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In the present study, the occurrence of free-living protozoa (FLP) and foodborne bacterial pathogens on
dishcloths was investigated. Dishcloths form a potentially important source of cross-contamination with FLP
and foodborne pathogens in food-related environments. First various protocols for recovering and quantifying
FLP fromdishclothswere assessed. The stomacher technique is recommended to recoverflagellates and amoebae
fromdishcloths. Ciliates, however, weremore efficiently recovered using centrifugation. For enumeration of free-
living protozoa on dishcloths, theMost Probable Number method is a convenient method. Enrichment was used
to assess FLP diversity on dishcloths (n= 38). FLP were found on 89% of the examined dishcloths; 100% of these
tested positive for amoebae, 71% for flagellates and 47% for ciliates. Diversity was dominated by amoebae:
vahlkampfiids, vannellids, Acanthamoeba spp., Hyperamoeba sp. and Vermamoeba vermiformis were most
common. The ciliate genus Colpoda was especially abundant on dishcloths while heterotrophic nanoflagellates
mainly belonged to the genus Bodo, the glissomonads and cercomonads. The total number of FLP in used
dishcloths ranged from 10 to 104 MPN/cm2. Flagellates were the most abundant group, and ciliates the least
abundant. Detergent use was identified as a prime determinant of FLP concentrations on used dishcloths.
Bacterial load on dishcloths was high, with a mean total of aerobic bacteria of 7.47 log10 cfu/cm2. Escherichia
coli was detected in 68% (26/38) of the used dishcloths, with concentrations up to 4 log10 cfu/cm2. Foodborne
pathogens including Staphylococcus aureus (19/38), Arcobacter butzleri (5/38) and Salmonella enterica subsp.
enterica ser. Halle (1/38) were also present. This study showed for the first time that FLP, including some
opportunistic pathogens, are a common and diverse group on dishcloths. Moreover, important foodborne
pathogens are also regularly recovered. This simultaneous occurrence makes dishcloths a potential risk factor
for cross-contamination and a microbial niche for bacteria–FLP interactions.

© 2014 Elsevier B.V. All rights reserved.
1. Introduction

Free-living protozoa (FLP) are unicellular heterotrophic eukaryotic
organisms with a widespread distribution in aquatic (freshwater and
marine) and terrestrial ecosystems (Hausmann et al., 2003). They are
also present on food, like vegetables (Gourabathini et al., 2008;
Vaerewijck et al., 2011), and in food-related environments, such as
broiler houses (Baré et al., 2009, 2011; Snelling et al., 2005), meat-
cutting plants (Vaerewijck et al., 2008), and domestic refrigerators
(Vaerewijck et al., 2010).

Free-living protozoa are important predators of bacteria (Pernthaler,
2005; Sherr and Sherr, 2002). Some bacteria, however, are able to resist
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protozoan grazing, and can survive inside FLP cells. These include various
foodborne pathogens such as Campylobacter jejuni (Axelsson-Olsson
et al., 2005; Baré et al., 2010), Escherichia coli O157:H7 (Barker et al.,
1999), Listeria monocytogenes (Zhou et al., 2007), Salmonella spp. (Gaze
et al., 2003; Tezcan-Merdol et al., 2004), Staphylococcus aureus (Huws
et al., 2008), Arcobacter butzleri (Medina et al., 2014) and Yersinia
enterocolitica (Lambrecht et al., 2013). However intraprotozoan survival
and/or replication depend on various factors such as bacterial strain and
environmental conditions (Schuppler, 2014; Vaerewijck et al., 2014). As
a result, FLP canact as vectors, introducing pathogens into novel habitats,
or as transmission routes toward hosts (Berk et al., 1998; Bouyer et al.,
2007; Brandl et al., 2005; Matz and Kjelleberg, 2005; Snelling et al.,
2008). In addition, they can also act as a protective niche or shelter for
bacteria against harsh environmental conditions (Barker and Brown,
1994; King et al., 1988; Snelling et al., 2005), or even as training grounds
and evolutionary cribs for foodborne pathogens (Molmeret et al., 2005),
enhancing bacterial virulence andmediating bacterial gene transfer. This
points toward a role of FLP in the epidemiology of foodborne pathogenic
bacteria with significant implications for food safety and public health
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(Gourabathini et al., 2008; Greub and Raoult, 2004; Thomas et al., 2010;
Vaerewijck et al., 2014).

Dishcloths are commonly used to clean surfaces, kitchen equipment
and utensils, crockery and cutlery, etc., enhancing the potential for
cross-contamination between food-related habitats (Kusumaningrum
et al., 2003; Mattick et al., 2003). Foodborne bacteria are also common-
ly present in kitchens and households (Jackson et al., 2007;
Macias-Rodriguez et al., 2013; Scott et al., 2008) and form an important
source of foodborne illness (Luber, 2009; Newell et al., 2010). High
bacterial concentrations (up to 5 log10 cfu/ml) have been reported
from dishcloths (Gorman et al., 2002). The moist conditions, presence
of food residues, and storage at room temperature favors the survival
and even growth of (pathogenic) bacteria, such as Listeria spp., E. coli,
Salmonella spp., S. aureus and C. jejuni (Beumer et al., 1996; Gorman
et al., 2002; Hilton and Austin, 2000; Josephson et al., 1997).

At present no information on the occurrence of FLP on dishcloths
and the simultaneous occurrence of foodborne bacterial pathogens, is
available. Furthermore, in contrast to bacteriological analysis, to date
no standardized protocols for recovering and quantifying FLP from
dishcloths are available.

The aims of the present study therefore were: (a) to develop and
evaluate protocols for recovering and quantifying FLP from dishcloths;
(b) to assess the occurrence, total number and diversity of FLP in used
dishcloths; (c) to detect and enumerate bacteria in dishcloths, with
special focus on most common foodborne pathogens; (d) to assess the
simultaneous occurrence between foodborne pathogens and free-
living protozoa on dishcloths; (e) to evaluate which factors have an
impact on both FLP and bacterial presence and concentrations in used
dishcloths.

2. Material and methods

2.1. Development and evaluation of two protocols for the recovery and
quantification of FLP from dishcloths

In order to develop a protocol for recovering and quantifying FLP
from dishcloths, spiking experiments with known concentrations of
FLPwere performed. Two recovery protocolswere tested: (i) the centri-
fugation protocol which was optimized for the recovery of FLP and (ii)
the stomacher protocol which is frequently used for bacteriological
analysis (Lee, 2010; Sharma et al., 2009). For quantification of FLP
from dishcloths, theMost Probable Number (MPN)method and a direct
counting method were evaluated.

2.1.1. Cultivation of FLP
Three FLP species, representing the three main protozoan

morphogroups, i.e. ciliates, flagellates and amoebae, were selected
as model organisms. Tetrahymena pyriformis (CCAP 1630/1W) and
Acanthamoeba castellanii (ATCC 30324) were cultivated axenically in
75 cm2 tissue culture flasks (TPP AG, Trasadingen, Switzerland) in pro-
teose peptone yeast extract medium (PPY) (CCAP, Oban, UK, http://
www.ccap.ac.uk) and proteose peptone yeast extract glucose (PYG)
(ATCC, http://www.lgcstandards-atcc.org), respectively. Cercomonas
sp. was previously isolated from a meat-cutting plant (Vaerewijck
et al., 2008) and cultivated non-axenically in 75 cm2 tissue culture flasks
in Page's Amoeba Saline (PAS, CCAP recipe), enriched with sterile, un-
cooked rice grains as a carbon source to stimulate bacterial growth
(Patterson, 1998). T. pyriformis and A. castellanii were grown for
4 days at 25 °C and Cercomonas sp. was grown for 5 days at 25 °C. The
protozoan cultures were centrifuged [T. pyriformis at 840 g for 10 min
(Faulkner et al., 2008); A. castellanii and Cercomonas sp. at 540 g for
10 min (Vaerewijck et al., 2012)] and the supernatant was removed.
The pellet was washed twice in PAS. The initial number of protozoan
cells was determined using a Fuchs–Rosenthal counting chamber
(Brand, Wertheim, Germany). For A. castellanii, enumeration and
viability testing was assessed using the trypan blue exclusion assay
(Gao et al., 1997). T. pyriformis and Cercomonas sp. were counted after
fixation with 37% formaldehyde. The final number of organisms to be
used in the spiking experiments was then adjusted to a final concentra-
tion of 1 × 106 cells/ml for T. pyriformis and A. castellanii and 1 × 104

cells/ml for Cercomonas sp.

2.1.2. Evaluation of the protocols
The protocols were evaluated by spiking known concentrations of

each protozoan morphogroup onto sterile dishcloths. By analogy with
bacteriological dishcloth protocols (Koo et al., 2013; Lee, 2010), cotton
dishcloths were cut into 6 cm × 6 cm segments (n = 30), autoclaved
at 110 °C for 20 min and stored in sterile Petri dishes. Three milliliters
of PAS was added to the sterile dishcloths, followed by spiking with
2 ml of the final concentration (see above) of the protozoan cultures.
For the centrifugation method, the samples were transferred to a
50 ml test tube containing 20 ml PAS and centrifuged at 540 g for
5 min. After removal of the dishcloths, the remaining liquid was
vortexed for 10 s and 10 ml was used for enumeration of FLP
(see below). For the stomacher method, samples were transferred to a
stomacher bag, and homogenized for 2 min after addition of 20 ml
PAS (Lee, 2010; Sharma et al., 2009). The dishcloths were then carefully
removed and the homogenate was vortexed for 10 s. Ten milliliters of
the homogenate was used for enumeration. Free-living protozoa
(T. pyriformis, A. castellanii and Cercomonas sp.) were enumerated in
parallel by the Most Probable Number method (MPN; 3-tube test)
(Blodgett, 2006; Rønn et al., 1995) and by a direct counting method.
Both centrifuged and stomachered suspensions were first vortexed to
ensure homogeneity before further enumeration by MPN or direct
counts.

For the MPN, suspensions were diluted in TSB/PAS (Tryptic Soy
Broth diluted 1:1000 in PAS) to 10−5 for T. pyriformis and A. castellanii
and to 10−4 for Cercomonas sp. and 1 ml was added in triplicate into
24 well microtiter plates (Rønn et al., 1995; Vaerewijck et al., 2011).
Control wells were filled with 1 ml TSB/PAS only. The microtiter plates
were incubated in the dark at 20 ± 2 °C. After one week of incubation,
the wells were examinedmicroscopically for the presence of organisms
(Rønn et al., 1995; Vaerewijck et al., 2010). The MPN was calculated
using the US Food, Drug and Administration manual and tables
(Blodgett, 2006), based on the following equation:

Xk

j−1

g jmj

1− exp −λmj

� � ¼
Xk

j−1

t jmj

where exp(x) means ex,

λ is the concentration,
k denotes the number of dilutions,
gj denotes the number of positive (or growth) tubes in the jth

dilution,
mj denotes the amount of the original sample put in each tube in

the jth dilution,
tj denotes the number of tubes in the jth dilution.

For direct counting, after fixation of the homogenate with 37%
formaldehyde, 1 ml was transferred to a Sedgewick–Rafter counting
chamber (Pyser-SGI Ltd., Kent, UK) and protozoan cells were counted
using an Olympus CX41 microscope.

All experiments were performed in duplicate over time.

2.2. Occurrence, enumeration and diversity of FLP in used dishcloths

Based on results (see Section 3.1) obtained from the spiking
experiments, both recovery methods (centrifugation and stomacher)
were applied to retrieve FLP from used dishcloths. For quantification
of FLP from used dishcloths, only the MPN-method was applied. Direct
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Table 1
Mean number ± standard error of the mean of protozoan organisms/cm2 per
recovery method (centrifugation, stomacher) and quantificationmethod (mean probable
number—MPN, direct counting — DC).

Organism Centrifugation Stomacher

MPN DC MPN DC

Tetrahymena
pyriformis

4722 (±1736) 2997 (±475) 917 (±750) 542 (±124)

Acanthamoeba
castellanii

65 (±0) 439 (±152) 286 (±221) 1316 (±89)

Cercomonas sp. 473 (±174) 403 (±55) 1157 (±511) 497 (±156)

Numbers of spiked organisms were 2 × 106 cells (corresponding to an initial number of
5.5 × 104 cells/cm2) for T. pyriformis and A. castellanii; and 2 × 104 cells (corresponding
to an initial number of 5.5 × 102 cells/cm2) for Cercomonas sp.
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counting was excluded as after fixation of the sample, it was not
possible to differentiate all three protozoan groups (data not shown).

Used dishcloths (n= 38)were collected from unrelated households
(colleagues, staff, neighbors, friends, …), stored in sterile bags and
processed the same day. Each dishcloth was cut into 4 segments
(approx. 15 cm × 15 cm). New, unused dishcloths (bought in sealed
plastic bags) were included as controls.

One segment of the used and control dishcloths was processed with
the centrifugation protocol in combination with the MPN method. The
second segment, diagonally opposed of the first segment, was utilized
for the stomacher protocol in combination with the MPN method.
Both methodologies were applied as described above. After three to
four days and after one week, the wells were examined for presence
of FLP, which were then further identified (see below).

A third dishcloth piecewas applied for themorphological identifica-
tion of FLP by an enrichment procedure. Therefore, the dishcloth pieces
were transferred to a Petri dish (Ø 14 cm) containing 75 ml PAS. These
Petri dishes were incubated in the dark at 20 ± 2 °C for enrichment.
Autoclaved dry rice grains were added to stimulate bacterial growth
(Patterson, 1998). The enrichment cultures were examined after three
to four days and after one week (see below).

The fourth segment of the used and control dishcloths was used for
bacteriological analysis (see below). Further, a questionnaire was filled
in to collect qualitative information on factors which may influence FLP
numbers on the dishcloths: fabric type, number of days in use, usage for
washing dishes or not, water and detergent usage and absence/presence
of pets in the kitchen environment.

Free-living protozoa detected in the MPN (dishcloth segments one
and two) or enrichment (segment three) cultures were identified on
the basis ofmorphology and locomotion by lightmicroscopy using stan-
dard taxonomic identification sources (Foissner and Berger, 1996; Jeuck
and Arndt, 2013; Lee et al., 2005; Page, 1988; Patterson, 1998;
Siemersma, 1989; Smirnov and Brown, 2004; Smirnov and Goodkov,
1999; Visvesvara and Schuster, 2008a,b). Organisms were identified to
the genus or species level where possible. All taxa were classified
according to the recent eukaryote classification of Adl et al. (2012).
Organisms that were not assignable to a known species or genus were
assigned to a morphogroup (ciliate, flagellate or amoeba).

2.3. Bacteriological analysis of used dishcloths

The fourth segment of the used and control dishcloths was used for
bacteriological analysis. Each dishcloth piece was analyzed for the
presence of the pathogenic bacteria: Campylobacter spp., E. coli,
L. monocytogenes, Salmonella spp., S. aureus and Y. enterocolitica using
normalized protocols and Arcobacter spp. based on Houf et al. (2001).
In parallel, total aerobic bacteria (TAB) counts were performed. Each
dishcloth piece was transferred to a stomacher bag and buffered
peptone water was added to a final weight of 75 g to obtain a ratio of
1 ml ~ 3 cm2. The samples were homogenized for 2 min. Subsamples
of the homogenate were used for detection (direct plating and enrich-
ment), and enumeration (direct plating) of (pathogenic) bacteria.
Suspected Salmonella colonies were biochemically (API test) and
serologically identified, while suspected Arcobacter colonies were iden-
tified by multiplex PCR (Douidah et al., 2010) and characterized by
ERIC-PCR (Houf et al., 2002).

2.4. Data analysis

For quantitative analyses, all FLP and bacterial concentrations were
expressed as MPN/cm2 and cfu/cm2, respectively. Bacterial concentra-
tions were log10 (x + 1) transformed before further analyses. Data
from samples below the limit of quantification (LOQ) were set to
one-half of the enumeration threshold. Samples below the protozoan
LOQ (0.075 MPN/cm2 with the MPN methodology) were set to
0.04 MPN/cm2, while samples below the bacterial LOQ (0.33 cfu/cm2)
were set to 0.17 cfu/cm2. For samples above the upper FLP LOQ
(N6000 MPN/cm2), the highest MPN count (6000 MPN/cm2) was
used. Enrichment and MPN cultures were considered FLP-positive if at
least one viable protozoon was observed on at least one time point.

All statistical analyses were carried out using the statistical software
package Stata/MP 12.1 (StataCorp, 2011).

The spiking experiments were performed in duplicate over time. Per
condition, i.e. combination of recovery and quantification methods,
three technical replicates were performed. To evaluate the effect of
the recovery (centrifugation vs. stomacher) and quantification (MPN
vs. direct counting) methodology for FLP from spiked dishcloths, nega-
tive binomial regression analyses were performed per morphogroup.

To evaluate the effect of dishcloth usage and kitchen practices on the
total FLP concentration in the used dishcloths, negative binomial regres-
sionswere performed. To evaluate the effect of the total aerobic bacteria
counts on the presence/absence of each FLP morphogroup in the used
dishcloths, logistic regressions were executed.

In order to analyze patterns in FLP species composition (presence/
absence of FLP species) and FLP numbers (log (x + 1) transformed
total numbers of ciliates, flagellates and amoebae) in relation to bacteri-
al (TAB counts and presence/absence of pathogens) and environmental
data (see Section 2.2), multivariate (ordination) analyses were
performed using the program CANOCO for Windows, version 4.5
(ter Braak and Smilauer, 1998). As a preliminary detrended correspon-
dence analysis (DCA) suggested that the underlying response patterns
in the FLP species composition dataset were unimodal (length of
gradient N 4, Jongman et al., 1995). Canonical correspondence analysis
(CCA) was used to investigate the relationship between the FLP data
and the bacteriological and environmental data. As for the FLP numbers
dataset the responses were linear (length of gradient b 2), redundancy
analysis was used. Forward selection with Monte Carlo permutation
testing was used to select the minimal set of bacteriological and envi-
ronmental variables that contributed significantly and independently
to explaining the variation in both FLP datasets (ter Braak and
Smilauer, 1998).

3. Results

3.1. Development and evaluation of two protocols for the recovery and
quantification of FLP from dishcloths

The three model organisms were recovered from dishcloths by two
methods (centrifugation and stomacher) and quantified using two enu-
merationmethods (MPN-method and direct counting). The initial num-
bers of organisms spiked per dishcloth segment were 2 × 106 cells for
T. pyriformis and A. castellanii and 2 × 104 cells for Cercomonas sp. Both
recovery methods showed a reduction in protozoan cells (Table 1).
The recovery rate varied depending on the methods used and test or-
ganism. A statistically significant difference in total number of recov-
ered organisms between both recovery methods was found for both
T. pyriformis and A. castellanii. T. pyriformiswas recovered in significantly



Fig. 2. Number of FLP-positive dishcloths, per morphogroup and methodology.
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higher numberswith the centrifugationmethod thanwith the stomach-
er protocol (p b 0.001), whereas for A. castellanii, significantly higher
numberswere counted after usage of the stomachermethod in compar-
ison with the centrifugation protocol (p b 0.001). For the flagellate
Cercomonas sp., no statistically significant differences between both re-
covery protocols were found.

No significant difference between the MPN method and direct
counting (Sedgewick–Rafter) was observed for T. pyriformis (p N 0.05).
Statistically higher numbers of A. castellanii were counted by direct
counting in comparison to the MPN method (p b 0.001). The opposite
was observed for Cercomonas sp. (p b 0.05).

3.2. Occurrence, enumeration and diversity of FLP on used dishcloths

A dishcloth was scored positive for the presence of FLP if ciliates,
flagellates or amoebae were observed using either one of the recovery
methods (centrifugation, stomacher) or the enrichment procedure.
Free-living protozoawere present in 89% (34/38) of the used dishcloths,
with 47% (16/34) of these testing positive for ciliates and 71% (24/34)
for flagellates (Fig. 1). Amoebae were present in 100% (34/34) of the
FLP positive dishcloths. No FLP were detected in the control dishcloths.
Almost half (15/34) of the FLP-positive dishcloths contained all three
morphogroups. No dishcloths contained only ciliates or flagellates, or
the combination of these two groups without amoebae.

After one week, enrichment cultures, performed for FLP identifica-
tion purposes, revealed more FLP positive dishcloths (33/34) compared
to centrifugation (25/34) and stomacher (26/34) recovery methodolo-
gies. After enrichment, 16/16 dishcloths were positive for ciliates,
while only 6/16 were positive using the centrifugation or stomacher
protocols (Fig. 2). For flagellates, 22/24 dishcloths were positive after
enrichment, while 12/24 and 16/24 dishcloths were positive using the
centrifugation and stomacher method, respectively. The number of
dishcloths positive for amoebae was 33/34 after enrichment, 21/34
after centrifugation, and 23/34 after using the stomacher protocol.
Fig. 1.Distribution of themorphogroups in FLP-positive dishcloths, visualized by a propor-
tional Venn diagram. C, F, and A are representing the presence of ciliates, flagellates and
amoebae in dishcloths, respectively. CF, CA and FA are representing the presence of ciliates
and flagellates, ciliates and amoebae and flagellates and amoebae in dishcloths, respec-
tively. CFA represents the presence of all three morphogroups (ciliates, flagellates and
amoebae) in dishcloths. The number between brackets represents the number of positive
dishcloths for that specific morphogroup.
Numbers of FLP in used dishcloths were estimated using the
MPN method. Total FLP numbers and numbers of ciliates, flagellates
and amoebae in the used dishcloths were highly variable. Estimated
total FLP numbers ranged from 0.11 to 8750 MPN/cm2 and 0.11 to
6108 MPN/cm2 for the centrifugation and stomacher protocols, respec-
tively. In 26% (centrifugation) and 29% (stomacher) of the examined
dishcloths the estimated total FLP numbers ranged from 10 to
104 MPN/cm2.

Flagellates were the most abundant group (Table 2) with mean num-
bers of 469 MPN/cm2 (centrifugation) and 373 MPN/cm2 (stomacher).
Amoebae were recovered in higher numbers by the stomacher protocol
compared to the centrifugation method (mean numbers 382 and
158 MPN/cm2, respectively). The lowest numbers were recorded for cili-
ates, with 182 MPN/cm2 for the centrifugation method and 5 MPN/cm2

for the stomacher method.
In total 88 FLP (8 ciliates, 31 flagellates, 49 amoebae)were identified

to genus or species level (Fig. 3). Centramoebida (e.g. Acanthamoeba)
and Vannellida (e.g. Vannella) were frequently observed members of
the Discosea. Together with Hartmannella and Vermamoeba vermiformis
(Tubulinea), they were the most common Amoebozoa. Euglenozoa
(e.g. Bodo) and Heterolobosea (e.g. vahlkampfiids) were representatives
of the Discoba group. Ciliates all belonged to the Intramacronucleata
(Alveolata), with Colpoda being the most often encountered genus. The
flagellate groups glissomonads and cercomonads (Rhizaria) were general
inhabitants of used dishcloths. Hyperamoeba sp. was present in 16 out of
34 amoebae-positive dishcloths. In addition to FLP, nematodes, rotifers,
fungi, yeasts and molds were also detected in some dishcloths.

3.3. Bacteriological analysis of used dishcloths

All dishcloths were heavily contaminated with bacteria, with total
aerobic bacteria (TAB) counts ranging from 4.36 to 8.93 log10 cfu/cm2,
with a mean of 7.47 ± 0.15 log10 cfu/cm2 (Fig. 4). Escherichia coli was
found in 23 dishcloths, with concentrations ranging from 0.12 to
4.25 log10 cfu/cm2 (mean: 1.75 ± 0.26 log10 cfu/cm2).

Foodborne bacterial pathogenswere detected in 22 dishcloths. From
the four FLP-negative dishcloths, two also tested negative for foodborne
Table 2
Minimum, maximum, mean and standard error of the mean for each morphogroup and
method; values are expressed as MPN/cm2.

(n = 34) Minimum Maximum Mean Standard error

Centrifugation
Ciliates 0.04 6000 182 176
Flagellates 0.04 6000 469 256
Amoebae 0.04 2750 158 89

Stomacher
Ciliates 0.04 108 5 3
Flagellates 0.04 6000 373 206
Amoebae 0.04 6000 382 245

image of Fig.�2


Fig. 3. Relative proportion (%) of FLP taxonomic groups at first rank level, as described by Adl et al. (2012).
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pathogens. Staphylococcus aureus (n= 19 positive dishcloths) were re-
covered in concentrations ranging from 0.12 to 3.48 log10 cfu/cm2

(mean: 0.93 ± 0.24 log10 cfu/cm2). Salmonella sp. (n = 1) and
Arcobacter sp. (n = 5) were recovered from the collected dishcloths
after enrichment. Salmonella colonies were biochemically and serologi-
cally confirmed as Salmonella enterica subsp. enterica ser. Halle.
Arcobacter sp. was identified as Arcobacter butzleri. The five recovered
Arcobacter isolates were all further characterized by ERIC-PCR as differ-
ent strains. Campylobacter spp., Listeria monocytogenes and Yersinia
enterocolitica were not detected in the examined dishcloths. No
foodborne pathogens were present in the control dishcloths.

3.4. Evaluation of dishcloth usage and kitchen practices

All FLP-positive dishcloths harbored TAB. With increasing numbers
of TAB, the possibility to find amoebae in the dishcloth increased signif-
icantly (p = 0.023), which was not the case for ciliates and flagellates.
No significant differences in the total number of FLP were found
between different fabric types, number of days in use, whether the
dishcloths were also used to wash the dishes and whether there were
pets in the kitchen environment allowed or not (p N 0.05). A negative
relation was observed between detergent usage and the numbers of
Fig. 4. Bacterial load of dishcloths: total aerobic bacteria (TAB) and concentrations of E. coli
and S. aureus. TAB: total aerobic bacteria (gray); Escherichia coli (hatched) and Staphylococcus
aureus (dotted).
ciliates and amoebae (p ≤ 0.003) and TAB counts on dishcloths
(p b 0.025). No significant effect was found between detergent usage
and the number of flagellates on dishcloths (p N 0.05). The above results
were confirmed by the direct ordination analyses (CCA and RDA respec-
tively for FLP species presence/absence and morphogroup numbers)
(data not shown). No significant relationshipswere found between var-
iation in FLP community structure and themeasured bacteriological and
environmental factors. In contrast, variation in ciliate, flagellate and
amoeba numbers were strongly negatively related to detergent use,
while a weak but not significant (p= 0.08) positive elationship existed
with the number of days a dishcloth had been in use.
4. Discussion

The present study aimed to assess for the first time the occurrence,
abundance and diversity of FLP in dishcloths in relation to bacteriologi-
cal (TAB count, presence and abundance of bacterial foodborne patho-
gens) and environmental factors (e.g. number of days the dishcloths
had been in use and use of detergent). In addition, protocols for recov-
ering and quantifying FLP from dishcloths were developed and evalu-
ated. This study showed that FLP, including some opportunistic
pathogens, are a common and diverse microbial group on dishcloths.
Important bacterial foodborne pathogens, such as S. aureus, A. butzleri
and Salmonella were recovered from dishcloths.

Flagellates were recoveredmore efficiently than ciliates or amoebae.
The lower recovery of amoebaemay be ascribed to the high attachment
capacity of amoebae. To obtain the total number of FLP (ciliates, flagel-
lates and amoebae), the stomacher protocol in combination with the
MPN method is recommended. The stomacher protocol is a broadly
used and standardizedmethod (Wu et al., 2003). However when focus-
ing on ciliates in particular, centrifugation and stomacher protocols
should be applied in parallel. For enumeration of free-living protozoa
on dishcloths, the Most Probable Number method is a convenient
method to estimate numbers of FLP as it is particularly useful for low
concentrations of organisms (Blodgett, 2006).

Free-living protozoa form common and diverse communities on
dishcloths (89% of the dishcloths FLP-positive). Amoebae were present
in all FLP positive dishcloths, whereas ciliates and flagellates never
occurred without amoebae. Flagellates were the most abundant group,
which is in agreement with the studies of Vaerewijck et al. (2011) and
Gourabathini et al. (2008) of FLP on food. The lowest numbers were

image of Fig.�3
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counted for ciliates. Vaerewijck et al. (2011) also observed that ciliates
were the least abundant group on butterhead lettuce.

The present study suggests that the use of detergent causes a
significant reduction in numbers of ciliates, amoebae and TAB on
dishcloths. Azizullah et al. (2011) tested the influence of detergent on
motility, swimming velocity and cell shape of the freshwater flagellate
Euglena gracilis. A strong impairment effect was seen immediately upon
exposure to detergent, but with increasing exposure time, this effect de-
creased, suggesting acclimatization to these stress conditions. Esteban
and Tellez (1992) observed that ciliate numbers in wastewater
treatment plants diminished with increasing detergent concentrations.
However, further research is needed to assess the direct effect of deter-
gent usage on the FLP and bacterial communities present in household
dishcloths.

Most FLP species were detected after a few days of enrichment, sug-
gesting they were present either in very low numbers of metabolically
active cells or as resting stages (cysts) (Corliss, 2001). Free-living proto-
zoa on dishcloths are frequently exposed to stress conditions such as
desiccation, disinfection and cleaning treatments. Through cyst forma-
tion, various protozoan species can survive unfavorable conditions
(Aksozek et al., 2002; Coulon et al., 2010; Dupuy et al., 2014; Sriram
et al., 2008) which may also be the case on dishcloths.

The diversity of FLP in used dishcloths was the highest within the
amoebae group, revealing the dominance of vahlkampfiids, vannellids,
Acanthamoeba spp., Hyperamoeba sp. and Vermamoeba vermiformis.

Hyperamoeba sp. were present in almost half of the amoebae posi-
tive dishcloths. This species, being closely related to the myxogastric
slime molds (Walker et al., 2003; Walochnik et al., 2004), has been
isolated from human feces, pond water and fecally contaminated soil
(Karpov and Mylnikov, 1997; Zaman et al., 1999). This amoeba has
three life cycle stages: a flagellated stage, an amoeboid trophozoite
and a cyst stage. Zaman et al. (1999) confirmed the presence of bacteria
in the ectocyst of Hyperamoeba by using electron microscopy, which
leads back to the possible role of FLP as vector and reservoir of
foodborne bacteria. To date, Hyperamoeba sp. has never been observed
in food-related environments.

In all ciliate positive dishcloths, Colpoda spp. (Colpoda steinii most
common)were observed, making Colpoda a typical ciliate on dishcloths.
Colpoda spp. are common and widely distributed terrestrial ciliates
(Foissner, 1993) and are also able to form cysts to survive unfavorable
conditions such as desiccation (Maeda et al., 2005). Colpoda steinii has
also been recovered from spinach (Gourabathini et al., 2008).

Heterotrophic nanoflagellates were mainly Bodo spp., glissomonads
and cercomonads. The genus Bodo is a member of the Kinetoplastida
(Euglenozoa) and is found worldwide in freshwater and marine
habitats.

Except for Hyperamoeba sp., the dominance of above mentioned
protozoan species is somewhat similar to common taxa present in
other food-related environments such as broiler houses (Baré et al.,
2009), meat-cutting plants (Vaerewijck et al., 2008), and domestic
refrigerators (Vaerewijck et al., 2010). These species are also detected
on vegetables such as mushrooms (Napolitano, 1982), lettuce
(Napolitano and Collettieggolt, 1984; Vaerewijck et al., 2011), carrots
(Sharma et al., 2004), radishes, tomatoes, cauliflowers and spinach
(Rude et al., 1984).

The FLP diversity in used dishcloths is likely an underestimation of
the true species richness, as cryptic species, i.e. species that are indistin-
guishable by morphology alone, were not detected based on this tradi-
tional approach (microscopy and culture) (Caron, 2009); and as ciliates
and amoebae are often present as cysts (Corliss, 2001). Molecular based
techniques like 18S rRNA gene sequencing may overcome this issue
although molecular techniques have also their limitation (Forney
et al., 2004; Nocker et al., 2007).

Moreover there is always a reduction in recovered cells, as shown in
the spiking experiments. As a consequence the total number of FLP on
used dishcloths is inevitably an underestimation of the real situation.
Detection and enumeration of bacterial load in dishcloths in combi-
nation with seven important foodborne pathogens has not been
performed before. Published data, specifically about foodborne bacterial
pathogens are also scarce, and mainly relate to spiking experiments
(Bae et al., 2012; Diab-Elschahawi et al., 2010; Lee, 2010) and investiga-
tions into the occurrence of Salmonella, Campylobacter, E. coli and
S. aureus in used dishcloths (Carrasco et al., 2008; Gorman et al., 2002;
Hilton and Austin, 2000; Scott et al., 2008). Dishcloths examined in
the present study were heavily contaminated. Similar results were
also reported by Carrasco et al. (2008) who observed that used
dishcloths carry the largest load of total coliforms and fecal coliforms
compared to other kitchen surfaces.

In the present study, E. coli was frequently detected in used dish-
cloths, with concentrations up to 4.25 log10 cfu/cm2. E. coli is an indica-
tor organism for hygiene and fecal contamination. Most E. coli are
harmless and commensals of the intestinal tract, but some strains are
pathogenic and causative agents of foodborne diseases. Washing
hands, rinsing vegetables and fruits, and the fact that E. coli can survive
desiccation for more than 24 h (Bale et al., 1993; Mattick et al., 2003)
can explain its frequent occurrence in kitchen environments and more
specific in used dishcloths. Lee (2010) and Bae et al. (2012) showed
that after inoculation of cultured cells on commercial available
dishcloths E. coli grew very well at room temperature.

Besides direct pathogenic effects toward humans, FLP are also
important in the ecology and epidemiology of foodborne bacterial path-
ogens, as described before. Interactions of E. coli with Acanthamoeba
spp. and limax amoebae such as Vermamoeba vermiformis (previously
named Hartmannella vermiformis) and Vahlkampfia (all present in the
examined dishcloths) have been recorded (Alsam et al., 2006; Barker
et al., 1999; Chekabab et al., 2013; Jung et al., 2007; Walochnik et al.,
1998).

Staphylococcus aureus is a potential foodborne pathogen producing
enterotoxinswhich can cause gastrointestinal problems after consump-
tion of contaminated food. Milk and dairy products are important con-
tamination sources (Balaban and Rasooly, 2000; Bianchi et al., 2014).
In the present study, 50% (concentrations up to 103 cfu/cm2) of the
dishcloths harbored S. aureus, which is a higher prevalence than record-
ed by Hilton and Austin (2000) and (Scott et al., 2008). Survival and
growth of S. aureus in Acanthamoeba spp. (Anacarso et al., 2012;
Cardas et al., 2012; Huws et al., 2006) and H. vermiformis (Pickup
et al., 2007), both organisms present on dishcloths, was observed.

Campylobacter spp. were not detected in dishcloths examined in the
present study, which is in agreement with other studies (Gorman et al.,
2002; Hilton and Austin, 2000).

Arcobacter is an emerging foodborne pathogen (Van den Abeele
et al., 2014) which can cause human infections through the
consumption of contaminated food such as poultry products, pork and
beef (De Smet et al., 2012; Ho et al., 2006; Van Driessche and Houf,
2007). Apart from contaminated meat products, drinking water is also
a potential contamination route (Jacob et al., 1993). The present study
reports for the first time Arcobacter presence in used dishcloths.

In the present study none of the dishcloths tested positive for path-
ogenic L. monocytogenes. This is in contrast with the study of Beumer
et al. (1996), where Listeria was present in 37% of the dishcloths, of
which 45% was Listeria monocytogenes.

One dishcloth tested positive for Salmonella enterica subsp. enterica
ser. Halle. This particular serovar is associated with turtles. As indicated
by obtained questionnaire data, the owner of the dishcloth kept turtles
as pets.

Free-living protozoa can impact human health in a direct or indi-
rect way. Some FLP organisms found in the present study, like
Acanthamoeba spp., Vahlkampfia spp. and V. vermiformis, are classi-
fied as opportunistic pathogenic amoebae, causing amoebic keratitis
infections (Abedkhojasteh et al., 2013; Niyyati et al., 2010). Further, FLP
can indirectly cause infection pressure to human health by sheltering
bacteria pathogenic to humans.
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Free-living protozoa are often not incorporated in microbiological
studies of food and food-related environments, as a result data of FLP
in these environments are scarce. However, FLP are known vectors for
(pathogenic) bacteria, and the present study elucidate the simultaneous
presence of both FLP and bacteria in dishcloths. Further research on the
impact of this finding on bacterial ecology and epidemiology is needed.
The present study clearly demonstrates the reducing effect of detergent
on both FLP and bacterial numbers, showing the importance of good
hygiene measures in kitchen environments.
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