. The high levels of  IL-6 observed are also consistent with the fever associated with EVD, as 
this cytokine is pyrogenic (36). Moreover, IL-6 may be involved in pathogenesis, exacerbating endothelial 
permeability and fluid loss (37). High amylase concentrations were associated with EVD. Abnormally high 
amylase levels remained after the disappearance of  viremia in survivors. These data may be consistent 
with acute pancreatitis, which could be linked to the intense epigastric and thoracic pain experienced by 
most patients, including two-thirds of  survivors. Our findings differ from those reported for SUDV-infected 
patients, in whom high amylase levels were detected only in cases of  fatal infection (3). Acute pancreati-
tis may also participate in hypocalcemia and more generally in the pathophysiological changes observed 
during EVD (38). However, multiple conditions other than pancreatitis are associated with high serum 
amylase, including salivary gland inflammation, renal failure, other acute abdominal syndromes, and tissue 
damages. As previously reported (5, 39), CRP concentrations increased in patients, indicating the occur-
rence of  inflammatory responses during EVD. The persistence of  abnormally high CRP levels after the 
disappearance of  viremia in survivors is unclear. We hypothesize that this could be due to the occurrence of  
secondary bacterial infections in some patients because of  bacterial translocation in the damaged intestinal 
tract (39), but further clinical investigation would be necessary to demonstrate it. Changes in renal function 
were also observed in some patients, particularly during severe disease, as illustrated by the high levels of  
creatinine and blood urea nitrogen and their highly significant correlation. However, unlike other studies 
(4, 5, 8), we found that there was no significant correlation between high creatinine levels and a fatal out-
come. Nevertheless, we found that the levels of  both products increased during the course of  the disease 
in fatal cases, suggesting that renal failure is a common feature of  the terminal stages of  EVD. Albumin 
concentration decreased throughout the disease in both groups of  patients, with low levels persisting for 
up to 25 days after disease onset in survivors. This decrease may reflect undernourishment due to anorex-
ia and vomiting, but it may also result from capillary leakage, third spacing, liver failure, and renal loss, 
as previously suggested (3). Hypoglycemia was also observed in some fatal cases, particularly in the last 
few days before death. With the exception of  a small, nonsignificant decrease in hypoglycemia reported 
for SUDV-infected patients who died (3), we are aware of  no other similar report. It is unclear whether 
hypoglycemia resulted from metabolic imbalance, undernutrition, and/or multiorgan failure, but it may 
have contributed to the fatal outcome, given the very low levels observed in the last 2 days before death in 
4 patients. This hypoglycemia should be taken into account during rehydration. It would be interesting to 
investigate changes in glycemia during EVD further to determine its contribution to terminal shock and 
death. Electrolyte balance remained essentially in the normal range in most patients, except for a moderate 
decrease in Ca2+ levels relative to those in EBOV-negative patients. However, only some patients had val-
ues below the normal range. Hypocalcemia has already been described in patients that died from SUDV 
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infection (3) and in some EBOV-infected patients (27). Kalaemia was normal in most patients, but hyper-
kalaemia was observed in 25% of  fatal cases; a few fatal cases and survivors were hypokalemic, although 
hypokalemia was observed only after the acute phase of  the disease in survivors. It is difficult to interpret 
these data, as there were probably antagonistic effects modulating K+ levels: digestive loss due to vomiting 
and diarrhea, increases due to cell lysis, and input from Ringer lactate perfusion. However, the observation 
of  hyperkalaemia only in fatal cases is consistent with a role of  cell lysis in this event, as rhabdomyolysis 
leads to release of  cellular K+ into the circulation. Hyperkalaemia, together with hypocalcemia, can cause 
cardiac arrhythmias and even heart failure. It would be interesting to investigate the involvement of  this 
phenomenon in the sudden death observed in some young patients in the ETC (28).

In conclusion, this study has increased our knowledge of  the clinical, virological, and biological 
features associated with the different outcomes of  EBOV infection. Our findings confirm that early 
viral load is a prognostic marker for the outcome and for the intensity of  tissue damage. Rhabdo-
myolysis, liver damage, and inflammation were the main biological changes occurring during EVD, 
regardless of  outcome. Our data suggest that coinfection with P. falciparum greatly affects mortality, 
despite treatment, but further investigations are required to confirm and explain this phenomenon. 
Finally, we confirmed that being able to perform biochemistry analyses within the ETC was important 
and of  added value, making it possible to improve the supportive care tailored to the patient and to use 
the available human and drug resources rationally.

Methods
Study design. This prospective observational study included data for all suspected cases of EVD admitted to the 
Macenta or Nzerekore ETC between November 29, 2014, and January 31, 2015. The clinical data were collect-
ed from the patients’ records at each ETC, and the biological data were obtained from The Pasteur Laboratory 
in Macenta. Patients with a confirmed diagnosis of EBOV infection were included and classified according to 
outcome. The patients for whom EBOV infection was excluded were included in the study as febrile controls. 
The number of blood samples obtained per patient was variable, ranging from a single sample for patients dying 
in the days following admission to 3–6 for survivors or patients for whom biochemical analyses were performed.

Blood samples. Blood samples were collected into K2EDTA- or heparin-coated Vacutainer tubes (BD) 
for viral RT-PCR assays and biochemical analysis, respectively. All steps involving infectious biological 
samples were performed in a level-3 safety cabinet (Innosafe, Eurobioconcept). Patients were admitted to 
the ETC as EBOV-infected patients on the basis of  a positive RT-PCR result for EBOV. If  a negative result 
was obtained with a sample obtained fewer than 3 days after disease onset, another diagnostic test was 
performed on the following day. EBOV infection was excluded, and the patient was discharged from the 
ETC on the basis of  a negative RT-PCR assay result for a sample obtained at least 3 days after the onset of  
symptoms. EBOV-infected patients were discharged once their symptoms had disappeared and 2 negative 
EBOV RT-PCR results had been obtained 48 hours apart.

Etiological diagnosis. Rapid tests for malaria (ONSITE PF/pan Malaria Ag Rapid Test, CTK Bio-
tech) and typhoid fever (ONSITE Typhoid IgG/IgM Combo Rapid Test/K7, CTK Biotech) were per-
formed with whole blood obtained at the admission of  the patients. The malaria rapid test can dis-
criminate between infections caused by P. falciparum and infections due to other species. Typhoid test 
results were considered positive only if  IgM was detected.

EBOV infection was diagnosed by RT-PCR with the Real-Star Filovirus Screen RT-PCR kit 1.0 
(Altona Diagnostics). Briefly, EDTA-treated blood was centrifuged, and total RNA was extracted from 
the resulting plasma with the QIAmp Viral RNA kit (Qiagen). RT-PCR was performed according to the 
manufacturer’s specifications, with a Light Cycler 96 instrument (Roche Diagnostics). Positive results 
were reported in arbitrary units, calculated as follows: 2Δcycle threshold, with ΔCt = 34 – observed Ct, assum-
ing that Ct = 34 constituted the limit of  sensitivity for the assay.

Care of  patients. The patients included in this study have not received any EBOV-specific experimental 
therapy, and only supportive care was given to them. No advanced life support methods, such as artificial ven-
tilation, dialysis, and insertion of  central venous catheter, were available in the ETCs. Multivitamins, parac-
etamol (oral or parenteral), either an oral combination of  artemether and lumefantrine or parenteral artesu-
nate in case of  severe vomiting and diarrhea, an empirical antimicrobial therapy (either oral ciprofloxacin or 
cefixime, or parenteral ceftriaxone), and anthelminthic albendazole were systematically administered to all 
patients whatever their EBOV status was. Tramadol, omeprazole, and diazepam were prescribed if  needed. 
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Oral rehydration salts and Plumpy’Nut (Nutriset) were given to all patients in addition to meals prepared 
twice a day. Ringer lactate was the main parenteral rehydration solution, with serum glucose 5% in addition 
sometimes. There was no specific care algorithm used to guide fluid and electrolyte therapy. The use of  Ringer 
lactate solution and electrolyte therapy was limited to the most severely ill patients because a limited stock 
of  parenteral rehydration solutions and electrolytes was available in the ETCs during the study period. When 
available, the results of  biochemical analyses were used to select the patients receiving these therapies.

Biochemical analyses. Biochemical analyses were performed on whole blood with a Piccolo Xpress instru-
ment and the Amlyte 13 panel (Abaxis), according to the manufacturer’s recommendations. Corrected calcemia 
was calculated as follows: corrected [Ca2+] (mg/dl) = total [Ca2+] (mg/dl) + 0.025 × (40 – [albumin] [in g/l]).

Virus titration. Vero E6 cells (ATCC) were incubated for 1 hour at 37°C with several dilutions of  plas-
ma, and 1.6% carboxy-methyl-cellulose (BDH Laboratory Supplies) in DMEM (Life Technologies) was 
then added. Infectious foci were detected after 7 days of  culture by incubation with a cocktail of  3 mouse 
monoclonal antibodies against EBOV GP, developed and provided by Laurent Bellanger (Laboratoire Inno-
vations technologiques pour la Détection et le Diagnostic, Commissariat à l’énergie atomique, Marcoule, 
France) followed by alkaline phosphatase-conjugated goat polyclonal anti-mouse IgG (Sigma-Aldrich) and 
NBT/BCIP substrate (Thermo-Fisher). Results are expressed in FFU per ml.

IL-6 quantification. IL-6 was quantified in plasma from EBOV-infected patients (n = 99) and from febrile 
patients not infected with EBOV (n = 8) and in plasma from healthy donors (n = 6) with a Magpix instru-
ment (EMD Millipore, Merck) and the Human Cytokine/Chemokine Magnetic Bead Panel (HCYTMAG-
60K-PX38, EMD Millipore, Merck), according to the manufacturer’s instructions. Virus titration and IL-6 
quantification were performed in the Jean Mérieux – INSERM BSL4 Laboratory.

Clinical data. Clinical data were collected from the patients’ routine care records. These data, including 
the virological and biological data, were rendered anonymous and stored in a password-secured Microsoft 
Acces-based database.

Statistics. Univariate and multivariate logistical regressions were used to determine the associations 
between mortality during EVD and the following parameters at admission: age, sex, time between symp-
tom onset and admission, viremia, infectious titers, IL-6, ETC, and presence of  P. falciparum. A Wilcoxon 
test was used to compare levels of  analytes between EBOV-negative patients and EVD patients in the 
first 2 days after admission, while ANOVA on ranks test was performed to compare the levels of  IL-6 at 
admission. Statistical analyses were performed with R 3.2.0 software and Sigma Plot 13.0 software (Systat 
Software). Principal component analysis was performed using the factoextra package under R software. P 
values lower than 0.05 were considered significant.

Study approval. This study was approved by the Clinical Research Committee of  Institut Pasteur (2015-
16), the French Commission Nationale Informatique et Liberté (DR-2016-085; Paris, France), and the 
Guinean Comité National d’Ethique pour la Recherche en Santé (070/CNERS/15; Conakry, Guinea). As 
it has not been possible to obtain the written informed consent from patients, an exemption is included in 
the Guinean Comité National d’Ethique pour la Recherche en Santé agreement.
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