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SUMMARY

Dishcloths used in restaurants and bars (23 restaurant cloths, 14
bar cloths) were collected, and tabletops (10 restaurants) were
swabbed, to determine the occurrence of bacteria. Coliforms were
isolated from 89.2% of dishcloths and 70% of tabletops. Escherichia
coli was isolated from 54.1% of dishcloths and 20% of tabletops.The
numbers of heterotrophic plate count bacteria (HPC) and coliforms
were significantly higher in bars than in restaurants.The levels of HPC
found in dishcloths were 25-fold and coliforms were 60- to 120-fold
lower than the levels found in home dishcloths reported in previous
studies.The numbers recovered from restaurant tabletops were also
lower than those from household kitchen countertops. The most
commonly isolated genera from dishcloths in restaurants and bars
differed from those in homes. The numbers found for HPC on
restaurant tabletops were 45-fold greater after cleaning than prior to
cleaning. There were also a 19-fold greater number of coliforms and
twice as many E. coli. Therefore, although the mandatory use of
sanitizers in restaurants and bars may have reduced contamination
levels and caused a shift in the microbial populations present in food
service establishments, the implication of dishcloths in contamination
of tabletops through cleaning suggests that current monitoring of
linen sanitation solutions might be inadequate.

INTRODUCTION

In the United States cach year, an
estimated 76 million cases of foodborne
gastroenteritis occur, with 325,000 hospi
talizations and 5,194 deaths (10). The
microbial causes of foodborne illness
include viruses, bacteria and parasites
with symptoms ranging from mild gastro-
enteritis to life-threatening neurologic
hepatic, and renal disease (70). Because
tood is transported to consumers through
long chains of industrial production, pro
cessing and distribution, numerous cir
cumstances allow for contamination along
the way, and existing regulations may not
be sufficient to prevent illness. It is help-
ful to understand the mechanisms by
which such contamination occurs in or
der to reduce the risk of foodborne ill-
nesses (/16)

Epidemiological surveillance is im
portant in determining the types of foods
responsible in outbreaks, the populations
at risk, the circumstances that lead to food
contamination and the growth/survival of
foodborne pathogens (9). Data collected
by the US Food and Drug Administration
(FDA) from nearly 900 institutional food
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equate cooking and poor personal hy-
giene as risk factors for foodborne dis-
case (7). Between 1988 and 1997, restau-
rants (2,158) were the most significant
sources of foodborne outbreaks, followed
by residences (1,032) (2, 11).

When contaminated cloths come into
contact with fingers or surfaces, microor-
ganisms are readily transferred. This may
represent a risk if there is subsequent
contact with food (73). Studies in domes-
tic kitchens indicate that wet cloths are
important elements in such cross contami-
nation ( 73). In one study, cleaning cloths
impregnated with a quaternary ammo-
nium disinfectant were compared to clean-
ing cloths used with a detergent (74).
Some of the cloths used with detergent
became heavily contaminated within three
hours of use. Following use of these cloths
for surface cleaning, both the surfaces and
the cloths were more heavily contami
nated, which suggests that cross contami-
nation had occurred between cloths and
surfaces. After the quaternary ammonium-
impregnated cloths were used for clean-
ing, a significant reduction in contamina-
tion on food preparation surfaces and
cloths was found (74).

Enriquez et al. (6) analyzed sponges
and dishcloths from household kitchens
in the United States. Pseudomonas spp.
were the most commonly isolated bacte-
ria. Presumptive Staphylococcus auvreus
and Salmonella spp. were isolated, with
similar frequencies for cellulose sponges
and dishcloths. Several other Enterobac-
teriaceae were also isolated. Total and
fecal coliform bacteria were present in
large numbers in contaminated cleaning
materials, sometimes reaching levels
greater than 10% colony-forming units
(CFU)/ml in liquid samples (6). In a simi-
lar study of cellulose and natural fiber
sponges (loofahs), S. aureus, Aeromonas
spp., Pseudomonas spp. Enterobacteri-
aceae and Serratia spp. were identified
(3). These findings, as well as the recov-
ery of large numbers of enterobacteria
from draining boards ( 75), sinks and dish-
cloths in household kitchens (12, 15),
suggest that dishcloths may act as both
reservoirs and disseminators of microbial
contamination (15).

In the current study, the occurrence
of heterotrophic plate count (HPC) bac
teria, total coliforms and Escherichia coli
on tabletops and dishcloths (used to wipe
down tabletops) in public restaurants and
bars was determined. In addition, het-
erotrophic bacterial isolates were identi-
fied. The purpose of this study was to
determine if current dishcloth sanitation
in restaurants and bars is sufficient to pre-
vent environmental cross contamination

and thus the spread of foodborne illnesses
in public food service establishments. The
microbiological results were also used for
comparison with results from previously
published household kitchen studies

METHODS

Sample collection

Cleaning dishcloths (2,025 ¢cm? total
area) were collected from restaurants and
bars in the United States and placed in
Ziploc™ plastic bags for transport on ice
to the laboratory. Restaurants in the study
included fast food chains; bar and grills;
and pizza, Mexican and Chinese restau
rants located in New York City (NY), San
Francisco (CA), and Phoenix, Flagstaff,
and Tucson (AZ). Restaurant tabletops
were also sampled by swabbing (approxi
mately 156 ¢cm” total area) with BBL
CultureSwabs™ (Becton Dickinson,
Franklin Lakes, NJ, USA) for subsequent
immediate transport on ice to the labora-
tory. Members of the restaurant staff were
unaware of the study and therefore fol
lowed their normal cleaning routine

Sample processing

Dishcloths were wrung to remove
any excess liquid; then 75 to 100 ml (de
pending on the latent moisture content
of the cloth) of Letheen neutralizing broth
(Difco Laboratories, Detroit, MI, USA) was
added to the dishcloths in the Ziploc
bags. The bags were squeezed to distrib-
ute the neutralizer liquid throughout the
cloths. After 5 minutes of manual com-
pression, liquid was wrung from the cloths
and collected in sterile tubes.

The tabletop culture swabs were
vortexed for 30 seconds; then pliers were
used to squeeze the liquid from the swab.
This resulted in a sample volume of ap
proximately 0.6 ml. An additional 0.5 ml
of Tris-Buffered Saline (TBS; Sigma
Aldrich, St. Louis, MO, USA) was added
to bring the final sample volume to 1.1
ml. In a separate experiment, tabletops
were swabbed, wiped down with a dish
cloth (by the restaurant staff) and then
swabbed once again to determine if clean
ing the table had affected bacterial num
bers. As stated previously, members of
the restaurant staff were unaware of the
study and therefore followed their nor-
mal cleaning routine. The swabs were
then processed as described previously.

HPC bacterial numbers were deter-
mined by plating out appropriate serial
dilutions from the swab and dishcloth
liquids in duplicate onto R2A medium
(Difco, Sparks, MD, USA), utilizing the
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spread plate technique. Agar plates were
incubated at 30°C for five days; then the
bacteria were enumerated by counting
colony-forming units (CFU). The number
of HPC bacteria per square centimeter was
then calculated for each sample.

Total coliforms and E. coli were enu
merated using Colilert Quanti-Trays
(IDEXX Laboratories, Inc. Westbrook, ME,
USA) as per the manufacturer’s instruc
tions

Species identification

For detection of Listeria mono
cytogenes, 1.0 ml of each dishcloth sample
was used to inoculate UVM Modified List
eria Enrichment Broths (Difco Laborato
ries, Detroit, MI, USA) and incubated for
24 hours at 30 C in a dry heat block. From
turbid UVM broth samples, 0.1 ml vol
umes were transferred to selective enrich-
ment Fraser Broth (Difco Laboratories
Detroit, MI, USA) and incubated at 35°C
for 24 to 48 hours. After incubation, 0.1
ml from the esculin-positive samples were
placed on the selective chromogenic me
dium RAPID'L.mono (BIO-RAD, Hercules,
CA. USA), using the spread plate tech
nique, and incubated for an additional 24
to 48 hours at 35°C

Three disparate colonies from each
R2A agar plate were also subcultured on
[ryptic Soy Agar (TSA; Difco, Sparks, MD,
USA) plates, using the streak for isolation
method. The pure cultures were then
transferred to MacConkey Agar (Difco,
Sparks, MD, USA) plates, Gram-stained
and further characterized using the oxi-
dase and catalase tests. Isolated colonies
from the TSA plates were also resus

pended in inoculating fluid (Biolog, |

Hayward, CA, USA) to a turbidity approxi-

mately equivalent to Biolog turbidity stan
dards and then used to inoculate Biolog
MicroPlates™ (Biolog, Inc., Hayward, CA,
USA) as per the manufacturer’s instruc
tions. The plates were incubated for 24
hours at 35 C. The results were manually
analyzed by use of the Biolog MicroLog |

System (Program Version 4.20)

Statistical analysis

A Student’s t-test was used to com-
pare the bacterial counts recovered from
dishcloths in restaurants and bars. Geo
metric means were used to report the re
sults and were utilized in the statistical
analyses. Geometric means were utilized
for all bacterial counts because of the
presence of outlying data values. Similar
studies conducted in household kitchen
environments have also employed geo

metric means (3, 6, 12)
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FIGURE I. Bacterial levels found in dishcloths and on tabletops in restaurants
and bars
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FIGURE 2. Comparison of bacterial levels in dishcloths from restaurants and bars
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FIGURE 3. Bacteria found on tabletops before and after cleaning in restaurants
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RESULTS

HPC, total coliforms
and E. coli bacteria

Geometric means (GM) of approxi-
mately 1.9 x 107 CFU/cloth of het
erotrophic plate count bacteria (range of
8.5 x 10° 1w 85 % 10), 2.2 % 10" CFl
cloth of total coliform bacteria (range
of 70 to 1.0 x 10") and 1.2 x 10* CFl
cloth of E. coli (range of 2.3 10 1.1 x 10%)
were isolated from dishcloths in restau-
rants and bars (Fig. 1). Total coliforms
were found in 89.2% of the dishcloths
sampled (7.6 x 10° CFU/cloth) and E. coli
in 54.1% of dishcloths (1.9 x 10" CFl
cloth)

A geometric mean of 2.2 x 10" CFL
for heterotrophic plate count bacteria
(range of 8.3 x 10-to 2.4 x 10, 15.0 CFl
for total coliform bacteria (range of 1.0 to
1.2 x 10) and 1.4 CFU for E. coli (range
of 1.0 to 27.0) were isolated from swabs
of tabletops in restaurants (Fig. 1). These
numbers represent the bacteria found on
the entire surface swabbed (approximately
156 ¢cm). Total coliforms were found on
70% of tabletops (49.8 CFU/156 ¢m?)
sampled, and E. coli was found on 20
of tabletops (5.2 CFU/ 156 ¢m?)

The levels of bacteria found in dish-
cloths from bars were higher than thosc
found in dishcloths from restaurants (Fig
2). In dishcloths from restaurants, there
were approximately x 10" CFU/cloth
of HPC bacteria, 2.1 x 10" CFU/ cloth of
total coliforms and 3.7 x 10" CFU/ cloth of

E. coli. Figures for dishcloths from bars
were approximately 8.7 x 107, 1.0 x 10
and 8.7 x 10° CFU cloth of total bacteria,
total coliforms and £, coli. respectively
I'hese differences were significant (P s
0.05) for HPC bacteria and total coliforms,
but not for E. coli

Greater numbers of bacteria were
found on tabletops that had been cleaned
with a dishcloth than before cleaning (Fig
3). Approximately 3.50 x 10° CFU/ 156 cm
heterotrophic plate count bacteria were
found beftore cleaning. This number in
creased to 1.6 x 107 CFU/ 150 cm® (45
fold increase) after the tables had been
wiped down with a dishcloth. Likewise
the numbers increased for total colitorms
(4.91092.2 CFU/156 em) and E. coli(< |

to 2.3 CFU/ 150 ¢m?) following cleaning

Bacterial species identification

No isolates of Listeria monog viogenes
were recovered from dishcloths (0°37) in
restaurants and bars; however, Listeria
inocua was tound in 9 37 dishcloths
(2:4.3%0). A list of bacterial species recon
ered from dishcloths is shown in Table |

e other most commonly isolated spe




TABLE |. Bacterial species isolated from dishcloths in restaurants and bars

Species # Positive Frequency (%)

Listeria inocua 9/37 243
Raoultella (Klebsiella) terrigena 7/37 18.9
Pseudomonas macuicola 6/37 16.2
Pseudomonas putida 6/37 16.2
Pseudomonas fluorescens 3/137 8.1
Ralstonia (Pseudomonas) pickettii 3/37 8.1
Enterobacter cloacae 3/37 8.1
Enterobacter agglomerans 2/37 54
Ralstonia (Pseudomonas) solanacearum 2/37 5.4
Cellulomonas hominis 2/37 54
Stenotrophomonas maltophilia 2/37 54
Acinetobacter calcoaceticus 2/37 54
Pseudomonas syringae 1137 27
Klebsiella oxytoca 1137 17
Klebsiella pneumoniae 1137 7
Klebsiella spp. 1/37 27
Enterobacter aerogenes 1/37 17
Enterobacter asburiae 1/37 27
Enterobacter sakazakii 1/37 27
Staphylococcus aureus 1/37 27
Staphylococcus piscifermentans 1/37 2.7
Staphylococcus sciuri 1137 27
Staphylococcus wameri 1137 27
Serratia marcescens 1/37 27
Serratia rubidaea 1/37 7
Kluyvera ascorbata 1/37 FN
Kluyvera cryocrescens 1/37 2.7
Microbacterium arborescens 1/37 2.7
Microbacterium testaceum 1/137 2.7
Aeromonas veronii 1/37 27
Bacillus mycoides 1/37 17
Bacillus subtillis 1/37 2.7
Brevundimonas vesicularis 1/37 27
Buttauxella izardii 1/37 .7
Chryseobacterium gleum 1/37 27
Comamonas terrigena 1137 27
Corynebacterium thomssenii 1/37 2.7
Dermobacter hominis 1/37 v
Escherichia vulneris 1/137 27
Herbaspirillum seropedicae 1/37 F Y
Pantoea punctata 1/37 17
Paucimonas lemoignei 1137 27
Rhanella aquatilis 1137 27

Roseomonas genomospecies 1137 2.7
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TABLE 1.

Species

Restaurants
and bars®

Frequency (%) of most commonly isolated bacterial species in dishcloths/cleaning utensils

Household Kitchens
Study I° Study 2¢

Pseudomonas spp.
Enterobacter spp.
Klebsiella spp.

Listeria spp.
Salmonella spp.
Staphylococcus aureus

Aeromonas hydrophila

56.8

21.6

27.0

243
0

¥ 4
0

31.0-38.1 31.8
4.3 -207 48
0 0
ND?
138-154
18.6 —20.0
0

a — present study included only dishcloths

b — study included both dishcloths and sponges (Enriquez et al. 1997b)

¢ — study included both sponges and loofahs (Chaidez and Gerba 2000)

d — presence not determined

TABLE 3. FDA approved chemical dishcloth sanitizers for food service establishments

Sanitizer
(mg/L)

Concentration

Time
(sec.)

Temperature

(C)

Water Hardness
(mg/L)

pH

lodine

Chlorine® 25
50
50

Quaternary
Ammonium
Compounds

12.5 to 25

30 =24

49
24
38
13

>24

<5 N/A

<10 N/A
N/A
N/A

N/A

<8

< 500

a —or a pH no higher than the level for which the manufacturer specifies the solution is effective

b — any of the four sets of conditions specified may be used

N/A — not applicable

cies were Raoultella( Klebsiella) terrigena
(18.9% frequency), Pseudomonas macuii
cola (16.2%), Pseudomonas putida
(16.2%), Pseudomonas fluorescens (8.1%)
Ralstonia ( Pseudomonas) pickettii (8.1%)
and Enterobacter cloacae (8.1%)

The most common genera isolated
(Table 2) were Pseudomonas (6 species,
21 isolates, 56.8
(4 species, 10 isolates, 27.0% frequency),
Listeria (1 species, 9 isolates, 24.3% fre

frequency), Klebsiella
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quency), Enterobacter (5 species, 8 iso-
lates, 21.6% frequency) and Staphylococ
cus (4 species 10.8% fre-

Staphylococcus aureus was

t isolates,
quency)
found in 1/37 dishcloths (2.7% frequency).

DISCUSSION

Self-disinfecting sponges, which are
colonized by lower numbers of bacteria
in comparison to regular sponges, reduce

| NOVEMBER 2006

the transfer of total and fecal coliform
bacteria to surfaces and to hands (5). Selt
disinfecting cloths are often improperly
used, causing neutralization of the disin
fectant (74). The use of self-disinfecting
cloths is therefore not likely to be a vi-
able option for public food service estab-
lishments.

The FDA-approved chemical sani-
tizers for linens in restaurants and bars,
and the specific conditions for their use,




FIGURE 4. Comparison of bacterial levels in dishcloths from restaurants/bars

and homes®
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are listed in Table 3. Other sanitizers are
also allowed so long as they are used in
accordance with the manufacturer’s use
directions included in the labeling ¢ 7). The
purpose of these sanitizer solutions is to
sanitize the cloths after they have been
contaminated through use. Sanitization is
the cumulative effect of treatments that
results in at least a S5-log,  (99.999%) re
duction in representative disease micro
organisms of public health importance (7
I'he FDA's federal food code recommends
that linens used in restaurants and bars to
wipe down food service areas be soaked
in one of these approved sanitizers un
der the conditions specified in Table 3
(1). As of September 2004, the federal
tood code had been adopted by 45 states
and one territory and was in the process
of being adopted by several others. The
FDA's recommendations have therefore
been mandated by regulatory agencies in
most states (1)

As soiled cloths are added to the sani
tizing liquid, organic material in the cloths
creates a demand on the sanitizer itself.
may also cause changes in pH and water
hardness that will decrease the sanitizer's
effectiveness or even neutralize the solu
tion. The sanitizing solution should there
fore be checked regularly and replen-
ished/refreshed. The temperature of the
sanitizing solution may also drop below
the recommended minimum, thereby re-

ducing its efficacy. Food service establish-

ments often do not routinely monitor the
quality of the sanitizer dip during use, and
restaurants and bars therefore often fail
to meet these sanitization criteria

In the present study, bacterial levels
found in dishcloths from bars were con
sistently higher than dishcloths used in
restaurants. One possible explanation is
that cloths from bars do not become vis
ibly soiled as quickly as those from res
taurants and therefore are not sanitized
as frequently. Also, workers in bars are
perhaps less aware or concerned about
the need for proper sanitation of cloths
than are restaurant workers. Cloths in bars
are usually used to wipe up liquid spills
rather than foods. If they are not sani
tized as frequently because of lack of
visible soiling and/or worker compla
cency, this prov ides a moist environment
in which bacteria are able to survive tor
extended periods (4. 8)

Ihe levels of heterotrophic bacteria,
total coliforms and F. coli found in dish
cloths from restaurants and bars were
compared to levels found in dishcloths in
homes, as reported in previous studies
(Fig. 1). The number of HPC bacteria was
approximately 25-fold lower in dishcloths
from restaurants and bars than in those
from homes (/2). Likewise, the number
of total coliforms was approximately
60- to 120-fold lower in dishcloths from
restaurants/bars (6, 12). The number of
E. coli was also significantly (3,400~ to

NOVEMBER 2006 |

1,000-fold) lower (in comparison to the
number of fecal coliforms) (6, 12). The
number of E. coli would be expected to
be lower than the number of fecal
coliforms present; however, the other dif-
terences between HPC and coliform bac
terial counts could be due to the manda-
tory use of sanitizers and a greater fre
quency of cleaning in restaurants and bars
One should note that the Colilert assay
used to determine the number of total
coliforms in our study also varied from
the mEndo plate counts utilized in the
household studies (6, 12). Thus, some
portion of this discrepancy could be due
to the use of different methods.

The total numbers of bacteria
coliforms and E. coli (vs. fecal coliforms)
found on restaurant tabletops were also
lower (2-, 9- and 12-fold, respectively)
than those found on household kitchen
countertops ( 12). This was, again, possi

bly due to the required use of deterg

lotal bacteria

sanitizers N restaurants
found on tabletops after cleaning was 45
fold greater than betore cleaning, perhaps
implicating the dishcloths in tabletop con
tamination. This was most likely due to
the inadequate sanitization of the linens
used to wipe down tables

Listeria monocytogenes was not
found in any of the dishcloth samples;
however, Listeria inocua was present in
24.3% of the dishcloths tested. The pres
ence of another Listeria species could in
dicate that conditions mayv allow for con
tamination by and persistence of the
P 1the wen L. monocyltogenes

Although many of the bacterial iso
lates identified were similar for both res
taurants/bars and homes, Pseudomoncas
spp.. and Klebsiella spp. were more pre
valent in restaurants and bars whereas
Salmonella spp., Staphylococcus daurets
and Aeromonas hydrophila were more
prevalent in homes (Table 2). Salmonell
spp., which may be isolated fr
chicken and eggs, although
tound in dishcloths used in houschold
handled

I\!IXl!f"“~ whe re raw foods are

are not likely to be found in dishcloths
used to wipe down tabletops in restau
rants and bars, where cooke
generally the only

ods present How

differences noted

ever, the her species
suggest a possible species shift between
the microbial populations, because pre
sumably the original microbial popula
tions should be similar in both environ
ments. This is also possibly due to
mandatory and regular use of sanitizer
in restaurants and bars

Although this study was fairly small,
it raises severail interesting questions For
instance, although the bacterial numbers
found in food service establishments werc

lower than the numbers found in homes
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considerable numbers of coliforms and
E. coli were still present. This could rep-
resent a danger to the public, especially
for populations at risk, including the very
voung. the elderly and the immuno
compromised. Also, because the bacte
rial numbers found on tabletops after wip
ing with a cloth were higher than the num
bers prior to cleaning, the use of such
cloths in restaurants and bars could con-
tribute to contamination of surfaces and
to the spread of potentially harmful bac

teria. Therefore, more careful monitoring
of linen sanitization solutions used by food
service establishments such as restaurants

and bars may be called for.
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