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Abstract

This study investigated the presence of generic and verotoxin-producing E. coli as well as enumerated faecal coliforms in 30 beef
carcasses in different parts of the slaughter process (after skinning, washing and cooling) at each of three slaughterhouses of
the state of Mato Grosso do Sul, Brazil. Among the total number of carcasses examined (n = 90), 39 (43.3%) had generic E. coli.
Among the 270 samples analysed, 25 (9.3%) were positive after skinning, 14 (5.2%) were positive after washing and nine (3.3%)
were positive after cooling. The majority of isolates of E. coli was collected from samples after skinning, which is considered a
critical point of the microbial contamination of carcasses. However, the highest concentration of faecal coliforms was found
after the washing step. The cooling step proved to be important to reducing the amount of hygiene-indicator microorganisms.
The E. coli isolates had no stx1 or stx2 genes associated with virulence.
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Practical Application: Faecal coliforms and verotoxin-producing Escherichia coli in beef carcasses.

1 Introduction

The total coliform group is used to indicate the sanitary
conditions of food and is composed of the genera Escherichia,
Enterobacter, Klebsiella and Citrobacter, which belong to the
family Enterobacteriaceae. Faecal coliforms, also denominated
thermotolerant coliforms, are bacteria belonging to the group of
the total coliforms that have the ability to continue to ferment
lactose with gas production at a temperature of 45 °C. The main
representative of this group is the genus Escherichia (Evangelista,
2001). Faecal coliform or E. coli counts are used to determine
inadequate hygiene and faecal contamination. High scores of
these microorganisms may be related to significant levels of
enteric pathogens, such as Salmonella spp. and E. coli (Jay, 2000).

Enterohaemorrhagic E. coli, verotoxin-producing E. coli
(VTEC) or Shigatoxin-producing E. coli (STEC) has been
associated with severe outbreaks and has been widely recognised
as an important pathogen since the 1980s (Davis & Brogan, 1995;
Duffy etal., 2006). VTEC can be isolated from the faeces of many
animals, including ruminants (cattle, sheep and buffalo) and
non-ruminant animals (horses, dogs and pigs) (Rivas et al., 2006).

The O157 is the most frequently isolated VTEC
serogroup, however, several studies showed that non-O157
serogroups have been increasingly isolated (Nielsen et al.,
2006; Stigi et al., 2012; Vally et al., 2012), particularly VTEC

serogroups 026, 045, 0103, O111, O121, and O145 have
been referred to as the non 0157 VTEC “top six” pathogenic
serogroups (Brooks et al., 2005).

Several foods have been incriminated in VTEC outbreaks,
such as raw milk, fermented meat products, cheeses, unpasteurised
juices, fruits and vegetables (Gyles, 2007; Karmali et al., 2010).
However, increased risk is associated with the consumption of
beef (Karmali et al., 2010; Nataro & Kaper, 1998). This serotype
is one of the major bacteria that can contaminate meat and may
potentially be transferred from the intestine or skin during the
slaughtering process (Dufty et al., 2006). Furthermore, these
bacteria can survive for hours or even days on hands, cloths
or equipment, causing cross-contamination due to improper
hygiene practices (Chen et al., 2001; Kusumaningrum et al., 2003).

Importer markets of Brazilian meat products are demanding
with regard to the quality and microbiological safety of products,
generally requiring the analysis of spoilage and the presence of
pathogenic microorganisms. Through the Rapid Alert System
for Food and Feed (RASFF) of the European Union, when a food
product is identified as posing a risk to human health, measures
are established to seize or reject it. From May 2015 to May 2016,
nine shipments of Brazilian beef were retained and the presence
of Shigatoxin-producing E. coli was notified (RASFF, 2016).
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The analysis of microorganisms, such as faecal coliforms,
as indicators of food quality can provide useful information
for predicting the possibility of contamination by pathogens.
In cattle slaughterhouses, this analysis is of considerable
value to the determination of sanitary conditions and the
effectiveness of contamination prevention actions. Moreover, the
identification of potentially pathogenic microorganisms, such as
verotoxin-producing E. coli, in beef carcasses during slaughter
operations can contribute significantly to the implementation
of quality monitoring programs and preventive measures, with
a consequent reduction in risks to consumer health.

The aim of the present study was to investigate the presence
of generic and verotoxin-producing E. coli in beef carcasses at
three different parts of the slaughter process (after skinning,
washing and cooling) in slaughterhouses of the state of Mato
Grosso do Sul, Brazil, that export meat. A further aim was to
enumerate faecal coliforms in the samples.

2 Materials and methods

Samples from beef carcasses were collected at three
slaughterhouses registered with the Brazilian Federal Inspection
Service in the state of Mato Grosso do Sul, Brazil. At each
slaughterhouse, samples were taken from five carcasses per
week for six consecutive weeks, as established by the European
Union for microbiological tests on carcasses (Commission
Regulation - EC, 2007).

Samples were taken from each animal using a non-destructive
method at three different steps of the slaughter line: after
skinning, after washing and after cooling. The detection of
verotoxin-producing Escherichia coli was performed using the
methodology of the 2001 Compendium of Methods for the
Microbiological Examination of Foods (Meng et al., 2001).
Dehydrated, sterilised sponges (Speci-Sponge - Nasco, Fort
Atkinson, Wisconsin, USA) measuring 11.5 x 23.0 cm and
individually packed in sterile plastic bags (Whirl Pak® - Nasco,
Fort Atkinson, Wisconsin, USA) were used for the collection of
the samples. The sponges were hydrated with 10 ml of 1% buffered
peptone water (1% BPW) (HiMedia Laboratories, Mumbai,
India) and rubbed onto the chest (100 cm?), flank (100 cm?) and
rump close the occlusion of the rectum (200 cm?) of the carcass
using a 10 x 10 cm sterile stainless steel mould (total surface
sampled: 400 cm?). The sponges were transferred to the plastic
bag (Nasco, Fort Atkinson, Wisconsin, USA) and transported
to the laboratory under refrigeration.

Two hundred ml of 1% BPW were added to each plastic
bag containing the sponges. The mixture was homogenised in a
stomacher (Lab-blender 400BA 6021, Seward Laboratory, London,
England) for 60 sec and placed in Erlenmeyer flasks. An aliquot
of 25 ml of the homogenised sample was added to 225 ml of
EC broth (HiMedia Laboratories, Mumbai, India), followed by
incubation at 37 = 1 °C for 18 + 2 h. Then, 10 ul of the broth was
streaked in Petri dishes containing sorbitol-MacConkey agar
(SMAC) and sorbitol-MacConkey agar with cefixime-tellurite
supplement (SMAC-CT) (HiMedia Laboratories, Mumbai, India).
After incubation of the dishes at 35 + 1 °C for 18 to 24 hours, five
to ten colonies positive and negative for sorbitol were selected,
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transferred to a TSAye medium (Merck KGaA, Darmstadt, Germany)
and incubated at 35 + 1 °C for 18 h to 24 h. The suspected E. coli
colonies were isolated on nutrient agar (HiMedia Laboratories,
Mumbai, India), incubated at 35 + 1 °C for 18 to 24 hours and
subjected to further biochemical tests: indole, urea, motility,
H,S production, methyl red, Voges-Proskauer, fermentation of
carbohydrates (Triple Sugar Iron) and citrate All culture Media
of biochemical tests were provided by HiMedia Laboratories,
Mumbai, India.

The quantification of faecal coliforms in the samples was
determined using the Most Probable Number (MPN) technique
based on Kornacki & Johnson (2001). After the incubation
period, 1 ml of the sample homogenised in BPW was transferred
from each homogenate into tubes containing 10 ml of BPW
(10! dilution) and submitted to decimal serial dilutions to
10 in BPW. The number of positive tubes for each dilution
tested was used to determine the MPN of coliforms, based on
Bacteriological Analytical Manual (2010). The value in the table
was equivalent to MPN per ml of the sample. As each sample
comprised 200 ml of BPW in which the material collected by
the sponge over an area of 400 cm? of carcass was suspended,
each millilitre of sample was equivalent to an area of 2 cm?
(Silva, 2010).

Samples of bacteria suspended in tryptone soya broth (TSB)
(Oxoid, Basingstoke, U.K) were used for DNA purification
using a commercial kit (DNeasy Blood & Tissue Kit, QIAGEN,
Valencia, CA, USA), following the manufacturer’s instructions.
The isolates biochemically confirmed as E. coli were assayed by
polymerase chain reaction (PCR) targeting the stx1 and stx2 genes
(Paton & Paton, 1998) in a volume of 50 pl containing 0.2 mM
of each dNTP, 0.5 uM of each primer, 5 pl of 10x PCR buffer
(Invitrogen Corp., Carlsbad, CA, USA), 1.5 mM of MgCl,, 2.5 U of
Taq DNA Polymerase (Invitrogen Corp., Carlsbad, CA, USA) and
2 pl of DNA. The PCR cycling conditions used with the primers
(Table 1) were as follows: an initial denaturation at 95 °C for
5 min followed by 35 cycles, each consisting of 45 s at 95 °C, 45 s
at the annealing temperature (56 °C), and 30 s at 72 °C. After a
final elongation step at 72 °C for 5 min, the amplicons were
separated by 1.5% agarose gel electrophoresis in Tris-acetate-EDTA
buffer - pH 8.2 (TAE 1x) with GelRed™ (Biotium, Hayward,
CA, USA). The image was then photodocumented using the
L-PIX Image EX (Loccus Biotechnology, Loccus Brazil, Cotia,
SP, Brazil).

For real-time PCR (qPCR), primers and DNA probes for the
TagMan MGB system were designed with the Primer Express
program (Applied Biosystems, Foster City, CA, USA) targeting

Table 1. Primers for detection of stxI and stx2 genes, based on Paton
& Paton (1998).

Expected
Target . v . .
ene Primers (5°-3") amplicon size
8 (bp)

.y [ ATAAATCGCCATTCGTTGACTAC 150
S R: AGAACGCCCACTGAGATCATC

sy F:GGCACTGTCTGAAACTGCTCC b5
S R TCGCCAGTTATCTGACATTCTG
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stx1 and stx2 (Table 2) and DNA detection was performed in
the StepOne Plus system (Applied Biosystems, Foster City, CA,
USA) in a final volume of 25 pl containing 12.5 ul of TagMan®
Universal PCR Master Mix (Applied Biosystems, Foster City,
CA, USA), 7.5 uM of each primer, 1.5 uM of probe and 2 pl of
the extracted DNA. The qPCR cycling conditions used were: an
initial denaturation at 95 °C for 10 min followed by 40 cycles,
each consisting of 25 s at 95 °C, and 15 s at 60 °C.

Strains of the reference microorganisms collection from
FIOCRUZ-INCQS (Rio de Janeiro, RJ, Brazil) were used as
negative and positive controls for all techniques: Escherichia
coli INCQS 00033 (ATCC 25922), Escherichia coli INCQS
00171 (CDC EDL-933), Salmonella enterica subsp. enterica
serovar Enteritidis INCQS 00258 (ATCC 13076) and Salmonella
enterica subsp. enterica serovar Typhimurium INCQS 00150
(ATCC 14028).

The rates of positive samples in each evaluation period
(after skinning, after washing and after cooling) were compared
using the OpenEpi program (Dean et al., 2013). The mid p-value
determined using Fisher’s Exact test for matched pairs was used
to test the strength of associations between paired evaluation
periods and the presence/absence of E. coli.

3 Results and discussion

Eleven of the thirty beef carcasses (36.7%) were positive for
generic E. coli at slaughterhouse I, 21/30 (70%) were positive at
slaughterhouse IT'and 7/30 (23.3%) were positive at slaughterhouse
III (Table 3). Thus, 39 (43.3%) of the 90 carcasses analysed at
the three slaughterhouses exhibited E. coli.

Evaluating the presence of generic E. coli in beef carcasses
at four slaughterhouses in Australia, Sumner et al. (2003)
found an 18.8% positivity rate. However, the sampling area

Table 2. Primers and DNA probes for TagMan MGB system targeting
Stx1 and Stx2.

Target Expected
Primers and probe (5'-3") amplicon
gene .
size (bp)
F: ACC CCA CCG GGC AGT TA
stxl R: CGC GCC TGA TAG ACA TCA AG 59
Pb: 6FAMTTT GCT GTG GAT ATA
CGMGBNEFQ
F: TTC GCG CCG TGA ATG AA
stx2 R: GGG CCT GTC GCC AGT TAT C 56

Pb: VICAGA GTC ACC CAG AAT
GTMGBNFQ

was 200 cm? per carcass, whereas the sampling area in the present
investigation was 400 cm?, which may have enabled the greater
recovery of bacteria, thereby determining a higher percentage
of contaminated carcasses. Similarly, data from the Food Safety
and Inspection Service of the US Department of Agriculture
(USDA-FSIS) demonstrated the presence of bacteria in 16.6%
of establishments under federal inspection (Eblen et al., 2005).
The USDA-FSIS believes that generic (or non-pathogenic) E. coliis
the best microbiological indicator of faecal contamination of beef
carcasses, since the main contamination pathway by pathogenic
bacteria, such as E. coli, is through the faeces (Department
of Agriculture & Food Safety and Inspection Service, 1996).
The level of contamination by E. coli in beef carcasses may vary
greatly due to faecal contamination as well as other factors,
such as skinning and gutting the animal or inadequate hygiene
practices (Rigobelo et al., 2006). Table 3 shows infection rates
per collection point at each slaughterhouse analysed.

Atslaughterhouse 1, no significant differences were detected
in relation negative/positive carcasses between any two points
analysed. At slaughterhouse 2, the chances of the negative
results were threefold higher between washing and cooling and
6.5-fold times higher between skinning and cooling (p < 0.05).
Thus, a significant trend in negative contamination results
was found from skinning to cooling and this trend was more
pronounced between washing and cooling than skinning and
washing. At slaughterhouse 3, a significant chance of negativity was
detected only between skinning and cooling, which was 11-fold
higher than the chance for positive results (p < 0.05). A trend
toward negativity was found between skinning and cooling at
slaughterhouses 2 and 3, but was not at slaughterhouse 1 (Table 4).

The decrease in the contamination in slaughterhouses II
and IIT was expected, since skinning the animal is considered
a critical stage due to the possibility of the contamination of
the carcass surface by microorganisms present on the skin, hair
and hooves (Lambert et al., 1991). Moreover, the main goal
of washing and cooling is to reduce microbial contamination
(Ordoiiez, 2005). However, the increase in contamination from
washing to cooling found at slaughterhouse 1 may have been due
to the cross-contamination of carcasses through the workers’
utensils, clothes or hands (Roga, 2004; Pardi et al., 2006), since low
temperatures reduce the number, but do not cause the complete
destruction of microorganisms (Ordéiiez, 2005).

Among the 270 samples evaluated at the three slaughterhouses,
145 (53.7%) were negative (< 3 MPN/ml) for the presence of
faecal coliforms and 125 (46.3%) were positive, ranging from
4 to > 1100 MPN/ml. The main representative of the group of
faecal coliforms is E. coli. However, some strains of Klebsiella

Table 3. Beef carcass samples contaminated with Escherichia coli found after skinning, washing and cooling at three slaughterhouses in Mato

Grosso do Sul, Brazil.

Number of

Slaughterhouse carcasses Positive carcasses After skinning (%) After washing (%) After cooling (%)
1 30 11 (36.7%) 5 (16.6%) 2 (6.6%) 5 (16.6%)
2 30 21 (70%) 14 (46.6%) 9 (30%) 3 (10%)
3 30 7 (23.3%) 6(20%) 3(10%) 1(3.3%)
Total 90 39 (43.3%) 25 (27.8%) 14 (15.5%) 9 (10%)
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Table 4. Paired comparisons of beef samples contaminated with Escherichia coli at three points (after skinning, washing and cooling) in three

slaughterhouses in Mato Grosso do Sul, Brazil.

Pair matched comparisons

Mid p-values of Fisher’s Exact test

Slaughterhouse - - - - Odds ratio (95% CI)
Pair 1 Pair 2 1-tail 2-tail

S w 0.10 0.21 4(0.50-98.98)

1 W C 0.14 0.28 0.4 (0.05-2.02)
S C 0.50 >0.99 1(0.26-3.71)
S w 0.10 0.21 2 (0.68-6.47)

2 W C 0.046 0.092 3(0.84-13.74)
S C 0.002 0.004 6.5 (1.66-42.5)
S w 0.10 0.21 4(0.50-98.98)

3 w C 0.18 0.37 3(0.31-78.99)
S C - 0.041 11° (0.60-198.9)

*Haldane correction; S = after skinning; W = after washing; C = after cooling.

Table 5. Number of positive samples of bovine carcasses for presence
of faecal coliforms at 45 °C and Escherichia coli at slaughterhouses
under Federal Inspection Service in municipalities of Mato Grosso
do Sul, Brazil.

Number of samples

Slaughterhouse Positive for faecal ~ Positive for
Analysed . .
coliforms E. coli
90 50 12
90 54 26
3 90 21 10

and Enterobacter exhibit thermotolerance. Table 5 shows the
number of positive samples in the multiple tubes of 270 samples
from beef carcasses analysed for the presence of coliforms at
45°Cand E. coli. One hundred twenty-five samples (46.3%) had
faecal coliforms and E. coli was isolated in 48 samples (17.8%).

Resolution 12/2001 of the Brazilian National Health Surveillance
Agency (ANVISA), which approved the Technical Regulations
on Microbiological Standards for Food, does not establish the
coliform limit for in natura chilled or frozen meat from cattle
(Brazil, 2001). However, according to Florentino et al. (1997), the
mere presence of faecal coliforms is considered an indicator of
faecal contamination and can indicate the presence of pathogenic
bacteria, posing a risk to consumers. Sofos et al. (1999) found
that an increase in the coliform count serves as an indicator of
the presence of pathogens and increases the odds of isolating
Salmonella. Thus, the presence of generic E. coli implies that
other faecal microorganisms, including verotoxin-producing
E. coli, may be present (Jay, 2000).

Among the 125 samples positive for faecal coliforms, 11 had
counts equal to or exceeding 1100 MPN/ml, nine of which
were isolated from the same slaughterhouse. The high count
of thermotolerant coliforms in the samples suggests that the
sanitary conditions at this slaughterhouse are not satisfactory,
suggesting improper handling during slaughter operations.
At slaughterhouses 2 and 3, only one sample at each establishment
exhibited contamination levels greater than 1100 MPN/ml.
This shows that better hygiene conditions are maintained and
that good manufacturing practices and quality programs are
properly implemented at these establishments.
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Among the 11 samples with a faecal coliform count equal to
or greater than 1100 MPN/ml, nine samples were collected after
washing. Washing with chlorinated water is performed at the end
of the slaughter process to remove foreign materials, such as bone
splinters, and reduce the microflora that may be adhered to the
surface (Roga & Serrano, 1994). However, the washing step can
actually spread bacterial contamination between distinct areas
(Prasai et al., 1995; Yal¢in et al., 2001). Moreover, the steps after
skinning and prior to washing (gutting and sawing the carcass)
are also important sources of contamination (Matos et al., 2013).
Poor water quality is another problem that can occur during
the washing of carcasses, as water can carry contamination
within the processing plant, with the possible presence of
spoilage microorganisms and even pathogenic microorganisms
(Amaral et al., 2007).

The 48 samples isolated from carcasses and biochemically
confirmed as E. coli were tested by PCR for stx1 and stx2, which
are associated with virulence, and none of the isolates exhibited
the stx genes, which encode the Shiga-like toxins. Most cases
and outbreaks caused by verotoxin-producing E. coli have been
attributed to the consumption of beef and pork (Stephan &
Schumacher, 2001; Irino et al., 2005). The two enterotoxin Shiga
(stxI and stx2), which are produced by this strain, are responsible
for clinical manifestations in patients (Jay, 2005) and are essential
factors of virulence in the pathogenesis of the disease.

In the present study, no E. coli isolates showed fragments specific
for the stx gene. This same has been reported in previous studies in
which there was no isolation of verotoxin-producing E. coli in the
beef carcasses and meat products analysed (Madden et al., 2001;
Silva et al., 2001; Matos et al., 2013). In contrast, several studies
report the presence of enterohaemorrhagic E. coli in meat
products. In a study conducted over the span of one year in
England, the authors isolated E. coli O157 in 1.4% of carcasses
(Chapman etal., 2001). In Switzerland, Fantelli & Stephan (2001)
isolated strains of E. coli that had the Shiga-toxin producer genes
(stx1 and stx2) in 2.3% of minced meat samples.

Meyer-Broseta et al. (2001) performed a critical analysis
of the results of 26 epidemiological studies on the prevalence
of contamination of cattle by strains of verotoxin-producing
E. coli and argue that the absence of verotoxin-producing E. coli
(VTEC) in slaughtered cattle carcasses and the low prevalence
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rates reported in numerous studies (Chapman et al., 2001;
Fantelli & Stephan, 2001; Madden et al., 2001; Silva et al., 2001;
Matos etal., 2013) are likely underestimated due to the inadequate
sampling methods.

Most of the studies related to VTEC are restricted to
0157 serogroups (Chapman et al., 2001; Matos et al., 2013;
Valliéres et al., 2013), because although E. coli O157: H7 is still
considered the main STEC serogroup and this may be a bias
that can explain the low prevalences of VTEC in the literature.
Non-0157 are also recognized as important pathogens involved
with outbreaks of foodborne disease (European Food Safety
Authority, 2009; Mathusa et al., 2010; Schaffzin et al., 2012). In the
work of Fantelli & Stephan, 2001, seven shigatoxin producing
E. coli were isolated from 400 samples (1.75%) of minced meat,
and of the five distinct serotypes identified, none of the isolates
belonged to O157: H7 serogroup. However, in the present study,
the Stx 1 and Stx 2 genes were investigated in all isolates with
biochemical characteristics of E. coli, which could be 0157 or
non-0157 (Gould et al., 2009).

Another reason for the low prevalence of VTEC may be
the difficulty of recovering these isolates, which has already
been reported by several authors (Chui et al., 2010, 2011;
Pulzetal., 2003). Another hypothesis is a low pathogen’s inoculum
size, hindering the growth on an agar plate (Valliéres et al., 2013).
Also, many bacterial species develop a viable but non-culturable
(VBNC) state, characterized by a loss of culturability, therefore
impairing their detection by conventional plate count techniques
(Lietal., 2014; Pienaar et al., 2016; Ding et al., 2017). Nevertheless,
Stx1 production was detected VBNC cells, pointing out the
potential health risk of VBNCE. coli O157:H7 (Liu et al., 2010).

A number of factors may be affect the culturability of E. coli,
including light, radiation, temperature, lack of nutrients and
chemicals (chlorination) (Liu et al., 2010; Zhang et al., 2015),
conditions that may occur in a slaughterhouse.

4 Conclusion

The highest rate of E. coli isolates was found in the samples
collected after skinning, which is considered a critical point
for the microbial contamination of carcasses. However, higher
concentrations of thermotolerant coliforms were found after
the washing stage. The cooling step proved to be important to
reducing the amount of hygiene-indicator microorganisms.
The E. coli isolates had no stx1 or stx2 genes associated with
virulence.
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