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As one of the most recent additions to the syndromic testing landscape, the ePlex® platform by GenMark
Diagnostics is a system that combines the manufacturer’s signature electrochemical detection technology
with updated microfluidics, providing a new option for multiplex testing that is both rapid and requires
minimal hands-on steps. In this review, we detail the ePlex platform and its current/future syndromic
panels, with a particular focus on the respiratory pathogen panel - the platform’s first assay to undergo
clinical trials and receive regulatory approval in the USA. By keeping informed of these ever-expanding
laboratory options, clinicians and microbiologists can stay positioned at the forefront of infectious disease
diagnosis.
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ePlex® platform

The care of patients with infectious diseases is increasingly facilitated by technology, in particular laboratory testing,
as advanced diagnostic tools can facilitate rapid pathogen-identification and targeted medical management. In
recent years, perhaps nowhere have these advances been more prominent than with multiplex molecular assays,
which can simultaneously identify and differentiate nucleic acid sequences from diverse infectious agents. Among
the most recent multiplex technologies to enter the market is the ePlex® platform by GenMark, this manufacturer’s
second-generation electrochemical detection system for clinical use (Figure 1). With its Respiratory Pathogen (RP)
Panel already widely available — and various other panels in development — the ePlex platform offers new options
for clinicians and clinical laboratories. The purpose of this review is to summarize the ePlex platform for these
diverse audiences. After providing a brief introduction to multiplex testing, we detail the analytic and diagnostic
characteristics of the ePlex platform, with emphasis on the RP panel recent clinical trial data in the USA.

The rise of syndromic molecular testing

Traditional laboratory techniques for diagnosing infections are now frequently complemented with — and, in some
cases, replaced by — molecular tests based on the PCR and other nucleic acid amplification techniques. Among the
most significant recent advances in diagnostic microbiology are multiplex molecular assays, in which numerous
pathogens are targeted in parallel within a single clinical specimen [2,3]. This capability stems from distinct PCR
primer/probe sets, combined with detection technologies that can differentially recognize the individual amplicons.
These platforms have paved the way for ‘syndromic’ testing of infectious diseases, allowing a patient with a given set
of signs/symptoms (e.g., cough, diarrhea, headache) to undergo a single test for potential causative agents, whose
manifestations can demonstrate notorious overlap with one another. These targets can simultaneously encompass
viruses, bacteria, fungi and parasites, including pathogens for which previous diagnostic options were limited to
esoteric reference tests [4].
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Figure 1. GenMark ePlex® respiratory pathogen panel assay workflow.
Reproduced with permission from [1].

Multiplex assays have significantly altered the clinical approach for many infections, decreasing the time to a
definitive microbiologic diagnosis, with downstream benefits to both individual patient-care and antimicrobial
stewardship [5]. Admittedly, defining the optimal utilization of these panels is a matter of ongoing reflection
across institutions, for instance whether their use should be unrestricted or, rather, limited to particular clinical
scenarios and/or specialist services [6,7). Concomitant financial questions have also emerged, with evolving — in fact,
vigorously debated — reimbursement criteria (8]. At the same time, the popularity of these platforms is undeniable
and they promise to remain a common fixture in diagnostic labs [2,3].

Syndromic testing has assumed a prominent role for several types of infections given by syndromes’
prevalence/severity. Respiratory panels were the first to enter the market with testing performed on nasopha-
ryngeal swab (NPS) specimens. The earliest such assays targeted common circulating viruses, including: influenza
A/B, parainfluenza, rhinovirus, adenovirus, respiratory syncytial virus and metapneumovirus [9,10]. Current itera-
tions of respiratory panels now also include several bacterial species with similar clinical features (e.g., Bordetella,
Mycoplasma, Chlamydia) [11,12]. Multiplex stool panels were the next to become available with an ability to dif-
ferentiate among many of the diverse causes of enteritis and colitis (viral, bacterial and parasitic) [13). Although
an explicit species-level diagnosis is often not required for uncomplicated cases of either respiratory or diarrheal
illness [14-16], these assays can be incredibly valuable in immunocompromised hosts, as well as in patients with severe

1698

Future Microbiol. (2018) 13(16) future science group



The GenMark ePlex: another weapon in the syndromic arsenal for infection diagnosis  Diagnostic Evaluation

Table 1. Commercially available sy

Manufacturer GenMark BioFire Luminex BD T2 Biosystems
Platform ePlex XT-8 FilmArray Verigene XTAG/NXTAG BD MAX T2
Respiratory Respiratory Respiratory’ Respiratory Respiratory - -
US&CE IVD US&CE IVD US&CE IVD US&CE IVD US&CE IVD
Syndromic panels Blood - Blood Blood - Blood¥
CE IVD US&CE IVD US&CE IVD US&CE IVD
Gl - Gl Gl Gl Gl -
Development US&CE IVD US&CE IVD US&CE IVD US&CE IVD
CNS - CNS - - - -
Development US&CE IVD

Summarized here are panels for the following major infectious syndromes: respiratory infections, bloodstream infections (e.g., bacteremia/fungemia), gastrointestinal (Gl) infections
(i.e. diarrheal iliness) and CNS infections (e.g., meningitis and encephalitis). The regulatory status of each platform is denoted as: approved for clinical use (IVD) in the USA, approved for
clinical use in the European Community (CE), or under development.

The BioFire FilmArray currently includes an upper respiratory pathogen panel (for nasopharyngeal specimens) available for clinical use in the USA and Europe, as well as a separate
pneumoniae panel (for bronchoalveolar lavage specimens) that currently remains under development.

fWith the exception of T2, all other manufacturer’s bloodstream panels are performed on positive blood-culture media, whereas the T2 assay is performed directly on whole blood. A
candidemia panel for the T2 is IVD-marked in both the USA and Europe, while a bacteremia panel presently remains CE IVD-marked only.

IVD: In vitro diagnostics.

disease or atypical risk factors. More recently, syndromic panels have been developed for less frequently infected
anatomic sites — albeit ones with high associated morbidity — with affected patients most often encountered in emer-
gency department and inpatient settings. These include cerebrospinal fluid assays for meningitis/encephalitis [11]
and blood-culture assays for bacteremia and fungemia (commonly referred to as ‘sepsis’ panels) [17,18]. The latter
differ from other syndromic tests in that multiplex detection is typically performed on microbiological cultures
(i.e., initial broth-phase growth in blood culture bottles), not the clinical specimens themselves. More recently;
however, the first multiplex tests have emerged for direct-from-blood testing targeting limited bacterial and yeast
pathogens [19-22.

It is important to emphasize that syndromic testing is not necessarily limited to prefabricated commercial
products, as individual laboratories (either single-institution labs or reference facilities) can and do develop multiplex
molecular assays for in-house use (‘home brews’) [23,24]. At the same time, the inherent complexity of these tests
— and the effort and cost needed to validate them rigorously — make syndromic assays conducive to commercial
development, with formal approval by national regulatory bodies and large-scale distribution. This approach
has become the dominant paradigm in clinical practice, as the diagnostic market currently entails several major
manufacturers competing through their respective proprietary assays. These technologies each constitute a central
detection platform (i.e., the instrument itself), which is then interfaced with separate panels for the various
syndromes (e.g., a respiratory panel, stool panel, ezc.).

With GenMark, for instance, pathogen detection involves ferrocene-labeled oligonucleotide probes, which
associate with electrodes via amplicon-probe annealing events, altering impedance in a measurable way (as detailed
below). Other major manufactures offering syndromic panels include: the FilmArray by BioFire (parent company
bioMerieux), which utilizes nested PCR in sequential microreservoirs, with downstream fluorescence-detection on
a 2D grid (11,13,17,18,25,26]; the VERIGENE by Luminex, which detects amplicons through gold/silver-conjugated
oligonucleotide probes and an evanescent field phenomenon [17,18,26); the XTAG and NxTAG flow cytometry
systems, also by Luminex, which employ fluorescently barcoded microbeads to target amplicons [12,26,27]; the BD
MAX system by BD, a qPCR platform that enables multiplexing through automated robotics [28,29]; and the
T2Dx platform by T2 Biosystems, which utilizes NMR relaxometery to detect amplicon-mediated agglomeration
of capture probes [19,21]. Additional technical details and performance characteristics of these platforms are detailed
in the respective citations.

Syndromic testing platforms: demand shaping design

From these options, a clinical laboratory must determine which technology best addresses its local needs. The above
platforms currently include panels for one or more of the major syndromes, as summarized in Table 1 (classified as
US approved, European Community approved or under development). Not surprisingly, the available panels from
each manufacturer are increasing with time, allowing a laboratory to maximize the testing that can be accomplished
through a single platform. This flexibility can be quite attractive from an operational and financial perspective, as
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Table 2. Pathogen targets on various multiplex respiratory panels.

Manufacturer

Platform

Viral targets

Bacterial targets

GenMark
ePlex XT-8
Influenza A Influenza A

Influenza A H1
Influenza A H3
Influenza A 2009 H1N1
Influenza B

Respiratory syncytial virus
A

Respiratory syncytial virus
B

Parainfluenza virus 1
Parainfluenza virus 2
Parainfluenza virus 3
Parainfluenza virus 4
Meta-pneumovirus
Rhino/Enterovirus

Adenovirus

Coronavirus

M. pneumoniae

C. pneumoniae

Influenza A H1
Influenza A H3
Influenza A 2009 H1N1
Influenza B

Respiratory syncytial virus
A

Respiratory syncytial virus
B

Parainfluenza virus 1
Parainfluenza virus 2
Parainfluenza virus 3
Meta-pneumovirus
Rhinovirus
Adenovirus B/E

Adenovirus C

BioFire

FilmArrayt

Influenza A

Influenza A H1
Influenza A H3
Influenza A 2009 H1N1
Influenza B

Respiratory syncytial virus

Parainfluenza virus 1
Parainfluenza virus 2
Parainfluenza virus 3
Parainfluenza Virus 4
Meta-pneumovirus
Rhino/Enterovirus

Adenovirus

Coronavirus 229E
Coronavirus HKU1
Coronavirus NL63
Coronavirus OC43
M. pneumoniae
C. pneumoniae

B. pertussis

B. parapertussis

Luminex
Verigenet NXTAG
Influenza A Influenza A

Influenza A H1
Influenza A H3
Influenza B

Respiratory syncytial virus
A

Respiratory syncytial virus
B

Parainfluenza virus 1
Parainfluenza virus 2
Parainfluenza virus 3
Parainfluenza virus 4
Meta-pneumovirus

Rhinovirus

B. pertussis

B.

Influenza A H1
Influenza A H3
Influenza B

Respiratory syncytial virus A

Respiratory syncytial virus B

Parainfluenza virus 1
Parainfluenza virus 2
Parainfluenza virus 3
Parainfluenza virus 4
Meta-pneumovirus
Rhino/Enterovirus

Adenovirus

Bocavirus
Coronavirus 229E
Coronavirus HKU1
Coronavirus NL63
Coronavirus 0C43
M. pneumoniae

C. pneumoniae

parapertussis/bronchospetica

B. holmesii

Summarized here are the various viral and bacterial pathogens currently detectable by commercial multiplex respiratory panels.

TFilmArray RP2 panel.
Verigene RP Flex panel.

the platforms themselves typically represent ‘big-ticket’ items for an institution, entailing a capital purchase or lease
agreement. In addition to multipanel capability, a variety of other considerations define a platform’s overall utility —
along with its potential limitations — and several of these clinical, analytical and logistical factors are discussed here.

On a practical level, a multiplex assay is valuable insofar as it can generate a rapid and accurate identification
among the numerous pathogens on a differential diagnosis. In this regard, one of the most common selling points
for a system is the number of different agents that it is capable of detecting (i.e., its extent of multiplexing). The
targets of commercially available respiratory panels, for instance, are summarized in Table 2. Across manufacturers,
an ongoing trend involves the development of panels that incorporate a greater number of targets. In fact, compared
with respiratory pathogens, the diversity of diarrheagenic pathogens is even greater, with a large variety of uncommon
agents alongside the more frequent etiologies. And for specimens like blood and cerebrospinal fluid, the number of
organisms that might theoretically cause infection is truly vast, especially when opportunistic agents and uncommon
risk factors are considered. The ability of an assay to diagnose both common and uncommon pathogens has obvious
clinical desirability, especially considering that rare infections are often associated with significant diagnostic latency.

At the same time, several caveats also apply to syndromic assays with large-scale multiplexing. To begin, one
must recognize the fundamental relationship between the specificity of a test, its positive predictive value, and
the prevalence of the targeted disease: even tests with relatively high specificity can demonstrate a low positive
predictive value for uncommon infections. With diarrheal illness, in particular, there are a number of organisms
that can be associated with both symptomatic infection and asymptomatic colonization (e.g., enteropathogenic

1700

Future Microbiol. (2018) 13(16) future science group



The GenMark ePlex: another weapon in the syndromic arsenal for infection diagnosis  Diagnostic Evaluation

and enteroaggregative Escherichia coli 130-32) and Clostridium difficile (33,341). When such organisms are included
on a panel, a positive result does not necessarily imply a causative role in the patient’s symptoms, especially
when multiple targets are detected in the same specimen [35]. Finally, at the intersection of laboratory finances
and diagnostic stewardship, the ‘more-is-better’ paradigm for syndromic targets must balance the cost of testing
with the specific needs of the individual. An assay with additional targets might entail greater expenses for the
performing laboratory, the insurance/payer or the patient him/herself, and these factors must be weighed in light
of the pretest probability of the various pathogens and the overall goals of care. These issues are reflected by the
recent development of the first panel (on the VERIGENE system) for which the resulted targets are selected on a
specimen-by-specimen basis, with the cost of testing adjusted accordingly [36].

Alongside the issue of which targets a multiplex assay can detect is the vital question of how fast this testing can
occur. The logistics of turnaround time — from when a specimen is collected to when results are available — are
always at the forefront of laboratory operations, and this dynamic certainly holds true for syndromic testing. For
many scenarios, in fact, a rapid result is precisely what allows a multiplex assay to impact patient care (e.g., through
earlier escalation/deescalation of therapy or the real-time decision to admit/discharge). Just as recent syndromic
panels include a growing number of targets, so too has there been an emphasis on designing platforms that
generate results as rapidly as possible. The time required for the individual steps of nucleic acid extraction, PCR
amplification and amplicon detection are contributing factors, although an even greater determinant of turnaround
time is a platform’s ability to connect these steps in an automated fashion. The first generation of syndromic
assays employed separate extraction and amplification steps, followed by manual transfer of amplicons onto the
platform for detection [26,27,37). More recently, however, panels have been engineered as self-enclosed cartridges that
house extraction, amplification and detection steps in discrete physical locations, linked to one another through
microfluidic channels. After a specimen is loaded onto the cartridge, it is interfaced with the platform and the
entire analytic process proceeds sequentially. This hands-off capability (currently available with the ePlex, FilmArray
and VERIGENE systems) eliminates delays from manual transfers [11,13,17,18,25,26]. Just as significantly, the design
allows specimens to be analyzed on a random-access basis as they arrive in the laboratory, eliminating the need for
batched testing and the limitations this places on achieving on consistent turnaround times.

Beyond these considerations, self-enclosed testing cartridges afford several other benefits to laboratory workflow
and quality assurance. As with any nucleic acid amplification test, amplicon carryover (i.e., cross-contamination
from one specimen to the next) remains a prominent concern with multiplex systems, further magnified by the
number of separate amplicons that might act as contaminants [38]. To address this concern, a self-enclosed design
— where amplicons are never manipulated or exposed to the external environment — significantly mitigates the
opportunities for carryover and the adverse clinical consequences of false-positive results. It likewise reduces an
assay’s technical complexity for laboratory staff and the need for technologists with specific expertise in molecular
biology. In fact, when combined with rapid turnaround times, operator-friendly platforms create an opportunity
for syndromic testing outside of centralized laboratories. Recently, the first multiplex test was approved by the
US FDA as a CLIA-waived assay (the FilmArray EZ respiratory assay), opening the door for point-of-care testing
in outpatient clinics, emergency department and hospital wards [39]. Admittedly, there is still a need to further
delineate the specific circumstances (both clinical and financial) in which multiplex point-of-care testing is most
appropriate and impactful (40,41]. Nonetheless, the development of such instruments highlights the factors that are
currently driving the syndromic testing market.

Along with this focus on target-coverage and turnaround time, multiplex platforms are incorporating additional
features to benefit laboratory and clinical workflow. With a random-access design, it is critical that platforms can
interface with multiple independent cartridges for simultaneous testing. An instrument’s optimal number of testing
bays; however, depends on a given institution’s clinical volume. Manufactures now commonly offer platforms in
scalable configurations that can meet these diverse needs. Across different instrument configurations, features like
barcode scanning and touchscreen graphical displays can further simplify the efforts of laboratory staff. Although
syndromic assays are increasingly designed for ease-of-use, their results often carry nuanced implications for patient
care, especially when less common targets are encountered. Additional interpretative guidance (crafted jointly by
laboratory and clinical stakeholders) can add further value to the basic findings of detected or not detected.
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The eplex platform

Basic features of the instrument

Against this complex backdrop of clinical and logistical needs, the ePlex platform has recently entered the diagnostic
market in the USA and internationally. As mentioned above, the ePlex platform is GenMark’s second-generation
multiplex platform, following the XT-8® instrument whose Respiratory Viral Panel (RVP) was launched in
2012 42,43]. The ePlex platform was launched with a specific focus on syndromic infection testing and a sample-to-
result workflow. As depicted in Figure 1, the platform incorporates a scalable number of towers (from 1 to 4), each
of which houses bays for six independent tests [44). With an analysis time of <2 h per assay, these configurations
can support a throughout of 24-96 tests within a typical 8-h shift. Although these larger towers are intended for
central laboratory usage, an additional ePlex instrument configuration — the NP (‘near patient’) — is available with
three bays. The ePlex NP is an option for institutions running as few as 12 samples per shift. The basic external
features of an ePlex cartridge include a port for specimen input, a unique barcode for cartridge identification, and
an open area for placing a specimen accession ID barcode. Each self-enclosed cartridge contains all the regents
and components of the test. Cartridges require refrigeration prior to use, but require minimal manipulation by
laboratory staff during testing. In the case of the RP Panel, 200 pl of a NPS specimen (in liquid transport media) is
transferred into the sample delivery device and vortexed for 10 s. The entire volume of the sample delivery device is
dispensed into the cartridge, entailing ~2 min of hands-on time. Nucleic acid is extracted within the cartridge with
automated fluidic transport to the amplification and detection steps. Other features of the ePlex platform likewise
place an emphasis on ease-of-use and rapid turnaround time (addressing the general points discussed above). These
include characteristics of both the instrument itself and its software, as summarized by the product literature from
the manufacturer [45).

eSensor electrochemical detection

Before describing the available panels and performance characteristics of the ePlex platform, we first wish to discuss
the underlying technology that makes the analysis possible. The central design feature of both the XT-8 and the ePlex
platform is a proprietary method of electrochemical nucleic acid detection called eSensor technology. This method
exploits a basic biophysical phenomenon that impedance across an electrical circuit can be modulated by redox-
active metalloorganic moieties. Specifically, the eSensor technology utilizes an oligonucleotide ‘sandwich’ approach
to recruit ferrocene derivatives to the surface of gold-plated electrodes. A detailed schematic and video of the
process is available (46]. After PCR thermocycling, an exonuclease digestion is performed to create single-stranded
amplicons; these amplicons are first annealed to ferrocene-conjugated signal probes. The resultant complexes
maintain an amplicon-overhang that is complimentary to separate capture probes, which are bound to a gold
electrode [42). The signal probe-amplicon complexes bind to the capture probes, immobilizing ferrocene at the
electrode as part of a three-nucleotide complex. With this assembly, iron-redox cycling is induced by an applied
potential at the electrode, and the resultant faradaic current is assessed voltammeterically against the background
capacitative current. By probing this relationship at each electrode, one can rapidly asses which amplicons (and
source pathogens, in turn) are present or absent [42].

The eSensor technology was originally developed in 1993 at the California Institute of Technology by Jon Faiz
Kayyem. This technology was later commercialized and the initial use of electrochemical detection of DNA on
a ship was focused on diagnosing human genetic diseases that included hereditary hemochromatosis and cystic
fibrosis (43]. Corporate ownership of the technology has changed hands several times in subsequent years, and
genetic testing on the XT-8 remains a valuable component of the eSensor technology’s overall diagnostic utility.
Nevertheless, an expansion to syndromic applications is not surprising, as the eSensor technology’s inherent design-
strengths are highly conducive to these purposes. The technology allows for a high degree of multiplexing, as the
maximum number of targets in a panel is a function of the working electrodes in its circuit board. Diagnostic
specificity, moreover, is improved by the need for multiple oligonucleotide annealing to generate an electrochemical
signal. The speed at which amplicons are detected, the brief time required to sweep a voltage across individual
electrodes, lends itself to a rapid diagnostic turnaround.

Integrated electrowetting fluidics

Despite these strengths of the eSensor technology, a shortcoming of the XT-8 platform for syndromic testing is the
aforementioned need to extract specimens and transfer amplicons manually. The sample-to-result capability of the
ePlex platform is one of the most important upgrades to the eSensor technology, achieved through integration with
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a microfluidic phenomenon known as electrowetting on dielectric. This pump/valve-free technology employs a
hydrophobically coated dielectric material on top of individual metallic imbedded electrodes [1]. When microliter-
volume aqueous specimens are located on the surface, the droplets can be forced to migrate along a desired route
by applying voltages sequentially at contiguous electrodes. This electrical potential decreases the local interfacial
tension between the liquid and the plate’s surface, inducing the droplet to align with the activated electrode. The
resulting 2D pathway allows a liquid specimen to be introduced in a step-wise manner to the various reagents of
a PCR assay (for extraction, amplification and detection), prefabricated on the surface at the necessary locations.
Purification and concentration of nucleic acids are facilitated by paramagnetic beads, magnetically immobilized at
specific locations of the pathway. During target amplification, a reaction mixture can be actuated back-and-forth
over appropriately heated surface-locations, facilitating rapid in-droplet thermocycling. In total, an ePlex cartridge
represents an electrowetting-mediated PCR module interfaced with an eSensor device for final amplicon detection.
The combined technology was facilitated by a partnership between GenMark and Advanced Liquid Logic (acquired
by Illumina®), where the microfluidic process was developed.

Diagnostic performance of eplex platform

Overview & current status of ePlex panels

As with all commercial diagnostics, the availability of a syndromic assay is ultimately dictated by its regulatory
approval in a particular market. Accordingly, the RP panel is the first ePlex panel to receive marking as an
in vitro diagnostic within both the European Community (2016) (47] and the USA (2017) (48], the latter via
510(k) FDA clearance (with the FilmArray Respiratory Panel as the predicate device). The ePlex panel covers
15 viral and 2 bacterial pathogens, already summarized in Table 1. NPS in viral transport medium are the FDA
cleared, validated specimen types, as other specimen types (e.g., bronchoalveolar lavage fluid, tracheal aspirates)
have not been evaluated in clinical studies. It is important to note that the latter specimen-types are not covered
under the FDA clearance of the ePlex RP panel, and a US laboratory would be required under the Clinical and
Laboratory Improvements Amendments to conduct additional validation studies on-site prior to implementing
clinical testing. Although this same situation currently applies to all commercial respiratory panels (with NPS-only
clearance), it still represents a source of potential confusion. Clinicians often desire multiplex testing of alternative
respiratory specimens, and the medical literature has included various examples of such off-label use (for various
manufacturer’s platforms) [49-52]. Importantly, whenever a new platform comes to market, the performance of a
nonapproved specimen type cannot simply be assumed and must be demonstrated explicitly, per local regulatory
mandates.

Among the individual targets on the ePlex RP panel, several merit brief discussion for how their detection
compares with other commercial syndromic assays. As one of the most epidemiologically significant respiratory
pathogens, influenza is targeted by the ePlex RP platform with a similar strategy to the other current platforms [11].
The RP panel detects influenza types A and B independently through separate assays, while additional subtype
assay (H3, H1 and 2009 H1) define the lineage within type A. Novel/atypical influenza strains would be indicated
by a type A-only detection (without any subtypes), although this rare — and potentially concerning — event would
require further confirmation by public-health authorities. Among the most common detections, the ePlex RP panel
reports thinovirus and other enteroviruses together (as rhinovirus/ enterovirus). Although differs from the rhinovirus-
specific probe of XT-8 panel, several other platforms utilize this same strategy [25], in which other enteroviruses are
not detected. Also, unlike the XT-8 system, the ePlex RP panel includes coverage of several corona viruses (229E,
HKU1, NL63, OC43), although it does not differentiate between them in its final report!. The CE-marked version
of the ePlex RP Panel includes analytical data for Middle East Respiratory Syndrome Coronavirus; however, this
target is not available on the IVD cleared assay. Finally, the ePlex RP Panel includes Mycoplasma pneumoniae and
Chlamydia pneumoniae among its bacterial targets, although it does not detect any Bordetella species on the IVD
cleared panel (covered in several other commercial panels [11]).

The ePlex blood-culture Identification panels have likewise received CE-IVD marking in the European Commu-
nity (in 2017): a Gram-positive (GP) panel, Gram-negative (GN) panel and a fungal pathogen (FP) panel (53]. In
each case, testing is performed on blood-culture media in which microbiologic growth has already been detected by
standard fluorometeric monitoring techniques. The choice of which panel to utilize (G, GN or fungal) is dictated
by the initial Gram-stain results of that specimen. This approach is similar to current VERIGENE blood culture
panels (which include GP and GN assays, but not fungi), although it differs from the FilmArray panel (in which
bacterial and fungal targets are combined into a single assay) [17]. As with the ePlex RP panel, the blood-culture
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Table 3. Pathogen targets on the ePlex blood culture panels.

Gram-positive panel
Phylogenetic targets
Bacillus cereus group
Bacillus subtilis group
Corynebacterium
Cutibacterium acnes
Enterococcus

Enterococcus faecalis
Enterococcus faecium
Lactobacillus

Listeria

Listeria monocytogenes
Micrococcus
Staphylococcus
Staphylococcus aureus
Staphylococcus epidermidis
Staphylococcus lugdunensis
Streptococcus
Streptococcus agalactiae
Streptococcus anginosus group
Streptococcus pneumoniae
Streptococcus pyogenes
Pan-Candida

Pan-Gram negative

Drug resistance determiance targets
vanA

vanB

mecA

mecC

Gram-negative panel

Acinetobacter baumannii
Bacteroides fragilis
Citrobacter

Cronobacter sakazakii
Enterobacter (non-cloacae complex)
Enterobacter cloacae complex
Escherichia coli
Fusobacterium nucleatum
Fusobacterium necrophorum
Haemophilus influenzae
Klebsiella oxytoca

Klebsiella pneumoniae
Morganella morganii
Neisseria meningitidis
Proteus

Proteus mirabilis
Pseudomonas aeruginosa
Salmonella

Serratia

Serratia marcescens
Stenotrophomonas maltophilia
Pan-Gram positive

Pan-Candida

CTX-M
KPC
OXAf
IMP
VIN
NDM

Fungal panel

Candida albicans
Candida auris

Candida dubliniensis
Candida famata
Candida glabrata
Candida guilliermondii
Candida kefyr

Candida krusei
Candida lusitaniae
Candida parapsilosis
Candida tropicalis
Cryptococcus gattii
Cryptococcus neoformans
Fusarium

Rhodotorula

The genetic loci identified by the three ePlex blood-culture panels are summarized here, including markers of taxonomic identity and determinants of antimicrobial resistance.
TThe Gram-negative panel specifically targets the OXA types 23 and 48, but not other OXA-class genes that may be intrinsically encoded by some Gram-negative species (although not

necessarily conferring carbapenem resistance).

media is loaded directly into the port of the respective cartridge, without a need for manual preprocessing. Extrac-
tion, amplification and detection all proceed in an automated fashion within the cartridge, with a total analysis
time of <2 h. Unlike the VERIGENE blood-culture panels, which directly fragment the bacterial DNA without
target amplification, a dedicated PCR step is part of the ePlex methodology. Accordingly, the ePlex platform affords
greater flexibility in terms of when — and after how many freeze/thaw cycles — a blood culture bottle can be analyzed
(or re-analyzed) following initial detection of growth.

The specific targets of the ePlex Blood-Culture Identification panels are summarized in Table 3, compared with
the targets of other commercial assays. The GN- and GP-panels include a number of genus- and/or species-level
taxonomic probes, in addition to several probes for key antimicrobial resistance determinants, while the fungal
panel provides taxonomic information only. The ePlex bacterial panels also include a pan-GP or pan-GN probe, as
well as a pan-Candida probe. These serve as valuable quality controls, in the event that the preceding Gram stain
was misread or demonstrated an atypical staining pattern, for instance leading to a GN organism being loaded onto
a GP panel (or vice versa). As evident in Table 3, one of the most noteworthy features of the ePlex panels is that
additional organism coverage they provide over other commercial options. These include a variety of common skin
contaminants for the GP panel, additional nonfermenter and anaerobic coverage on the GN panel, and several
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non-Candida fungal species on the fungal panel, including rarer agents of potentially severe opportunistic infections
that can demonstrate intrinsic or acquired antifungal resistance [53]. Clinical trial data have not yet been published
on the ePlex blood culture panels, although these studies have been completed. Data for the three panels were
recently submitted to FDA for review [54].

Respiratory clinical trials

To date, the most extensive published evaluation of an ePlex panel has been the North American clinical study of
the RP panel, constituting a significant portion of the assay’s FDA submission data [1]. A multicenter clinical trial
was performed to assess the clinical performance characteristics of the ePlex RP Panel for the detection of viral
and bacterial respiratory tract pathogens in NPS specimens collected at 13 sites across the USA and Canada [11.
Prospectively and retrospectively collected NPS specimens were evaluated by using the bioMérieux/BioFire Fil-
mArray Respiratory Panel (BioFire RP) as the comparator method. Discordant analysis was performed by using
target-specific PCRs and bidirectional sequencing. Of the 3235 samples eligible for testing with the ePlex RP panel,
154 had invalid results (4.8%). After repeat testing, eight samples were not evaluable due to final, invalid results.
The final validity rate was 99.8%.

The overall agreement was more than 95% for all targets between the ePlex RP and BioFire RP panels. In
comparison with the BioFire RP, the sensitivities for viruses ranged from 85.1% (95% CI: 80.2-88.9%) to 95.1%
(95% CI: 89.0-97.9%), while specificities ranged from 99.5% (95% CI: 99.1-99.7%) to 99.8% (95% CI: 99.5—
99.9%). Additional testing of discordant targets (12%; 349/2908) confirmed the results of ePlex RP for 38%
(131/349) of samples tested. The reproducibility of the assay was evaluated at three sites by using a reproducibility
panel which consisted of six targets. Reproducibility was 100% for all targets tested, with the exception of adenovirus,
for which reproducibilities were 91.6% at low virus concentrations and 100% at moderate virus concentrations [1].

In addition to assay performance, other characteristics, including assay workflow and turnaround time, were
evaluated. The ePlex instrument consists of a stand-alone system and a touch screen, with an option for space-
constrained laboratories. The ePlex instrument is available in configurations ranging from one to four towers, with
each tower containing six random-access testing bays; the NP configuration designed for low-volume sites has
three bays in a single tower. This supports single-shift (8 h) testing volumes ranging from 24 to 96 samples, with
a turnaround time of approximately 2 h and a hand-on time of less than 2 min, providing a flexible capacity for
laboratories with variable sizes. The ePlex reagents need to be stored in refrigerator upon arrival [11.

Two additional clinical studies have been reported in Europe. van Rijn ¢t 4/. clinically validated the ePlex RP
Panel in comparison to a laboratory-developed test (LDT). A total of 30 specimens tested LDT positive (47%)
and 29 ePlex® RP panel positive (45%). The median time to result was 3.4 h (range 1.5-23.6) for the ePlex RP
panel [52]. In another study, the ePlex RP panel was evaluated on clinical specimens using LDT real-time PCR
assays as referees. The RP panel showed an agreement of 97.4% with the LDT regarding 464 pathogens found
in the clinical specimens. The RP panel detected 17 additional pathogens seven of which could be confirmed by
discrepant testing [50].

Future directions

Looking to the future, GenMark has announced several additional panels that are currently under development
for the ePlex platform [55], although they have not received CE-IVD marking in Europe or the IVD clearance
in the USA and product literature is not yet publicly available. These include a CNS panel for meningitis and
encephalitis, and a gastrointestinal pathogen panel for diarrheal illness. Once these panels are brought to market,
the syndromes covered by the ePlex platform will be commensurate to all other available commercial platforms.
Although GenMark has not announced the specific targets for these assays, clinical laboratories will view with
great interest how they compare with current options. Finally, while not a syndromic test per se, mirroring current
availability of this analysis on the XT-8 system, a multiplex assay for HCV genotyping has also been announced
for the ePlex pipeline.
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Executive summary

Recent years have witnessed a paradigm shift in the laboratory diagnosis of infectious diseases

e Development and implementation of multiplex molecular assays to simultaneously detect nucleic acid from
various pathogens (bacterial, viral, fungal and/or parasitic) within a single clinical specimen.

e This ability for culture-free, syndromic testing has facilitated more rapid and comprehensive diagnoses, driven in
large part by several commercial technologies whose combined presence is increasingly ubiquitous in clinical
laboratories.

The ePlex platform represents one of the most significant new additions to the syndromic testing landscape

e The ePlex instrument consists of a stand-alone system, with no additional accessories and a touch screen, making
it a great option for space-constrained laboratories.

e The ePlex instrument is available in configurations ranging from one to four towers, with each tower containing
six random-access testing bays.

e This supports single 8-h shift testing volumes ranging from 24 to 96 samples, with a turnaround time of less than
2 h and a hand-on time of less than 2 min, providing a flexible capacity for laboratories of all sizes.

It is predicted that the ePlex platform meets the diverse needs encountered in clinical practice

e A number of other panels undergoing trials and development.

e This platform and its associated panels will become an increasingly common sight in diagnostic laboratories with
an ability to significantly impact patient care.
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