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Abstract
Enterovirus D68 (EV-D68) is an emerging virus known to cause sporadic disease and occa-

sional epidemics of severe lower respiratory tract infection. However, the true prevalence of

infection with EV-D68 is unknown, due in part to the lack of a rapid and specific nucleic acid

amplification test as well as the infrequency with which respiratory samples are analyzed by

enterovirus surveillance programs. During the 2014 EV-D68 epidemic in the United States,

we noted an increased frequency of “low-positive” results for human rhinovirus (HRV) de-

tected in respiratory tract samples using the GenMark Diagnostics eSensor respiratory viral

panel, a multiplex PCR assay able to detect 14 known respiratory viruses but not enterovi-

ruses. We simultaneously noted markedly increased admissions to our Pediatric Intensive

Care Unit for severe lower respiratory tract infections in patients both with and without a his-

tory of reactive airway disease. Accordingly, we hypothesized that these “low-positive” RVP

results were due to EV-D68 rather than rhinovirus infection. Sequencing of the picornavirus

5’ untranslated region (5’-UTR) of 49 samples positive for HRV by the GenMark RVP re-

vealed that 33 (67.3%) were in fact EV-D68. Notably, the mean intensity of the HRV RVP re-

sult was significantly lower in the sequence-identified EV-D68 samples (20.3 nA) compared

to HRV (129.7 nA). Using a cut-off of 40 nA for the differentiation of EV-D68 from HRV re-

sulted in 94% sensitivity and 88% specificity. The robust diagnostic characteristics of our

data suggest that the cross-reactivity of EV-D68 and HRV on the GenMark Diagnostics

eSensor RVP platform may be an important factor to consider in making accurate molecular

diagnosis of EV-D68 at institutions utilizing this system or other molecular respiratory plat-

forms that may also cross-react.
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Introduction
Enterovirus D68 (EV-D68) was first isolated in 1962 and is known to cause sporadic disease
and limited outbreaks of severe lower respiratory tract infections, predominantly in children.
In August 2014 the Centers for Disease Control received notification of clusters of severe respi-
ratory disease in children and increased identification of enterovirus/rhinovirus positive sam-
ples on multiplex nucleic acid amplification assays [1]. Sequencing by the CDC Picornavirus
Laboratory identified EV-D68 in samples submitted by hospitals in Missouri and Illinois [1].
In the following weeks, EV-D68 was identified in other Midwestern and Northeastern states
and as of October 29, 2014, the CDC had reported EV-D68 in 47 states. However, the lack of a
readily available, rapid diagnostic test for EV-D68 makes it difficult to ascertain the true extent
of the current epidemic.

At the University of Minnesota Children’s Hospital in Minneapolis, Minnesota, we noted
an abrupt increase in children admitted to our Pediatric Intensive Care Unit (PICU) with se-
vere asthma exacerbations in late August. As in other descriptions of the clinical course of in-
fection with the 2014 epidemic strain(s) of EV-D68, we also noted a sudden increase in
admissions to the PICU of children with no documented prior history of wheezing. Many chil-
dren admitted to the PICU with symptoms of severe respiratory infection had nasopharyngeal
swab specimens analyzed in our clinical microbiology laboratory using the GenMark Diagnos-
tics eSensor respiratory virus panel (RVP) platform. Of the 14 viruses detected by this multi-
plex nucleic acid amplification assay we noted numerous “low-positive” results for human
rhinovirus (HRV), i.e., less than 20 nanoamperes (nA), whereas positive control reference
strains on this platform are routinely greater than 150 nA. This prompted us to analyze these
“low-positive” samples in further detail and compare them with “high-positive”HRV results.

Of template purified from 50 samples that were positive for HRV on the GenMark Diagnos-
tics eSensor, 49 yielded PCR products using primers designed for sequencing of EV-D68; se-
quencing of these PCR products demonstrated that 33 of these were EV-D68 rather than HRV.
The significance of this is that outbreaks of closely-related picornavirus infections might yield
“false positive” results with nucleic acid amplification tests, and as a result, the importance of
integrating epidemiological data with clinical observations and molecular diagnostics must be
emphasized. Furthermore, given the likely under-reporting of respiratory infections caused by
enterovirus, inclusion of targets specific for enteroviruses in future iterations of respiratory mo-
lecular diagnostic panels should be considered.

Results

PCR amplification of the 5’-UTR of EV-D68
All samples available for analysis were assayed by traditional PCR in order to detect the picorna-
virus 5’-UTR using primers described by Oberste, et. al., (Fig. 1) [2]. Of 62 de-identified/masked
RVP samples analyzed, 49 yielded the expected 396 base pair amplicon (Table 1). Upon un-
masking we found that all PCR-positive samples had been positive for HRV on the GenMark
eSensor RVP platform. By comparing the RVP results with the samples that did not yield the ex-
pected 396 base pair amplicon, we found that only one sample was positive for HRV (sample 1),
one was positive for parainfluenza type 3 (sample 21), and one was positive for adenovirus (sam-
ple 38). One sample that was RVP-positive for both HRV and adenovirus (sample 3) yielded the
expected amplicon, confirming that co-infection with more than one detectable virus did not in-
terfere with the performance of the GenMark eSensor RVP platform or our PCR analysis. During
the period of study none of the samples submitted to the UMN clinical microbiology laboratory
was positive on the RVP platform for influenza A or B, human metapneumovirus, parainfluenza
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virus types 1 or 2, or respiratory syncytial virus A or B. Notably, none of the ten RVP-negative
samples yielded PCR amplicons (samples 5, 14, 26, 37, 42, 46, 48, 49, 57, and 60). Together these
data supported the specificity of the PCR primers for the Picornaviridae 5’-UTR.

Sequence identity of PCR-positive samples
The 49 samples that yielded an amplicon using 5’-UTR primers were submitted for Sanger se-
quencing. All of these samples yielded good-quality sequences. BLAST searches of the 5’-UTR se-
quences demonstrated that 33 PCR-positive samples were EV-D68 and 16 were HRV (Table 1).
Within the 33 EV-D68-positive samples, there were 14 unique sequences identified. Three of
these sequences were shared by more than one EV-D68-positive sample, and one representative
sequence for each of these groups was submitted to GenBank. The remaining 11 sequences that
were identified only once were also submitted to GenBank. The most commonly identified se-
quence was shared by samples 2, 7, 9, 11, 12, 13, 16, 17, 27, 29, 30, 35, 39, 44, 45, 47, 52, 53 (sam-
ple 13 accession number KP055080). Samples 24 and 50 were identical (sample 24 accession
number KP055081), as were samples 6 and 61 (sample 6 accession number KP055082). Unique
sequences were identified for 8, 10, 19, 23, 28, 36, 40, 41, 43, 58, and 59 (accession numbers
KP055083, KP055084, KP055085, KP055086, KP055087, KP055088, KP055089, KP055090,
KP055091, KP055092, KP055093, respectively). Pairwise alignment of these 33 sequences re-
vealed sequence identity ranging from 97.9 to 100%, while alignment of each isolate to the con-
sensus sequence ranged from 98.8 to 100% (Table 2). Alignment with our consensus sequence
revealed more distant relatedness to the other group D enteroviruses EV94 and EV70 (84.1% and
84%, respectively), while sequence identity to other published EV-D68 isolates ranged from 90.5
to 99.1%, with higher identity noted in more recently published sequences.

As an independent confirmation that we were correctly identifying enterovirus in our sam-
ple set, we analyzed sample 13, which was identified as EV-D68 by our sequencing, using the

Fig 1. PCR amplification of a portion of the 5’-UTR fromGenMark eSensor RVP samples. cDNA
synthesized from RNA extracted from de-identified and masked RVP samples was used for traditional PCR
amplification of the 5’-UTR. Primers were described by Oberste, et. al., for the sequencing of EV-D68 [2].
Agarose-ethidium bromide electrophoresis demonstrated that 49 of 62 samples analyzed yielded a 396 base
pair amplicon compatible with EV-D68. Results shown corresponded to samples 2–4, 6–13, and 15–17, and
are representative of the range of band intensities observed for all positive samples. NTC: no template
control.

doi:10.1371/journal.pone.0118529.g001
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GeneXpert enterovirus assay employed in our clinical microbiology laboratory for detection of
enterovirus nucleic acid in cerebrospinal fluid (CSF) samples. Though this assay was not vali-
dated for detection of enterovirus from other sample types, we were able to detect enterovirus
in sample 13 with a similar amplification curve as expected for positive CSF samples (Fig. 2).

RVP signal strength for sequence-confirmed EV-D68 compared with
HRV isolates
To test our hypothesis that samples with “low-positive HRV” results on the GenMark eSensor
RVP assay were in fact EV-D68, we compared the mean signal intensity of RVP results between
the sequence-confirmed EV-D68 and HRV samples (Fig. 3). The mean RVP signal intensity of

Table 1. RVP Signal, 5'-UTR PCR, and sequencing results.

Sample no. RVP* PCR Sequence Sample no. RVP* PCR Sequence

1 HRV 71.9 − - 32 HRV 163.4 + HRV

2 HRV 11.8 + EV-D68 33 HRV 6.7 + HRV

3 HRV 202.1 + HRV 34 HRV 178.2 + HRV

Adeno 139.6 35 HRV 30 + EV-D68

4 HRV 208.9 + HRV 36 HRV 23 + EV-D68

5 - − - 37 - − -

6 HRV 13.7 + EV-D68 38 Adeno 68.2 - -

7 HRV 19.9 + EV-D68 39 HRV 5.5 + EV-D68

8 HRV 11.8 + EV-D68 40 HRV 11.4 + EV-D68

9 HRV 6 + EV-D68 41 HRV 17.8 + EV-D68

10 HRV 5.9 + EV-D68 42 - − -

11 HRV 19.8 + EV-D68 43 HRV 15 + EV-D68

12 HRV 22.1 + EV-D68 44 HRV 28.4 + EV-D68

13 HRV 21.3 + EV-D68 45 HRV 46.7 + EV-D68

14 - − - 46 - − -

15 HRV 164.9 + HRV 47 HRV 3.4 + EV-D68

16 HRV 15.1 + EV-D68 48 - − -

17 HRV 6.9 + EV-D68 49 - − -

18 HRV 142.6 + HRV 50 HRV 10.4 + EV-D68

19 HRV 28.8 + EV-D68 51 HRV 182.8 + HRV

20 HRV 115 + HRV 52 HRV 37.9 + EV-D68

21 PIV3 − - 53 HRV 23.1 + EV-D68

22 HRV 67.2 + HRV 54 HRV 29.2 + HRV

23 HRV 16.2 + EV-D68 55 HRV 183.6 + HRV

24 HRV 37.6 + EV-D68 56 HRV 90.9 + HRV

25 HRV 73 + HRV 57 - − -

26 - − - 58 HRV 12.6 + EV-D68

27 HRV 9.1 + EV-D68 59 HRV 12.6 + EV-D68

28 HRV 79.5 + EV-D68 60 - − -

29 HRV 35.2 + EV-D68 61 HRV 9.7 + EV-D68

30 HRV 23.2 + EV-D68 62 HRV 42.4 + HRV

31 HRV 224.3 + HRV

*HRV: human rhinovirus, Adeno: adenovirus, EV-D68 enterovirus D68, PIV3: parainfluenza virus type 3. Number adjacent to RVP result indicates signal

strength on GenMark eSensor RVP platform

doi:10.1371/journal.pone.0118529.t001
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33 EV-D68 isolates was 20.3 nA (range 3.4 to 79.5, median 16.2) compared to 129.7 nA of 16
HRV isolates (range 6.7 to 224.3, median 153) (p< 0.00001).

Finally, we evaluated the performance characteristics of the RVP platform for differentiating
EV-D68 from HRV in clinical samples. Using cut-offs of 40 nA (Table 3) or 50 nA (Table 4) to
define EV-D68 in samples yielding positive results for HRV on the RVP platform, we calculat-
ed sensitivity, specificity, as well as positive- and negative-predictive values. Based on these
data, we concluded that a cut-off of 40 nA defined the best parameter for distinguishing
EV-D68 from HRV using the GenMark platform.

Discussion
EV-D68 was first isolated in 1962 and was categorized as a group D human enterovirus based
on sequencing [3]. Biochemically, EV-D68 shares some common features with HRVs including
acid sensitivity and growth at lower optimal temperature than for other enteroviruses [4].
Blomqvist, et. al., also demonstrated that EV-D68 could be neutralized by monotypic antise-
rum specific for HRV87 confirming that these two viruses represent strains of the same picor-
navirus [4]. The shared biological characteristics of EV-D68 and rhinoviruses and their cross-
reactivity in many nucleic acid amplification tests make the true prevalence of EV-D68 infec-
tion difficult to determine.

Following initial identification in 1962, EV-D68 was isolated only sporadically in the United
States until 2005 [5]. An ascertainment bias may in part explain the rarity of EV-D68 identifi-
cation since CSF and stool samples are far more likely than respiratory samples to be assayed

Table 2. Percent 5'-UTR Fragment Sequence Identity.

UMN strains compared pairwise: 97.9 to 100%

UMN strains compared to consensus sequence: 98.8 to 100%

UMN consensus sequence compared to:

Virus Strain GenBank

EV94 E210 DQ916376.1 84.1

EV70 J670/71 DQ201177.1 84

EV-D68 NYC403 JX101846.1 95.6

EV-D68 NYC399 JX101818.1 90.5

EV-D68 GA427 JX101838.1 91.1

EV-D68 NZ-2010-541 JX070222.1 95.6

EV-D68 91106975 JX310688.1 95.3

EV-D68 37–99 EF107098.1 96.4

EV-D68 JPOC10-378 AB601883.2 96.2

EV-D68 JPOC10-290 AB601882.2 96.7

EV-D68 CU171 KM361524.1 97.9

EV-D68 CU134 KM361523.1 97.6

EV-D68 US/MO/14-18950 KM851228.1 98.8

EV-D68 US/MO/14-18949 KM851227.1 99.1

EV-D68 US/MO/14-18948 KM851226.1 98.5

EV-D68 US/MO/14-18947 KM851225.1 99.1

EV-D68 US/KY/14-18953 KM851231.1 96.2

EV-D68 BCH895A KF726085.1 95.6

EV-D68 Fermon AY426531.1 94.4

UMN: University of Minnesota

doi:10.1371/journal.pone.0118529.t002
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Fig 2. Detection of enterovirus in sample 13 using the GeneXpert enterovirus assay. As independent
confirmation of the sequencing results for sample 13, we analyzed extracted nucleic acid on the GeneXpert
platform. Sample 13, which had a RVP signal for HRV of 21.3 nA, gave a positive signal (blue line) with a CT

of 24.2 and an excellent amplification curve consistent with positive results obtained from CSF samples,
whereas the internal control (CIC) amplified less efficiently, as expected, because of competition (gray line).

doi:10.1371/journal.pone.0118529.g002

Fig 3. GenMark eSensor RVP signal strength for HRV in samples stratified by sequence results.Un-
masking of the RVP results for all 62 samples revealed that the 49 positive PCR amplicons identified were
derived from those samples that were also positive for HRV on the GenMark panel. Sequencing of these
amplicons revealed that 33 were EV-D68 and 16 were HRV. The mean signal strength in nA of the RVP
results for those samples identified as EV-D68 was significantly lower than for the HRV samples (20.3 nA
versus 129.7 nA, respectively, p< 0.00001).

doi:10.1371/journal.pone.0118529.g003
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for enteroviruses [5]. Data reported by Smura, et. al., suggests that EV-D68 may be far more
common than surveillance studies suggest. Of the 281 serum samples collected from the Finn-
ish Maternity Cohort, 100% were positive for EV-D68-specific antibodies, whereas only 79.4%
and 16.7% were positive for other group D enteroviruses EV94 and EV70, respectively [6].

Meijer, et. al., analyzed data from 1994 through 2010 collected by a national respiratory in-
fection surveillance program and reported a total of 71 samples positive for EV-D68 out of
13,310 samples collected (0.5%) [7]. Notably, 24 of the 71 EV-D68-positive samples were from
2010 and were found to have higher sequence diversity in the VP1 gene compared with previ-
ous isolates, confirming that the increased detection of EV-D68 in 2010 was due to an epidem-
ic. Similar studies have reported contemporaneous outbreaks in North America, Europe, Asia,
and Africa suggesting that EV-D68 is an emerging pathogen [8–16]. Improved molecular diag-
nostics capable of identifying EV-D68 will help clarify the true extent of EV-D68 infection
and disease.

Cross-reactivity of different nucleic acid amplification assays for enteroviruses and rhinovi-
ruses has been reported previously [16–18]. The GenMark platform amplifies a portion of the
5’-UTR region of HRV. Within viral particles the 5’-UTR is covalently bound to the VPG pro-
tein, which secures the viral genome to the viral capsid. Importantly, the 5’-UTR also contains
the internal ribosomal entry site (IRES), which mediates translation from the un-capped, posi-
tive-sense RNA genome [19]. Mutations in this region have been described in association with
outbreaks, suggesting that this region may influence virulence [20]. Phylogenetic analysis of pi-
cornaviruses based on the 5’-UTR demonstrates high sequence identity among EV-D68 iso-
lates and to a lesser degree between EV-D68 and other group D enteroviruses [2]. HRV isolates

Table 3. Differentiating EV-D68 from HRV by RVP signal of 40Na.

EV68
Sequenced

HRV
Sequenced

Yes No Yes No

RVP �50 32 3 35 RVP �50 13 2 15

RVP>50 1 14 15 RVP<50 3 32 35

33 17 16 34

Sensitivity 97% Sensitivity 81%

Specificity 82% Specificity 94%

PPV 91% PPV 87%

NPV 93% NPV 91%

doi:10.1371/journal.pone.0118529.t003

Table 4. Differentiating EV-D68 from HRV by RVP signal of 50nA.

EV68
Sequenced

HRV
Sequenced

Yes No Yes No

RVP �40 31 2 33 RVP �40 14 3 17

RVP>40 2 15 17 RVP<40 2 31 33

33 17 16 34

Sensitivity 94% Sensitivity 88%

Specificity 88% Specificity 91%

PPV 94% PPV 82%

NPV 88% NPV 94%

doi:10.1371/journal.pone.0118529.t004
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are even more distantly related based on the 5’-UTR, though primers used to amplify the picor-
navirus 5’-UTR differ between diagnostic platforms and the choice of amplified region can ef-
fect cross-reactivity. Here we have demonstrated cross-reactivity of EV-D68 and HRV on the
GenMark platform; however, further work will be necessary to ascertain cross-reactivity with
other respiratory enteroviruses such as EV70 and EV94.

This 2014 epidemic EV-D68 outbreak illustrated the challenges in a diagnostic microbiolo-
gy/virology laboratory of identifying with certainty a viral etiology for patients with serious re-
spiratory illnesses with wheezing. Since it was unlikely, in our opinion, that low signal HRV
results from the GenMark eSensor instrument indicated an epidemic of rhinovirus disease, we
pursued the hypothesis that these might be cross-reacting signals for a related picornavirus.
Using Sanger sequencing, we were able to confirm that these samples contained EV-D68,
which we were unable to isolate in cell culture. By combining epidemiological data with molec-
ular technology, we unraveled the explanation for the initial respiratory virus PCR results. It is
possible that the current 2014 EV-D68 strain differs genetically in a key region from previous
EV-D68 strains, and that this difference may account for heightened virulence in children.

Methods

Evaluation of patient samples in clinical microbiology laboratory
The GenMark eSensor Respiratory Viral Panel (RVP) (GenMark Dx, Carlsbad, CA) is an
FDA-approved multiplexed nucleic acid test that uses a solid-phase electrochemical method on
the eSensor XT-8 platform for detection of nucleic acid targets. Targets are detected by voltage
change when DNA binds to capture probes on a gold electrode. This panel includes primers
and signal probes for adenovirus species B/E (combined result), and species C; influenza virus
A, including subtypes H1, H3, and 2009 H1N1; influenza B virus; human metapneumovirus;
parainfluenza virus types 1, 2, and 3; respiratory syncytial virus subtypes A and B; and human
rhinovirus. Specimens were tested according to the manufacturer’s instructions. The sample
nucleic acids were extracted on the NucliSENS easyMAG instrument (bioMérieux, Boxtel, The
Netherlands). The conventional endpoint PCR and the exonuclease steps were performed on
an Applied Biosystems 2720 Thermal Cycler (Applied Biosystems, Foster City, CA). The detec-
tion, data acquisition, and automated analysis steps were performed on the eSensor XT-8 in-
strument. The human rhinovirus assay primers and probe(s) amplify and detect a portion of
the 5’-untranslated region (5’-UTR) (http://www.accessdata.fda.gov/cdrh_docs/pdf11/
K113731.pdf). Results are expressed as nanoamperes (nA).

The GeneXpert enterovirus assay (Cepheid, Sunnyvale, CA) is an FDA-approved assay de-
signed to detect enterovirus (EV) RNA in cerebrospinal fluid samples. The GeneXpert Dx Sys-
tem automates and integrates sample purification, nucleic acid amplification, and detection of
the target sequence using real-time PCR and RT-PCR assays. The system employs single-use
disposable GeneXpert cartridges that hold the PCR reagents and host the PCR process. The EV
primers and probe amplify and detect a consensus region of the enterovirus genome 5’-UTR
between nucleotide 452 and 596 (http://www.accessdata.fda.gov/cdrh_docs/pdf6/K061062.pdf
and http://www.accessdata.fda.gov/cdrh_docs/reviews/K061062.pdf). The sample nucleic acids
were extracted on the NucliSENS easyMAG instrument using the same protocol as for the
GenMark eSensor Respiratory Viral Panel assay. The extracted nucleic acid was then diluted
and 140 μl of the dilution was processed in the GeneXpert cartridges. Results are expressed
automatically as cycle threshold (CT) and amplification curves can be viewed on the linked
computer.
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Detection of enterovirus D68 in clinical samples
Extracted nucleic acid from 62 consecutive nasopharyngeal swab samples submitted to the
clinical microbiology laboratory at the University of Minnesota Medical School between Sep-
tember 4 and September 16 (during the peak epidemic of EV-D68 in Minnesota) were de-iden-
tified and the GenMark eSensor RVP results masked. Total RNA was isolated using the
RNeasy Mini Prep Kit (QIAGEN, Valencia, CA) with RNase-free DNase (QIAGEN) according
to the manufacturer’s protocol. RNA yields were 10 to 50 ng in 50 μl of eluent; 8 μl of purified
RNA was used to synthesize cDNA using SuperScript VILOMaster Mix (Invitrogen, Carlsbad,
CA) in a 10 μl reaction volume according to manufacturer’s protocol.

Amplification of the 5’-UTR of was performed with HotStarTaq MM Kit (QIAGEN) in an
80 μl reaction volume using 8 μL of cDNA and a final primer concentration of 0.2 μM (forward
primer 5’- CTCGGATCCCAAGCAACTTCTGTTTCCCCGG-3’ and reverse primer 5’-
ACACGGACACCCAAAGTAGTCGGTTCC-3’ from Oberste, et. al., which were developed
for EV-D68 sequencing [2]). Samples were cycled as follows: 95°C for 15 minutes; 94°C for 30
seconds, 60°C for 35 seconds, and 72°C for 60 seconds for 40 cycles; and a final extension at
72°C for 5 minutes. All PCR reactions were resolved on 1.5% agarose-ethidium bromide gels.
For all samples that yielded the expected 396 base pair product, 50 μl of the corresponding
PCR reaction were purified using the PureLink PCR purification Kit (Invitrogen) according to
the manufacturer’s protocol. DNA yields were 200 to 2250 ng in 50 μl of eluent.

Samples were prepared for Sanger sequencing using the reverse primer in accordance with
the University of Minnesota Genomics Center specifications (20 ng of PCR amplicon, 6.4 pmol
primer, 12 μl final reaction volume), and the resulting sequence data was analyzed with Se-
quence Scanner Software (Applied Biosystems, Grand Island, NY). Alignment by clustalW
analysis was performed with MacVector software (Cary, NC). BLAST searches of GenBank se-
quences were performed to identify which picornavirus was present in each PCR-positive
sample.

Viral culture
A subset of nasopharyngeal swab samples were collected and placed in viral transport medium
for further analysis. These samples were inoculated on primary rhesus monkey kidney cells,
the human lung carcinoma cell line A549, and a human foreskin fibroblast cell line (CellPro-
Labs, Golden Valley, MN). Cultures were incubated at 35°C for 14 days and monitored daily
for cytopathic effect.

Statistical analysis
To determine the statistical significance of the difference in mean RVP signal strength between
EV-D68 and HRV isolates a 1-way ANOVA was performed using STATA software (College
Station, TX).

Ethics statement
The samples analyzed in this report were derived from nasopharyngeal swab specimens collect-
ed from patients admitted to the PICU at the University of Minnesota Masonic Children’s
Hospital. These samples were collected for analysis on the GenMark eSensor RVP platform as
part of routine clinical care. Nucleic acid samples that remained after testing in our clinical mi-
crobiology laboratory were de-identified as required by our institutional review board for
further analysis.
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