
Comparison of the GenMark Diagnostics eSensor Respiratory Viral
Panel to Real-Time PCR for Detection of Respiratory Viruses in
Children

Virginia M. Piercea,b,c and Richard L. Hodinkab,c

Division of Infectious Diseases, Department of Pediatrics,a Clinical Virology Laboratory,b and Department of Pathology and Laboratory Medicine,c Children’s Hospital of
Philadelphia and Perelman School of Medicine at the University of Pennsylvania, Philadelphia, Pennsylvania, USA

A novel eSensor respiratory viral panel (eSensor RVP) multiplexed nucleic acid amplification test (GenMark Diagnostics,
Inc., Carlsbad, CA) was compared to laboratory-developed real-time PCR assays for the detection of various respiratory
viruses. A total of 250 frozen archived pediatric respiratory specimens previously characterized as either negative or posi-
tive for one or more viruses by real-time PCR were examined using the eSensor RVP. Overall agreement between the eSen-
sor RVP and corresponding real-time PCR assays for shared analytes was 99.2% (kappa � 0.96 [95% confidence interval
{CI}, 0.94 to 0.98]). The combined positive percent agreement was 95.4% (95% CI, 92.5 to 97.3); the negative percent agree-
ment was 99.7% (95% CI, 99.4 to 99.8). The mean real-time PCR threshold cycle (CT) value for specimens with discordant
results was 39.73 (95% CI, 38.03 to 41.43). Detection of coinfections and correct identification of influenza A virus sub-
types were comparable between methods. Of note, the eSensor RVP rhinovirus assay was found to be more sensitive and
specific than the corresponding rhinovirus real-time PCR. In contrast, the eSensor RVP adenovirus B, C, and E assays dem-
onstrated some cross-reactivity when tested against known adenovirus serotypes representing groups A through F. The
eSensor RVP is robust and relatively easy to perform, it involves a unique biosensor technology for target detection, and its
multiplexed design allows for efficient and simultaneous interrogation of a single specimen for multiple viruses. Potential
drawbacks include a slower turnaround time and the need to manipulate amplified product during the protocol, increasing
the possibility of contamination.

Acute viral upper and lower respiratory tract infections are re-
sponsible for substantial morbidity in both pediatric and

adult populations worldwide. These infections can be severe and
even fatal, especially in susceptible infants, older adults, patients
with compromised immune systems, and individuals with under-
lying cardiopulmonary diseases. Rapid and accurate laboratory
detection of respiratory viruses plays an important role in clinical
management, guiding the appropriate prescription of antivirals,
reducing the need for additional diagnostic studies and hospital
procedures, and limiting the use of unnecessary antibiotics (2, 4, 5,
6, 10, 19, 31, 35). In addition, a virologic diagnosis is instrumental
to efforts focused on prevention of health care-associated infec-
tions (3, 9, 23, 24).

PCR has demonstrated superior sensitivity for the detection of
respiratory viruses over the more conventional laboratory meth-
ods of virus culture and rapid direct antigen detection tests (7, 12,
20, 22, 34). Both laboratory-developed and commercial molecular
assays are now available, but the overall complexity of most of
these tests has made implementation challenging for many clinical
laboratories (18). However, significant recent advances in micro-
fluidics, microelectronics, and microfabrication have allowed the
development of simplified molecular systems that can be used by
all laboratories regardless of their size, resources, or capacity (14,
29, 30, 32, 36). With this study, we compared one such commer-
cial system, the eSensor XT-8 respiratory viral panel (eSensor
RVP; GenMark Diagnostics, Inc., Carlsbad, CA), to laboratory-
developed real-time PCR assays for the rapid detection of a num-
ber of respiratory viruses. To our knowledge, this is the first re-
ported evaluation of the newly developed eSensor RVP.

MATERIALS AND METHODS
Specimens. A total of 250 archived respiratory specimens from pediatric
patients were used, including 239 (95.6%) nasopharyngeal aspirates, 4
(1.6%) nasopharyngeal swabs, 5 (2.0%) tracheal aspirates, and 2 (0.8%)
bronchoalveolar lavage specimens. The samples were originally submitted
to the Clinical Virology Laboratory at the Children’s Hospital of Philadel-
phia between January 2007 and January 2012, and multiple single-use
aliquots of each specimen were immediately stored frozen at �70°C fol-
lowing processing for clinical testing. Patients from whom specimens had
been collected ranged in age from 19 days to 22 years, with a median age of
2.5 years; 67.2% of specimens were from patients under 5 years of age. All
samples were previously characterized as positive or negative for one or
more respiratory viruses using a panel of laboratory-developed real-time
PCR assays for adenovirus; respiratory syncytial virus types A and B; in-
fluenza virus type A [including subtype determination for seasonal H1
and H3 and (H1N1)pdm09] and influenza virus type B; parainfluenza
virus types 1, 2, and 3; human metapneumovirus; and rhinovirus. The
individual threshold cycle (CT) values for positive analytes spanned the
reportable range of the real-time PCR assays.

In addition to the clinical specimens tested, 20 characterized adenovi-
rus serotypes representing groups A (type 12), B (types 3, 7, 11, 14, 21, and
35), C (types 1, 2, 5, and 6), D (types 10, 19, 20, 29, 32, and 37), E (type 4),
and F (types 40 and 41) were obtained from either the American Type
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Culture Collection (ATCC), Manassas, VA, or Adriana Kajon, Infectious
Diseases Program, Lovelace Respiratory Research Institute, Albuquerque,
NM. The different serotypes were grown in lung adenocarcinoma epithe-
lial cells (A549; ATCC CCL-185), diluted to achieve targeted real-time
PCR CT values of between 25.00 and 27.99, and then tested by the eSensor
RVP. Nineteen characterized enterovirus isolates (echovirus types 4, 6, 9,
11, and 30; coxsackievirus types A13, B1, B2, B3, B4, B5, and B6; entero-
virus types 68, 69, 70, and 71; and poliovirus types 1, 2, and 3) were also
obtained from the ATCC, grown in primary rhesus monkey kidney cells,
and then tested by both real-time PCR and the eSensor RVP.

This work was deemed not to be human subject research and was
declared to be exempt by the Institutional Review Board at the Children’s
Hospital of Philadelphia.

Real-time PCR assays. Nucleic acids were extracted from 200 �l of
each clinical specimen by standard procedures using a MagNA Pure LC
automated instrument (Roche Diagnostics, Indianapolis, IN) and corre-
sponding Roche total nucleic acid isolation kit. Individual real-time PCR
assays were performed in 50-�l volumes on a 7500 real-time PCR system
(Life Technologies/Applied Biosystems, Foster City, CA) using 5 �l of
eluted nucleic acid, universal master mixes for either RNA (Ambion
AgPath-ID One-Step reverse transcription-PCR master mix; Life Tech-
nologies/Applied Biosystems) or DNA (TaqMan universal master mix;
Life Technologies/Applied Biosystems), and universal amplification con-
ditions consisting of 1 cycle for 10 min at 45°C and 1 cycle for 10 min at
95°C, followed by 45 two-step cycles of 15 s at 95°C and 45 s at 60°C and
TaqMan fluorogenic chemistry for detection. Positive and negative con-
trols were processed with each batch of clinical specimens from extraction
of nucleic acids through the detection of amplified products. Negative
controls consisted of 1.0 � 106 cells/ml of an uninfected human lung
carcinoma cell line (A549 cells; ATCC CCL-185), and positive controls
were prepared as a mixture of clinical material from previously positive
patients. No-template controls were included in each reaction plate for all
sets of primers and probes. Primer and probe sequences targeted con-
served regions of the genome for each organism and have been previously
published (28). A human albumin gene primer and probe set (28) was
used in separate PCRs as an internal control to ensure that samples con-
tained nucleic acid and to exclude the presence of inhibitors. Specimens
and controls were considered positive when the generated fluorescence
signal at the CT exceeded a defined threshold limit. Specimens that
reached the threshold before 38 cycles were considered positive without
further testing, and those that reached the threshold at or after 38 cycles
but before the last of 45 cycles were considered positive only if, upon
duplicate repeat testing of separate aliquots of stored original specimen, at
least one of the two repeat tests also reached the threshold before 45 cycles.
For certain experiments, the quantity of adenovirus DNA or enterovirus
RNA was determined by real-time PCR from a standard curve generated
using a set of five nucleic acid standards ranging from 108 to 104 copies/ml
or 109 to 105 copies/ml, respectively.

eSensor XT-8 instrument and respiratory viral panel. Specimens
were tested using the eSensor XT-8 system and corresponding premarket
respiratory viral panel kit (GenMark Diagnostics, Inc.) according to the

manufacturer’s instructions. This panel includes assays for adenovirus
groups B, C, and E; coronavirus types 229E, HKU1, OC43, and NL63;
influenza A virus (including subtype determination); influenza B virus;
human metapneumovirus; parainfluenza virus types 1, 2, 3, and 4; respi-
ratory syncytial virus types A and B; and rhinovirus. Nucleic acids were
extracted as described for the real-time PCR assays, but with the addition
of 10 �l of bacteriophage MS2 internal control (included in the eSensor
RVP kit) to each specimen immediately prior to extraction on the MagNA
Pure system. Conventional endpoint PCR assays were performed in 35-�l
volumes on a GeneAmp PCR system 9700 (Applied Biosystems) thermal
cycler using 5 �l of eluted nucleic acid; kit-supplied multiplex master mix;
and amplification conditions consisting of 1 cycle for 30 min at 50°C for
reverse transcription and 1 cycle for 15 min at 95°C for initial PCR acti-
vation, followed by 40 three-step cycles of 30 s at 94°C, 60 s at 60°C, and 60
s at 72°C for denaturation, annealing, and extension, respectively. After
completion of the PCR, 5 �l of exonuclease was added to each reaction
mixture and the reaction plate was incubated in the thermal cycler for 20
min at 37°C to create single-stranded DNA by digestion of the double-
stranded amplicons, followed by 2 min at 95°C for enzyme inactivation. A
total of 100 �l of hybridization buffer containing ferrocene-labeled signal
probes specific for the different viral targets was then added to each reac-
tion mixture; if present, target DNA immediately hybridizes to the corre-
sponding signal probes. This was followed by the addition of 125 �l of the
mixture of amplified sample and signal hybridization solution into a de-
tection cartridge. Cartridges were then loaded onto the eSensor XT-8
instrument for data acquisition and automated analysis.

Each cartridge has a preprogrammed memory chip that is read by the
instrument and contains the test protocol, lot number, and expiration
date. The XT-8 instrument then activates a pneumatic pump membrane
within each cartridge to propel the mixture of amplified and hybridized
sample through a narrow channel across a single-file microarray of pre-
assembled gold-plated electrodes positioned in a serpentine path and
coated with single-stranded oligonucleotide capture probes specific for
individual viral targets (15, 33). Target DNA-signal probe complexes
present in the sample hybridize to the capture probes, bringing the ferro-
cene label in proximity with the gold electrode. An electrical current is
applied to each electrode, and captured target DNA is analyzed by elec-
trochemical detection using voltammetry; a signal of 3 nA or greater for a
given analyte is interpreted as positive (Fig. 1). The XT-8 instrument has a
modular design with a base module and up to three processing towers that
contain eight cartridge slots each, allowing up to 24 samples to be analyzed
simultaneously.

Resolution of discordant results. When initial results were discor-
dant for a particular virus when a specimen was tested by the eSensor RVP
and laboratory-developed real-time PCR assays, the two tests were re-
peated concurrently on two separate aliquots of the relevant original sam-
ple that had been stored frozen at �70°C. The final determination of
whether a specimen was concordant or discordant was based on an anal-
ysis of the initial and repeat test results obtained by both methods. If the
initial test result was positive for a given assay and one or both of the
duplicate retests were positive, the final result was reported as positive.

FIG 1 eSensor RVP cartridge and detection technology.
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Conversely, if the initial test result was negative for a given assay and one
or both of the duplicate retests were negative, the final result was reported
as negative. Results for viruses not included in the panel of real-time PCR
assays but positive by eSensor RVP, i.e., parainfluenza virus type 4 and the
coronaviruses, were not considered discordant between the two methods.

Statistical analysis. The kappa statistic and all confidence intervals
(CIs) were calculated using the VassarStats website for statistical compu-
tation, http://vassarstats.net/. This site was accessible as of 6 May 2012.
Squared correlation coefficients were calculated using Microsoft Excel
2007 software (Microsoft Corporation, Redmond, WA).

RESULTS

Among viruses tested for by both methods, the overall agreement
between the eSensor RVP and the corresponding real-time PCR
assays was 99.2% (kappa � 0.96 [95% CI, 0.94 to 0.98]). The
combined positive percent agreement for analytes shared by the
two methods was 95.4% (95% CI, 92.5 to 97.3), and the combined
negative percent agreement was 99.7% (95% CI, 99.4 to 99.8).
Results by virus are presented in Table 1. Real-time PCR-positive

and eSensor RVP-negative discordant results were more fre-
quently obtained for specimens with higher CT values (i.e., lower
viral loads) for the real-time PCR assays (Table 2). The mean
real-time PCR CT value of all tests with discordant results was
39.73 (95% CI, 38.03 to 41.43). With respect to subtype determi-
nation for influenza A virus, the eSensor RVP generated the same
subtype result identified by our laboratory-developed real-time
PCR subtyping assays in 68 out of the 70 (97.1%) specimens that
were positive by both methods for influenza A virus. One speci-
men that was subtyped as influenza A virus seasonal H1 and an-
other subtyped as influenza A virus (H1N1)pdm09 by our labo-
ratory-developed PCR assays were also positive for influenza A
virus by the eSensor RVP but could not be subtyped using this
system.

The eSensor RVP was also highly specific compared to the real-
time PCR assays, with differences observed for only 9 out of 2,693
negative determinations; all 9 specimens were reproducibly posi-
tive for rhinovirus by eSensor RVP but were repeatedly rhinovirus

TABLE 1 Detection of respiratory viruses by eSensor RVP and real-time PCR assaysa

Virus

No. of specimens with the following virus detection
results by eSensor RVP/PCR:

Agreement

Positive Negative

�/� (a) �/� (b) �/� (c) �/� (d) a/(a � c) (%) 95% CI d/(b � d) (%) 95% CI

IV A 70 0 2 178 70/72 (97.2) 90.4–99.2 178/178 (100) 97.9–100
H1 24b 0 0 226 24/24 (100) 86.2–100 226/226 (100) 98.3–100
H3 23 0 1 226 23/24 (95.8) 79.8–99.3 226/226 (100) 98.3–100
(H1N1)pdm09 23b 0 1 226 23/24 (95.8) 79.8–99.3 226/226 (100) 98.3–100

IV B 22 0 2 226 22/24 (91.7) 74.2–97.8 226/226 (100) 98.3–100
RSV A 24 0 0 226 24/24 (100) 86.2–100 226/226 (100) 98.3–100
RSV B 23 0 1 226 23/24 (95.8) 79.8–99.3 226/226 (100) 98.3–100
PIV type 1 23 0 1 226 23/24 (95.8) 79.8–99.3 226/226 (100) 98.3–100
PIV type 2 24 0 0 226 24/24 (100) 86.2–100 226/226 (100) 98.3–100
PIV type 3 22 0 2 226 22/24 (91.7) 74.2–97.8 226/226 (100) 98.3–100
MPV 23 0 2 225 23/25 (92.0) 75.0–97.8 225/225 (100) 98.3–100
RhV 34 9 1 206 34/35 (97.1) 85.5–99.5 206/215 (95.8) 92.2–97.8
AdV 28 0 3 219 28/31 (90.3) 75.1–96.7 219/219 (100) 98.3–100

Total 293 9 14 2,684 293/307 (95.4) 92.5–97.3 2,684/2,693 (99.7) 99.4–99.8
a Abbreviations: IV, influenza virus; RSV, respiratory syncytial virus; PIV, parainfluenza virus; MPV, human metapneumovirus; RhV, rhinovirus; AdV, adenovirus.
b One influenza A virus H1 subtype and one influenza A virus (H1N1)pdm09 subtype were detected as influenza A virus by eSensor RVP but were not able to be typed.

TABLE 2 Performance of eSensor RVP for detection of 12 respiratory viruses based on real-time PCR CT valuesa

Virus

No. positive by eSensor RVP based on the following real-time PCR CT values/total no. (%):

�20 20.00–24.99 25.00–29.99 30.00–34.99 35.00–39.99 40.00–44.99 All

IV A H1 3/3 6/6 6/6 5/5 4/4 NA 24/24 (100)
IV A H3 3/3 6/6 6/6 5/5 2/3 1/1 23/24 (95.8)
IV A (H1N1)pdm09 3/3 5/5 6/6 6/6 3/3 0/1 23/24 (95.8)
IV B 3/3 5/5 6/6 5/5 3/3 0/2 22/24 (91.7)
RSV A 4/4 5/5 6/6 5/5 3/3 1/1 24/24 (100)
RSV B 3/3 6/6 6/6 5/5 2/3 1/1 23/24 (95.8)
PIV type 1 3/3 5/5 6/6 5/5 3/3 1/2 23/24 (95.8)
PIV type 2 2/2 6/6 6/6 5/5 4/4 1/1 24/24 (100)
PIV type 3 3/3 6/6 5/5 5/5 3/4 0/1 22/24 (91.7)
MPV 3/3 5/5 6/6 6/6 3/3 0/2 23/25 (92.0)
RhV 3/3 5/5 6/6 5/6 11/11 4/4 34/35 (97.1)
AdV 3/3 5/5 6/6 6/6 6/7 2/4 28/31 (90.3)

Total 36/36 (100) 65/65 (100) 71/71 (100) 63/64 (98.4) 47/51 (92.2) 11/20 (55.0) 293/307 (95.4)
a Abbreviations: IV, influenza virus; RSV, respiratory syncytial virus; PIV, parainfluenza virus; MPV, human metapneumovirus; RhV, rhinovirus; AdV, adenovirus; NA, specimens
not available at this concentration of virus.
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negative by real-time PCR. To investigate whether the higher
number of rhinovirus detections by eSensor RVP truly reflected
an enhanced sensitivity or nonspecific detection of other picorna-
viruses (i.e., enteroviruses), a total of 19 characterized enterovirus
types present at high viral loads were tested by both eSensor RVP
and the laboratory-developed rhinovirus real-time PCR assay.
While all 19 enterovirus strains generated positive results with the
rhinovirus real-time PCR assay, none were positive for rhinovirus
by eSensor RVP (Table 3).

Of interest, although the qualitative agreement between real-
time PCR and eSensor RVP results among clinical samples was
excellent, the relationship between real-time PCR CT values and
eSensor RVP nA signal strengths was nonlinear and exhibited
variation among viruses. The greatest deviation from linearity was
seen for detection of rhinoviruses. Squared correlation coefficient
(R2) values were 0.87, 0.81, and 0.92 for influenza virus A seasonal
H1, seasonal H3, and (H1N1)pdm09, respectively; 0.83 for influ-
enza virus B; 0.79 and 0.91 for respiratory syncytial virus types A
and B, respectively; 0.95, 0.93, and 0.85 for parainfluenza virus
types 1, 2, and 3, respectively; 0.80 for human metapneumovirus;
0.83 for adenovirus; and 0.35 for rhinovirus.

Forty-seven of the 250 tested clinical specimens (18.8%) were
positive for more than one virus when tested with our laboratory-
developed real-time PCR assays. The performance of eSensor RVP
in the detection of these coinfections is summarized in Table 4.
The eSensor RVP identified all expected viruses in 39 of the 47
specimens (83.0%). In the remaining eight samples (seven with
two viruses and one with three viruses), one of the analytes de-
tected by real-time PCR was not detected by eSensor RVP. The
mean real-time PCR CT value for analytes not detected by eSensor
RVP when present as part of coinfections (n � 8) was 40.75 (95%
CI, 39.35 to 42.14), which was not significantly different from the
mean CT value (38.37; 95% CI, 34.33 to 42.41) obtained for un-
detected analytes that were not part of coinfections (n � 6).

Of the 28 clinical specimens positive for adenovirus by both

eSensor RVP and our laboratory-developed real-time PCR assay,
23 of the adenoviruses were typed by the eSensor assays as belong-
ing to group C, 3 were typed as belonging to group B, and 2 were
typed as coming from both groups B and C. Though we were
unable to independently type these adenoviruses, group C viruses
have recently predominated among respiratory adenoviruses in
our pediatric population; 69.3% (480/693) of adenoviruses whose
groups were determined over 7.5 years from 2001 to 2008 have
represented group C (Adriana Kajon, personal communication).
The finding of both group B and C adenoviruses in two specimens
was thought to be unusual, and additional testing was performed
to verify the specificity of the eSensor RVP adenovirus B, C, and E
assays. Upon testing 20 well-characterized adenovirus serotypes
from groups A to F, the eSensor RVP adenovirus B, C, and E assays
demonstrated some cross-reactivity with adenovirus serotypes
from other groups; all tested serotypes from groups A through E
were called positive for one or more of adenovirus groups B, C,
and E by the eSensor RVP, with only the group F enteric adeno-
viruses (types 40 and 41) not detected at the tested viral loads
(Table 5). Six of the 18 (33.3%) eSensor RVP-positive adenovirus
serotypes (1 from each of groups B, C, and E and 3 from group D)
were positive by more than one of the eSensor RVP adenovirus assays.

In the 250 clinical specimens examined, a total of 11 detections
of viruses unique to the eSensor RVP and not routinely tested for
in our laboratory were observed, including parainfluenza virus
type 4 in 6 specimens, coronavirus OC43 in 3 specimens, and
coronaviruses NL63 and HKU1 in 1 specimen each. These viruses
were repeatedly identified in the specimens tested. There were no
detections of coronavirus 229E. One of the parainfluenza virus
type 4 detections was in a sample that was also positive for this
virus using the FilmArray Respiratory Panel from Idaho Technol-
ogies, Inc., Salt Lake City, UT (28). Four additional respiratory
samples that were positive for parainfluenza virus type 4 by cul-
ture and direct fluorescent-antibody testing (a gift from Danny L.
Wiedbrauk, Warde Medical Laboratories, Ann Arbor, MI) were

TABLE 3 Comparison of specificity of eSensor RVP and real-time PCR assay for rhinovirusa

Enterovirus type

Enterovirus real-
time PCR result
(CT)

Enterovirus real-time
PCR no. of copies/ml
(log10)

Rhinovirus result

eSensor
RVP (nA)

Real-time
PCR (CT)

Echovirus 4 Pos (17.04) 1.04 � 1010 (10.02) Neg (0.2) Pos (41.30)
Echovirus 6 Pos (26.68) 1.46 � 107 (7.16) Neg (0.1) Pos (31.84)
Echovirus 9 Pos (17.59) 7.14 � 109 (9.85) Neg (0.2) Pos (33.24)
Echovirus 11 Pos (15.51) 2.95 � 1010 (10.47) Neg (0.3) Pos (28.06)
Echovirus 30 Pos (16.57) 1.44 � 1010 (10.16) Neg (0.1) Pos (29.72)
Coxsackievirus A13 Pos (21.23) 6.01 � 108 (8.78) Neg (0.5) Pos (38.59)
Coxsackievirus B1 Pos (14.75) 4.97 � 1010 (10.70) Neg (0.1) Pos (29.82)
Coxsackievirus B2 Pos (15.83) 2.38 � 1010 (10.38) Neg (0.1) Pos (31.17)
Coxsackievirus B3 Pos (17.18) 9.46 � 109 (9.98) Neg (0.2) Pos (28.55)
Coxsackievirus B4 Pos (15.95) 2.19 � 1010 (10.34) Neg (0.1) Pos (25.48)
Coxsackievirus B5 Pos (15.76) 2.49 � 1010 (10.40) Neg (0.2) Pos (31.52)
Coxsackievirus B6 Pos (17.76) 6.38 � 109 (9.80) Neg (0.2) Pos (30.74)
Enterovirus 68 Pos (17.35) 8.43 � 109 (9.93) Neg (0.4) Pos (26.33)
Enterovirus 69 Pos (17.78) 6.30 � 109 (9.80) Neg (0.2) Pos (31.64)
Enterovirus 70 Pos (19.45) 2.01 � 109 (9.30) Neg (1.3) Pos (26.94)
Enterovirus 71 Pos (17.07) 1.02 � 1010 (10.01) Neg (0.1) Pos (32.08)
Poliovirus 1 Pos (17.38) 8.26 � 109 (9.92) Neg (0.2) Pos (24.10)
Poliovirus 2 Pos (18.66) 3.46 � 109 (9.54) Neg (0.2) Pos (24.80)
Poliovirus 3 Pos (17.97) 5.53 � 109 (9.74) Neg (0.2) Pos (25.91)
a Abbreviations: Pos, positive: Neg, negative.
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also tested and determined to be positive by the eSensor RVP (data
not shown).

During our evaluation of the eSensor RVP, there were a total of
6 invalid test cartridge runs out of 399 performed over the
3-month study period for a failure rate of 1.5%. This necessitated
repeat testing of the affected sample to obtain valid results in each
case. One cartridge would not electronically connect with the in-
strument, despite multiple attempts in multiple different analyzer
slots. In a single cartridge containing a negative-control sample,
the internal control failed and adenovirus group C was detected
with a measured current signal of 58.9 nA. According to the man-
ufacturer, unexplained false positivity for adenovirus group C ac-
companied by internal control failure has also been seen in a small
percentage of cartridges tested in premarket evaluations by other
users (M. Langley, GenMark Diagnostics, personal communica-
tion). In the other four failed cartridges, the internal control was
negative in the setting of no positive analytes. Of note, the internal
control was also negative in 81 of the 393 (20.6%) other cartridge
runs performed. Test results from these cartridges were deemed

acceptable and were not retested since one or more viral analytes was
detected by eSensor RVP, while the internal control was negative.

DISCUSSION

With this study, the eSensor RVP was found to be comparable in
sensitivity and specificity to laboratory-developed real-time
TaqMan PCR assays for the qualitative detection of a variety of
respiratory viruses. Discordant results between the eSensor RVP
and comparator PCR assays were minimal and mostly involved
viruses that were present in small quantity within tested speci-
mens. The eSensor RVP is relatively easy to perform, involves a
unique enclosed cassette and biosensor technology for target de-
tection, can run up to 24 samples using one instrument and three
modular towers, and has a multiplexed design that allows for ef-
ficient and simultaneous interrogation of a single specimen for
multiple viruses. A potential drawback of the eSensor RVP is the
need to manipulate amplified product during the protocol, in-
creasing the risk of contamination. However, no known or sus-
pected contamination events occurred during this evaluation.

TABLE 4 Comparative detection of coinfections by eSensor RVP and real-time PCR assaysa

Distinct combinations detected by real-time PCR assays
Total no. of
coinfections

No. of discrepant
coinfectionsb

Discrepant analyteb or no.
of discrepant analytesAnalyte 1 Analyte 2 Analyte 3 Analyte 4

IV A H1 IV B 1 1 IV B
IV A H1 AdV 1 0
IV A H3 MPV 1 0
IV A H3 AdV 2 1 IV A H3
IV A (H1N1)pdm09 RSV B 1 0
IV B PIV type 3 2 1 IV B
IV B AdV 1 1 AdV
RSV A PIV type 3 1 0
RSV A RhV 2 0
RSV A AdV 2 1 AdV
RSV B RhV 7 1 RSV B
PIV type 1 RhV 3 0
PIV type 1 AdV 1 0
PIV type 2 RhV 1 0
PIV type 2 AdV 1 0
PIV type 3 MPV 1 0
PIV type 3 RhV 1 0
MPV RhV 3 1 MPV
MPV AdV 1 0
RhV AdV 5 0

Total dual infections 38 7 7/76c

IV A (H1N1)pdm09 MPV RhV 1 0
RSV A RhV AdV 1 0
RSV B PIV type 1 RhV 1 0
RSV B RhV AdV 1 0
PIV type 1 RhV AdV 1 1 PIV type 1
PIV type 3 MPV AdV 1 0
MPV RhV AdV 1 0

Total triple infections 7 1 1/21c

IV A (H1N1)pdm09 PIV type 3 MPV RhV 1 0
RSV A PIV type 2 RhV AdV 1 0
Total quadruple infections 2 0 0/8c

Total coinfections 47 8 8/105c

a Abbreviations: IV, influenza virus; RSV, respiratory syncytial virus; PIV, parainfluenza virus; MPV, human metapneumovirus; RhV, rhinovirus; AdV, adenovirus.
b A discrepant coinfection or discrepant analyte was defined as one detected by real-time PCR but not detected by eSensor RVP.
c The denominator represents the expected number of viral detections.
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The rate of correct identification of influenza A virus subtypes
using the eSensor RVP was comparable to that using the real-time
PCR. There were only 2 (2.9%) of the 70 samples positive for
influenza A virus by both methods for which the eSensor RVP
detected the presence of influenza A virus but did not make a
subtype determination; 1 of these samples had previously been
characterized as seasonal H1 and 1 had previously been character-
ized as (H1N1)pdm09 by our laboratory-developed typing assays.
The ability of the eSensor RVP to simultaneously detect and accu-
rately subtype influenza A virus may be a particularly attractive
feature to clinical laboratories since results may impact the clinical
decision to prescribe appropriate antiviral medications.

The eSensor RVP assays for adenovirus groups B, C, and E
demonstrated some cross-reactivity with other adenovirus sero-
types; all tested serotypes from groups A, B, C, D, and E were called
positive for one or more of the adenovirus groups B, C, and E by
the eSensor RVP. However, differentiation between these groups
is not routinely necessary for clinical use and may be more impor-
tant for epidemiologic investigations and in other special circum-
stances (8, 16, 25). Though we did not directly compare the
eSensor RVP with any other commercially available molecular
platform for detection of respiratory pathogens, the high positive
percent agreement between the eSensor RVP and the adenovirus
real-time PCR observed in the current study suggests a greater
sensitivity of the eSensor RVP for the genetically heterogeneous
adenoviruses than has been reported for some other commercial
molecular assays (26, 28).

The eSensor RVP detected rhinovirus in nine samples that
were negative for this virus by our laboratory-developed rhinovi-
rus real-time PCR assay. Many assays with high sensitivity for
rhinovirus often demonstrate cross-reactivity with other picorna-
viruses, such as the enteroviruses. Our laboratory-developed rhi-
novirus real-time PCR assay, using primers and probes originally
designed by the Centers for Disease Control and Prevention
(CDC), is no exception and is known to be biased toward an
enhanced specificity for rhinovirus but has some cross-reactivity
with enteroviruses that are present at high viral loads (17). Inter-
estingly, our testing of characterized enterovirus strains demon-
strates that the eSensor RVP is most likely not only more sensitive
but also more specific than the comparator rhinovirus-biased lab-
oratory-developed real-time PCR assay. With that said, however,
the possibility still remains that the results for these nine rhinovi-
rus-positive samples detected by only the eSensor RVP may po-
tentially represent false-positive results due to cross-reactivity
with nucleic acid from some other organism that does not repre-
sent the picornavirus family. Conversely, the manufacturer has
conducted extensive cross-reactivity studies, testing 32 bacterial
and 2 yeast isolates and 13 different viruses that are not targets of
the eSensor RVP but can be found in the respiratory tract. The
eSensor RVP did not cross-react with any of these organisms when
examined at very high concentrations (Peter Krein, GenMark
Diagnostics, personal communication, and product package in-
sert). Also, the lower limit of detection of the eSensor RVP for

TABLE 5 Performance of eSensor RVP for detection of characterized adenovirus serotypesa

Adenovirus group and type PCR CT value
PCR no. of DNA copies/ml
(log10)

eSensor RVP result (nA)

AdV B AdV C AdV E

Group A, ATCC AdV-12 (VR-863) 26.05 3.41 � 107 (7.53) Pos (25.6) Neg (0.3) Neg (0.1)

Group B
LRRI 3p 26.16 1.75 � 107 (7.24) Pos (106.7) Neg (0.4) Neg (0.1)
ATCC AdV-7 (VR-7) 25.70 4.24 � 107 (7.63) Pos (115.0) Neg (0.3) Neg (0.1)
ATCC AdV-11 (VR-12) 26.47 2.61 � 107 (7.42) Pos (30.8) Neg (0.6) Neg (0.2)
LRRI 14p 27.20 1.65 � 107 (7.22) Pos (51.5) Pos (224.9) Neg (0.3)
ATCC AdV-21 (VR-256) 23.77 5.47 � 107 (7.74) Pos (163.0) Neg (0.3) Neg (0.1)
ATCC AdV-35 (VR-718) 28.30 6.02 � 106 (6.78) Pos (35.1) Neg (0.2) Neg (0.1)

Group C
ATCC AdV-1 (VR-1) 27.87 5.98 � 106 (6.78) Neg (0.7) Pos (185.6) Neg (0.2)
LRRI 2 27.16 9.29 � 106 (6.97) Pos (152.1) Pos (171.1) Neg (0.1)
LRRI 5p 27.92 1.05 � 107 (7.02) Neg (0.3) Pos (166.6) Neg (0.1)
ATCC AdV-6 (VR-6) 26.84 2.07 � 107 (7.32) Neg (0.8) Pos (203.4) Neg (0.1)

Group D
LRRI 10 27.18 9.16 � 106 (6.96) Neg (0.9) Pos (33.4) Neg (0.1)
ATCC AdV-19 (VR-254) 25.24 2.18 � 107 (7.34) Neg (1.2) Pos (45.6) Neg (0.2)
LRRI 20p 26.37 1.06 � 107 (7.03) Pos (6.5) Pos (5.4) Neg (0.1)
ATCC AdV-29 (VR-272) 26.77 8.27 � 106 (6.92) Neg (1.8) Pos (32.8) Neg (0.5)
ATCC AdV-32 (VR-625) 27.70 7.13 � 106 (6.85) Pos (5.8) Pos (17.3) Neg (0.2)
ATCC AdV-37 (VR-929) 26.41 1.57 � 107 (7.20) Pos (21.1) Pos (18.9) Neg (0.1)

Group E, ATCC AdV-4 (VR-4) 24.46 3.54 � 107 (7.55) Pos (115.4) Neg (0.1) Pos (94.6)

Group F
ATCC AdV-40 (VR-931) 26.89 1.17 � 107 (7.07) Neg (1.5) Neg (2.5) Neg (0.1)
ATCC AdV-41 (VR-930) 27.20 9.61 � 106 (6.98) Neg (0.9) Neg (0.3) Neg (0.1)

a Abbreviations: ATCC, American Type Culture Collection; LRRI, Lovelace Respiratory Research Institute; AdV, adenovirus; Pos, positive; Neg, negative.
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rhinovirus is reported by the manufacturer to be quite low at 0.005
50% tissue culture infectious dose (TCID50)/ml.

In our laboratory, small batches of six respiratory specimens
are continuously processed and extracted throughout the day
and evening shifts and tested with our 10-member respiratory
virus panel of laboratory-developed real-time PCR assays. Our
standard procedure incorporates the use of robotic systems,
including the epMotion 5075 liquid handling workstation
(Eppendorf North America, Hauppauge, NY) for the prepara-
tion and routine dispensing of master mix formulations into
96-well plates and the Roche MagNA Pure LC instrument for
the postelution pipetting of nucleic acids extracted from clini-
cal specimens. The total run time is approximately 3 h 10 min
with a hands-on time of 45 min, and the cost of testing six
specimens for all 10 respiratory viruses is $334.90, including
reagents, supplies, and labor. Using the eSensor RVP protocol
and corresponding XT-8 instrument, it takes about 6 h 26 min
to test six specimens for 20 respiratory viral targets, with a total
hands-on time of 63 min. The list price for a 48-test eSensor
RVP kit is $4,320 ($90/test), but several additional reagents and
supplies must be provided by the laboratory. Assuming that
external negative and positive controls are run with each batch
of samples and incorporating the cost of labor, the total cost to
run six samples by eSensor RVP in our laboratory would be
$837.26. The laboratory would also need to supply its own
thermal cycler. However, the overall ease of use of the system
and the equation of hands-on time, turnaround time, specimen
batch size, and cost may be favorable for laboratories with dif-
ferent work flows, capacities, and expertise to perform molec-
ular testing.

The eSensor RVP and corresponding XT-8 instrument have
recently been submitted to the U.S. Food and Drug Administra-
tion (FDA) as the first infectious diseases platform produced by
the manufacturer for clearance. Molecular assays utilizing this
technology and instrumentation and targeting other genetic
markers of human disease have previously been licensed by the
FDA (1, 11, 13, 21, 27).
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