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Abstract
Background

The 2013-2016 West African Ebola Virus Disease (EVD) outbreak
resulted in 28,600 cases and 11,300 deaths officially reported to the
World Health Organization. Previous studies investigating factors
associated with death had conflicting findings, interventions showing
promising outcomes had small sample sizes, studies were often
single- or dual-country based and most focused on laboratory-
confirmed EVD and not on clinically-suspected EVD. We used the Ebola
data platform of the Infectious Disease Data Observatory (IDDO) to
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review individual patient records to assess factors associated with
death, and particularly whether there were differences between
laboratory-confirmed and clinically-suspected cases.

Methods

This was a cohort study involving analysis of secondary data in the
IDDO database. The study population included all patients classified
as having either clinically-suspected or laboratory-confirmed EVD,
admitted to 22 Ebola Treatment Units (ETU) in Guinea, Liberia and
Sierra Leone between December 2013 and March 2016. Baseline
characteristics and treatments were documented along with ETU exit
outcomes. Factors associated with death were investigated by
multivariable modified Poisson regression.

Results

There were 14,163 patients, of whom 6,208 (43.8%) were laboratory-
confirmed and 7,955 (56.2%) were clinically-suspected. Outcomes
were not recorded in 2,889 (20.4%) patients. Of the 11,274 patients
with known outcomes, 4,090 (36.3%) died: 2,956 (43.6%) with
laboratory-confirmed EVD and 1,134 (18.8%) with clinically-suspected
EVD. The strongest risk factor for death was confirmed disease status.
Patients with laboratory-confirmed disease had 2.9 times higher risk
of death compared to clinically-suspected patients, after adjusting for
other co-variables. Other factors significantly associated with death
included a higher risk for patients aged =60 years and a lower risk for
patients in Sierra Leone.

Conclusions

Although laboratory-confirmed patients admitted to ETUs fared worse
than clinically-suspected patients, the latter still had a substantial risk
of death and more attention needs to be paid to this group in future
EVD outbreaks.

Keywords
West Africa, Ebola, mortality, viral haemorrhagic fever, filovirus, SORT
IT, operational research, pandemic preparedness
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Introduction

Ebola virus disease (EVD) is a severe, often fatal, zoonotic, filovirus illness that was documented for the first time in the
Democratic Republic of Congo (formerly Zaire) in 1976. Since then, there have been several outbreaks, with the largest
and deadliest outbreak occurring in West Africa (primarily Guinea, Sierra Leone, and Liberia) between 2013 and 2016,
with approximately 28,600 cases and 11,310 deaths officially reported to the World Health Organization (WHO) (WHO -
emergencies).' The disease remains a public health threat due to its high case-fatality ratio and the potential for the virus to
lie dormant in animal reservoirs and then re-emerge. Recent outbreaks in the Democratic Republic of Congo in 2017-
2022, Guinea in 2021, and Uganda in 2022 illustrate this ongoing concern (CDC - Ebola outbreaks). Despite recurring
outbreaks, many aspects of EVD remain poorly understood.” There remains a need to further understand the relationship
between the signs and symptoms, the spectrum of illness, and outcomes, as well as the influence of co-existing infections
and environmental factors on disease course and outcomes.”"

The 2013-2016 West African EVD outbreak was associated with an overall case fatality ratio of 51% (95% CI, 46%-
56%), pooled from 16 independent cohorts of over 6,000 patients.” Various cohort studies investigated risk factors
associated with death in adults and children, both separately and together. Demographic factors such as age (elderly and
young children) and male gender appear to be important factors associated with increased risk of death.”™ Clinical
characteristics that include symptoms such as fever, diarrhoea, vomiting, dysphagia, cough, and dyspnoea, and physical
signs such as skin rash, conjunctival injection, and haemorrhagic manifestations have been independently associated
with high-case fatality in many studies,'~' although these associations have not been consistent.” Certain laboratory
investigations such as hyponatraemia, hypokalaemia, hyperkalaemia, elevated liver enzymes, high serum creatinine, and
high EVD viral load have been associated with high risk of death.”'* Co-infection with malaria appears to be a risk factor
for death.” Finally, there are a few studies with small numbers of patients that have found various interventions beneficial
in reducing case fatality: multivitamins or vitamin A given within 48 hours of admission,'®'” antibiotics such as third-
generation oral cephalosporins especially cefixime,'” and use of empirical antimalarial treatment, especially artesunate-
amodiaquine rather than artemether-lumefantrine.'*'”

While existing published studies have examined risk factors for mortality, several reasons justify the need for additional
research in this area. First, there have been conflicting findings between studies, especially with respect to clinical
characteristics associated with mortality.'* Second, interventions that have shown promising outcomes, such as the use of
certain antibiotics, multivitamins, and antimalarial drugs, were based on small sample sizes. Third, many of the previous
studies included data from one or two countries, limiting their generalizability. Lastly, most previous studies focused on
mortality in patients with laboratory-confirmed EVD, and there is limited information about clinical characteristics and
outcomes in patients with clinically-suspected EVD.%*"

The Infectious Disease Data Observatory (IDDO) hosts an Ebola Data Platform (EDP), the first multi-country repository
for clinical, epidemiological, and laboratory data, on patients with suspected EVD. Data from over 14,000 individual
patient records collected during the 2013—16 West African Ebola outbreak have been deposited with the aim of reducing
the impact of EVD by generating new evidence to improve outbreak response and patient care. This resource allows the
unique possibility of examining a large dataset, with data combined from three countries -- Guinea, Liberia, and Sierra
Leone - to generate further evidence on risk factors for mortality and on interventions that can reduce mortality in patients
with both clinically-suspected and laboratory-confirmed EVD.

The aim of this study was to assess factors associated with mortality during admission to Ebola Treatment Units (ETU)
among patients with clinically-suspected and laboratory-confirmed EVD admitted to 22 ETUs in Guinea, Liberia, and
Sierra Leone between December 2013 and March 2016. The specific objectives were to: i) describe the baseline socio-
demographic and clinical characteristics, laboratory investigations, and treatments received; ii) determine the ETU exit
outcomes, including the proportion who died during hospitalization and the median time from onset of symptoms to
admission and admission to death; and iii) assess the baseline socio-demographic and clinical characteristics, and
treatments that were associated with risk of death during hospitalization.
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Methods
Study design

This was a cohort study involving analysis of secondary data collected from Guinea, Liberia, and Sierra Leone.

Setting
General setting

Guinea, Liberia, and Sierra Leone are Member States of the Mano River Union Basin located in West Africa, with an
estimated population of 23.5 million inhabitants in 2015 (Figure 1).*'

Guinea is a country bordered by Guinea-Bissau to the northwest, Senegal to the north, Mali to the northeast, Cote d’Ivoire
to the southeast, and Liberia and Sierra Leone to the south, with an estimated population of 11.6 million inhabitants.”’
It has 8 administrative regions with 38 health districts and 936 health facilities.”

Liberia is a country bordered by Sierra Leone to the northwest, Guinea to the north, Ivory Coast to the east, and the
Atlantic Ocean to the south and southwest, with an estimated population of 4.6 million inhabitants.”’ It has 15 counties
with 98 health districts and 978 health facilities.”

Sierra Leone is a country bordered by Liberia to the southeast and Guinea to the northern half, with an estimated
population of 7.3 million inhabitants.”" Tt has four provinces with 13 health districts and 1,280 health facilities.”*

Specific setting
Across the three countries, ETUs were set up in hospitals and other external designated sites by Ministries of Health and

Non-Governmental Organizations (NGOs) for the case management of patients with suspected and confirmed EVD.
These ETUs were subdivided into sections for processing patients that included triage, admission, and treatment wards.

Map of Guinea, Liberia
and Sierra Leone
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Figure 1. Map of Guinea, Liberia and Sierra Leone.
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Patients who arrived at the ETUs were triaged, and demographic and clinical characteristics, medical history, and
environmental risk factors such as funeral attendance were collected.

A polymerase chain reaction (PCR) test was then carried out for the determination of EVD. Patients were then transferred
to separate treatment unit wards depending on whether they had laboratory-confirmed EVD or clinically-suspected EVD.
For the purpose of this study, laboratory-confirmed EVD was defined as “confirmed” disease status assigned by the
original study investigators when the data was submitted to the IDDO platform. In the absence of investigator assigned
confirmed status, laboratory-confirmed EVD was based on a positive polymerase chain reaction (PCR) test or a cycle
threshold of 36.1 or less, obtained within the first three days of reporting to the health facility. Clinically-suspected EVD
was based on a negative/indeterminate PCR test and/or a cycle threshold greater than 36.1 or no laboratory information
available in the dataset.

In ETU wards, additional data were collected routinely on clinical care and follow-up, including laboratory and
epidemiological investigations. These data were often used for patient management and occasionally for observational
or interventional research. Clinical trials on EVD therapeutics such as monoclonal antibody therapies and convalescent
plasma were conducted at some ETUs. These sites had local and international medical doctors, nurses, laboratory
technicians, epidemiologists, logisticians, and other support personnel. Data were collected on either paper-based or
electronic forms using variables selected by the organization managing the respective clinical treatment centres and those
undertaking studies. The data were submitted to the EDP by the organization responsible for primary data collection
under the authority of the responsible Ministry of Health or National Public Health Institute.

The EDP team aggregated and standardized disparate datasets from the many organizations that collected individual
patient-level data as a part of the care provided in ETUs. The data were hosted on the University of Oxford data repository
server. The curation of the data was done using a Clinical Data Interchange Standards Consortium (CDISC) compliant
model and the standardised data are stored across several study data tabulation model (SDTM) domains.

Table 1 shows the total number of ETUs” in each country, the number and proportion included in the study (IDDO -
Ebola), the number of EVD cases reported to WHO,”**” and the number and proportion included in the study.

Study population

The study population included all patients classified as having either clinically-suspected or laboratory-confirmed EVD
who were admitted at the 22 ETUs in Guinea, Liberia and Sierra Leone between December 2013 and March 2016 and
who were captured in the IDDO database.

Data source and data variables

The data variables were extracted from the Ebola Database Platform (EDP) database (using the variable name from the
respective SDTM Domains) according to the specific study objectives. The key exposure variable was ‘confirmed disease
status’ (laboratory-confirmed or clinically-suspected). Socio-demographic characteristics included: country, age, sex,
pregnancy status, healthcare worker, contact with an individual suspected of EVD infection, visit to a traditional healer
and funeral attendance. Baseline clinical features included: general, gastrointestinal, respiratory, neurological, and ocular
symptoms; a variety of physical signs such as fever, rash; vital signs such as temperature, pulse rate, respiratory rate and
blood pressure; and investigations for diagnosis of malaria. The signs and symptoms data were extracted only if they were
indicated as pre-specified variables (i.e. those variables that were actively solicited in the case report form). Baseline was
defined as any clinical feature present at least once between the date of reporting to the health facility and 21 days
before reporting to the health facility. Availability of laboratory tests varied between patients and ETUs and included
serum sodium, serum potassium, blood urea, serum creatine and liver function tests such as aspartate transaminase and
alanine transaminase. Treatments received included: multivitamins, antimalarial drugs, antibiotics, intravenous fluids

Table 1. Description of Ebola Treatment Units (ETUs) and Ebola Virus Disease (EVD) cases by country.

Country No. No. (%) ETUs in No. EVD cases No. (%) admitted cases to
ETUs IDDO database reported to WHO ETU in IDDO database

Guinea 10 5 (50) 3,814 5,448 (143)

Liberia 25 4(16) 10,678 3,623 (34)

Sierra Leone 22 13(59) 14,124 5,092 (36)

Total 57 22 (39) 28,616 14,163 (50)

IDDO=Infectious Disease Data Observatory; WHO=World Health Organization.
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and parenteral nutrition. ETU exit outcomes included: discharge, death, and other (withdrawn from clinical trial,
transferred, lost to follow-up, still in hospital or unknown). We also measured number of days from symptom onset to
ETU admission and number of days from ETU admission to discharge or death.

Data analysis

The variables of interest were extracted from the EDP database, cleaned, duplicates were removed, data elements were
recoded including missing data and a standardised dataset was formulated to allow analyses to proceed. These data were
then imported to Stata Statistical Software (Release 18.0, StataCorp. LLC, College Station, Texas, USA) and R Studio
(version 2023.06.1 Build 524, IDE PBC, Boston, MA, USA) for further analysis. While Stata is a proprietary software, all
the analyses presented in the manuscript can be replicated using R Studio, which is an open access software. Categorical
variables such as socio-demographic baseline characteristics and ETU exit outcomes were summarised using frequencies
and proportions while continuous variables were summarised using mean (and standard deviations) or median (and
interquartile range), as appropriate.

Differences in proportion of deaths across the various sub-groups (based on laboratory-confirmed and clinically-
suspected EVD, demographic and clinical characteristics and treatments) were assessed for statistical significance
using the Chi-squared test or Fisher’s exact test, as appropriate. The strength of associations was measured using risk
ratios (RR) and 95% confidence intervals (CI), with the level of significance set at P-Value <0.05. Univariable and
multivariable predictors associated with death were assessed using modified Poisson regression with robust variance
estimation using rglm package in R Studio software.”® Variables found to be associated with hospital death on unadjusted
analysis were further assessed in multivariable analysis, and adjusted RRs with 95% CI were calculated. Clinical signs
and symptoms were not included in the multivariable model as they were highly correlated with each other and with the
confirmed disease status. Patients who received treatments (such as antibiotics, antimalarials, IV fluids and multivita-
mins) often received them in combination and hence it was not possible to assess the effects of each of the treatments.
A composite variable ‘receiving any treatment’ was created and used in the multivariable analysis.

Ethics

The hosting of data and access to the EDP were approved by the Oxford Tropical Research Ethics Committee, UK,
in 2018 and by the national ethics committees in each contributing country. The Guinea National Committee for Health
Research Ethics (2018), the Sierra Leone Ethics and Scientific Review Committee (2018) and the Liberia National
Research Ethics Board (2018) all approved the activities of the EDP. For the current study, approval was obtained from
the Ethics Advisory Group (EAG) of the International Union against Tuberculosis and Lung Disease, Paris, France (date
of approval 08/09/2023; EAG approval number 19/23). Approval was also obtained from the Liberia National Research
Ethics Board (date of approval 27/09/2023; approval number 23-09-389). No identifiable data were included in the
analysis. The study used anonymised secondary collected data and as such no informed consent was needed from
patients.

Results

There were 14,163 patients admitted to the study ETUs in Guinea, Liberia, and Sierra Leone during the study period.
Of these, 6,208 (43.8%) were laboratory-confirmed and the remainder (n=7,955, 56.2%) were clinically-suspected.
The proportion of laboratory-confirmed patients varied across the countries: 43.6% in Guinea, 50.0% in Liberia and
39.7% in Sierra Leone.

Baseline socio-demographic characteristics

The distribution of socio-demographic characteristics of patients disaggregated by laboratory confirmation status is
shown in Table 2. Overall, 51.8% of the patients were male — this was higher among clinically-suspected compared to
laboratory-confirmed patients. Among 6,715 females, 195 (2.9%) were pregnant. The age distribution across the two
groups was similar, barring a marginally higher proportion of under-five children in clinically-suspected patients. Nearly
one in 10 patients were healthcare workers; this proportion was higher among laboratory-confirmed (15.0%) compared to
clinically-suspected (7.0%) patients. 42.8% of patients had a history of contact with an EVD suspect, and 17.8% had a
history of funeral attendance — these proportions were higher among laboratory-confirmed patients compared to the
clinically-suspected cases. A higher proportion of clinically-suspected patients had visited a traditional healer compared
to laboratory-confirmed patients (6.8% vs 3.3%).

Clinical characteristics

The pre-specified clinical symptoms and signs presented by the patients at the time of admission are shown in Table 3.
The most common symptoms were fever, fatigue/lethargy, myalgia/arthralgia, anorexia/dehydration, diarrhoea, nausea/
vomiting, abdominal pain and neurological symptoms (which included headache, seizures/convulsions, agitation,
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disorientation, coma/unconsciousness, confusion, dizziness). Other symptoms included chest pain, difficulty breathing,
difficulty swallowing, sore throat, hiccups and bleeding. The following symptoms were proportionately higher among
the laboratory-confirmed cases: fatigue, nausea/vomiting, diarrhoea, anorexia & dehydration, fever, myalgia/arthralgia,
neurological symptoms, hiccups, difficulty swallowing, sore throat, and ocular complaints. The proportion of patients
with abdominal pain and bleeding (internal and external) was similar in laboratory-confirmed patients and clinically-
suspected patients.

The following symptoms and signs occurred less among laboratory-confirmed cases compared to clinically-suspected
cases: difficulty breathing (16.9% vs 27.7%) and rash (3.7% vs 6.6%).

Altogether, only 2,145 (15.1%) EVD patients had malaria laboratory results available. Of these, 654 (30.5%) had a
positive diagnosis, this being more common in those with clinically-suspected EVD (34.9%, 546/1,564) compared to
those with laboratory-confirmed EVD (18.6%, 108/581).

Vital signs (respiratory rate, pulse rate, blood pressure etc.) and laboratory parameters such as serum electrolytes and renal
or liver function tests were documented in <1% of the patients and hence were not included in the analysis (data not
shown).

Treatments

In patients with documented treatment information, the common treatments received included multivitamins, antima-
larials, antibiotics, and intravenous fluids (Table 4). The proportions of patients who received cephalosporins and IV
fluids were similar between laboratory-confirmed and clinically-suspected patients. The proportion of patients who
received multivitamins and antimalarial drugs were slightly higher among clinically-suspected patients.

Outcomes

Overall, 50.7% (7,184/14,163) of the patients were discharged, 28.9% (4,090/14,163) of patients died and in the
remaining 20.4% (2,889/14,163), the outcome was unknown (which included withdrawn from a clinical trial, transferred,
lost to follow-up, still in hospital or unknown) (Table 5). Death was substantially higher in laboratory-confirmed patients
as compared to clinically-suspected patients (43.6% vs 18.8% among patients with known outcomes). The median
duration from onset of symptoms to admission in the ETUs was 3 days (similar in both clinically-suspected and
laboratory-confirmed patients). The median duration from admission to death was 4 days — this was higher at 4 days in
laboratory-confirmed patients compared to 3 days in clinically-suspected patients. The median duration from admission
to discharge was 4 days — this was higher at 13 days in laboratory-confirmed patients compared to 3 days in clinically-
suspected patients.

Factors associated with death in patients with EVD

Factors associated with death are shown in Table 6, the denominator for this analysis being patients with known outcome.
Overall, a total of 11,274 patients had their outcome recorded as death or discharged and of these, 4,090 (36.3%) died.
In multivariable analysis, the factors significantly associated with death included confirmed disease status, age and
country. The strongest risk factor was laboratory-confirmed disease status. Patients with laboratory-confirmed disease
had 2.9 times higher risk of death compared to clinically-suspected patients, after adjusting for other co-variables.
Patients aged 60 years and above had a significantly higher risk of death compared to that in <5-year-old children,
whereas those aged 6 — 39 years had a significantly lower risk of death compared with children aged 5 years or younger.
Among the countries, Sierra Leone had the lowest risk of death compared to Guinea and Liberia.

Discussion

This analysis used the largest available Ebola clinical database to explore factors associated with death in laboratory-
confirmed and clinically-suspected EVD cases in the three West African countries of Guinea, Liberia and Sierra Leone.
The key finding was that almost half of the patients with laboratory-confirmed EVD died which was almost three times
higher than in patients with clinically-suspected EVD, although a higher proportion of clinically-suspected cases had
unknown exit outcomes which may have masked additional deaths.

There were other important findings. There were some baseline differences between laboratory-confirmed and clinically-
suspected EVD in terms of characteristics and treatments given. In particular, those with clinically-suspected EVD had a
higher proportion of males and individuals who had recently visited a traditional healer, and a lower proportion of patients
who came into contact with a suspected patient and funeral attendance. Symptomatology and physical signs in general
were less prevalent in those with clinically-suspected EVD compared with laboratory-confirmed EVD. A positive
diagnosis of malaria was more common in those with clinically-suspected EVD, although in over 80% of patients the
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malaria status was unknown. The time from symptom onset to admission was similar in both groups, but the median time
from admission to death or discharge was higher in those with laboratory-confirmed EVD compared with clinically-
suspected EVD. Finally, on adjusted analysis, the confirmed disease status (laboratory-confirmed or clinically-suspected)
was the strongest risk factor for death. In the multivariable analysis, older age (> 60 years) was associated with increased
risk of death while being treated in Sierra Leone was associated with a decreased risk of death.

These study findings are important for several reasons. First, they show that clinically- suspected EVD patients still have
an appreciable in-hospital mortality and thus justify the need for better on-going care and support. We defined clinically-
suspected EVD on the basis of negative PCR tests up to day 3 of inpatient admission, but our datasets showed that patients
could become PCR-positive from day 4 onwards. On-going repeat PCR testing in this group of patients is necessary, not
only to improve confirmatory diagnoses for reporting and epidemiological purposes but also to further direct care and
treatment.

Second, the findings support previous studies that show old age is a risk factor for death.*”>** Older people with EVD
thus need to be prioritised for ETU admission and targeted for appropriate care and support.

Third, it was discouraging, to see the lack of documentation of malaria testing. West Africa is endemic for this parasitic
infection, and in more than 30% of the small number of patients tested there was a positive malaria diagnosis. Malaria is
common and is a risk factor for death in EVD'® and empirical antimalarial treatment may reduce case fatality.'®'”
Empiric treatment with antibiotics is frequently used as a supportive care component in the clinical management of EVD,
the rationale being to mitigate the potential risk of secondary bacterial infection and gram-negative bacteraemia that arises
during EVD. Oral cephalosporins may reduce the case fatality,'” and should be explored further as treatment in patients ill
with EVD.

There were several strengths to the study. There were large numbers of patients distributed between the three countries,

giving enough power to test associations of baseline characteristics and treatments with exit outcomes. The conduct and

reporting of the study adhered to STROBE (Strengthening the Reporting of Observational Studies in Epidemiology)
. . 30

guidelines.

There were some limitations. First, data on vital signs and laboratory investigations were only documented in a limited
number of patients and we therefore could not investigate these as potential factors for mortality. Furthermore, there were
large numbers of missing data for clinical characteristics and treatment. Second, we did not explore the impact of
treatment as it was impossible to unravel the individual effects of vitamins, antibiotics and antimalarial treatment on EVD
outcomes, as patients usually received a combination of these treatments at the time of ETU admission. Third, nearly one
fifth of patients had unknown exit outcomes, which reduced the reliability and precision around analysis of risk factors
associated with death. Previous investigations have highlighted that case fatality estimates can be substantially affected
by these unknown outcomes and this remains a major limitation of the analysis.?' It should also be noted that the findings
on factors associated with death presented in our study should be interpreted solely as statistical associations which can be
used for hypothesis generation; causal postulations remained beyond the scope of the current work. Fourth, we used a
cycle threshold of 36.1 or less to define laboratory-confirmed EVD, while in other studies in West Africa and the
Democratic Republic of Congo a cycle threshold >40 was considered negative when assessing various machine learning
models to predict survival in children with suspected EVD."” Different results might therefore be obtained depending on
how that cycle threshold is set. Fifth, we do not know the reasons for the discrepancy between the 5448 EVD cases in
Guinea in the IDDO database and only 3814 EVD cases in Guinea reported to WHO. We suspect that cases reported to
WHO included just those with confirmed EVD and those with suspected EVD were not reported, although we have no
firm evidence to support this. Finally, extracting data from the large IDDO database was technically difficult as the
database stores standardised data across multiple domains in a CDISC compliant format.

Despite these limitations, there are a number of implications from this study. First, and as mentioned earlier, clinically-
suspected EVD needs higher priority for treatment and care as there is a substantial mortality associated with this
category. Second, large databases such as IDDO need to be better structured and planned right from the start so that it is
easy to a) separate baseline variables from follow-up variables during data extraction and b) ensure that important
information that might have a bearing on mortality such as vital signs and laboratory investigations at baseline can be
easily teased out to enable front-line in-country staff faced with an epidemic/outbreak to access relevant and important
data in real-time. Efforts are ongoing in this direction. Third, the extraction of data from the IDDO database was done
within a structured operational research training (SORT IT) course, demonstrating once again that this is a useful way of
equipping healthcare workers with an understanding about data and implementation research especially during outbreaks

. 33,34
and pandemics.” ™
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In conclusion, during the 2013-2016 EVD outbreak in Guinea, Liberia and Sierra Leone, 14,163 patients were admitted to
ETUs and among the 11,274 (80%) patients with outcome recorded, 4,090 (36%) died. Patients with laboratory-
confirmed disease had 2.9 times higher risk of death compared to clinically-suspected patients, after adjusting for other
co-variables. Clinically-suspected patients nevertheless had a substantial risk of death and more attention needs to be paid

to this group in future EVD outbreaks.

Data availability
Underlying data

The data that underpin this analysis are available via a governed data access mechanism following review of a data access
committee. Data can be requested via the IDDO Ebola Data Platform (https://www.iddo.org/ebola/data-sharing/
accessing-data). The Data Access Application, Terms of Access and details of the Data Access Committee are available
on the website. Briefly, the requirements for access are a request from a qualified researcher working with a legal entity
who have a health and/or research remit; a scientifically valid reason for data access which adheres to appropriate ethical
principles. The full terms are at: https://www.iddo.org/ebola/data-access-guidelines These data are a part of https://doi.

org/10.48688/cpwp-ft84.
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are of limited quality (large proportion of missing data), such that biases are likely (weakness).
There are many interesting observations that are consistent with past studies. We provide some
suggestions to improve the manuscript below:

Heterogeneity of the “clinically-suspected EVD"” group
The main comparison is between lab-confirmed and clinically-suspected EVD cases. The “clinically-
suspected EVD" group is heterogeneous:

Negative PCR

> Indeterminate PCR
o EVD positive but low viral load (cycle threshold greater than 36.1)
No data (missing data)

There are likely cases of malaria, bacterial sepsis, community acquired pneumonia, and other
acute infections in this group. There may even be non-infectious pathologies (see comment below
on fever). There are likely also some cases of EVD (e.g., when the data were missing). Because
cases with positive EVD PCR and low viral load were also included in this group, we may be looking
at “mild EVD" in some patients (note that the viral load is a key determinant of mortality, as noted
by the authors). It is not unexpected that severe acute non-EVD illness would be associated with
some mortality (18.8% in this study). What makes this study difficult to interpret is the
heterogeneity of the “clinically-suspected EVD"” group. We don’t know what the etiology of their
illness was, just that it resembled EVD clinically.

This is reflected in the study data. In Table 2, known risk factors for EVD transmission (funeral
attendance, healthcare worker, contact with suspect case) were present in a higher proportion of
lab-confirmed cases than “clinically-suspected EVD” cases. This is consistent with non-EVD etiology
in a fraction of “clinically-suspected EVD" cases. For example, an alternative diagnosis of febrile
illness, malaria, was found in 35% of “clinically-suspected” cases (versus 19% of laboratory
confirmed cases).

Inclusion criteria ill defined

The inclusion criteria (perhaps the same as ETU admission criteria) were not precisely defined for
this retrospective database review, and may well be variable between ETUs. For example, one
might expect fever to be universal in patients with suspected EVD admitted to an ETU, but it was
present in only 77.6% overall and 75.7% of patients with clinically-suspected EVD. Why were
afebrile patients admitted to the ETU? (this is actually dangerous as it exposes them to a
significant risk of nosocomially-acquired EVD) Inclusion criteria are not clear, which further
complicates the interpretation of the cases which were not lab-confirmed.

Related to the issue of inclusion criteria is the composition of the database itself. The large
database is described in some detail. But several questions remain about who was included in this
database and who was not included. This question arises, for example, in Table 1, in which the
IDDO database had 5448 cases from Guinea while 3814 cases were reported to WHO (143%). One
wonders how cases were reported to the IDDO but not the WHO and one questions if there might
be duplications or inaccuracies in reporting. We suspect that the WHO records are also imperfect.
The absence of any data from the DRC, which experienced the second largest outbreak in history
(2018-2020) and has experienced multiple subsequent outbreaks also illustrates that the database
(large and multinational) is not truly global and comprehensive. All this calls into question the
representativeness of the database and whether the sample (though enormous) may be a
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selection of EVD patients. The authors are encouraged to provide more granular details on
reporting to the IDDO database (mandatory or voluntary) and how the ETUs that contributed data
were recruited. We suspect that this is related to the funders (MSF and Wellcome Trust) rather
than any scientific sampling strategy.

Etiology of illness in the “clinically-suspected EVD"” group not examined/investigated

Given this limitation (i.e., what exactly are these “clinically-suspected EVD" cases?), it seems
reasonable to question and revisit the rationale behind the analysis. In the abstract (Conclusions
subsection), and in the concluding paragraph of the article, the authors note that “clinically-
suspected patients... still had a substantial risk of death and more attention needs to be paid to
this group in future EVD outbreaks.”

This does indeed seem to justify the present analysis and the conclusion does follow from the
data.

With this rationale in mind, it would seem important to try to identify the etiology of the illness
when EVD is clinically suspected but not demonstrated by PCR.

The authors have noted a high prevalence of malaria which could in part explain the clinical
manifestations (although among adults in an endemic area with partial immunity, malaria is not
typically lethal). It would be nice to know if the malaria positive patients were treated with an
antimalarial, and if mortality was elevated when malaria was present and treatment was not
documented.

For malaria negative patients, bacterial sepsis is on the differential diagnosis. It would be
interesting to know how many of these got antibiotics and whether that was associated with
differences in mortality.

A higher proportion of patients with “clinically-suspected EVD" had respiratory symptoms
(difficulty breathing, Table 3), suggesting that pneumonia could contribute to mortality in the
clinically suspected cases. It would be interesting to know which patients who were EVD negative,
malaria-negative, with difficulty breathing, received antibiotics and if this was associated with a
difference in mortality.

Overall, we would would like to see more detailed analysis of the “clinically-suspected EVD” cases
and an attempt to classify patients into possible etiologic categories (including mild EVD cases in
this groups, as noted above). The large sample size may allow such probing subgroup analyses,
which would be helpful to delineate the cause of the illness in the EVD-negative patients. This
would go beyond a mere observation of high mortality, toward actionable hypotheses (i.e.,
treatable etiologies) for improved management of these patients. We don't think it is satisfactory
to identify a high mortality in this subgroup without any attempt to answer why they died. Clinical
clues and limited microbiologic data should be leveraged to try to answer this question,
recognizing that microbiologic tests were scant and a diagnosis won't be definitive. After all, this is
the difficult task faced by clinicians managing these suspected cases in resource-limited contexts.

Table 3. Statistical versus clinical significance

Despite the heterogeneity of the “clinically-suspected EVD” group, the authors’ analysis could be
illuminating for clinicians facing diagnostic uncertainty with febrile patients during an EVD
outbreak. One value of this analysis, comparing lab-confirmed and “clinically-suspected EVD,"
could be to examine the clinical manifestations in each group to determine which are clinically
informative. This is attempted in Table 3, but falls short of its goal.

We acknowledge the statistically significant differences between lab-confirmed and clinically
suspected cases in presenting signs and symptoms (Table 3). Because of the large sample size,
these differences all reach statistical significance except for abdominal pain and bleeding (This
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point is interesting and perhaps unexpected! We would have thought bleeding would be a more
specific sign of EVD, a hemorrhagic fever). However, there remains a question about whether the
differences are clinically significant.

Taking, for example, nausea and vomiting (62% in EVD vs 51% in non-EVD, p<0.001), the 11%
absolute difference may not be very helpful in distinguishing EVD from other illnesses. The clinical
utility (diagnostic accuracy) of clinical exam findings might be better expressed with sensitivity,
specificity or likelihood ratios of positive/negative signs (see, for example, the JAMA series on The
Rational Clinical Examination). These statistics will likely show that the small differences observed
would be of little help in clinical decision-making, even though they are statistically significant.
Taking the example of nausea and vomiting as a clinical sign of EVD positivity and using complete
cases (ignoring missing data), we calculate a sensitivity of 62%, a specificity of 49%, a likelihood
ratio of a positive sign of 1.1 and a likelihood ratio of a negative sign of 0.87. (A good “test” has a
positive LR of >10 and/or a negative LR of < 0.1). Thus, nausea and vomiting discriminates poorly
between lab-confirmed EVD cases and other illnesses. The same would be true for other clinical
signs, even though they are statistically significantly different between the two groups.

Our interpretation of the findings, therefore, is that the clinical signs are neither sensitive nor
specific and are present in a substantial proportion of EVD-negative patients. Thus, the table as
presented, with highly statistically significant differences, may mislead all but the most savvy
reader knowledgeable in interpreting clinical epidemiology data. Readers will assume that
“statistically significant” clinical signs may help identify EVD cases, whereas our interpretation of
the findings is quite the opposite: these data show that nothing can replace a PCR.

To address this limitation, the authors are encouraged to show (for example) sensitivity,
specificity, negative and positive likelihood ratios which will make it clear that the clinical signs do
not provide actionable information (not clinically informative).

Table 6

“Patients aged 60 years and above had a significantly higher risk of death compared to that in <5-
year-old children.”

The authors go on to note in the discussion that old age is a risk factor for mortality and cite other
studies in support of this finding.

The data do indeed show this, but the conclusion misses another major, important finding. The RR
of death is significantly lower in the 6-18 year olds and lower in the 19-39 year olds relative to the
reference group (<=5 years). Thus, the “U-shaped” mortality curve, with higher mortality at the
extremes of age should be the “take-away” observation from the data, not just elevated mortality
in the elderly. We request that the authors amend this sentence to include elevated mortality in
children and infants under 5 years of age (relative to older children and young adults) as well as
elevated mortality in the elderly.

Discussion -

We were perplexed by the following statement and citation in the Discussion: “Oral cephalosporins
may reduce the case fatality...” (citation Gignoux E, Azman AS, de Smet M, et al.: Effect of
Artesunate-Amodiaquine on Mortality Related to Ebola Virus Disease. N. Engl. ). Med. 2016 Jan 7
[cited 2023 Jul 15]; 374(1): 23-32.) The citation compares two artemisinin combination therapy
(ACT) regimens and does not examine oral cephalosporins. Broad-spectrum intravenous (not oral)
cephalosporins would seem to be indicated in critically ill EVD patients in whom a blood culture is
not available (Plachouras D, Monnet DL, Catchpole M. Severe Ebola virus infection complicated by
gram-negative septicemia. N Engl ] Med. 2015 Apr 2;372(14):1376-7.).

We request that the authors delete or modify this sentence and citation.
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Missing data

The authors are to be congratulated on reporting the missing data transparently in the Tables.
Missing data is acknowledged as a limitation in the Discussion. Nonetheless, this remains a major
limitation which threatens the validity of the findings.

When, for example, the chi-squared statistic was calculated (e.g. ,in Table 2), were the missing
cases disregarded? Or was missing included as a category in a “three-level” categorical variable
(yes/no/missing) in the contingency table? The “complete case” analysis (ignoring missing data) is
actually a “naive” approach that is prone to biases when the data are not missing at random. It
would have been nice to see attempts to address data missingness through statistical analyses
(e.g., multiple imputation).

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Partly

Are sufficient details of methods and analysis provided to allow replication by others?
Partly

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Partly
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Masumbuko Claude Kasereka, University of Alberta School of Public Health, Edmonton,
Alberta, Canada

format_quote Cite this report speaker_notes Responses(0)

Approved With Reservations

Response:

We thank the reviewer for his excellent and in-depth review and the time and energy spent
on his review. We have responded to the reviewer's comments below in a point-by-point
fashion, but do point out that we have been unable to address some of them. For this, we
apologise. We have made some revisions to the paper using tracking changes so these can
easily be found.

Heterogeneity of the “clinically-suspected EVD” group
Response:

We have tried hard in the IDDO database to get more data as suggested on the clinically-
suspected EVD group such as who had malaria, sepsis, other acute infections and so on. It is
a very complicated and non-user-friendly database and we have been unable to obtain
these data. We are sorry about this, as it was an excellent suggestion.

Inclusion criteria ill-defined

Response:

We have better explained the inclusion criteria under Study population. We have stated in
lines 191- 193: “The study population included all patients classified as having either clinically-
suspected or laboratory-confirmed EVD who were admitted at the 22 ETUs in Guinea, Liberia and
Sierra Leone between December 2013 and March 2016 and who were captured in the IDDO
database.” Unfortunately, we do not know how the decisions about admission were actually
made at the ETUs as these data were not included or entered to the IDDO database.

We also do not know the reasons for the discrepancy in 5448 EVD cases from Guinea in the
IDDO database and the 3814 cases from Guinea reported to WHO. We suspect that cases
reported to WHO included just those with confirmed EVD and those with suspected EVD
were not reported, but this is speculation on our part. As explained under Study Population,
our cases were those captured in the IDDO database and we do not know if these numbers
are fully representative of the whole. We have commented on all this as a limitation in the
Discussion in lines 378-382.

We did not report on cases from DRC as the project was just looking at cases from Guinea,
Sierra Leone and Liberia.

Aetiology of illness in the “clinically-suspected EVD” group not examined/investigated
Response:

The suggestion to deep-dive into the data to try and verify the aetiology of the illness when
EVD is clinically suspected but not demonstrated by PCR is excellent. As explained earlier,
we apologise but have been unable to do this due to the complexity of the IDDO database
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and inconsistent documentation.

Table 3. Statistical versus clinical significance
Response:

Thank you for this suggestion. We accept that the large numbers make most of the
comparisons statistically significant. However, we feel that Table 3 should remain as an
important part of the data. We also feel that an additional Table(s) showing sensitivity,
specificity, negative and positive likelihood ratios will add to the length of the paper and
might make it more complicated for the reader to understand. We have therefore not gone
ahead with the suggestion.

Table 6

Response:

Thank you and good point. We have amended the sentence about higher risk of death in
certain age groups as follows in lines 316-317: “Patients aged 60 years and above had a
significantly higher risk of death compared to that in <5-year-old children, whereas those
aged 6-39 years had a significantly lower risk of death compared with children aged 5 years
oryounger.”

Discussion and references

Response:

Thank you for highlighting the confusion about the referencing with cephalosporins and
antimalarial treatment. We had made mistakes here which we have corrected. There were
also two duplications in the references and we have now amended these and the references
are in order.

Missing data
Response:

Thank you for the positive comment. We have not conducted a ‘complete case’ analysis. We
have included missing data as part of all analyses, and this can be clearly seen in Table 6
where we have included “unknown” as a subcategory in all the variables included. In the
other descriptive tables showing univariate analysis, we have calculated the percentages
after exclusion of missing data but have included the missing data when calculating the chi
square test. We hope this clarifies. Multiple imputation analysis is not recommended when
the missing data are not missing at random, meaning the reason for missing data is related
to the missing value itself, potentially introducing bias in the analysis. Since we do not know
if the missing data are missing at random, we think it is prudent not to attempt a multiple
imputation analysis. We do mention missing data as an important limitation of the study.

Competing Interests: No competing interests.
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