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We evaluated the Copan Eswab transport system for the quantitative recovery of Escherichia coli, Klebsiella
pneumoniae, and Pseudomonas aeruginosa after 1, 2, 3, 5, and 7 days of storage at room and refrigerator temper-
atures, and 7 and 30 days of storage at −80 °C and −20 °C using mono- and polymicrobial samples. The study
was based on Clinical and Laboratory Standards Institute (CLSI)M40-A2 standard procedures on the quality con-
trol of microbiological transport systems. Eswab met the CLSI standards at room and refrigerator temperatures
for all (combinations of) bacterial strains tested. At room temperature, after 24 h, bacterial growthwas observed.
At −80 °C, bacterial viability was maintained in monomicrobial samples; however, in polymicrobial samples,
P. aeruginosa recovery was compromised. Storage at −20 °C was unsuitable. We conclude that specimens col-
lected using Eswab should be transported to the laboratory as soon as possible. If transport or processing is de-
layed, specimens should preferably be stored at refrigerator temperatures.
© 2020 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license (http://

creativecommons.org/licenses/by/4.0/).

1. Introduction

Rectal screening for antimicrobial resistant aerobic gram-negative
bacteria is becoming increasingly important in the daily routine
handling of patients in hospitals. This is mainly due to the rapid emer-
gence and dissemination of antimicrobial resistance in these bacteria
(Glupczynski et al., 2001; Hoogkamp-Korstanje et al., 2003; Shannon
and French, 2004). Rectal samples are frequently obtained to screen
for carriership of highly resistant bacteria (HRMO) (Kluytmans-
Vandenbergh et al., 2005; Centers for Disease C, Prevention, 2009; Hy-
giene measures for infection or colonization with multidrug-resistant
gram-negative bacilli, 2012). In addition, resistant gram-negative
bacteria pose a threat to the use of effective empirical prophylaxis in
surgical procedures such as transrectal prostate biopsy. In these cases,
rectal swab based screening can be used to personalize antimicrobial
prophylaxis based on culture results (Cussans et al., 2016; Farrell
et al., 2017). The bacteria that aremost often found in these types of rec-
tal screening are Enterobacterales (most often Escherichia coli and Kleb-
siella pneumoniae) and Pseudomonas aeruginosa. Unsurprisingly, these

same bacteria are also among the most frequently isolated bacteria
from nosocomial infections (Coque et al., 2008; Jones, 2010).

Swab transport devices are used to obtain rectal samples and trans-
port these to themedicalmicrobiological laboratory for culture and sub-
sequent antimicrobial susceptibility testing. To ensure reliable culture
results, it is essential that the viability of bacteria during transport and
storage in swab transport devices is maintained (Bourbeau PC et al.,
2014).

Various studies have confirmed that swab transport devices main-
tain the viability of aerobic, anaerobic, and fastidious bacteria at room
and refrigerator temperatures for up to 48 h (http://www.copanusa.
com/products/collection-transport/eswab/, n.d.; Farhat et al., 2001;
Rishmawi et al., 2007; Van Horn et al., 2008a; Van Horn et al., 2008b;
Smismans et al., 2009; Nys et al., 2010; Tano and Melhus, 2011; Gizzie
and Adukwu, 2016; Tyrrell et al., 2016). In clinical practice, however,
circumstances may arise that entail a longer transport or storage dura-
tion e.g., home-based self-sampling. In this scenario, patients are
asked to screen themselves at home prior to a hospital visit by taking
a sample and returning it to the laboratory by post. Because, in these
cases, screening is performed prior to the hospital visit, home-based
self-sampling is efficient and could be well perceived by patients be-
cause of a greater sense of privacy, autonomy, and control. Moreover,
especially for research purposes, it could be useful to store Eswabs at
freezer temperatures for longer periods of time. Therefore, it is impor-
tant to understand the influence of transport and storage durations of
N48 h at different temperatures on the viability of bacteria in clinical
specimens (Gupta et al., 2018).
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Until now, only few studies have examined the recovery of bacte-
ria from swab transport devices after N48 h (Dan et al., 1989; Egwari
and Rotimi, 1991; Morosini et al., 2006; Delacour et al., 2009; Musser
and Gonzalez, 2011; Hirvonen and Kaukoranta, 2014; Demuyser
et al., 2018). Unfortunately, in these studies, neither recovery of
K. pneumoniae or P. aeruginosa nor storage for N48 h at room temper-
ature was examined. Also, these studies did not take into account the
interaction between a mixture of bacteria within a specimen.

The objective of our study was to evaluate the Eswab collection
and transport system (http://www.copanusa.com/products/col-
lection-transport/eswab/, n.d.) for its ability to maintain viability
of E. coli, K. pneumoniae, and P. aeruginosa after storage at room
and refrigerator temperature up to 7 days and freezer tempera-
tures (−20 °C and −80 °C) up to 30 days. We also performed
polymicrobial experiments with combinations of the above-men-
tioned bacteria for the same storage duration and conditions.

2. Materials and methods

This study on the recovery of Enterobacterales and P. aeruginosa from
Eswabs (Copan Diagnostics, Murrietta, CA) was based on the Clinical and
Laboratory Standards Institute (CLSI) M40-A2 standard on the quality
control of microbiological transport systems (Bourbeau PC et al., 2014).

2.1. Bacterial strains

Six gram-negative bacterial strains (n=2 E. coli, n=2 K. pneumoniae,
n=2 P. aeruginosa) from clinical stool samples were selected for the
study (Table 1). Selection criteria were susceptibility to trimethoprim
(TMP) [minimum inhibitory concentration (MIC) b 2 mg/L] and resis-
tance to ciprofloxacin (CIP) (MIC N 0.5 mg/L) of at least 1 E. coli strain;
susceptibility to CIP and resistance to TMP of 1 K. pneumoniae strain
and vice versa for the other K. pneumoniae strain; and susceptibility to
CIP of at least 1 P. aeruginosa strain. These antimicrobial susceptibility
patterns were chosen in order to be able to quantify the viable popula-
tion size of each bacterial strain within the polymicrobial samples sepa-
rately (see “Polymicrobial experiments” section).

The bacteria were identified by matrix-assisted laser desorption
ionization-time offlightmass spectrometry (BioTyper version 3, Bruker,
Bremen, Germany). Strainswere freshly subcultured twice onto Colum-
bia agars plates supplementedwith 5% sheep blood (CBP) (Becton Dick-
inson GmbH, Heidelberg, Germany) and incubated at 35 °C under
aerobic conditions for 18 to 24 h. Thereafter, we determined MICs of
CIP and TMP for each separate bacterial strain, applying MIC test strips
(MTS, Lioflichem, Italy) on Mueller–Hinton agars (Oxoid, Hampshire,
United Kingdom); MICs were interpreted using EUCAST breakpoints
(http://www.eucast.org/clinical_breakpoints/).

2.2. Monomicrobial experiments

We prepared 0.5 McFarland suspension [corresponding to approxi-
mately 1.5 × 108 colony-forming units (cfu) per mL] of each bacterial
strain in 0.85% saline using a nephelometer (Sensititre®, Trek Diagnos-
tic Systems Ltd., West Sussex, United Kingdom) and diluted these 10-
fold to obtain 107 cfu/mL suspensions. Then, 100-μL aliquots of these

suspensions were transferred to a round-bottom 96-well plate. For
each storage duration and condition, Eswabs were inoculated by
allowing the 100-μL aliquots to be completely absorbed, i.e., the
nylon-flocked tip was put into the wells of the microdilution plate for
a minimum of 15 s. Thereafter, the Eswabs were placed into their trans-
port containers and stored at roomand refrigerator temperatures for 0 h
and, 1, 2, 3, 5, and 7 days and at freezer temperatures (−20 °C and
−80 °C) for 0 h, 7 days and 30 days.

After removal from storage, the Eswabs stored at freezer tempera-
tures were first thawed and processed immediately thereafter. All
Eswabs were vortexed for 15 s. Then, nine 10-fold serial dilutions
were prepared using a 96-well microdilution plate (15 μL Eswab me-
dium with 135 μL 0.85% saline). CBP were divided into 6 equal sectors
(1 sector for each dilution factor), and three 10-μL drops of the corre-
sponding dilutionwere placed in each sector using reverse pipetting. Pi-
petting was performed in duplicate. Thus, two times three 10-μL drops
per dilution for each time temperature combination were plated. The
plates were incubated at 35 °C under aerobic conditions for 15 to 20 h.
Cfu counts were obtained by counting the colonies in the sector which
contained 3 to 30 colonies per drop of 10 μL.

The Eswabs of the 0-h time point were processed 5 to 15 min after
inoculation (at room temperature). The growth control consisted of a
series of 10-fold dilutions of the 107 cfu/mL suspension and was proc-
essed at 0 h (5 to 15 min after inoculation).

2.3. Polymicrobial experiments

Again, 0.5 McFarland suspensions of each bacterial strain in 0.85%
saline were prepared and 10-fold diluted. Of these suspensions, 9 mix-
tures of 2 bacterial strains in different proportionsweremade (Table 2).
Eswabs inoculated with the mixtures were then processed as detailed
above. MacConkey agars supplemented with 0.5 mg/L ciprofloxacin
(McC3+CIP/V) and MacConkey agars with 2 mg/L trimethoprim
(McC3+TMP/V) (Mediaproducts BV, Groningen, the Netherlands)
(Tops et al., 2018) were used to determine the viable bacterial popula-
tion size.

2.4. Statistical analysis

Cfu counts per mL were calculated of both duplicates as average of
the 3 spots. From this, the average cfu/mL and standard error of the
meanwere calculated for each time–temperature combination and con-
verted to a log10 scale.

We considered a maximum increase of 1 log10 cfu and a maximum
decline of 3 log10 cfu acceptable for all storage temperatures, consistent
with the CLSI acceptance criteria for storage at room and refrigerator
temperature. At room temperature, however, no limits of acceptance
for growth are defined by CLSI.

3. Results

3.1. Monomicrobial experiments

Fig. 1 shows the recovery from monomicrobial samples for each
storage condition (room temperature, 4 °C, −20 °C, and −80 °C) at

Table 1
Clinical bacterial strains.

Strain number Bacterium Source Identification number MIC
Ciprofloxacin (mg/L)

MIC
Trimethoprim (mg/L)

1 E. coli Stool V17006410 N32 0.25
2 E. coli Stool 9510097337 0.016 N32
3 K. pneumoniae Stool 9510097540 0.032 N32
4 K. pneumoniae Stool 9510099055 12 0.5
5 P. aeruginosa Stool 9510101144 0.064 N32
6 P. aeruginosa Stool B18013165 0.25 N32
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each storage duration. The concentrations of all bacterial strains were
similar at the 0-h time point, ranging from 4.30 × 107 cfu/mL (7.63
log10) to 8.83 × 107 cfu/mL (7.95 log10). All duplicates were within the
same log.

At room temperature, growth (approximately 2 log10 cfu/mL) was
observed within 24 h for E. coli and K. pneumoniae and within 48 h for
P. aeruginosa. Storage of Eswabs at refrigerator temperature prevented
the growth of all 6 bacterial strains. Instead, particularly in the first 24
h, therewas a decline in the number of bacteria that could be recovered.
Thereafter, the number of recovered bacteria remained relatively stable.
None of the bacterial strains exceeded the CLSI (Bourbeau PC et al.,
2014) defined limit of 3 log10 cfu decline at any time point within 7
days. The recovery of bacteria after storage at −80 °C was comparable
to storage at refrigerator temperature. No difference was found in the
viable population size of each bacterial strain after 7 and 30 days of stor-
age. In contrast, after storage for 7 and 30 days at −20 °C, all bacterial
strains exceeded the 3 log10 decline limit.

The Supplementary Appendix provides the average number of bac-
teria recovered for each time and temperature combination compared
to time point 0 h.

3.2. Polymicrobial experiments

Fig. 2 shows the recovery from polymicrobial samples for each stor-
age condition (room temperature, 4 °C, −20 °C, and −80 °C) at each
storage duration.

For the polymicrobial mixtures stored at room/refrigerator temper-
atures or−20 °C, similar results were found as compared to the recov-
ery of the bacterial strains separately, namely, growth of all bacterial
strains at room temperature, relative stable bacterial population sizes
at refrigerator temperatures, and more than 3 log10 cfu decline or no
bacterial recovery at−20 °C. After storage at temperature−80 °C, how-
ever, when compared to the monomicrobial experiments, similar re-
sults were obtained for the mixtures of E. coli and K. pneumoniae but

Fig. 1. Recovery frommonomicrobial samples for each storage condition (room temperature, 4 °C,−20 °C, and−80 °C) at each storage duration. Average cfu counts per mL and standard
error of the mean (SED) are given.

Table 2
Polymicrobial mixtures.

Polymicrobial mixture Bacterium 1a Amount Bacterium 2b Amount

1 E. coli (1) 500 μL P. aeruginosa (5) 500 μL
2 E. coli (1) 900 μL P. aeruginosa (5) 100 μL
3 E. coli (1) 100 μL P. aeruginosa (5) 900 μL
4 E. coli (1) 500 μL K. pneumoniae (3) 500 μL
5 E. coli (1) 900 μL K. pneumoniae (3) 100 μL
6 E. coli (1) 100 μL K. pneumoniae (3) 900 μL
7 K. pneumoniae (4) 500 μL P. aeruginosa (5) 500 μL
8 K. pneumoniae (4) 900 μL P. aeruginosa (5) 100 μL
9 K. pneumoniae (4) 100 μL P. aeruginosa (5)) 900 μL

a Bacterium 1 was counted on the McC3 + CIP/V agar.
b Bacterium 2 was counted on the McC3 + TMP/V agar.
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not for mixtures with P. aeruginosa. In contrast to the monomicrobial
experiments, in themixtures of E. coli and P. aeruginosa, therewas either
no recovery or more than 3 log10 decline in P. aeruginosa population
size, independently of its concentration.

The Supplementary Appendix provides the average number of bac-
teria recovered for each Eswab time and temperature combination com-
pared to the 0-h time point.

4. Discussion

Preservation of bacterial viability during transport and storage in
swab transport devices is essential for accurate laboratory diagnostics.
In this study, we evaluated the Copan Eswab collection and transport
system for the quantitative recovery of 3 aerobic gram-negative bacteria
(E. coli, K. pneumoniae, and P. aeruginosa) at room, refrigerator, and
freezer temperatures in monomicrobial and polymicrobial samples
after short- and long-term storage.

Eswabmet the CLSI standards (BourbeauPC et al., 2014) at roomand
refrigerator temperatures for all 6 bacterial strains tested and main-
tained bacterial viability for at least 7 days in both monomicrobial and
polymicrobial samples. Although bacterial viability was maintained at
room temperature, we observed bacterial growth (2 log10 increase)
after 24 h for E. coli and K. pneumoniae and after 24 to 120 h for
P. aeruginosa. Other studies reported similar results for these bacteria
after room temperature storage in swab transport devices (Morosini
et al., 2006; Rishmawi et al., 2007; Van Horn et al., 2008a; Nys et al.,
2010; Tano and Melhus, 2011; Gizzie and Adukwu, 2016). In fact, in
these studies, growth could already be detected from 6 to 24 h after in-
oculation (Rishmawi et al., 2007; Van Horn et al., 2008a; Nys et al.,
2010).

Bacterial growth in swab transport devices can beproblematic, espe-
cially in polymicrobial samples with unequal rates of bacterial growth.
In these cases, it leads to misrepresentation of true proportions of
mixed bacteria within swab transport devices. Moreover, bacterial
growth can make it difficult to distinguish different bacteria within a
sample without proper dilution or the use of selective agars. In our
study, serial dilutionsweremade in order to quantify bacterial recovery.
However, this method does not reflect routine laboratory practices.
Therefore, in certain cases, bacterial growth can yieldmisleading culture
results. In our study, we chose Eswab because of its good availability
within laboratories due to the broad range of testing applications
Eswab provides. Moreover, it comprises of a nylon-flocked swab de-
signed for better specimen collection and less entrapment of bacteria
compared to other swab transport devices (Van Horn et al., 2008a;
Van Horn et al., 2008b; Nys et al., 2010; Tano and Melhus, 2011). It
should be noted that, unfortunately, none of the commercially available
swab transport devices are able to adequately inhibit bacterial growth at
room temperature. Also, there are noCLSI acceptance criteria for growth
at room temperature (Bourbeau PC et al., 2014).

Bacterial growth can be prevented by transport and storage at re-
frigerator temperatures at which we noted that the viable bacterial
population size remained relatively stable over time. This finding
was supported by previous studies (Van Horn et al., 2008a;
Smismans et al., 2009; Nys et al., 2010; Gizzie and Adukwu, 2016;
Tyrrell et al., 2016). Bacterial viability was also maintained at
−80 °C in monomicrobial samples; however, the recovery of
P. aeruginosa was compromised when stored at −80 °C in
polymicrobial samples. In fact, acceptance criteria were not met for
the polymicrobial mixture of P. aeruginosa and E. coli at the storage
temperature of−80 °C.We do not have an explanation for this unex-
pected difference between our mono- and polymicrobial samples.

Fig. 2. Recovery from polybacterial samples for each storage condition (room temperature, 4 °C, −20 °C, and−80 °C) at each storage duration. Average cfu counts per mL and standard
error of the mean (SED) are given.
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Storage at −20 °C proved unsuitable for the recovery of aerobic
gram-negative bacteria from Eswabs, which is probably due to ice
crystal formation. For intracellular ice, snap freezing minimizes me-
chanical damage to bacterial cell structures, while a slow rate is more
detrimental (Lorv et al., 2014). This is consistent with our findings
that storage at −80 °C has less effect on the bacterial population
size than storage at −20 °C and with previous findings by Hirvonen
and Kaukoranta (2014).

At some points, we deviated from the CLSI guidelines on the quality
control of microbiological transport systems (Bourbeau PC et al., 2014).
Instead of the swab elutionmethod for the quantification of bacterial vi-
ability, we used the drop plate method (Herigstad et al., 2001), which
has many advantages over the first-mentioned method. First, colony
counting can be done more accurately by distributing the sample in
small drops on a relatively small area. Second, the drop plate method
is less time consuming and bacterial colonies are easier to count.
Third, compared to the swab elution method, relatively few supplies
are necessary (Herigstad et al., 2001). A possible disadvantage of the
drop plate method is the higher margin of error because of the small
volume (10 μL) of the individual drops. Therefore, two times three 10-
μL drops per dilution factor for each time–temperature combination
were plated.

A limitation of our study is that, in the polymicrobial experiment, we
only made mixtures of 2 bacteria, while feces often contains more than
2 aerobic gram-negative bacterial species. However, making mixtures
with more than 2 bacterial species makes it very difficult to count indi-
vidual bacteria. Therefore, in our experiments, we mimicked human
samples as best as possible. Also, cfu counting on antibiotic-containing
plates is biased by possible inhibitory effects even at sub-MIC concen-
trations, especially as the mechanism and magnitude of resistance
were not established for the strains studied. For 16 time–temperature
combinations, no duplicate was present owing to laboratory errors
hampering correct cfumeasurements in 1 of the 2 duplicates. Moreover,
in the polymicrobial sample with K. pneumoniae and P. aeruginosa (900/
100 μL) at room temperature, unwanted growth of K. pneumoniae was
observed on theMcC3+TMP/V agar. This growth was due to the inocu-
lum effect and barred counting of P. aeruginosa after storage for 48 and
72 h at room temperature (Brook, 1989).

In conclusion, specimens collected using Eswab should be transported
to the laboratory as soon as possible. If immediate transport or processing
is delayed, then specimens should be stored at refrigerator temperature at
which in our study bacterial viability remained relatively stable over time
for at least 7 days.When facedwith long transport durations, preservation
of Eswabs at refrigerator temperature is desired; however, this can be
challenging and is not always possible, e.g., in case of home-based self-
sampling. In these cases, in the laboratory, one should anticipate the po-
tential problems associated with bacterial growth in Eswabs at room
temperature.
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