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The objectives of this studywere to assess the ideal volume of Copan FecalSwab™ (FS) preserved stool sample to
use with the BDMAX™ Enteric Bacterial Panel and the Extended Enteric Bacterial Panel (BDM GIP) and to com-
pare the performance of FS to the recommended Meridian Para-Pak Cary-Blair medium (PP) for the BDM GIP.
Three different input volumes (10, 25, and 50 μL) of stool inoculated with American Type Culture Collection
strains representing the targets detected by BDM GIP were tested. Additionally, 144 unpreserved stool samples
submitted for gastrointestinal (GI) testing were transferred to PP and FS media and tested by the BDM GIP
using 10 μL of PP and 50 μL of FS media. A 100% agreement was observed between PP and FS results. The perfor-
mance of 50 μL of FS stool preserved sample was equivalent to 10 μL of traditional Cary-Blair PP preserved spec-
imens for GI pathogens detection using the BDM GIP.

© 2020 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Gastrointestinal (GI) diseases are amajor cause of office visits, emer-
gency department visits, and hospitalization, accounting for substantial
morbidity, mortality, and cost. It has been estimated that the annual
healthcare expenditures in the United States for GI disease is as much
as $136 billion, greater than some common diseases such as heart dis-
ease, trauma, or mental health (Peery et al., 2019). Diarrheal diseases
account for as many as 1.6 million people per year globally and are
among the leading causes of malnutrition in children who live in eco-
nomically challenge areas (Kosek et al., 2003; Anonymous, 2018a). Ac-
cording to the United States Department of Agriculture, foodborne
diseases caused by just 14 of the 31 major enteric pathogens account
for over 8 million cases that accrued over $14.0 billion in cost of illness
and a loss of 61,000 quality-adjusted life year per year (Hoffmann
et al., 2012; Batz et al., 2014). Among the most common causative
agents of foodborne related diarrheal disease in the United States are
Salmonella, Campylobacter, Shigella, and Shiga toxin–producing
Escherichia coli (STEC) (DeBurger et al., 2017).

Diagnosing diarrheal disease can be very challenging due to the va-
riety of pathogens involved. Isolating these pathogens is very difficult
due to the quick overgrowth and interference of commensal microor-
ganisms present in stool, leading to delays in diagnosis and
. This is an open access article under
susceptibility testing (Goneau et al., 2019). Conventional microbiologi-
cal techniques are still considered to be the gold standard for GI patho-
gens identification despite being time-consuming, labor-intensive
methods that require high technical skills and provide low sensitivity
(Harrington et al., 2015). Traditional culture methods typically require
24 h to 72 h of incubation time, plus additional time necessary for the
identification of the pathogen through biochemical techniques, or
mass spectrometry techniques, such asmatrix-assisted laser desorption
ionization–time of flight (Harrington et al., 2015). The use of multiplex
molecular techniques, which offer faster turnaround time, increased
sensitivities, and the ability to detect mixed infections, has become a
more accepted alternative for the detection of enteric pathogenic bacte-
ria (Harrington et al., 2015; Simner et al., 2017).

The BDMAX™ System (BD Life Sciences, Sparks, MD) is a fully inte-
grated automated molecular platform that can test up to 24 samples at
once in approximately 3 h with less than 5 min of hands-on time per
sample. As opposed to other platforms that feature very comprehensive
GI panels combining bacterial, viral, and parasitic targets, BD takes a
more targeted approach in which GI bacterial panels are designed and
tested independently from viral or parasitic panels (Mashock et al.,
2017). The BD MAX Enteric Bacterial Panel detects Salmonella spp., Shi-
gella spp., Campylobacter jejuni/coli, and Shiga toxin genes, while the op-
tional BD MAX Extended Enteric Bacterial Panel (which comes as an
additional master mix to be used in conjunction with the BD MAX En-
teric Bacterial Panel) detects Yersinia enterocolitica, enterotoxigenic
E. coli (ETEC), Vibrio sp. (V. vulnificus, V. parahaemolyticus, and
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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V. cholerae), and Plesiomonas shigelloides simultaneously (Simner et al.,
2017). The BD MAX Enteric Bacterial Panel and BDMAX Extended Bac-
terial Panel have been approved for use with fresh, unpreserved stools
or Cary-Blair media preserved stools from symptomatic patients
(Harrington et al., 2015; Simner et al., 2017).

The Copan FecalSwab is a convenient stool transport device that
consists of a Copan flocked swab (FLOQSwab™) and 2 mL of Cary-
Blairmedium for stool preservation,while needing very little stool sam-
ple (Mashock et al., 2017). Flocked swabs, when used as part of a liquid-
basedmicrobiology collection device, have shown an improved absorp-
tion of bacteria, as well as a greater transfer of material onto Gram stain
slides, when compared to a traditional swab (Mashock et al., 2017).
These increase in microorganism absorption and release from the
flocked swab can help improve detection rates and increase the sensi-
tivity of diagnostic tests (Mashock et al., 2017; Jean et al., 2019). The ob-
jectives of this study were (Peery et al., 2019) to determine the
appropriate volume of stool preserved in Copan FecalSwab™ (FS) to
be used with the BD MAX Enteric Bacterial Panel in conjunction with
BD MAX Extended Enteric Bacterial Panel (BDM GIP) on the BD MAX
System and (Anonymous, 2018a) to compare the performance of FS to
the recommended Meridian Para-Pak Cary-Blair medium (PP) for the
BDM GIP.

2. Materials and methods

2.1. Specimen enrollment

Specimen collectionwas performed according to the Tampa General
Hospital's standard procedures and in compliance with theWestern In-
stitutional Review Board–approved protocol. The acceptable specimens
included unformed, unpreserved prospective and retrospective residual
stool specimens obtained from pediatric and adult inpatient or outpa-
tient whose stool cultures had been ordered by a healthcare provider.
Retrospective specimens included in this study were collected and
stored at −80 °C between November 2017 and July 2018, while pro-
spective specimens were collected and tested on the BD MAX within
5 days after collection and stored at 2–8 °C. Specimens submitted only
for C. difficile testing from gastroenteritis, enteritis, or colitis were ex-
cluded from the study. Specimens used for the analytical study were
previously characterized with the BDM GIP to confirm the absence of
the targets.

2.2. Analytical testing

Strains acquired from the American Type Culture Collection (ATCC),
namely, Salmonella typhimurium (ATCC 14028), Shigella sonnei (ATCC
9290), STEC (ATCC 43890), Campylobacter jejuni (ATCC 33291),
P. shigelloides (ATCC 14029), Vibrio parahaemolyticus (ATCC 17802),
ETEC (ATCC 35401), and Y. enterocolitica (ATCC 9610), were cultured
on appropriate media and incubated under recommended incubation
conditions. Cultures were examined after 48-h incubation, and a 0.5
McFarland suspension was prepared in phosphate-buffered saline
(pH 7.20; Sigma Life Science) for each strain individually. A working di-
lution of 1:20 from the 0.5McFarland suspensionwasmade for each or-
ganism. Five milliliters of the dilution was used to inoculate 50 mL of
pooled stool prepared from 5 different patients (10mL per patient) pre-
viously characterized as negative by the BDM GIP. The sample was
mixed by vortexing to obtain a homogeneous inoculated stool mix.
Eight different mixtures of negative stool samples were made, and
each one of themwas inoculated with 1 of the 8 BDMGIP targets repre-
sented by each of the 8 ATCC strains described above. The inoculated
stools were plated in triplicate on both blood agar plates (BBL™ TSA II
5% SB) and differential and selective plates for colony-forming unit
(CFU) counts to estimate the bacterial burden. The selective media
used in this study included Hardy Diagnostics HardyCHROM™ SS
NoPro (S. typhimurim and S. sonnei), BBL™ CHROMagar® O157
(STEC), Karmali agar (C. jejuni), thiosulfate-citrate-bile salts-sucrose
agar (P. shigelloides and V. parahaemolyticus), and cefsulodin irgasan no-
vobiocin agar (Y. enterocolitica).

To prepare samples for analytical testing on the BD MAX, Copan
FecalSwab™ (FS; Copan Diagnostics, Murrieta, CA) and Meridian Para-
Pak® Cary-Blair medium (PP; Meridian Bioscience, Cincinnati, OH) de-
vices were spikedwith inoculated stool sample mixtures and processed
according to package inserts. Briefly, for PP, the provided sampling pad-
dle was used to collect enough stool to reach the “fill line” indicated on
the tube. For FS, the flocked swab was inserted, rotated into the stool
sample, and transferred into the FS medium not exceeding the “fill
line”. Six PP and 18 FS devices were prepared per organism. The FS de-
vices were divided into 3 groups of 6 based on the input volumes trans-
ferred into the BD MAX Sample Processing Tubes (SBTs) for the BDM
GIP testing. Group 1 had an input volume of 10 μL, group 2 used an
input volume of 25 μL, and group 3 had an input volume of 50 μL com-
pared to the 10-μL recommended input volume from the PP reference
method device.

All 24 devices (18 FS and 6 PP) were tested on the BD MAX System
immediately after inoculation (T0) according to the BD MAX assay's
package insert. Additionally, to investigate the effect of time and storage
condition on the performance of the stool specimen transport media,
half (n = 3) of the PP devices and half of FS devices tested at T0 were
kept at room temperature (20–24 °C) for testing at 24 h postinoculation
(T1),while the other halfwasplaced in the refrigerator (2–8 °C) for test-
ing at 5 days postinoculation (T2). All samples testing using the BDM
GIP was performed in triplicate. This procedure was repeated for all
stool specimens inoculated with each 1 of the 8 ATCC strains.

2.3. Clinical sample testing

A total of 144 unpreserved clinical stool specimens submitted for GI
testing at Tampa General Hospital laboratory were included in this
study. All of the stool specimens were initially tested using the BioFire®
Gastrointestinal Panel (bioMerieux, France) on the BioFire® FilmArray®
System, our standard of care methodology. Out of 144 clinical speci-
mens tested, 96 were retrospective frozen specimens and 48 were pro-
spective fresh specimens selected consecutively if tested positive for the
BDMGIP targets. After routine analysis, residual unpreserved stool spec-
imens were stored at −80 °C for the study. Prior to testing, the retro-
spective stool specimens were thawed at room temperature for
approximately 1 h, and the FS and PP devices were inoculated with
the stool specimen reaching the “fill line” according to the manufac-
turers' recommendations. Immediately after inoculation, 50 μL of FS
stool sample was transferred into the BD MAX SBT, and the recom-
mended 10 μL of the PP stool sample was transferred into the BD MAX
SBT for testing. The samples were tested on the BD MAX System using
the BDM GIP according to manufacturer's instructions.

2.4. Statistical analysis

The results obtained from the BDM GIP for the prospective and ret-
rospective specimenswere comparedwith those collected with the ref-
erence method. Positive percent agreement and negative percent
agreement were calculated with 95% confidence intervals for Copan FS
preserved specimens compared to those obtained with the PP Cary-
Blair reference method.

3. Results

3.1. Analytical testing

In order to estimate the bacterial burden, the inoculated stools were
serially diluted and plated on selectivemedia. Due to the inability of cul-
ture media to discriminate enterotoxigenic E. coli from the normal flora,
ETEC was plated directly from the working dilution and its
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concentration in the inoculated stool was calculated accordingly. CFU
counts showed that an average of 4.8 × 105 CFU/mL of S. typhimurium,
3.5 × 104 CFU/mL of S. sonnei, 2.3 × 105 CFU/mL of STEC, 6.7
× 102 CFU/mL of C. jejuni, 9.0 × 103 CFU/mL of enterotoxigenic E. coli,
and 1.5 × 103 CFU/mL of P. shigelloides was present in the initial inocu-
lated stool mixture. No growth was observed on V. parahaemolyticus
and Y. enterocolitica cultures.

The ideal volume for testing to obtain an equivalent or better perfor-
mance of stool preserved in Copan FS compared to the reference trans-
port PP medium was determined using pooled stool specimens
inoculatedwith the target pathogens acquired from theATCC. Three dif-
ferent input volumes (10 μL, 25 μL, and 50 μL) of stool preserved in FS
and the recommended volume (10 μL) of stool preserved in PP Cary-
Blair medium were tested on the BD MAX after storage for different
lengths of time at varying temperatures. Each samplewas tested in trip-
licate, and out of more than 288 replicates tested across all samples (FS
and PP), 11 resulted in unresolved (UNR) due to BD MAX reagent fail-
ure. For PP, 7 replicates resulted in UNR: 1 in the 10-μL inoculum
(Vibrio at T2), 1 in the 25-μL inoculum (Campylobacter at T2), and 5 in
50-μL inoculum (STEC at T1, Salmonella at T1 and T3, Campylobacter at
T2, Plesiomonas at T1). On the other hand, 4 replicates (STEC at T1, 2 Sal-
monella replicates at T3, Plesiomonas at T1) resulted in UNR for the PP
reference testing.

We considered a difference of ≤1.5 cycle threshold (Ct) values not
significant since that may be due to variation between runs and within
replicates. As expected, the pooled stools were all positive for the inoc-
ulated targets (Table 1). The data showed that regardless of the length
or method of stool preservation (FS or PP), the Ct values for each
input volume were comparable with the exception of
V. parahaemolyticus, which had Ct values differences greater than 1.5
when preserved in both FS and PP for 24 h at RT and in PP for 5 days
at 2–8 °C. There were noticeable differences (Ct N 1.5) between FS and
PP for the 10-μL input volumes for S. typhimurium (T = 24 h), E. coli
STEC (T = 24 h and T = 5 days), C. jejuni (T = 5 days), P. shigelloides
(T = 5 days), V. parahaemolyticus (T = 0 h and T = 24 h), ETEC (T =
0 h), and Y. enterocolitica (T = 0 h, T = 24 h, and T = 5 days). On the
other hand, no difference between 25-μL and 50-μL input volumes
from the FS was observed when compared with the 10 μL used for the
PP. The 50- L input volume for FS seemed to perform equally or better
than the 10-μL PP reference method for any time points and storage
conditions tested in the study. Therefore, 50 μL of input volume for the
FS was used for testing the prospective and retrospective clinical sam-
ples in the study.

3.2. Clinical study

In order to confirm the results obtained in the analytical study on
clinical samples, a total of 96 retrospective (66.7%) and 48 (33.3%) pro-
spective unpreserved specimenswere enrolled in this study. Aliquots of
the unpreserved specimens were transferred into the Copan FS and
Table 1
Average of Ct values using different FS volumes, incubation temperatures, and times.

S. typhimurium (ATCC 14028) S. sonnei (ATCC 9290)

T1 T2 T3 T1 T2 T3

FS_10 μL 34.4 ± 1.1 34.6 ± 1.0 33.9 ± 1.0 30.0 ± 0.5 30.5 ± 0.3 30.9 ± 0
FS_25 μL 32.3 ± 0.6 31.3 ± 0.3 32.1 ± 0.7 28.8 ± 0.3 29.0 ± 0.2 28.5 ± 0
FS_50 μL 32.7 ± 0.4 30.5 ± 0.6 30.7 ± 0.1 28.7 ± 0.4 28.1 ± 0.2 28.2 ± 0
PP_10 μL 33 ± 0.5 31.0 ± 0.7 32.4 29.5 ± 0.3 29.2 ± 0.7 28.9 ± 0

C. jejuni (ATCC 33291) P. shigelloides (ATCC 14029)
T1 T2 T3 T1 T2 T3

FS_10 μL 28.7 ± 0.4 29.4 ± 0.5 29.7 ± 0.3 30.6 ± 0.6 31.4 ± 0.7 33.5 ± 1
FS_25 μL 27.2 ± 0.2 27.3 ± 0.1 27.9 ± 0.7 29.5 ± 0.3 29.7 ± 0.2 29.2 ± 0
FS_50 μL 27.2 ± 0.2 27.1 ± 0.0 26.8 ± 0.4 29.8 ± 0.6 29 ± 0.2 28.8 ± 0
PP_10 μL 27.7 ± 0.2 27.8 ± 0.7 26.8 ± 0.0 30.6 ± 0.8 30 ± 0.3 30.3 ± 0

T1 = 0 h; T2 = 24 h at room temperature; T3 = 5 days at 2–8 °C.
Meridian PP transport media and tested concurrently by the BDM GIP.
Of the 144 samples tested, 97 (67.4%) were positive for at least 1 of
the targets tested, and 47 (32.6%) were negative for all targets. Except
for Vibrio species, which were not detected in either transport media,
each target had at least 1 positive detected in both stool transport
media (Salmonella positive n = 42, Shigella positive n = 14, STEC posi-
tive n = 8, Campylobacter positive n = 30, Plesiomonas positive n = 3,
ETEC positive n = 1, Yersinia positive n = 3). Four of the 97 samples
were positive for 2 different targets in both transport media. There
was a 100% positive and negative percent agreement for the FS trans-
port medium when compared to the recommended Meridian PP Cary-
Blair medium for each target using the BDM GIP testing (Table 2).

Ct values detected from clinical samples were also compared. The
mean and range Ct values for each target in the study were calculated
based on the number of positive samples for each of the assay targets
(Table 3). There do not seem to be significant differences between the
mean and range Ct values for FS and PP except for Plesiomonas, which
was only 3 positive samples. Based on these results, the relative detec-
tion range in this study was between 16.4 and 39.0. Of the 101 positive
targets, more than 83% had a Ct value difference lower than 1, 96% had a
Ct value difference less than 1.5, and less than 14% had a significantly
different Ct value. For the PP device, 9 of the samples had significantly
higher Ct values compared to 5 of the samples for the FS device
(Table 3). The differences observed were not particularly target related.

4. Discussion

The Copan FS, comprised of a flocked swab (FLOQSwab™) and 2 mL
of Cary-Blair medium, requires less stool than would be necessary with
the PP, making it ideal for patients who are presenting with GI symp-
toms but cannot pass a large enough specimen (DeBurger et al., 2017;
Jean et al., 2019). Stool specimen collectionsmay presentwith somedif-
ficulties in the collection methods, as well as the appropriate and safe
transportation (Goldfarb et al., 2014; Freedman et al., 2017). Moreover,
fecal swab collection can lead tomore timely testing due to the ability to
routinely collect fecal swab specimens at first physician encounter
which may not always be possible in the case of bulk fecal specimens,
especially for patient who cannot pass enough stool or patients who
are more severely dehydrated (Arvelo et al., 2013; Sperou et al.,
2017). The Copan FS sample collection device has been successfully
evaluated by either culture or multiplex-PCR panels and shown to
help maintain the stability and accurate detection of enteric pathogens
(Mashock et al., 2017; Silbert et al., 2017; Jean et al., 2019; Kotar et al.,
2019). A recent study evaluating flocked rectal swab using paired rectal
swab and stool specimens for molecular detection of enteric pathogens
using the BioFire FilmArray assay reported equal performance between
the 2 collectionmethods in detecting bacterial pathogens (Walker et al.,
2019). Goldfarb et al., on the other hand, reported that flocked rectal
swabs allow for significantly higher bacterial pathogen detection than
bulk stool samples (Goldfarb et al., 2014). Most studies, however,
E. coli STEC (ATCC43890) E. coli ETEC (ATCC 35401)

T1 T2 T3 T1 T2 T3

.3 35.5 ± 1.0 35.6 ± 2.8 34.8 ± 1.6 31.5 ± 0.2 32.3 ± 1.4 31.7 ± 0.7

.0 33.7 ± 0.6 32.2 ± 0.5 32.7 ± 0.6 28.6 ± 0.4 29.4 ± 0.1 29.2 ± 0.2

.3 32.7 ± 0.5 31.4 ± 0.4 31.9 ± 0.8 28.1 ± 0.3 28.5 ± 0.2 28.0 ± 0.1

.8 32.9 ± 0.6 30.6 ± 0.4 31.7 ± 0.5 28.5 ± 0.3 32.1 ± 0.8 30.2 ± 0.5

V. parahaemolyticus (ATCC 35401) Y. enterocolitica (ATCC 9610)
T1 T2 T3 T1 T2 T3
32.0 ± 0.6 35.7 ± 0.5 33.0 ± 0.4 32.8 ± 0.8 33.1 ± 0.7 33.0 ± 0.4

.1 29.4 ± 0.1 32.7 ± 0.5 30.7 ± 0.3 31.1 ± 0.4 31.3 ± 0.4 31.2 ± 0.2

.8 28.4 ± 0.2 31.6 ± 0.2 29.3 ± 0.2 30.7 ± 0.6 30.1 ± 0.3 29.8 ± 0.1

.4 28.6 ± 0.3 32.3 ± 0.6 31.1 ± 0.7 30.1 ± 0.2 30.8 ± 0.2 30.0 ± 0.1



Table 2
Result agreement between FecalSwab and Para-Pak for 144 clinical samples tested.

Para-Pak results

Salmonella Shigella/EIEC STEC ETEC

Positive Negative Positive Negative Positive Negative Positive Negative
FecalSwab results Positive 42 0 14 0 8 0 1 0

Negative 0 102 0 130 0 136 0 143
Campylobacter Plesiomonas Vibrio Yersinia
Positive Negative Positive Negative Positive Negative Positive Negative

Positive 30 0 3 0 0 0 3 0
Negative 0 114 0 141 0 144 0 141
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reported that due to a shorter time to collection, the flocked swab sys-
tem has a faster result turnaround time than a bulk stool specimen, in-
dicating that the use of the flocked swab system may lead to
improvements within the clinical workflow as well as potential out-
comes (Jean et al., 2019).

In this study, we first determine the optimal input volume of stool
sample in Copan FS transport media needed for testing using the BD
MAX Enteric and Extended Enteric Bacterial Panels. We report that
50 μL is the ideal input volume for FS specimens based on the overall
performance of the assays for detection of all the target organisms at dif-
ferent storage conditions, compared to the 10-μL input volume for the
reference PP Cary-Blair medium. It is not surprising that a higher input
volume of FS is needed to achieve an equivalent or better performance
than the reference method since the Meridian PP Cary-Blair media
might have a greater amount of stool present than the flocked swab in
the FS. Different studies evaluated flocked swabs on molecular panels
with positive performance compared to stool specimen testing.
DeBurger et al. reported using 10 μL of input volume in their BD
MAX™ Enteric Bacterial Panel assay (DeBurger et al., 2017), while
other studies using different molecular testing platforms such as the
BioFire FilmArray and the GeneXpert® (Cepheid, CA) use 200-μL and
400-μL input volume for their GI panel and C. difficile assay, respectively
(Mashock et al., 2017; Silbert et al., 2017; Walker et al., 2019).

A good transport medium for molecular testing not only should be
compatible with a wide range of DNA extraction systems andmolecular
platforms but also should have the intrinsic ability to preserve the integ-
rity of the target analytes. Therefore, we tested the ability of the FS stool
transportmedium to preserve the specimens andmaintain the integrity
of the target nucleic acid at different storage conditions and lengths of
time. We have shown that the test performance was not affected
when FS specimens are stored for at least 24 h at room temperature
or 5 days at 2–8 °C. We did not assess the effect of other storage condi-
tions since testingwouldmost likely be donewithin 5 days of collection.
Moreover, FS has been shown to be a well-suitable device for extended
storage and transportation of enteric pathogens (Hirvonen and
Kaukoranta, 2014).

We evaluated 144 clinical samples using 50-μL input volume to com-
pare the performance of the FS with the Meridian PP Cary-Blair
Table 3
Ct value differences between FecalSwab and Para-Pak media clinical samples.

Mean/range (Ct)

Pathogens detected No. of positive by both FS and PP FS

Salmonella 42 27.45/18.59–36.66
Campylobacter 30 25.51/17.46–34.79
STEC 8 26.36/20.98–33.71
Shigella/EIEC 14 21.33/16.37–31.45
Yersinia 3 35.74/34.51–37.48
ETEC 1 NA
Plesiomonas 3 33.01/26.6–38.89
Vibrio 0 NA

a FS Ct value is higher than PP.
b PP Ct value is higher than FS.
transport medium. Due to the low prevalence for each target, in addi-
tion to prospective samples, we included frozen retrospective samples.
A previous study to evaluate the fresh and frozen specimens was per-
formed by BD Life Sciences to support inclusion of frozen archived spec-
imens in the clinical study submitted for 510(K) of the BDMAX Enteric
Bacterial Panel (#K140111). Results from that study and published data
showed that 1–2 freeze/thaw cycles did not significantly affect the bac-
terial community profiles (Bassis et al., 2017). The results of the clinical
sample testing showed 100% agreement between the Copan FecalSwab
and the Meridian Para-Pak transport media. Therefore, the input vol-
ume of 50 μL of the Copan FecalSwab proved to be equivalent in perfor-
mance to the recommended 10 μL of the Meridian Para-Pak when used
with the BD MAX Enteric and Extended Enteric Bacterial Panels. The
most prevalent pathogens in our study were Salmonella at 29.2%,
followed by Campylobacter at 21% and Shigella/EIEC at 9.7%. No Vibrio
spp. were detected. This result is in agreementwith previously reported
data showing Salmonella and Campylobacter as themost common caus-
ative agents of bacterial diarrheal disease (Stutman, 1994; Goldfarb
et al., 2014).

Though the scope of this study was to determine the optimal input
volume that would display equal or better performance than the refer-
ence method, some limitations were worth noting. Paired fecal swab
and bulk stool specimens were not used in this study nor was the ana-
lytical limit of detection for each target in either of the devices. More-
over, the initial bacterial burden for each target was not calculated
from the original McFarland suspension but rather in the stool mixture.
That may explain the discrepancy in CFUs across each of the bacterial
targets. One can argue that this discrepancy does not affect the results
of the study since the FS and PP inocula were taken from the same inoc-
ulated stool mixture.

Diarrheal disease is a life-threatening condition that globally affects
individuals from all walks of life. It has, however, disproportionally af-
fected children and individuals living in areas with inadequate access
to healthcare, safe water, and hygiene (Anonymous, 2018b). Timely
and accurate identification of the causative agents can exponentially
improve patient outcome and reduce the financial burden associated
with GI disease. This study has established the feasibility and perfor-
mance characteristics of the BDM GIP with stool specimens in Copan
Ct value differences between FS and PP

1–1.5 Ct N1.5 Ct

PP FSa PPb FSa PPb

27.35/18.75–36.66 NA NA 3/42 5/42
25.59/18.19–34.46 1/30 NA NA 2/30
26.86/22.42–35.96 NA 1/8 NA 2/8
20.67/16.62–30.72 2/14 NA NA NA
34.65/32.11–37.76 NA NA 1/3 NA
NA NA NA NA NA
31.29/25.85–34.88 NA NA 1/3 NA
NA NA NA NA NA
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FecalSwab. It was shown to be a good alternative to the bulk Cary-Blair
transport device for preserving enteric pathogenic bacterial nucleic acid
for testing fecal specimens from patients suspected of GI infection with
the BDM GIP on the BD MAX System.

Acknowledgments

This studywas supported by CopanDiagnostics and BD Life Sciences.

References

Anonymous. Estimates of the global, regional, and national morbidity, mortality, and ae-
tiologies of diarrhoea in 195 countries: a systematic analysis for the Global Burden of
Disease Study 2016. Lancet Infect Dis 2018a;18:1211–28. https://doi.org/10.1016/
S1473-3099(18)30362-1. [Epub 2018 Sep 19].

Anonymous. Estimates of the global, regional, and national morbidity, mortality, and ae-
tiologies of lower respiratory infections in 195 countries, 1990–2016: a systematic
analysis for the Global Burden of Disease Study 2016. Lancet Infect Dis 2018b;18:
1191–210. https://doi.org/10.1016/S1473-3099(18)30310-4. [Epub 2018 Sep 19].

Arvelo W, Hall AJ, Estevez A, Lopez B, Gregoricus N, Vinje J, et al. Diagnostic performance
of rectal swab versus bulk stool specimens for the detection of rotavirus and
norovirus: implications for outbreak investigations. J Clin Virol 2013;58:678–82.
https://doi.org/10.1016/j.jcv.2013.09.019. [Epub 2013 Sep 26].

Bassis CM, Moore NM, Lolans K, Seekatz AM, Weinstein RA, Young VB, et al. Comparison
of stool versus rectal swab samples and storage conditions on bacterial community
profiles. BMC Microbiol 2017;17:78. https://doi.org/10.1186/s12866-017-0983-9.

Batz M, Hoffmann S, Morris Jr JG. Disease-outcome trees, EQ-5D scores, and estimated an-
nual losses of quality-adjusted life years (QALYs) for 14 foodborne pathogens in the
United States. Foodborne Pathog Dis 2014;11:395–402. https://doi.org/10.1089/fpd.
2013.1658. [Epub 2014 Mar 3].

DeBurger B, Hanna S, Powell EA, Ventrola C, Mortensen JE. Utilizing BD MAX enteric bac-
terial panel to detect stool pathogens from rectal swabs. BMC Clin Pathol 2017;17:7.
https://doi.org/10.1186/s12907-017-0043-2. [eCollection 2017].

Freedman SB, Xie J, Nettel-Aguirre A, Lee B, Chui L, Pang XL, et al. Enteropathogen detec-
tion in children with diarrhoea, or vomiting, or both, comparing rectal flocked swabs
with stool specimens: an outpatient cohort study. Lancet Gastroenterol Hepatol
2017;2:662–9. https://doi.org/10.1016/S2468-1253(17)30160-7. [Epub 2017 Jul 14].

Goldfarb DM, Steenhoff AP, Pernica JM, Chong S, Luinstra K, Mokomane M, et al. Evalua-
tion of anatomically designed flocked rectal swabs for molecular detection of enteric
pathogens in children admitted to hospital with severe gastroenteritis in Botswana. J
Clin Microbiol 2014;52:3922–7. https://doi.org/10.1128/JCM.01894-14. [Epub 2014
Aug 27].

Goneau LW, Mazzulli A, Trimi X, Cabrera A, Lo P, Mazzulli T. Evaluating the preservation
and isolation of stool pathogens using the COPAN FecalSwab Transport System and
Walk-Away Specimen Processor. Diagn Microbiol Infect Dis 2019;94:15–21. https://
doi.org/10.1016/j.diagmicrobio.2018.11.020. [Epub 2018 Dec 11].
Harrington SM, Buchan BW, Doern C, Fader R, FerraroMJ, Pillai DR, et al. Multicenter eval-
uation of the BD max enteric bacterial panel PCR assay for rapid detection of Salmo-
nella spp., Shigella spp., Campylobacter spp. (C. jejuni and C. coli), and Shiga toxin 1 and
2 genes. J Clin Microbiol 2015;53:1639–47. https://doi.org/10.1128/JCM.03480-14.
[Epub 2015 Mar 4].

Hirvonen JJ, Kaukoranta SS. Comparison of FecalSwab and ESwab devices for storage and
transportation of diarrheagenic bacteria. J Clin Microbiol 2014;52:2334–9. https://
doi.org/10.1128/JCM.00539-14. [Epub 2014 Apr 16].

Hoffmann S, Batz MB, Morris Jr JG. Annual cost of illness and quality-adjusted life year
losses in the United States due to 14 foodborne pathogens. J Food Prot 2012;75:
1292–302. https://doi.org/10.4315/0362-028X.JFP-11-417.

Jean S, Yarbrough ML, Anderson NW, Burnham CA. 2019. Culture of rectal swab speci-
mens for enteric bacterial pathogens decreases time to test result while preserving
assay sensitivity compared to bulk fecal specimens. J Clin Microbiol 57(6).JCM.
02077-18. doi: https://doi.org/10.1128/JCM.02077-18. Print 2019 Jun.

Kosek M, Bern C, Guerrant RL. The global burden of diarrhoeal disease, as estimated from
studies published between 1992 and 2000. Bull World Health Organ 2003;81:
197–204. [Epub 2003 May 16].

Kotar T, Pirs M, Steyer A, Cerar T, Soba B, Skvarc M, et al. Evaluation of rectal swab use for
the determination of enteric pathogens: a prospective study of diarrhoea in adults.
Clin Microbiol Infect 2019;25:733–8. https://doi.org/10.1016/j.cmi.2018.09.026.
[Epub 2018 Oct 11].

MashockMJ, FaronML, Buchan BW, Ledeboer NA. Evaluation of Copan FecalSwab as spec-
imen type for use in Xpert C. difficile assay. J Clin Microbiol 2017;55:3123–9. https://
doi.org/10.1128/JCM.00369-17. [Epub 2017 Aug 9].

Peery AF, Crockett SD, Murphy CC, Lund JL, Dellon ES, Williams JL, et al. Burden and cost of
gastrointestinal, liver, and pancreatic diseases in the United States: update 2018. Gas-
troenterology 2019;156:254–72. e11 https://doi.org/10.1053/j.gastro.2018.08.063.
[Epub 2018 Oct 10].

Silbert S, Gostnell A, Kubasek C, Widen R. Evaluation of the new FecalSwab system
for maintaining stability of stool samples submitted for molecular tests. J Clin
Microbiol 2017;55:1588–90. https://doi.org/10.1128/JCM.00273-17. [Epub
2017 Mar 15].

Simner PJ, Oethinger M, Stellrecht KA, Pillai DR, Yogev R, Leblond H, et al. Multisite eval-
uation of the BD Max extended enteric bacterial panel for detection of Yersinia
enterocolitica, enterotoxigenic Escherichia coli, Vibrio, and Plesiomonas shigelloides
from stool specimens. J Clin Microbiol 2017;55:3258–66. https://doi.org/10.1128/
JCM.00911-17. [Epub 2017 Sep 6].

Sperou AJ, Dickinson JA, Lee B, Louie M, Pang XL, Chui L, et al. Physician perspectives on
vaccination and diagnostic testing in children with gastroenteritis: a primary care
physician survey. Paediatr Child Health 2017;22:317–21. https://doi.org/10.1093/
pch/pxx078. [Epub 2017 Jun 17].

Stutman HR. Salmonella, Shigella, and Campylobacter: common bacterial causes of infec-
tious diarrhea. Pediatr Ann 1994;23:538–43. https://doi.org/10.3928/0090-4481-
19941001-07.

Walker CR, Lechiile K, Mokomane M, Steenhoff AP, Arscott-Mills T, Pernica JM, et al. Eval-
uation of anatomically designed flocked rectal swabs for use with the BioFire
FilmArray gastrointestinal panel for detection of enteric pathogens in children admit-
ted to hospital with severe gastroenteritis. J Clin Microbiol 2019;57(12):00962. JCM.
19 https://doi.org/10.1128/JCM.00962-19. Print 2019 Dec.

https://doi.org/10.1016/S1473-3099(18)30362-1
https://doi.org/10.1016/S1473-3099(18)30362-1
https://doi.org/10.1016/S1473-3099(18)30310-4
https://doi.org/10.1016/j.jcv.2013.09.019
https://doi.org/10.1186/s12866-017-0983-9
https://doi.org/10.1089/fpd.2013.1658
https://doi.org/10.1089/fpd.2013.1658
https://doi.org/10.1186/s12907-017-0043-2
https://doi.org/10.1016/S2468-1253(17)30160-7
https://doi.org/10.1128/JCM.01894-14
https://doi.org/10.1016/j.diagmicrobio.2018.11.020
https://doi.org/10.1016/j.diagmicrobio.2018.11.020
https://doi.org/10.1128/JCM.03480-14
https://doi.org/10.1128/JCM.00539-14
https://doi.org/10.1128/JCM.00539-14
https://doi.org/10.4315/0362-028X.JFP-11-417
https://doi.org/10.1128/JCM.02077-18
http://refhub.elsevier.com/S0732-8893(20)30101-2/rf0065
http://refhub.elsevier.com/S0732-8893(20)30101-2/rf0065
http://refhub.elsevier.com/S0732-8893(20)30101-2/rf0065
https://doi.org/10.1016/j.cmi.2018.09.026
https://doi.org/10.1128/JCM.00369-17
https://doi.org/10.1128/JCM.00369-17
https://doi.org/10.1053/j.gastro.2018.08.063
https://doi.org/10.1128/JCM.00273-17
https://doi.org/10.1128/JCM.00911-17
https://doi.org/10.1128/JCM.00911-17
https://doi.org/10.1093/pch/pxx078
https://doi.org/10.1093/pch/pxx078
https://doi.org/10.3928/0090-4481-19941001-07
https://doi.org/10.3928/0090-4481-19941001-07
https://doi.org/10.1128/JCM.00962-19

	Evaluation of Copan FecalSwab�™ preserved stool specimens with the BD MAX�™ Enteric Bacterial Panel and the BD MAX�™ Extend...
	1. Introduction
	2. Materials and methods
	2.1. Specimen enrollment
	2.2. Analytical testing
	2.3. Clinical sample testing
	2.4. Statistical analysis

	3. Results
	3.1. Analytical testing
	3.2. Clinical study

	4. Discussion
	Acknowledgments
	References


