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A surveillance study on prevalence and numbers of E. coli O157: H7 in

minced beef (unpackaged or packaged) and beefburgers (frozen, fresh and
unpackaged or packaged) was carried out over a period of 12 months in the
Republic of Ireland. A total of 1533 products were tested with approximately
15 products collected from each of the 26 counties every 3 months. Mince
and beefburgers were collected from both supermarkets and butcher shop
outlets. A standard analysis was conducted by sample enrichment, IMS
extraction and plating onto SMAC agar with confirmation by PCR. The
results showed that 43 retail beef products (2.8 %) contained E.coli O157:H7.
The number of E.coli O157: H7 in 21 of these samples ranged from log,,0.51
-4.03 cfu g! (i.e. 3 to 10,700 bacteria per gram) while in the remaining 22
the pathogen was detectable by enrichment only. There was a seasonal effect
observed with 33 of 43 positive samples detected in January (n = 8), April
/May(n=20) and August (n=5) and the remaining 10 positive samples
detected over the other 8 months. Of the beef products testing positive, 32
were purchased from supermarkets and 11 from butcher shops. E.coli O157:
H7 was recovered from 2.8% (13 / 457) of fresh packaged mince and from
1.88 % (3 / 160) of fresh unpackaged burgers purchased from butcher shops.
Of the 43 isolates recovered, 41 contained the virulence genes vtl, vt2, EaeA
and HIlyA while the remaining 2 isolates contained only one of the vt-
producing genes (vtlor vi2).

There was no significant difference between Enterobacteriaceae counts on
minced beef purchased from butcher shops or supermarkets. Equally, there
was no significant difference between Enterobacteriaceae counts on
beefburgers obtained from butcher or supermarket outlets. It was noted that
the Enterobacteriaceae counts on fresh unpackaged mince were significantly
higher than on fresh unpackaged burgers. Unpackaged fresh mince had the
highest Enterobacteriaceae count in each 3 monthly period regardless of
whether the product was purchased from supermarkets (log,,4.64 cfu/g) or
butcher outlets (log ,,4.42 cfu/g).

il



Q 4 Contents }

Verocytotoxigenic Escherichia coli, in particular serogroup O157, have

emerged in the last fifteen years as important foodborne pathogens. They are
of considerable concern not only because of their increasing incidence world-
wide, but also because of the severity of the infection they cause and their low
infectious dose. Common complications include severe bloody diarrhoea
(haemorrhagic colitis), kidney failure (haemolytic uraemic syndrome) and
damage to the central nervous system (thrombocytopenic purpura). This
pathogen has caused severe public health and economic problems worldwide
with numerous high-profile outbreaks and many sporadic cases. Undercooked
beefburgers have caused many food poisoning incidents associated with this
pathogen and research has established that the bacterium is present in the
faeces, intestines and hide of healthy cattle from where it can potentially
contaminate meat during the slaughtering process.

The aim of this study was to determine the incidence and numbers of E. coli
0O157:H7 and Enterobacteriaceae in minced beef (loose and pre-packed) and
beefburgers (loose, packed, frozen, branded and unbranded) over a period of
12 months in the 26 counties of the Republic of Ireland.

A) 1533 samples from the 26 counties in the Republic of Ireland were
tested over a 13 month period for E. coli O157:H7 and
Enterobacteriaceae

Sample plan

B) Each county was sampled quarterly:

Quarter 1 ran from 25% March to 215 June 2001 and also from the 18t
to 19t of April 2002 to make up sample numbers for Louth/ Meath as
problems with sampling were encountered in Quarter 1 of 2001 due to
an outbreak of Foot and Mouth disease

Quarter 2 ran from 28™ June to 7t September 2001
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Q)

D)

E)

Quarter 3 ran from 11% October 2001 to 18t January 2002
Quarter 4 ran from 24™ January to 12t April 2002.

On each county visit, 15 beef products were collected from 5 retail
outlets (3 supermarket type / 2 butcher shop) and the five premises were
at 3 different locations {2 large towns (4 premises) and one small town
(1 premises)}.

The sample types obtained and the number of each tested in each quarter
are outlined in Table 1. It was not possible to sample equal numbers of
each product type due to the limited product range available at many
stores.

Each premises was visited and sample types selected at random and
purchased. The samples were immediately placed into cooler boxes at
4°C + 1°C for transportation back to the laboratory where they were
stored at 1°C + 1°C prior to analysis.

Table 1: Numbers and types of beef product sampled in each quarter of the
year in the surveillance study.

Number of beef products
Product tested in each quarter

Minced beef  Fresh, unpackaged Supermarket 79 73 75 72 299

Minced beef  Fresh, packaged Supermarket 119 117 17 104 457

Minced beef  Fresh, unpackaged Butcher shop 54 53 52 52 211

Beefburgers  Fresh, packaged Supermarket 37 45 42 33 157

Beefburgers  Fresh, unpackaged Butcher shop 36 28 38 38 140

Beefburgers  Fresh, unpackaged Supermarket 27 16 14 6 63
Beefburgers  Frozen Supermarket 52 51 52 51 206
Total 404 383 390 356 1533
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Detection of E. Coli O157:H7

A flow chart of the method as described in ISO method no. 16654: 2001! for
the enrichment, isolation and confirmation of E.coli O157:H7 in the minced

beef products is outlined in Figure 1.

Meat sample (25g + 1.0g) added to 225 ml mTSB + 1 ml of 0.45% novobiocin solution
{
Stomached and incubated for 6h or 24h at 41.5°C + 1°C
!
After 6h and 24h E.coli 0157 were captured onto immunomagnetic (IMS) particles
!
Resuspended in 0.1 ml sterile buffer
!
50 wl aliquot of IMS/bacteria complex plated onto Sorbitol McConkey agar
supplemented with Cefixime tellurite (CT-SMAC) in duplicate
!
Incubated at 37°C for 22 h
{
5 suspect sorbitol negative colonies selected
!
Colonies streaked onto Eosin Methylene Blue ( EMB) and
and Phenol red sorbitol agar with 4 - methylumbelliferyl-B-D-glucuronide (PRS-MUG)
!
Incubated at 37°C for 22 h
!
Presumptive positives (EMB - metallic green sheen and PRS-MUG - non fluorescent under
UV light) streaked onto nutrient agar and incubated at 37°C for 22 h
!
Confirmatory tests
Latex Agglutination test (detect 0157 and H7 antigens) and Indole Test
!
Biochemical and API 20 E Test
!
Detection of eaeA, vt,, vt,, hlyA, PO157 and FIiC,,, gene sequences by
the polymerase chain reaction (PCR)

Figure 1: Method (ISO 16654) employed for detection of E. coli 0157:H7
in beef products.

! International Organisation for Standardisation (ISO) no. 16654: 2001 - Microbiology of food
and animal feeding stuffs — Horizontal method for the detection of Escherichia coli O157.
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Enumeration of E. Coli O157:H7

A direct plate count was also carried out to determine the initial number of
E. coli 0157:H7 present in the meat products. A meat sample (10 g) was
placed in a stomacher bag with 0.1% peptone water (90 ml) and homogenised
for 2 min in a stomacher. A 1.0ml aliquot was serially diluted in 9 ml volumes
of 0.1% peptone water and plated in triplicate onto CT-SMAC agar. The
confirmatory procedures are described in Figure 1.

Enumeration of Enterobacteriaceae

Beef products were tested for the presence of Enterobacteriaceae using the BS
method 57632, A flow diagram of the method is shown in Figure 2.

Meat sample (10g + 1.0g) added to 90 ml of Maximum Recovery Diluent (MRD)
!
Stomached for 1 min and serially diluted in MRD
!

1.0 ml aliquot placed in sterile petri dish and overpoured with Violet Red Brilliant Green agar
(VRBGA) (15 ml) and when agar is set, overlaid with a further layer of VRBGA (10 ml)
!

Incubated at 37°C for 24 h
!

Suspect purple colonies counted
!

Confirmatory tests on 5 typical colonies
Oxidase and Glucose fermentation test

Figure 2: Method used to enumerate and confirm the presence of

Enterobacteriaceae (BS 5763) in beef products.
E. coli O157:H7

Of the 1533 minced beef products collected over a 13 month period, a total
of 43 (2.8%) were positive for E. coli O157:H7. Tables 2-5 give details of the

RESLINi

2 British Standards method no. 5763 for Enterobacteriaceae.



4 Contents }

=

o2

"S9Uab HdIl4 PUB/G1LOd 'VoB3 ‘VIAH Pauleluod S91e|os! ||e ‘uonoeas uoneunn|bbe buols ASA = +++ ‘uoipdeal uoneunn|bbe buois = ++
Juawyplua Ag Ajuo s|qeidsiap =3 ‘buibeyped aisydsowe paipow= dew ‘pabexpedun = n ‘pabexed = d

- +++ + + 697 (n) ysauy dUIW 19ewladng ReN Jegaised oke|N
- - + + 060 (n) ysaJ4 siabing Jayding ReN 110d1S9/\ ofeN
- - + - or'e (N) ysauy duUIW Jayaing Re Aundiaqgny obl|s
- +++ + + v0'€ (dew) ysauj s1ebing 13ewuadns Aeln obi|s obi|s
- - + + 631 (N) ysauy aduIW JRydng [udy JowaA|jeg ulgng
+++ +++ + + 3 (d) uazouy s1ebing 1ewladng [Hdy Jlepung yino1
- - + + 00°L (dew) ysaiy @duUIW 1 ewIadng [Hdy ueneN yies\
- - + + 8l°1 (dew) ysaly dulw 19y ewladng [udy uene EETN
- - + + 3 (N) ysauy aduIW Jayaing [udy uenen EETN
- - + + 3 (n) ysaiy dUIW Jayaing [udy SIEN OEETN
+++ +++ + + 3 (N) ysaiy LdUIW 1oy ewladng |udy uenen YieaN
- - + + 3Ll (dew) ysalj oUW 13 ewsadns yaien S9Nyl Atesaddi
- - + + L (n) ysaay sdUIW Jayding UoJe S9U01SARID MO[NDIM
uolPnpol [EIE]
UIXO10J9A UIXO0]OI9A
“(aunf oy udy) | 4euen ur ssjduies
anisod oy (1-6 nya°'6oy) 1unod /H /G0 j02°3 pue adAl 1onpoud ‘sasiwaid ‘Yruow ‘uoiedo| jo Alewwns :z ajgelr



"S9uab HdIl{ pPue/S1LOd 'VoBT ‘VIAH pauleiluod sa3e|os! |[e ‘uondeas uoneunn|bbe buons Alsn = +++ ‘uonoeas uoneunn|bbe buons = ++
‘Juswyplua Ag Ajuo s|qeidsisp =3 ‘buibexped aisydsowse paiipow= dew ‘pabexdedun = n ‘pabexed =d

4 Contents }

- +++ - + 3 (dew) ysaiy 9duUIW 1yewladng 1snbny uened) ueAed
- +++ + + 3 (dew) ysai} 9duUIW 1ewIadng 1snbny uened) ueAed
- +++ + + S6°0 (dew) ysauy s1ebing 1ewIadng 1snbny uened) ueAed
- +++ + + Q9L (n) ysauy adUIW doys Jayding 1snbny wie
uouueys-uo-
++ - + + 090 (dew) ysaly aduIw 1oslewsadns 1snbny 3R wiLiHa
- - + + 10T (dew) ysauy s1ebing 19yewladng Anr Jo0uwI9lA||eg uligng
- - + + 0€C (n) ysau} 9dUIW doys Jayding Anr alep|y alep|y
- - + + ¥0'€E (dew) ysai} 9duUIW 19ewladng Anr Auuay|ry Auuay|ry
- - + + 3 (dew) ysaiy 9duUIW 1yiewladng Anr Auuay|ry Auuay|ry
- - + + L (n) ysauy sdUIW Jayding Uoien S9UO0ISARID MO[NDIM
O uol3dnNpo. IEIVES
UIX0}0Jd/\ UIX010J43/\
@ “(l2quuisrdas o3 Ainf) g Jsuend ui ssjdwies

anisod 1oy (1-6 ny2°'6oj) 1unod /H:£5L0 /02°F pue adAy 1npoud ‘sasiwaid ‘Yiuow ‘uonedo| jo Alewwng g ajqel



4 Contents }

\

"S9URb HdIl4 PUB/G1LOd 'VoBT ‘VIAH PauleluOD S931e|0s! ||B ‘uonoeas uoieunn|bbe buons AISA = +++ ‘Uoideas uoneunn|bbe buons = ++
Juswyplud Ag Ajuo ajqerdalsp =3 ‘buibeyded alsydsowie paipow = dew ‘pabeyded = d

1osiewladns  Jaquiadag 310D 310D

(dew) ysauy 49binq

++ +++ + + 3 (d) uszouy 49binq 19ewadns Arenuer ERIEI| PRI

- - + + 180 (dew) ysaiy 9duUIW 193ewadns Arenuer obi|s obi|s

oblIs

19 ewuadns Asenuer obI|s

(dew) ysai} 9duUIW

UIXO}OIdA UIXO0}OIIA

“(Arenuer 01 43qo1DQ) € Jepend ui ssjdwes
anisod oy (1-6 nya°'6oy) 1unod /H /G0 j02°F pue adAl 1onpoud ‘sasiwaid ‘Yruow ‘uoiedo| Jo Alewwns iy djgelL

=




"S9Uab HdIl4 PUB/S1LOd 'VoBT ‘VIAH Pauleluod Sa1e|os! ||e ‘uonoeas uoieunn|bbe buols ASA = +++ ‘uoideal uoneunn|bbe buois = ++
‘Jusuwyplua Ag Ajuo a|qeidslap =3 ‘buibexped aisydsowie paipow= dew ‘pabexdedun = n ‘pabexped =d

4 Contents }

++ +++ + + 3 (n) ysal} 9dUIW Jayding [Hdy g Aleyo

++ +++ + + 3 (N) ysauy duIW Jyaing |ludy  ybnoiogaljieg ueaed

++ +++ + + 3 (d) uszou 49binq 193ewuadns UoIeN Rile)) 3i0D

++ +++ + + 3 (dew) ysalj 4abinq 19yewadns yoIeN S9Ny L Aesaddi |

- - + + 3 (n) ysalj @dUIW 193 ewuadns yaien salNyL Aiesaddi|

+++ +++ + + 3 (n) ysaly 49bing Jsyaing YaIeln| uejopung |ebauoq

+++ +++ + + 3 (dew) ysal4 4abinq 193 ewuadns yaJeln Auuayianal |ebauoq

+++ +++ + + 3 (dewy) ysaly adulw 193 ewladns yaIeln| Auuaxiena |ebauoq

+++ +++ + + E| (dew) ysauy 1sbing 193Jewladns yaley Auusyiene |ebauoq

- - + + 3 (N) ysauy aduIW 1osewladns  Aieniga4  usasspeybe|ag  UOWIWODSOY

- - + + 3 (d) uszou 49bing 1ewuadns  Alenige4 auINoqysy Yres\

+++ +++ + + E| (d) uszouy 4abing 19Jewtadns  Alenige4 uouueys aieD

B - + + 69°L (n) ysal} 9duIW 193 ewadns Asenuer UMO1SeWOY | Auuay|iy

- - + + 160 (d) uszouy 4sbing 193Jewladns Asenuer umolsewoy| Auuay|iy

- - + + YA (dew) ysaly aduIw 193Jewsadns Aienuer ploJIs1eAN pIOJIDI_AN

- - + + €0V (dewy) ysaly aduiw 193 ewladns Asenuer [SIIIIEM=YY pJOJIIBAN

- - + + cve (N) ysauy duIW 193 ewladns Arenuer PIOSXSN PIOJXSMN

o= uoinpoud sauab

UIX010J9/\ UIX0)0J43/\

o2

(judy 01 Atenuge4) 1 Jeuend ui ssjdwes
anisod oy (1-6 nya°'6oj) 1unod /H /G0 j02°3 pue adAl 1onpoid ‘sasiwaid ‘Yruow ‘uoiedol Jo Alewwns g ajgelr



@ @ 4 Contents }

al

types of products in which E. coli O157:H7 was detected together with the
towns and premises type from which these products were purchased in each
quarter of the year. The numbers ranged from log,,0.51 to 4.03 cfu g! . In 22
of the 43 products that tested positive for E. coli O157:H7, the number of
bacteria was below log,,0.51 cfu g'! and required an enrichment procedure
for their detection.

Quarterly differences

There was a seasonal effect in the study with higher numbers of positive
samples in quarter 4 (4.78%) (January to April 2002). Quarters 1, 2 and 3
yielded 3.22%, 2.35% and 1.03% samples positive respectively.

Establishment
32 of the positive products were purchased from supermarkets and 11 from
butcher shops.

Product type

The product type yielding the highest incidence of E.coli O157:H7 was fresh
packaged mince with 13 of 457 samples positive (2.8%). The product with
the lowest occurrence of E.coli O157:H7 was fresh unpackaged burgers
purchased from butcher shops with 3 of 140 samples positive (2.1%). E.coli
0O157:H7 was not found in fresh unpackaged burgers from supermarkets.

Virulence factors

All 43 positive beef products contained virulence factors. Forty one of the
products contained the genes encoded for verotoxins (vtl and vt2) and the
attachment and effacement (eae) genes. Two of the strains contained the eae
gene and only one of the verotoxin producing genes. In quarter 1, one
unpackaged fresh mince sample contained only vt2 and in quarter 2, a
packaged fresh mince sample contained only vtl.

Relation to enterbacteriaceae

There was no correlation between high enterobactericeae counts and the
presence of E.coli O157:H7 with E.coli O157:H7 being recovered from beef
products with both low and high enterobacteriacea counts.
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Enterobacteriaceae

All products collected were analysed to determine the numbers of
Enterobacteriaceae present. The mean Enterobacteriaceae counts on each

product type are shown in Table 6.

The Enterobacteriaceae counts on fresh unpackaged mince were significantly
higher (P < 0.001) than on fresh unpackaged burgers. There was no significant
difference between the mean Enterobacteriaceae counts on mince beef from
butcher shops or supermarkets. Equally, there was also no significant
difference between Enterobacteriaceae counts on beefburgers obtained from
butcher or supermarket outlets. Over all four quarters, the product type with
the highest Enterobacteriaceae count was unpackaged fresh mince (log,,4.64
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cfu g'1); frozen burgers had the lowest counts (log,,2.42 cfu g1)

Table 6: Mean Enterobacteriaceae counts on beef products collected in the

surveillance study.

Number of Mean count
Product type Retail outlet products tested (log,, cfu g-1)
Fresh unpackaged mince Butcher 211 4.42
Fresh unpackaged mince Supermarket 299 4.64
Fresh packaged mince Supermarket 457 3.62
Fresh unpackaged burgers Butcher 140 3.40
Fresh unpackaged burgers Supermarket 63 3.36
Fresh packaged burgers Supermarket 157 2.95
Frozen branded burgers Supermarket 206 2.42
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E. coli O157:H7 has an estimated infectious dose of 10 organisms. Therefore,
a combination of relatively high prevalence (2.8%) and occasional high
contamination levels presents a potential risk to public health. It is likely that
this risk is controlled only by the cooking process to which the meat is
subjected in consumers’ homes. In the case of beef products with gross
contamination, the risk of cross-contamination in the home is increased.

However, analysis of human infection data from the National Disease
Surveillance Centre showed no correlation between the incidence of E. coli
O157:H7 positive samples of minced beef and beefburgers and reported
incidences of E. coli O157:H7 infection in the same geographical area over the
same time period. Therefore we must assume that either cases of foodborne
disease are unreported, which is unlikely, or that the final cooking and
handling of the products by the consumer is preventing live micro-organisms
from being ingested. This puts an unacceptable burden on the final control
point in the food chain and clearly further action is required within farms and
abattoirs to reduce the prevalence and numbers of E. coli O157:H7 in beef.

The survey found no correlation between this organism and
Enterobacteriaceae counts. E. coli O157:H7 was recovered from products
with both low and high Enterobacteriaceae counts. These findings are in line
with other studies that show that Enterobacteriaceae may not be used as
indicator organisms for the presence of E. coli O157:H7. Interestingly, there
was no significant difference between the Enterobacteriaceae counts on
products from butcher shops and supermarkets which indicates that hygienic
practices, while different, are equally effective within their respective retail
setting. This had no bearing upon the prevalence of E. coli O157:H7 in beef
products from the two types of establishment.
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The fact that E. coli O157:H7 prevalence in minced beef and beef burgers was
independent of retail outlet, packaging format and mincing environment
(factory vs shop) suggests that the prevalence is unaffected by the retail
distribution chain and may be solely a function of the contamination of meat
used in the manufacture of minced beef. This in turn suggests that apart from

maintaining temperature control and hygienic handling practices, there is little
more that retailers can do to reduce the prevalence of E. coli O157:H7. This
puts the onus for control on the manufacturer and the slaughter facility.

Unfortunately, the prevalence rates are so low that it is unlikely that an
economically viable end-product testing regime could control E. coli O157:H7
in minced beef and beef burgers. There is no evidence from this study that
practices in the various retail environments are increasing the presence of E.
coli O157:H7 as the figures are similar for beef products taken in butcher
shops and supermarkets whether sold loose or pre-packed. Therefore, the
emphasis has to be on controlling the organism on the farm and in the
slaughter plant and cutting hall. This can be done to a certain extent by a
combination of Good Agricultural Practice (GAP), Good Manufacturing
Practice (GMP) and Hazard Analysis and Critical Control Point (HACCP)
systems along with an increased awareness of the risks by food handlers. It is
only when everything that can be done is being done that it is reasonable to
expect consumers to eliminate any residual risk by cooking in the domestic
environment.
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