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Prevention of nosocomial Ebola virus (EBOV) infection
among patients admitted to an Ebola management
centre (EMC) is paramount. Current Médecins Sans
Frontieres (MSF) guidelines recommend classifying
admitted patients at triage into suspect and highly-
suspect categories pending laboratory confirmation.
We investigated the performance of the MSF triage
system to separate patients with subsequent EBOV-
positive laboratory test (true-positive admissions)
from patients who were initially admitted on clini-
cal grounds but subsequently tested EBOV-negative
(false-positive admissions). We calculated standard
diagnostic test statistics for triage allocation into
suspect or highly-suspect wards (index test) and sub-
sequent positive or negative laboratory results (refer-
ence test) among 433 patients admitted into the MSF
EMC Kailahun, Sierra Leone, between 1 July and 30
September 2014. 254 (59%) of admissions were clas-
sified as highly-suspect, the remaining 179 (41%) as
suspect. 276 (64%) were true-positive admissions,
leaving 157 (36.3%) false-positive admissions exposed
to the risk of nosocomial EBOV infection. The positive
predictive value for receiving a positive laboratory
result after being allocated to the highly-suspect ward
was 76%. The corresponding negative predictive value
was 54%. Sensitivity and specificity were 70% and
61%, respectively. Results for accurate patient clas-
sification were unconvincing. The current triage sys-
tem should be changed. Whenever possible, patients
should be accommodated in single compartments
pending laboratory confirmation. Furthermore, the ini-
tial triage step on whether or not to admit a patient in
the first place must be improved. What is ultimately
needed is a point-of-care EBOV diagnostic test that
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is reliable, accurate, robust, mobile, affordable, easy
to use outside strict biosafety protocols, providing
results with quick turnaround time.

Introduction

The current Ebola virus disease (EVD) epidemic in West
Africa is unprecedented in history [1]. After the out-
break was officially confirmed in Guéckedou, Guinea,
on 23 March 2014 [2] and subsequently developed into
a major epidemic with widespread infection in most
parts of Guinea, Liberia, Sierra Leone [3], the World
Health Organization (WHO) declared the situation a
‘Public Health Emergency of International Concern’ on 8
August 2014 [4]. By that time, Doctors Without Borders
/ Médecins Sans Frontiéres (MSF) was already running
six Ebola management centres (EMC) in the these most-
affected countries — including one in Kailahun district,
Sierra Leone [5].

Ebola virus (EBOV) transmission occurs between
humans through contact with body fluids from persons
diseased with or who died from EVD [6]. Typical symp-
toms are sudden onset of fever and a variety of non-
specific symptoms such as fatigue, headache, myalgia/
arthralgia or nausea within an incubation period of two
to 21 days [7,8]. Infectiousness succeeds onset of clini-
cal symptoms and increases with symptom severity [9].
While the reproductive number of Ebola virus (EBOV) is
considerably smaller than that of other more common
infectious agents, it is highly contagious in case of
direct physical contact [10,11]. Infection is confirmed by
laboratory testing, most often by quantitative reverse-
transcriptase PCR (qRT-PCR) from venous whole blood
samples [12].
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FIGURE 2

Médecins Sans Frontiéres triage algorithm for separating
admitted patients into suspect or highly-suspect wards
as used at the Ebola management centre Kailahun, Sierra
Leone, 1 July-30 September 2014
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Source: adapted from Sterk E. Filovirus Haemorrhagic Fever
Guideline. Médecins Sans Frontiéres; 2008.

In the absence of curative treatment, quick and strict
isolation of symptomatic persons in EMCs is the
main intervention to prevent new infections [13,14].
Admission into an EMC depends on clinical and epide-
miological criteria until EBOV infection status is labo-
ratory confirmed. A number of case definitions have
been developed for different settings of the current
outbreak in West Africa [15-17]. Correct admission of
EVD patients is difficult even for experienced medical
staff due to non-specificity of symptoms and numerous
other diseases with similar early symptoms prevalent in
the region such as Lassa haemoragic fever or malaria.

Nosocomial infections among false-positive admis-
sions between the time of admission and laboratory
EBOV confirmation is a matter of great concern in the
management of an EMC [18,19]. As a basic preventive
measure, it is good practice to physically separate
patients who are admitted based on clinical symptoms
awaiting laboratory confirmation from patients who
are laboratory-confirmed EVD cases [20]. Provided that
laboratory capacity is available on site, this takes a
few hours for patients with symptom onset more than
72 hours before admission. Although the PCR used for
laboratory confirmation is highly sensitive, patients
with symptom onset less than 72 hours before admis-
sion can test negative due to low viraemia during the
early stage of disease [21-23]. These patients have to
be re-tested at minimum 72 hours after symptom onset
and are hence required to stay admitted for up to three
days until their final infection status can be estab-
lished [22].

To further reduce the risk of nosocomial EBOV trans-
mission during this period among patients who turn
out to be EBOV-negative, MSF classifies patients at
admission into suspect and highly-suspect categories.
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Suspect and highly-suspect patients are kept in sepa-
rate wards until final laboratory results are available,
after which they are either transferred to the confirmed
ward or discharged as not a case. The classification
into suspect and highly suspect is based on a stand-
ardised algorithm using the patient’s reported contact
history and a combination of clinical symptoms [24].

It is not known to what extent this triage system serves
to differentiate between patients who subsequently
test EBOV-positive by PCR (true-positive admissions)
and patients subsequently testing EBOV-negative
(false-positive admissions). Such information is crucial
to decide whether such a refined three-pronged triage
process justifies the ressource-intensive maintenance
of separate wards for suspect and highly-suspect
patients in an EMC.

We aimed to investigate how well triage at admission
into suspect and highly-suspect patients can separate
between true-positive and false-positive admissions.

Methods

Setting

Kailahun district has an estimated population of
360,000 and is located in the Eastern Province of
Sierra Leone bordering Guinea and Liberia [25]. Its
capital and largest city is the town of Kailahun, located
ca 8o km from Guéckedou, Guinea where the first EVD
case in West Africa was recorded on 25 March 2014
[26]. Kailahun district has been the epicentre since the
beginning of the EVD epidemic in Sierra Leone with
intense transmission occurring at all levels of society

[27].

MSF activities in Kailahun started in June 2014 with
the erection of an EMC [5]. Initial bed capacity was 5o
and increased to 8o in July due to high case load. The
management of this particular EMC has already been
described in detail elsewhere [28]. Its setup follows the
standard MSF EMC layout with separate wards for sus-
pect, highly-suspect, and confirmed cases (Figure 1).

Admission, triage and laboratory testing
Records from all patients who fulfilled the MSF EVD
case definition criteria for admission and were hence
admitted into the MSF EMC in Kailahun between 1 July
and 30 September 2014 were used in this analysis.
During the time of analysis the triage system in the
MSF EMC in Kailahun was three-pronged with suspect,
highly suspect and not a case as outcomes as per MSF
guidelines [24]. All patients fulfilling the criteria for
either suspect, highly suspect, or confirmed EVD case
were admitted (Table 1 and Table 2). Patients who did
not qualify for admission were cleared to leave the EMC
as soon as possible. No detailed medical or epidemio-
logical information was kept from these patients due to
high work load.



TABLE 1

Triage criteria at Médecins Sans Frontiéres Ebola management centre, Kailahun, Sierra Leone, 1 July-30 September 2014

Criteria?

Suspect

Highly suspect

Sets of criteria to be fulfilled for different wards

Highly suspect Highly suspect Confirmed

Positive contact history - X X X -
Fever X X - - -
>3 General symptoms X - X - -
Unexplained bleeding - - - X -
Positive laboratory EBOV test result® - - - - X

EBOV: Ebola virus.
2 See Table 2 for definitions.
® For referral patients.

Patients fulfilling the admission criteria were allocated
into the suspect ward if they presented with fever (axil-
lary temperature=37.5°C) plus at least three of the
following general symptoms: abdominal pain, diar-
rhoea, difficulties breathing, difficulties swallowing,
general muscular or articular pain, headache, hiccups,
intense fatigue, nausea/loss of appetite, or vomiting.
Patient with a positive contact history plus fever; or
with a positive contact history plus at least three gen-
eral symptoms; or with a positive contact history plus
unexplained bleeding, were allocated into the highly-
suspect ward (Table 1 and Figure 2). Patients in the
suspect and highly-suspect wards were not allowed
to mingle, and toilets and hand washing points were
separate for each ward.

A peripheral venous blood sample was drawn for
PCR testing from all admitted patients and tested for
presence of Zaire EBOV on gRT-PCR assays for RNA-
dependent RNA polymerase (L) and nucleoprotein (NP)
target genes [29] using RNA Master Hydrolysis reagents
on a Lightcycler Nano platform (Roche Diagnostics,
Laval QC, Canada). Cycle threshold (CT) values below
40 were considered EBOV positive. Patients whose test
returned positive were transferred into the confirmed
ward. Patients with a negative PCR result were dis-
charged immediately if their onset of symptoms was
more than 72 hours prior. For patients with a negative
result and symptom onset less than 72 hours prior, a
second sample was drawn at least 72 hours after the
reported time of symptom onset [22]. A field laboratory
was operating on site, which was able to provide same-
day results for samples taken during morning hours.
However, since most admissions occurred during the
afternoon and evening times, many admitted patients
had to stay overnight in either the suspect or highly-
suspect ward until a blood sample was taken and ana-
lysed the following day.

Data source and analysis

Demographic, epidemiological and clinical information
of all admissions was routinely collected during triage
in paper-based registers. From this, operationally rel-
evant data were entered on a daily basis into the MS

Excel-based project database, which was used for this
analysis: patient age (in years), sex (male, female),
date of symptom onset, date of admission, triage ward
allocation (suspect, highly suspect), laboratory test
result (positive, negative and CT value from PCR test-
ing at admission), treatment outcome (discharged as
not a case, discharged cured, death, transferred out),
and date of outcome.

Percentages and medians were calculated to describe
patient characteristics at admission and during the
course of treatment. Overall sensitivity, specificity,
positive predictive value (PPV), negative predictive
value (NPV), positive likelihood ratio (PLR) and nega-
tive likelihood ratio (NLR) were calculated for the triage
decision into suspect or highly-suspect ward (index
test) with laboratory PCR result as gold standard (ref-
erence test). PPVs and NPVs are dependent on the
pre-test probability, with increasing PPV and decreas-
ing NPV the higher the pre-test probability ceteri pari-
bus [30]. In our situation, the pre-test probability for
at the classification into suspect or highly suspect
was defined by the overall proportion of true-positive
admissions (patients with subsequent laboratory-con-
firmed positive test result) during the initial triage deci-
sion to admit or not to admit a patient. Therefore, PPV
and NPV were also calculated for different weekly rates
of true-positive admissions: equal or less than 50%, 51
to 70%, and more than 70%. Software package STATA
v.11 (Stata Corporation, Texas 77845, US) was used for
the statistical analysis.

Ethics

This research fulfilled the MSF Ethics Review Board
(Geneva, Switzerland) criteria for exemption from full
ethics review. This study was conducted as part of
a formal project agreement with the Government of
Sierra Leone and approved by the health authorities of
Kailahun district.

Results

Records from 433 patients admitted between 1 July and
30 September 2014 were included in the analysis. 244
(57%) of these patients were male, median age was 28
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TABLE 2

Definitions of the admission and triage criteria at
Médecins Sans Frontiéres Ebola management centre
Kailahun, Sierra Leone, 1 July-30 September 2014

Criteria Definition

Sudden onset rise of axillary
temperature»37.5°C.

Fever

Sharing the same bed, household or meals,
or touching the same objects as a suspected,
probable or confirmed EVD case within the
last 21 days.

Caring for a suspected, probable or
confirmed EVD case including touching body
fluids within the last 21 days.

Contact history

Participating in funeral practices with
direct contact of the corpse or objects used
during funeral of a suspected, probable or
confirmed EVD case within the last 21 days.

Headache

Vomiting

Nausea

Loss of appetite

Diarrhoea

General

Intense fatigue
symptoms

Abdominal pain

General muscular or articular pain

Difficulties swallowing

Difficulties breathing

Hiccups

EVD: Ebola virus disease; EBOV: Ebola virus.

years (interquartile range (IQR): 19—40), and median
duration between symptom onset and admission was
four days (IQR: 2—7) (Table 3A). The median duration of
hospitalisation varied between one, four and 15 days
for patients discharged as not a case, dead and cured,
respectively (Table 3C). The case fatality ratio among
laboratory-confirmed positive patients with available
clinical outcome was 51% (131/255). Sixteen patients
died before their positive laboratory result became
available. All of them had been allocated into the
highly-suspect ward.

Of the 433 admitted patients, 254 (59%) including 128
men and 126 women were triaged into the highly-sus-
pect ward. The remaining 179 (41%) admissions were
considered suspect and comprised 116 men and 63
women. The vast majority of laboratory results were
obtained at the same or the following day of admission
(median: 1 day; IQR: 1-1).

Overall, 276 (64%) of the admitted patients, including
136 men, had a subsequent positive laboratory result
(true-positive admissions), leaving 157 (36%) with
subsequent negative laboratory result (false-positive
admissions) exposed to the risk of nosocomial EBOV
infection (Table 3B).
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The PPV for receiving a subsequent positive laboratory
test result after being allocated into the highly-suspect
ward was 76% (95% confidence interval (Cl): 70-81).
The corresponding NPV, i.e. receiving a negative labo-
ratory test result for the suspect ward, was 54% (95%
Cl: 46-61). Sensitivity, specificity, PLR and NLP were
70%, 61%, 2% and less than 1%, respectively (Table 4).

Among the 157 false-positive admissions, 96 (61%)
patients were allocated into the suspect ward and thus
would from this triage system have been less exposed
to infected patients. Of these 96 patients, 71 were
male with median age of 25 years (IQR: 19-41), and 25
were female with median age of 30 (IQR: 25—40). The
test results were available on the same day of admis-
sion for 26 of these patients (27%), the next day for 61
(63%), two days after for six (6%) and subsequent to
three days for one (1%). Two patients (2%) had missing
values for the admission-to-result duration.

In contrast, 61 (39%) false-positive admissions were
allocated to the highly-suspect ward and were thus
exposed to a potentially increased EBOV-contaminated
surrounding in that ward while awaiting their labora-
tory test result. Of these 61 patients, 37 were male
with median age of 31 years (IQR: 23.5—41), and 24
were female with median age of 26 years (IQR: 14-40).
Most patients received their test results within the first
day after admission, with 17 (28%) getting results on
the same day, 32 (52%) the day after, six (10%) on the
second day, and four (7%) subsequent to three days.
Data were missing for two (3%) regarding admission-
to-result duration.

For patients admitted during weeks with a true-posi-
tive admission rate (i.e. pre-test probability) of<50%,
51-70% and>70%, the PPVs were 60%, 72% and 85%,
respectively; the corresponding NPVs were 64%, 45%
and 46% (Table 5).

The overall median CT value of the admission PCR
result was 24 (IQR: 21-32). There was no substantial
difference in median CT values between patients tri-
aged into the suspect and the highly-suspect ward: 25
(IQR: 25-32) and 24 (IQR: 21-32), respectively (p-value
from Wilcoxon rank-sum test: 0.222).

Discussion

To our knowledge, this was the first assessment of
a three-pronged triage system in an EMC with EVD
patients being classified as suspect or highly suspect
upon admission until laboratory confirmation.

The overall proportion of laboratory-confirmed EVD
cases among admitted patients (true-positive admis-
sions) at the EMC in Kailahun of 64% (n=276/433)
was substantially higher than observed during a
study in Conakry, Guinea, (46%, n=37/80) [31] and
similar to the six month average seen in Liberia (57%,
n=2,941/5,132) [32]. However, this proportion alone
is not an good indicator for triage quality since it is



TABLE 3

TABLE 4

Characteristics of patients admitted, triaged, and treated

at the Médecins Sans Frontieres Ebola management centre
Kailahun, Sierra Leone, 1 July-30 September 2014 (n=433)

Characteristics of patients

N (%)?

Overall test statistics for ward triage into suspect or highly
suspect (index test) and Ebola virus positive or negative
laboratory result (reference test), Médecins Sans Frontieres
Ebola management centre Kailahun, Sierra Leone, 1
July-30 September 2014 (n=433 patients)

Median (IQR; range)

28 (19-40; 1-80)

Duration between symptom onset and admission (days)

0-3 169 (39)
4=7 144 (33)

>7 68 (16)
Missing values 52 (12)
Median (IQR; range) 4 (2-7; 0-27)
During triage

Ward triage

Suspect 179 (41)
Highly suspect 254 (59)
Laboratory result

Negative 157 (36)
Positive 276 (64)
Duration between admission and laboratory result (days)
0 70 (16)

1 331 (76)

2 18 (4)

3 7 (2
Missing values 72
Median (IQR; range) 1(1-1; 0-3)
During treatment

Outcome

Not a case 150 (35)
Cured 124 (29)
Dead 131 (30)
Transferred out 4 (1)
Missing values 24 (6)

Duration between admission and
outcome

clinical outcome by type of

Not a case (median, IQR, range) |1 (1-2; 0-7)
Cured (median, IQR, range) 15 (10.5-19; 4-35)
Dead (median, IQR, range) 4 (2-6; 0-31)
Transferred out (median, IQR, b

range)

Missing values 21 (5)

Overall (median, IQR, range) 4 (2-10; 0-35)

IQR: interquartile range.

2 Unless otherwise specified in row headings, percentages are
shown in the column and are based on the column total for the

subsection in question.
®No observations.

Sex Positive predictive value 76.0 (70.2-81.1)
Male 244 (56) Negative predictive value 53.6 (46.0-61.1)
Female 189 (44) Sensitivity 69.9 (64.1-75.3)
Age (years) Specificity 61.1 (53.1-68.8)
<18 93 (21) Positive likelihood ratio 1.8 (1.5-2.2)
18-37 206 (48) Negative likelihood ratio 0.5 (0.4-0.6)
38-57 100 (23) Cl: confidence interval; EBOV: Ebola virus.

258 27 (6) Correct classifications: 193 among 254 highly-suspect patients
Missing values 702 (76%) tested EBOV positive. 96 among 179 suspect patients

(54%) tested EBOV negative. False classification: 61 among 254
highly-suspect patients (24%) tested EBOV negative. 83 among
179 suspect patients (46%) tested EBOV positive.

subject to many factors unrelated to triage such as
access and acceptability of the EMC, community per-
ception of the nature and presentation of EVD, survival
bias, EVD incidence in the source population, stage of
the epidemic etc. Also, too rigid admission criteria are
not desirable from a public health point of view since
a true-positive admission ratio that approaches 100%
increases the likelihood that a substantial proportion
of patients with EVD are not recognised at triage and
sent back into their community infecting others.

Our findings reveal that 157 (36%) of patients were
admitted into the EMC Kailahun on false-positive clini-
cal grounds. These patients were hence exposed to the
risk of nosocomial EBOV infection in the EMC until they
received their laboratory result. This risk was reduced
in Kailahun thanks to a laboratory on site that was able
to provide PCR results within one day or less for the
vast majority of patients. However, this was not the
case for many treatment settings during most parts
of the current outbreak due to insufficient laboratory
capacity, which led to substantial delays in EBOV sta-
tus confirmation for many patients in other centres
when caseloads were high [33].

The classification of true-positive admissions into the
highly-suspect ward and of false-positive admissions
into the suspect ward by the triage system applied in
the EMC Kailahun showed mixed results. Considering
that this was an additional triage step among patients
who already fitted the EVD case definition criteria for
admission, we expected a relatively high PPV (i.e. pro-
portion of patients allocated into the highly-suspect
ward who had a subsequent positive laboratory test)
and a relatively lower NPV (i.e. proportion of patients
allocated into the suspect ward that had a subsequent
negative laboratory test). This was confirmed by an
overall PPV of 76% and a corresponding overall NPV of
54% (Table 4). The ratio of the PLR (1.8) and NLR (0.5)

www.eurosurveillance.org



TABLE 5

Predictive values by weekly true-positive admission rate (pre-test probability) Médecins Sans Frontiéres Ebola management
centre Kailahun, Sierra Leone, 1 July-30 September 2014 (n=433 patients)

True-positive admissions
classified as ‘highly
suspect’

True-negative admissions
classifications classified as
‘suspect’

Pre-test probability

Positive predictive value  Negative predictive value

(%) % (95% Cl) % (95% Cl)

<50 (n=135) 33/55 51/80 60.0 (45.9-73.0) 63.7 (52.2-74.2)
»>50 —<70 (n=121) 52/72 22/49 72.2 (60.4-82.1) 44.9 (30.7-59.8)
>70 (n=177) 108/127 23/50 85.0 (77.6-90.7) 46.0 (31.8-60.7)
Overall 193/254 96/179 76.0 (70.2-81.1) 53.6 (46.0-61.1)

Cl: confidence interval.

was 3.6 (95% Cl: 2.4-5.5), which suggests that correct
ward allocation was very unlikely due to chance.

The proportion of patients in the suspect ward that
turned out to be EBOV positive was 46% (83/179). Under
the assumption that this translated into a reduced
risk of nosocomial infection compared with the over-
all EBOV positivity proportion of 64% (n=276/433), a
total of 96 (61%) among the false-positive admissions
allocated into the suspect ward were exposed to a less
risky environment thanks to this additional triage step.
However, this in turn also implied that 61 (39%) of
the false-positive admissions allocated in the highly-
suspect ward, where an elevated EBOV-positivity sur-
rounding of 76% (n=193/254) was recorded, were
exposed to a more risky environment. However, cycle
threshold values, a proxy for viral load in blood, from
admission test results did not differ between wards,
suggesting that EBOV positive patients in either ward
were equally infectious.

As to be expected, PPV and NPV varied reciprocally
for different true-positive admission rates (i.e. pre-test
probabilities). The PPV of ward allocation was 60% dur-
ing weeks with true-positive admission rates of 50% or
less, and increased substantially to 85% during weeks
with more than 70% true-positive admission rates. The
corresponding NPV decreased from 64% during weeks
with low true-positive admission rates to 46% when
weekly true-positive admission rates were above 70%
(Table 5).

Triage of EVD patients is an immensely difficult yet
crucial task, in particular at times when the caseload
exceeds capacities as occurred in the EMC Kailahun
during the time of analysis. It requires substantial expe-
rience, which is problematic to obtain with high staff
turnover. MSF tried to address this problem by devel-
oping a clear and standardised triage algorithm for
patient classification. Also, triage at the EMC Kailahun
was always done in pairs of at least one national staff
together with one international staff to overcome cul-
tural and linguistic barriers as much as possible.

Physical barriers, however, remained. Any clini-
cal assessment could only be done by distance of
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minimum two metres across a double fence. No addi-
tional diagnostic methods other than a thermometer
could be used. Also, many EVD patients at admission
showed signs of confusion or exhaustion, or were oth-
erwise clinically too unwell to describe their symptoms
or contact history in detail. Furthermore, patients were
often scared to disclose behaviour that, due to intense
health promotion activities, had become proscribed,
such as body washing at funerals or physical contact
with persons showing EVD symptoms. Also, due to the
high caseload it was not always possible to assure pri-
vacy during triage. This might have further limited the
quality of information provided by patients during the
triage process.

Timely isolation is paramount in order to break chains
of transmission during an EVD outbreak. The sooner an
infected person gets isolated after symptom onset the
smaller the chance of infecting others. In this study,
the median time span between symptom onset and
admission was four days (IQR: 2—7). This delay was
most likely a driving factor for the continuous transmis-
sion as observed in Kailahun district, and substantial
efforts were made to reduce it. However, the earlier
an infected person presents at the EMC, the less pro-
nounced and specific are the symptoms, which in turn
further complicates correct patient triage at admission.

The construction and maintenance of two separate
wards for patients awaiting laboratory confirmation
poses a substantial burden on the logistics, the water
and sanitation, and the infection control team of an
EMC. Duplicate infrastructure and more staff and sup-
ply are required. More entries into the high risk zone
by healthcare workers are needed to assure adequate
patient care in the separate wards, which increases the
risk of EBOV exposure incidents for staff. Balancing
these factors against the ambivalent findings of this
analysis calls the justification of the three-pronged
MSF triage system in its current form into question.

Ideally, admitted patients should be accommodated in
single compartments before laboratory confirmation
to minimise nosocomial EBOV transmission in an EMC.
This, however, was not possible in Kailahun due to high
case load at that time. Alternatively, instead of using a



rather sophisticated algorithm requiring detailed con-
tact and clinical information, a simplified classification
into liquid producing patients (i.e. patients with bleed-
ing, diarrhoea or vomiting) and non-liquid producing
patients might be advisable. This would be easier to
apply for healthcare workers and would make triage
quicker, while focussing on the probability of trans-
mitting EBOV infection among patients rather than on
the probability of an individual patient testing EBOV-
positive. However, such a triage system would warrant
further research before being implemented.

This research was subject to a number of limitations.
Most importantly, the actual incidence and prevention
of nosocomial infections among patients could not be
assessed. Thus it remains unclear whether awaiting
laboratory confirmation in an EMC as a false-positive
admission actually results in any nosocomial EBOV
infections, and whether an environment of 46% EBOV-
positivity as observed in the suspect ward indeed
reduces such a risk compared with 76% EBOV-positivity
as observed in the highly-suspect ward. During the
first nine weeks of operations, we recorded 15 readmit-
ted patients. Among these readmitted patients, nine
tested positive. These were patients who were tested
negative during a first admission in the EMC, were dis-
charged, and tested positive when they were admitted
a second time, within 21 days of their initial admission.
In-depth case investigations revealed one or more
other high-risk exposure events in the community for
all of these patients [18]. Though the exact source of
infection could not be established with certainty, the
total absence of readmissions without community-
related high-risk exposure events in the 21 days before
their second admission suggests that the risk of noso-
comial infection from the EMC Kailahun was not very
high.

In this study it was not possible to comprehensively
evaluate the initial triage step, i.e. the decision to
admit a patient or not. For this, clinical, epidemiologi-
cal and laboratory information of patients turned away
at triage would have been necessary. Such information
was not collected in Kailahun due to high workload.

Due to high work load and demanding working condi-
tions during the overwhelming emergency situation
when these data were collected, only the most oper-
ationally relevant information was entered into the
electronic study database. Patient symptoms were
not among them. Therefore, we could not identify key
symptoms associated with having a positive laboratory
result.

Only one laboratory test result at admission was
recorded per patient. Patients with symptom onset less
than 72 hours before admission who initially tested
negative with a second test taken more than 72 hours
after symptom onset which was positive had only had
their second (positive) result recorded. Thus, it was not

possible to investigate differences in ward allocation
among this subgroup of patients.

In addition, no data on staff, logistics, finance and sup-
ply were available to estimate the burden of maintain-
ing separate wards. This would have been necessary
for a comprehensive evaluation of different EMC setups
for patients awaiting laboratory confirmation.

Conclusions

This first assessment of the MSF EVD triage system into
suspect and highly-suspect wards showed unconvinc-
ing results for the accurate classification of laboratory-
confirmed positive and negative admissions.

Instead, we recommend accommodating patients in
single compartments pending laboratory confirmation
whenever possible. Wherever this is not possible, a
simplified separation into liquid and non-liquid pro-
ducing patients should be considered and evaluated
concurrently. At the same time, it is paramount to fur-
ther improve the initial triage step on whether or not to
admit a patient in the first place.

What is ultimately needed is a reliable, accurate,
robust, mobile, affordable and easy to use point-of-
care test with high throughput capacity and quick
turnaround time [34]. First field validations of protein-
based rapid tests showed promising results [35,36],
and other innovations such as GeneXpert for EBOV
diagnostics and capillary blood testing indicate pro-
gress is being made, although much work still needs
to be done to improve triage of EVD patients [37-39].
Further development of such devices should be encour-
aged and prioritised.
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