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Background. The 2013-2016 West African Ebola virus disease (EVD) epidemic is the largest recorded. Triage on the basis of clin-
ical signs had limited success, and the time to diagnosis by quantitative reverse transcription—polymerase chain reaction (QRT-PCR)
could exceed 5 days. Here we describe the development and field validation of the ReEBOV Antigen Rapid Test (ReEBOV RDT) to aid
triage of individuals with suspected EVD.

Methods. Samples from patients with suspected EVD were submitted to Kenema Government Hospital, Sierra Leone, for Lassa
fever and EVD screening throughout 2014. Banked residual clinical samples were tested in November 2014 and January 2015 in a
blinded field trial to estimate the clinical effectiveness of the ReEBOV RDT, compared with EBOV-specific qRT-PCR.

Results.  Preliminary ReEBOV RDT performance demonstrated a positive percentage agreement (PPA) of 91.1% (195 of 214 results;
95% confidence interval [CI], 86.5%-94.6%) and a negative percentage agreement (NPA) of 90.2% (175 of 194; 95% CI, 85.1%-94.0%).
The final estimates used by the Food and Drug Administration to determine whether to grant emergency use authorization for the test,
which excluded a qRT-PCR reference method threshold cutoff, were a PPA of 62.1% (72 of 116 results; 95% CI, 52.6%-70.9%) and a
NPA of 96.7% (58 of 60; 95% CI, 88.5%-99.6%), with a diagnostic likelihood of 18.6. A subsequent, independent evaluation by the World
Health Organization generated results consistent with the preliminary performance estimates.

Conclusions. The ReEBOV RDT demonstrated the potential to provide clinically effective rapid and accurate point-of-care test re-
sults and, thus, to be a powerful tool for increasing triage efficiency.
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Ebola virus (EBOV; family Filoviridae) is one of the most lethal
human pathogens known. It is a causative agent of Ebola virus dis-
ease (EVD). EBOV is capable of significant human-to-human
transmission after exposure to infected animals (eg, bats and non-
human primates), which can also be considered food sources in
EVD-endemic regions [1,2]. EBOV has an overlapping geographic
distribution across a wide region of sub-Saharan Africa, and there
is a risk of coemergence with other viral hemorrhagic fever (VHF)
agents (eg, Lassa virus, yellow fever virus, dengue virus, Crimean-
Congo hemorrhagic fever virus, and Marburg virus) [3, 4]. VHFs
share similarities in early clinical manifestations, which can lead to
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misdiagnosis and often-fatal consequences [5-7]. At the time of
onset, patients with EVD will typically present with a nonspecific
febrile illness, which commonly leads to misdiagnosis of other dis-
eases, such as malaria, typhoid fever, and Lassa fever [8]. Advanced
disease can result in spontaneous abortion, delirium, coma, or
hemorrhage [7, 9-11]. Hallmark features of VHF disease, includ-
ing coagulation disorders, hypotension, thrombocytopenia, vascu-
lar permeability, and hemorrhage, contribute to multiple organ
failure, leading to shock, which can be fatal in >50% of cases
[12]. After an incubation period of 1-3 weeks, VHFs can rapidly
progress from onset of symptoms to death in 7-14 days. While
some signs and symptoms may be associated with poor prognosis
of EVD, individually or in combination they have limited sensitiv-
ity or specificity, owing to their nonspecific nature, resulting in
weak diagnostic likelihood [13, 14].

The 2014 emergence of EVD in southern Guinea and its sub-
sequent spread to Sierra Leone and Liberia required accelerated
development of new therapeutics, vaccines, and diagnostic meth-
ods. In response to this unprecedented public health effort to con-
tain the spread of EVD, the Viral Hemorrhagic Fever Consortium
(VHEC) partners worked with the Food and Drug Administration
(FDA) and World Health Organization (WHO) to expedite the
validation of the ReEBOV Antigen Rapid Test (ReEBOV RDT)
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[15]. The goal was to provide a point-of-care test for EVD screening.
The ReEBOV Antigen and immunoglobulin G (IgG) enzyme-linked
immunosorbent assay (ELISA) were also developed to investigate
the immune profile of suspected EVD cases. Herein, we describe
the clinical performance of the ReEBOV RDT.

METHODS

The dynamic course of the 2013-2016 EVD outbreak compro-
mised the full implementation of a ReEBOV RDT clinical study
design [16]. Because of the magnitude of the caseload at Kenema
Government Hospital (KGH) during June through September
2014, the hospital was no longer treating EVD cases. However,
a holding center at KGH was still accepting individuals with sus-
pected EVD for transport to the nearby Ebola treatment unit
(ETU). The VHF Lab at KGH continued to provide diagnoses
for patients and maintain the EVD sample bank. By November
2014, the EVD outbreak in Kenema District had subsided. We
proceeded with field trials of the ReEBOV RDT, using the avail-
able surplus banked serum and plasma EVD samples, in Novem-
ber 2014 and January 2015.

Whole-blood samples from cases suspected on the basis of the
WHO EVD case definition [17] were collected at the KGH ETU
and other ETUs in the country and delivered to the VHF Lab. All
samples were deidentified and assigned a case series number. All
manipulations were undertaken using WHO recommendations
for personal protective equipment and biosafety practices [18].
An aliquot of each sample was collected for viral RNA extraction
from whole blood. The remaining sample was centrifuged to sep-
arate plasma and then aliquoted for sample banking and addi-
tional screening of plasma by the RDT and ELISA. Previously
banked samples were blinded and randomized for RDT and
qRT-PCR testing. US normal serum panels or Sierra Leone
asymptomatic controls were included in sample screening for in-
ternal reference during ELISA testing.

This study was approved by the Tulane University Human
Research Protection Program, the Sierra Leone Ethics and Sci-
entific Review Committee, and the Ministry of Health and San-
itation of Sierra Leone. All sample collection was performed for
patient care purposes. A waiver of consent was granted for testing
banked excess clinical samples collected from patients with sus-
pected EVD. Informed consent was obtained from all asymptom-
atic controls.

ReEBOV RDT

The ReEBOV RDT (Corgenix, Broomfield, Colorado) is a rapid
diagnostic test that was developed using affinity-purified caprine
polyclonal antibodies (Autoimmune Technologies, New Orleans,
Louisiana) specific for EBOV VP40 antigen. The immunochro-
matographic dipstick design incorporates a plasma separator sam-
ple pad to separate plasma from whole-blood specimens
(obtained via capillaries or veins) or allow the use of processed
plasma and serum (Supplementary Figure 1). The test is operated

by introduction of 30 uL of whole blood, plasma, or serum to the
sample pad. Insertion of the dipstick into a culture tube contain-
ing 4 drops (approximately 200 uL) of sample buffer initiates the
flow of sample and sample buffer. In the presence of EBOV anti-
gen, VP40 is specifically absorbed by the colored nanoparticle re-
agent during flow through reagent pads. Capture of antigen-
nanoparticle complexes by the EBOV VP40-specific test line re-
sults in development of a faint pink-to-red signal that corresponds
to the titer of EBOV VP40 antigen in the sample. Nanoparticles
that are not complexed with VP40 antigen are captured by the
control line, which indicates a valid result. Visual interpretation
of the result is performed after incubation for 15-25 minutes. Sig-
nal intensity was scored on a scale of 1-5, which represents a faint
pink to red line. A visual aid is included in each kit to assist in
signal interpretation (Figure 1).

After RDT results were recorded, the dipstick was removed
from the test tube for measuring the reflectance (in mV) of the
test signal, using an ESEQuant Lateral Flow Reader (LFR; Qiagen
Lake Constance). Each test, visual score, and reflectance were re-
corded on ReEBOV RDT worksheets, and a digital photograph
was taken. RDT measurements were also transferred to secured
laboratory databases.

ReEBOV IgG ELISA

The ReEBOV IgG ELISA test (Corgenix, Broomfield, Colorado)
uses 96-well plates coated with a mixture of recombinant EBOV
VP40 and NP antigens (Zalgen Labs, Germantown, Maryland).
A lyophilized negative control (human serum) and reference
(EBOV VP40- and EBOV NP-specific bioconjugates in human
serum) are reconstituted with laboratory-grade water. Reference,
negative control, and samples (serum or plasma) are diluted
1:100 in the supplied sample buffer and added to coated microwell
plate wells (100 pL/well). Following incubation at ambient temper-
ature for 30 minutes, microwells are washed 4 times with a phos-
phate-buffered saline (PBS)-Tween solution. Human IgG-specific
horseradish peroxidase (HRP) conjugate is added (100 pL/well).
Following incubation at ambient temperature for another 30 min-
utes, the wash step is repeated. TMB substrate is added (100 uL/
well) and incubated at ambient temperature for 15 minutes, fol-
lowed by addition of stop solution (100 pL/well). Microwells are
read at Aysp nm (With Agog nm subtraction). IgG ELISA responded
to titered serum from EBOV-challenged NHPs (Supplementary
Figure 2). The OD 50 o positive cutoff of 0.320 for IgG was estab-
lished by comparison of US control serum to samples from indi-
viduals with suspected or confirmed EVD (Supplementary
Figure 3).

ReEBOV Antigen ELISA

The ReEBOV Antigen ELISA (Corgenix, Broomfield, Colorado)
uses 96-well plates coated with a mixture of EBOV VP40- and
EBOV NP-specific caprine polyclonal antibody (Autoimmune
Technologies, New Orleans, Louisiana). A lyophilized negative
control (human serum) and reference (recombinant EBOV
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ReEBOV™ Antigen Rapid Test Results Card

For Detection of Ebolavirus VP40 Antigen

To use this card:
. Be sure the tube cap is securely
“snapped” onto the tube base.

. Position the tube over the illustration
on the right. Be sure the bottom does not
extend below the baseline on the lower right.

. Compare your Test Line Result to the
Result Chart shown below.

Results
Interpretation
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ReEBOV Antigen Rapid Test Kit results card. The results card visual aid was developed in collaboration with the Food and Drug Administration and the World Health

Organization to aid ReEBOV rapid diagnostic test operators in test results interpretation. The card provides a full-scale image of a developed rapid test and hole to align the
capped tube. Correct alignment allows inexperienced operators to correctly identify the control and test line signals. A scale of test line signals aids in test interpretation.

VP40 and NP antigens in human serum) are reconstituted with
laboratory-grade water. Reference, negative control, and samples
(serum or plasma) are diluted 1:10 in the supplied sample buffer
and added to coated microwell plate wells (100 uL/well). Follow-
ing incubation for 60 minutes at 35°C, microwells are washed 4
times with a PBS-Tween solution. EBOV VP40- and EBOV NP-
specific caprine polyclonal antibody HRP conjugate is added
(100 uL/well). Following incubation for 30 minutes at ambient
temperature, the wash step is repeated. TMB substrate is added
(100 pL/well) and incubated at ambient temperature for 15 min-
utes, followed by addition of stop solution (100 pL/well). Micro-
wells are read at Aysg nm (With Aggo nm Subtraction). Potential
clinical utility was observed by comparison of US control
serum to samples from patients with suspected or confirmed
EVD (Supplementary Figure 4). Clinical performance was estab-
lished concurrent with EBOV RDT testing versus the qRT-PCR
reference method. ReEBOV Ag ELISA demonstrated significant
reactivity (P<.0001) to confirmed EVD and a positive
ODy50nm cutoff of > 0.120 established by logistic fit analysis (Sup-
plementary Figure 5). Clinical performance estimate was a posi-
tive percentage agreement (PPA) of 81.9% and a negative
percentage agreement of 97.4% (Supplementary Table 1).

EBOV qRT-PCR
Viral RNA was extracted from 140 pL of clinical samples (banked

serum and plasma), using the QIAmp Viral RNA Mini Kit
(Qiagen, Germany) as per the manufacturer’s recommended

protocol. RNA was eluted in 80 pL of AVE buffer and stored at
—20°C until analyzed. qRT-PCR reactions were set up as previ-
ously described [19]. qRT-PCR was performed using the Super-
Script III One-Step RT-PCR with Platinum Tag DNA
Polymerase (Life Technologies). Forward and reverse primers
were used for Zaire EBOV GP (F2000 and R2079) and NP
(F565 and R640) with a FAM probe for both [19]. qRT-PCR sam-
ples were analyzed on an Applied Biosystems StepOnePlus RT-
PCR System. All samples were tested blindly and independently
of any other diagnostic information. The EBOV qRT-PCR nega-
tive cutoff was >37 cycles, as established by nonlinear regression
analysis of an EBOV RNA standard (Primer Design, United King-
dom). The standard curves generated were used to estimate a cycle
threshold (Ct) near the lower limit of detection. A Ct of 37 was the
lowest Ct with a mean of >10 genome equivalents (Supplementary
Figure 6). A reverse logistic fit of QRT-PCR Ct values versus RDT
results was conducted to determine the Ct for optimal agreement of
both methods (mean Ct, 34.5) at which the PPA was 90.2% and the
NPA was 92.8% (Supplementary Figure 7).

Statistical Analysis

Evaluation of clinical performance followed Clinical Laboratory
Standards Institute and FDA guidance for qualitative diagnostic
tests [20, 21]. Data were analyzed using v11.0 (SAS Institute)
and GraphPad Prism v. 6.04 (GraphPad Software). Hypotheses
involving dichotomous response variables were tested using the
Student ¢ test, the Fisher exact test, or logistic regression with
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Table 1. ReEBOV Rapid Diagnostic Test (RDT) Performance Bias by Sample Type

RDT Positive Agreement? RDT Negative Agreement
Sample Type Proportion Percentage (95% ClI) P Value Proportion Percentage (95% Cl) P Value
Serum 123/130 94.6 (89.2-97.8) .0254 66/82 80.5 (70.3-88.4) <.0001
Plasma 72/84 85.7 (76.4-92.4) 109/112 97.3 (92.4-99.4)

Abbreviation: Cl, confidence interval.

@ Quantitative reverse transcription—-polymerase chain reaction analysis had a cycle threshold cutoff of > 37.

receiver operating characteristics. Binomial proportion compari-
sons were used to establish significance across contingency esti-
mates. Analyses were 2 tailed, with a significance threshold set
at P<.05.

RESULTS

The field trial examined 408 samples, comprising 196 plasma and
212 serum samples, with paired RDT and qRT-PCR data (cutoff
Ct, > 37). Age and sex distribution data were not available. Over-
all, the PCR-confirmed EVD incidence was 52.5% (214 of 408
samples). The PCR-confirmed EVD incidence for plasma sam-
ples was 61.32% (130 of 212) versus 42.86% (84 of 196) for
serum, which was significantly different (P =.0002). A bias was
observed, with a higher PPA for serum (94.6%) and a higher
NPA for plasma (97.3%; Table 1). The preliminary RDT perfor-
mance estimate of the combined plasma and serum data set was a
PPA 0of 91.1% (195 of 214 samples; 95% CI, 86.5%-94.6%) and a
NPA of 90.2% (175 of 194; 95% CI, 85.1%-94.0%), with a diag-
nostic likelihood of 9.3 (Supplementary Table 2). For the FDA
emergency use authorization application, the performance esti-
mate was limited to plasma samples, and qRT-PCR results did
not include the Ct cutoff. The final clinical performance estimate
was a PPA of 62.1% (72 of 116 samples; 95% CI, 52.6%-70.9%)

Table 2. Clinical Performance of the ReEBOV Antigen Rapid Test

Clinical Performance gRT-PCR Positive® gRT-PCR Negative Total

RDT positive 72° 2 74
RDT negative 44° 58 102
Total 116 60 176
Proportion Percentage (95% Cl)
PPA 72/116 62.1 (562.6-70.9)
NPA 58/60 96.7 (88.5-99.6)
PPV 7274 97.3 (90.6-99.7)
NPV 58/102 56.9 (46.7-66.6)
Accuracy 130/176 73.9 (66.9-79.8)

The diagnostic likelihood was 18.6 (P<.0001).

Abbreviations: Cl, confidence interval; Ct, cycle threshold; NPA, negative percentage
agreement; NPV, negative predictive value; PPA, positive percentage agreement; PPV,
positive predictive value; gRT-PCR, quantitative reverse transcription—polymerase chain
reaction; RDT, rapid diagnostic test.

@ A Ct value of <45 was considered positive.

° RDT true-positive Ct range, 19.6-29.1.

¢ RDT false-negative Ct range, 33.6-40.2.

and a NPA 96.7% (58 of 60; 95% CI, 88.5%-99.6%), with a result-
ing diagnostic likelihood of 18.6 (Table 2).

The qRT-PCR Ct interquartile range (IQR) was similar be-
tween sample types (Figure 2), so a comparison of means was per-
formed. Means testing confirmed no significant difference in the
Ct values of the qRT-PCR reference method between plasma and
serum for RDT-positive samples (P =.6164) and RDT-negative
samples (P =.7478). Based on this finding, we examined the com-
bined data set for additional performance characteristics. This
larger sample size exceeded the minimum sample size estimate
for PPA or NPA within a 0.05 margin of error for a 95% CI [16].

The visual scoring of the ReEBOV RDT revealed a trend of
qRT-PCR Ct and RDT from negative (scored 0) to moderate
(scored 3) signals. The qRT-PCR maintains a Ct IQR of 20.8—
26.5 for RDTs that scored >2 (Figure 3). Means comparison for
qRT-PCR CT within the RDT scoring range was significant. For
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Figure 2. Comparison of mean quantitative reverse transcription—polymerase chain

reaction (qRT-PCR) values of plasma and serum specimens testing positive or negative
by rapid diagnostic test (RDT) There were no significant differences in mean values and
comparable interquartile ranges for RDT-positive and RDT-negative samples. Bias in
PCR-confirmed incidence may be attributed to temporal prevalence of serum sample
collection during the early stage of the EVD outbreak as compared to later stages,
when whole-blood (plasma) samples were predominately collected for standardized
RT-PCR confirmation protocols. The dashed line denotes the gRT-PCR cycle threshold
(Ct) cutoff. ****P<.0001, by the Fisher test. Abbreviation: NS, not significant.
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Figure 3. Comparison of mean quantitative reverse transcription—polymerase
chain reaction (gRT-PCR) cycle threshold (Ct) values, by visual rapid diagnostic
test score. There is a significant relationship between the negative signal (0) and
the development of low-to-moderate signal (1-3). However, at a score of >2, the
PCR Ct values remain positive, with an interquartile range of 20.8-26.5.
qRT-PCR-nonreactive samples were assigned a Ct value of 46 for distribution anal-
ysis. Quantile box plots are shown in red. Mean values are connected by a blue line.
qRT-PCR cutoff Ct values are shown by a dotted line. *P< .05, **P< .01, ***P<.005,
and ****P<.0001, by the Fisher test. Abbreviations: EVD, Ebola virus disease; NS,
not significant; RDT, rapid diagnostic test.

instance, a RDT visual score of 2 versus 4 corresponded to a mean
Ct of 27.9 versus 22.3 (P =.0002). However, given the subjective
nature of the RDT scoring, attempting to assign a linear correla-
tion between a qRT-PCR Ct representing viral RNA and a RDT
signal representing viral antigenemia is not appropriate. Instead,
the relationship of ReEBOV RDT scoring to EVD qRT-PCR Ct
demonstrates a high positive predictive value (PPV) when the vi-
sual signal score was >2 (Table 3), based on the visual aid. The
combined PPV for the moderate (2-3) and high (4-5) visual scor-
ing is 97.0% (161 of 166 specimens; 95% CI, 93.1%-99.0%) with a
margin of error of 0.03.

The correlation of antigen ELISA and qRT-PCR CT was
R?=0.628 (Figure 4A), while no correlation (R* = 0.044) with IgG
ELISA was observed (Figure 4B). Quantile density contours eluci-
date the indeterminate range in qRT-PCR results (Ct, 30-40) in

Table 3. Positive Agreement of Stratified ReEBOV Rapid Diagnostic Test
Visual Scores

Visual Score qRT-PCR Positive gRT-PCR Negative PPV (95% CI)

5 56 0 100 (96.3-100)
4 31 0 100 (88.8-100)
3 39 2 95.1 (83.5-99.4)
2 35 3 92.1 (78.6-98.3)
1 34 14 70.8 (56.7-81.9)

A total of 161 of 166 specimens had a visual signal score of >2, fora PPV of 97.0% (95% ClI,
93.1%-99.0%).

Abbreviations: Cl, confidence interval; PPV, positive predictive value; gRT-PCR, quantitative
reverse transcription—polymerase chain reaction.

which the transition from acute EVD (antigenemia) and seropos-
itive EVD lies. Most reported qRT-PCR Ct cutoffs lie within this
range, including the threshold proposed for this study [22-25].

DISCUSSION

The field trial results of the ReEBOV RDT were included in the FDA
emergency use authorization application as requested in light of the
fact that a prospective study would delay the submission. As previ-
ously stated, the final application data set was restricted to plasma
samples, and qRT-PCR confirmation of EVD excluded the use of
a cutoff, such that a Ct value of <45 was considered a confirmed
positive result. Clinical data were not available for the banked sam-
ples, so morbidity and mortality covariates could not be examined.
We consider the preliminary performance estimate to be justified,
based on the analysis of the KGH qRT-PCR results and covariate
relationship to ELISA results. However, we also stand by the final
performance estimate authorized by the FDA.

The WHO also conducted an independent clinical study (in
January 2105) of the ReEBOV RDT at 2 sites in the Freetown
area of Sierra Leone. This study tested fresh whole-blood speci-
mens collected from veins and banked plasma samples. The refer-
ence method was the RealStar Filovirus Screen RT-PCR Kit 1.0
(Altona Diagnostics), with a Ct cutoff of <40. The WHO clinical
performance evaluated yielded a PPA of 91.8% (89 of 97 samples;
95% CI, 84.4%-96.4%) and a NPA of 84.6% (165 of 195; 95% CI,
78.8%-89.4%), with a diagnostic likelihood 5.96. Compared to the
preliminary performance at KGH, there was not a significant dif-
ference in PPA (P =.855) or NPA (P =.0966).

A second independent study (performed in February 2015) was
conducted jointly by Partners In Heath (Boston, Massachusetts)
and Public Health England (Porton Down, United Kingdom)
[24]. For this study, the primary site was the Public Health England
field reference laboratory in Port Loko, Sierra Leone. Samples en-
rolled in the study were referrals from several sites and clinics in
western Sierra Leone. The reference method was the RealStar Filo-
virus Screen RT-PCR kit 1.0 (Altona Diagnostics). Importantly, this
was the first study to fully model the point-of-care test concept by
evaluating blood collected by finger sticks, as well as screening of
fresh venous whole-blood specimens. The clinical performances
for both finger-stick and whole-blood specimens were identical,
with a PPA of 100% and a NPA of 92.2%. Agreement between eval-
uations of finger-stick and whole-blood specimens was 93.0%, with
all discordant results being weak (score 1) false-positive results. The
diagnostic likelihoods were 12.8 for finger-stick specimens and 14.3
for fresh whole-blood specimens.

Based on the VHFC analytical validation, the KGH field trial,
and the WHO independent clinical study, the WHO and FDA
granted emergency use authorization to the ReEBOV RDT for
in vitro diagnostic use, in February 2015. Approved sample
types were limited to whole-blood specimens obtained from fin-
ger stick or veins and plasma. These are the most appropriate
samples since the RDT is design for point-of-care testing of
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Correlation of Ebola virus (EBOV) load, antigenemia, and immunoglobulin G (IgG) seropositivity. Correlation charts display quantile density heat maps of data distri-

bution and linear regression. A, Correlation between ReEBOV antigen enzyme-linked immunosorbent assay (ELISA) (antigenemia) and quantitative reverse transcription—polymerase
chain reaction (qRT-PCR) cycle threshold (Ct) values (A2 =0.628). B, Lack of correlation between ReEBOV IgG seropositivity and qRT-PCR positivity (47 = 0.044), revealing possible
IgG-positive, PCR-negative EVD survivars. gRT-PCR-nonreactive samples were assigned a Ct of 46 for distribution analysis. Dashed lines denote qPCR Ct and ELISA ODjs cutoffs.

There were 396 observations.

finger-stick specimens or venous whole-blood specimens, which
has been standardized for use in qRT-PCR confirmation testing.
The authorized intended use of the ReEBOV RDT is for the pre-
sumptive detection of EBOV in individuals with signs and symp-
toms of EBOV infection in conjunction with epidemiological risk
factors, including geographic location with a high prevalence of
EBOV infection. Use is intended for circumstances when an au-
thorized EBOV nucleic acid test is not available. The ReEBOV
RDT is not intended for general EVD screening of nonfebrile
cases, such as via airport screening or contact tracing. The ReE-
BOV RDT is authorized for use in laboratories or facilities ade-
quately equipped, trained, and capable of such testing.

In the wake of the West African EVD outbreak, studies have
reviewed the use of QRT-PCR to confirm the triage of patients
with suspected EVD, based on the EVD clinical case definition.
One study at the MSF case management center (CMC) site in
Kailahun, Sierra Leone, evaluated the performance of the triage
system based on the EVD case definition while awaiting PCR
test results [13]. Patients with suspected EVD were separated on
the basis of symptoms at triage into isolation wards for patients
with suspected EVD and those for patients with highly suspected
EVD while they awaited RT-PCR results, often requiring an over-
night stay or longer. Based on PCR, the PPV of symptom classi-
fication at triage was only 46% for suspected cases and 76% for
highly suspected cases, resulting in a combined false-positive
rate of 39% that, potentially, exposes those patients to nosocomial
transmission of EVD. The readmission rate of non-EVD cases (ie,
those with negative PCR results) at this site was observed at 11%
(15 of 138), but transmission source could not be confirmed [26].

A second study at the MSF CMC in Kailahun analyzed the
EBOV load based on qRT-PCR cycle time at admission during
June-October 2014 [25]. The qRT-PCR implemented at the time
used a Ct cutoff comparable to the 3 ReEBOV RDT validation stud-
ies and determined that a Ct of 25 was equivalent to 1.3 x 107 ge-
nomes/mL. The Ct IQRs at admission for both survivors (25-34)
and fatal cases (20-25) were below the recommended Ct cutoff
(>37) of the KGH validation study. This would suggest that
PCR-positive results would have correlated well with the detection
range of the ReEBOV RDT and that its use during triage would be
of benefit since the acceptable time to results of PCR was as much
as 5 days for inclusion in this study. Another consideration is that
the gQRT-PCR Ct IQR for cases on both wards was similar, with Ct
ranges of 25 to 32 for suspected cases and 21-32 for highly suspect-
ed cases, which suggests that QRT-PCR-positive cases on both
holding wards were equally infectious prior to being moved to
the isolation wards for patients with confirmed EVD.

The potential for the use of the EVD RDT in triage scenarios
and surveillance programs was recently modeled [27]. The pop-
ulation-level transmission model analyzed RDT use based on the
WHO performance estimate for the ReEBOV RDT (PPA, 91.8%;
NPA, 84.6%) versus qRT-PCR with an assumed 100% sensitivity
and 100% specificity. The population-wide transmission model
was calibrated to actual incidence based on PCR-only testing.
When wait times for PCR results were improved to <24 hours,
a 30% reduction in transmission was predicted owing to reduced
nosocomial transmission in holding areas. Under the scenario of
caseload outpacing bed capacity, as experienced at the peak out-
break, the model suggests that RDT-only screening would lead to
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more-efficient use of bed capacity by turning away fewer EVD-
positive cases, which could lead to further transmission within
the population. The model suggested that combined use of
RDTs for EVD triage, followed by EVD confirmation with
qRT-PCR, could have reduced the size of the epidemic by 32%,
owing to a reduction in the number of patients with nosocomial
EVD infections who are discharged back into the population.

The ReEBOV RDT met the challenge to fulfill the need for low-
cost, minimal-resource, point-of-care RDTs to screen for and
triage individuals with EVD. Its expedited development and vali-
dation was intended to contribute to EVD case management dur-
ing the peak of the EVD transmission, but fortunately the caseload
began declining in 2015. The studies discussed above suggest that
implementation of this EVD RDT for screening could have con-
tributed to improved case management efforts in areas where EVD
transmission was still active and may be of great utility for future
EVD outbreaks in otherwise resource-constrained regions.

Supplementary Data

Supplementary materials are available at http://jid.oxfordjournals.org.
Consisting of data provided by the author to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the author, so
questions or comments should be addressed to the author.
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