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SUMMARY

In this report, we have attempted to assess the significance of Verocytotoxin-
producing E. coli (VTEC) as a foodborne pathogen by considering published scientific
papers, and written and oral evidence from a variety of individuals and organisations.
In particular, we have considered information about the sources, routes of
transmission, occurrence in animals and food, and clinical and public health aspects
of VTEC. We have then attempted to identify the gaps in knowledge about VTEC
and action which may be taken to reduce VTEC associated foodborne disease.

VTEC infections are associated with a range of illnesses in humans. Verocytotoxin-
producing E.coli O157:H7 is the predominant cause of human infection, although
there is growing evidence that there are many pathogenic VTEC serotypes other than
O157:H7. From outbreak investigations, it appears that the infectious dose is low,
and illness may occur after the ingestion of less than 100 organisms. Symptoms
include diarrhoea, which may become bloody (haemorrhagic colitis (HC)), severe
abdominal cramps and vomiting. There is currently no specific treatment for VTEC
infection and symptoms usually resolve within two weeks. Public health measures
to control VTEC infection are broadly similar to the measures needed to control other
gastro-intestinal infections.

A small propertion of those with VTEC infection, especially children under 5 years
and to a lesser extent the elderly, may develop haemolytic uraemic syndrome (HUS).
HUS is probably the most common cause of renal failure in children in the UK and
can be fatal or cause associated long-term complications. In a small proportion of
cases VTEC infection may also develop into thrombotic thrombocytopaenic purpura
(TTP), a condition broadly similar to HUS with neurological complications which
affects adults rather than children. From our consideration of clinical aspects of
VTEC, we have identified the need for research into factors affecting the outcome of
VTEC diarrhoeal illness, the effectiveness of clinical intervention and pathogenicity.

Reports of 0157 VTEC infections in the UK, based on laboratory isolations, have
risen from a handful in the early 1980s to 656 in 1994 There were peak years in
England and Wales in 1992 (470) and in Scotland in 1994 (242). The age distribution
indicates that children of less than 4 years have the highest rates of infection followed
by the 5-14 and 65+ years age groups. 0157 VTEC infections usually peak in the
summer months. It is notable that Scotland has much higher reported rates of
infection than the rest of the UK, although the reasons for this are not known.

Although the UK has a public health surveillance system which is comprehensive by
comparison with the rest of Europe and the USA, laboratory investigation of 0157
VTEC is not undertaken on all diarrhoeal stool specimens. Approximately half of
0157 VTEC infected patients do not have blood in the stools, therefore this is not a
logical selection criterion for 0157 VTEC examination. Thus, it is not possible to
state categorically from laboratory data whether 0157 VTEC presents a growing

“provisional figure



public health problem. Furthermore, there is no national surveillance of HC, HUS
and TTP currently being undertaken. We have therefore recommended that clinical
laboratories routinely examine all diarrhoeal stools for 0157 VTEC and that national
prospective surveillance studies of HC, HUS and TTP are carried out. There is also
a need to carry out case-control studies during outbreaks to provide better knowledge
about sources, routes of transmission, risk factors and socio-economic costs associated
with infection.

Farm animals, especially cattle, are considered to be a reservoir of VTEC, but the
true incidence and prevalence of 0157 VTEC in cattle in the UK are not known.
There is also a lack of knowledge about the epidemiology of 0157 VTEC infections
in farm animals, and husbandry and other factors which may affect herd infection and
control. We have therefore recommended that appropriate studies are carried out.
We have recognised the importance of hygienic slaughterhouse practices, whilst
acknowledging that it is impossible in the short-term to ensure that animal carcases
are totally free of O157 VTEC and other micro-organisms. Research into the
effectiveness of processing aids such as carcase washes is also recommended.

Laboratory diagnosis of 0157 VTEC in clinical, food and environmental samples has
developed over recent years with the use of liquid enrichment and the development
of methods such as immunomagnetic separation. Methods for detecting non-0157
VTEC remain available only to reference laboratories. There is a need for research
into improved isolation media for 0157 VTEC, rapid methods to detect VTEC of all
serogroups and Verocytotoxin in food and clinical samples. Improved sub-typing
methods for VTEC are also needed, especially for O157. We also believe that the
currently available methods for testing food and environmental samples should be
fully evaluated so that there is consistency of approach.

From outbreak investigations, food appears to be a major vehicle of 0157 VTEC
infection. A variety of foodstuffs have been implicated: undercooked minced beef
products (especially beefburgers), raw cows’ milk and cheese, contaminated
pasteurised milk and untreated water. Person-to-person spread occurs, probably by
the direct faecal-oral route, and this has resulted in outbreaks in hospitals, child care
centres, nursing homes, and other institutions. We have endorsed recently formulated
public health measures for the control of outbreaks in general, and VTEC in
particular, which are essential to prevent and control person-to-person transmission.

We have considered how the foodborne transmission of VTEC can be prevented and
controlled. We have recommended that food hygiene measures based on the HACCP
system (which identifies those points in the food chain where pathogenic micro-
organisms may be controlled or eliminated) should be taken in relation to the storage,
handling and correct heat treatment of raw materials, including avoidance of cross-
contamination.

We have endorsed the Government's Chief Medical Officer’s (CMO) advice, that
beefburgers should be cooked until the juices run clear and there are no pink bits
inside. We believe this advice should be reiterated to caterers and consumers, as
should Government advice on the cooking of minced beef and minced beef products.
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11.

125

13.

Manufacturers and retailers should ensure that cooking instructions for beefburgers
will be sufficient to eliminate VTEC. The CMQ's advice should be reviewed in the
light of the results of the research recommended into the relationship between the
colour of cooked, minced meat products, juice colour, the temperature achieved and
the survival of VTEC.

Manufacturers and retailers should also include labelling information about safe
preparation and storage of raw produce which may potentially be contaminated with
VTEC. We have recommended that the Government reconsider prohibiting the sale
of raw cows’ milk in England, Wales and Northern Ireland (the sale of raw cows’
milk has been banned in Scotland since 1 August 1983). We have also recommended
that the CMQ’s advice and the current labelling on raw cows’ milk are extended to
advise vulnerable groups such as children, the elderly and the immunocompromised.

Finally, we have recommended that there should be research and surveillance in a
number of specific areas. These areas are the acid resistance of VTEC, the effect of
sanitisers/disinfectants on its survival, the prevalence of VTEC in raw meats, raw
cows’ milk and raw milk cheeses, and the relationship between the formulation and
colour of cooked minced meat products, the colour of juices, and the survival of
VTEC. Knowledge of these areas will enhance our understanding of the organism’s
ability to cause disease and will allow the development of effective and appropriate
preventative measures.

The Report's conclusions and recommendations appear at the end of the respective
chapters and are drawn together in Chapter 7.



CHAPTER 1

INTRODUCTION

Introduction

1.

[

Many strains of the bacterium Escherichia coli (Esch. coli, E. coli) are normal
inhabitants of the gastro-intestinal tract of man and animals, although some can cause
gastro-intestinal disease. Elsewhere in the human body, for example in the genito-
urinary tract and in surgical wounds, E. coli may also be the cause of infection.
Strains which produce toxins harmful to cultured Vero cells (African green monkey
kidney cells) are called Verocytotoxin-producing E. coli, or VTEC, and these can
cause haemorrhagic colitis in humans which usually presents as bloody diarrhoea.

In 1947, a serotyping classification scheme was developed, based on the identification
of bacterial surface structures (somatic/O antigens) which allows E. coli to be divided
into more than 170 different serogroups.’ In each serogroup a number of different
serotypes can be identified by other bacterial surface structures (flagellar/H antigens).
One serotype, E. coli Ol57:H7, is frequently Verocytotoxin-producing. The
relationship between E. coli 0157 and VTEC is represented in Figure 1.

Throughout this report the following convention has been adopted; when the term
VTEC is used, it includes Verocytotoxin-producing E. coli of all serogroups; the term
E. coli O157 is used to refer to E. coli of that serogroup, where the precise H antigen
type is unknown or not specified; the term E. coli O157:H7 is used to refer to
bacteria of that specific serotype only, which is frequently VT producing.

In 1982, E. coli O157:H7 was found in patients affected in two outbreaks of bloody
diarrhoea in the United States of America, both of which were associated with the
consumption of hamburgers. Since that time there have been numerous reports of
haemorrhagic colitis associated with E. coli O157:H7 infection in North America,
Europe and elsewhere.

It is now known that many E. celi serotypes other than E. coli O157:H7 are capable
of producing Verocytotoxins and causing haemorrhagic colitis. Thus, although to
date E. coli O157:H7 has been responsible for the largest outbreaks of haemorrhagic
colitis, not all VTEC are E. coli O157:H7.

The number of people affected in outbreaks has ranged from less than 10 to more
than 700. The biggest recorded outbreak to date occurred in the western United
States, principally Washington State, between January and May 1993. It was
associated with the consumption of undercooked hamburgers bought from a fast food
chain, more than 700 people were affected, and 4 died. The main VTEC reservoir
appears to be cattle, but undercooked minced beef is not the only food vehicle.
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1.7

1.8

1.9

1.10

Outbreaks in the United Kingdom have usually affected less than 10 people and have
been associated with the consumption of a variety of foods including minced beef,
milk, yoghurt and water. To date, the largest recorded outbreak in the United
Kingdom was in Scotland in 1994, when more than 100 people were affected. This
outbreak was associated with the consumption of milk probably contaminated post-
pasteurisation. VTEC may spread directly from person to person, probably by the
direct faecal-oral route, and this has been responsible for outbreaks of infection in
hospitals, child care centres, nursing homes and other institutions. Sporadic cases
also occur. The number of reported cases of VTEC infection in the UK in 1994 was
656"

A serious complication of haemorrhagic colitis is the haemolytic uraemic syndrome
(HUS), a form of kidney failure. Most of those affected are children. In some
outbreaks as many as 30% of patients with colitis have developed the disease, but
usually the proportion is 2-7%. Nevertheless, HUS is now believed to be the
commonest cause of acute renal failure in children in the United Kingdom. It may
be fatal in up to 10% of cases and those who recover may have serious long-term
impairment of renal function.

The Working Group on Verocytotoxin-producing E. coli was set up by the Advisory
Committee on the Microbiological Safety of Food (ACMSF) in 1992, and began
meeting in January 1993, [ts terms of reference are set out on page 1. The ACMSF
agreed that the following key areas of work would be included in the Working
Group's review:-

clinical spectrum of VTEC infections;

pathogenicity and host susceptibility;

epidemiology of VTEC infections;

sources and routes of transmission;

growth and survival of VTEC;

effects of food processing on the organism in meat and other products;
current detection and isolation methods in human, animal, food and
environmental samples;

* retail and catering sectors’ perspective.

% X ¥ F XK K

The Working Group has considered each of these subjects in detail.

The Working Group wrote to food manufacturers, retailers, caterers, trade
associations, consumer groups, research organisations and environmental health
departments in May 1993 asking for information on VTEC in relation to routine
analyses, codes of practice, control measures and research. Similarly, information
on research was requested from higher education establishments, and the Working
Group considered all Government funded research/surveillance relating to VTEC.
A survey of the laboratory diagnosis of E. coli 0157 in the UK was also carried out.
Numerous organisations and individuals were invited to give evidence verbally or in
writing and a number took the opportunity to do so.

" provisional figure
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CHAPTER 2

CLINICAL SPECTRUM AND DISEASE-CAUSING MECHANISMS

Introduction

2.1

VTEC infections are associated with a range of illnesses in humans. A proportion
of infections may be asymptomatic but these may nevertheless represent a source of
secondary infections. The spectrum of clinical disease includes mild diarrhoea,
haemorrhagic colitis (HC), haemelytic uraemic syndrome (HUS) and thrombotic
thrombocytopaenic purpura (TTP). HC consists of inflammation of the large bowel,
with severe bloody diarrhoea. HUS presents as a combination of anaemia, acute
renal failure and low platelet count, which may be accompanied by fever. TTP is
characterised by fever with skin and central nervous system involvement, and results
from aggregation of platelets in various organs.”?

Clinical symptoms

2.2

2.3

The cause of human infection is predominantly VTEC type O157:H7 and most
commonly presents as diarrhoea accompanied by severe abdominal cramps, following
an incubation period of about 3 days. Vomiting may occur. In approximately half
of these cases, bloody diarrhoea (or HC) develops 1-2 days later. Pus cells are rarely
found in the stools and fever is an uncommon feature of the diarrhoeal stage of
infection. Cases with bloody diarrhoea have a more severe clinical course than cases
with non-bloody diarrhoea and may require hospitalisation.* Symptoms usually
resolve within two weeks. It is possible that there may be a greater proportion of
cases with non-bloody diarrhoea than are reported as the illness is milder and patients
may not see their doctor or be fully investigated.

A small proportion of those with VTEC infection, usually between 2% and 7%,* but
up to 30% in a recent UK report,” may go on to develop HUS. Children under 5
years and to a lesser extent the elderly are more likely to progress to HUS. The
incidence of HUS in the UK has increased over the last two decades, and is thought
to account for at least 70% of acute renal failure in children. The onset of HUS is
usually preceded by diarrhoea and although most cases are associated with VTEC
infection,” other infectious agents such as Shigella dysenteriae serotype 1 may be
implicated. Up to 10% of cases are not associated with a diarrhoeal phase and the
cause is not known. These cases without diarrhoea do not have an identifiable

infectious aetiology, have a significantly poorer outcome, and up to 80% may die or
develop long-term renal failure.’

Typically, HUS following VTEC infection presents about a week after the onset of
diarrhoea. It is characterised by renal failure, anaemia and a low platelet count.
Dialysis may be required during the acute phase. Although the progress is generally
good in children, some patients may develop long-term sequelae, such as hypertension
and end-stage renal failure, in later life.

14



2.5

2.6.

LA

TTP is best considered as an extension of HUS where in addition to renal failure, the
main features are fever and an extremely low platelet count associated with the
formation of thrombi giving rise to severe neurological impairment. It may rarely
present in the absence of preceding diarrhoea, affecting adults rather than children,
and the prognosis is poor.

A poorer outcome appears to correlate with a high white cell count in the blood
during VTEC related illness.® Whilst mortality rates vary in individual outbreaks, the
average mortality as a result of VTEC associated HUS infection varies between 5%
and 10%, UK " and USA * data respectively. Although children may die from HUS,
a greater number of adults die as a result of VTEC related disease. Deaths occur
very occasionally in children and young adults during the diarrhoeal phase, and
patients with bloody diarrhoea should therefore be referred to a doctor early.

Illness does not always follow infection, and there is evidence that those who are of
a certain blood group, linked to low or absent expression of a red cell antigen, P1,
are more likely to develop severe disease, such as HUS, following infection.'"” Over
70% of the Caucasian population have the P1 antigen and this may exert a protective
effect, but further clarification of the role of blood group and of other cellular
antigens is required.

Laboratory diagnosis and treatment

2.8

2.9

Diagnosis can be made by examining faecal samples for the presence of VTEC during
the diarrhoeal phase. Organisms may be excreted in the faeces only for a short
period. Serological examination for antibodies to 0157 lipopolysaccharide provides
additional evidence of recent infection.

There is no specific treatment. The diarrhoeal phase of the disease is self-limiting
and the role of antibiotics in modifying the course of the illness, with respect to
duration of diarrhoea and progression to HUS, or excretion of the organism, is not
established.!" Public health measures to control VTEC infection are broadly similar
to the measures needed to control other gastrointestinal infections that spread from
person-to-person, such as that caused by Shigella sonnei. Detailed recommendations
have been published by the PHLS in its Interim Guidelines for the Control of
Infection with Verocytotoxin-producing E. coli (VTEC)," and by the Depanm-..m of
Health in its guidance on the Management of Outbreaks of Foodborne Illness."

Infectious dose

2.10 The number of organisms needed to produce infection (the infectious dose) appears

to be low, and illness may occur after the ingestion of less than 100 organisms. In
a large outbreak due to O157:H7 in the USA in 1993, as few as 40 organisms may
have produced disease,' and in a recent outbreak in South Wales, only 2 organisms
per 25g were isolated from raw beefburger meat tested in the course of the
investigation ' (see Chapter 3). In addition, a report of labaratury acquired infection
from Europe also suggests the infectious dose may be small.'®

15



Pathogenicity determinants

201

Current knowledge of VTEC organisms suggests that they possess at least two
important attributes (pathogenicity determinants) which contribute to these disease
Processcs.

Verocytotoxing

2

12

2.14

o]

By definition, VTEC produce powerful toxins, the Verocytotoxins (VTs),” ' ¥ g0
called because they kill a variety of cell types including Vero cells on which their
lethal properties were first demonstrated.

There are two principal kinds of VT:

X VTI is virtually identical to the toxin produced by the "Shiga bacillus".” In
view of this similarity VTs are often referred to as "Shiga-like toxins" or
SLTs (especially in North America); and

VT2, though similar to VT in its biological activity, can be distinguished
from it by immunological tests in the laboratory.”

Large amounts of VTs can be detected in the stools of patients with HC and HUS *
(and also in the stools of patients with non-bloody diarrhoea). VTs damage and,
indeed, destroy the intestinal cells in the lower part of the human gut (the colon);™ '®
as a result, the patient presents with a history of watery diarrhoea. These intestinal
cells have lost their ability to absorb the fluid, which is their normal function. When
VTs damage the blood vessels of the colon, patients may pass watery stools which
have a characteristic bloody appearance (HC).

Injected into the veins of experimental animals (in which some, but not all, of the
symptoms of HC and HUS can be demonstrated), VTs are found to localise in the
intestine, the spinal cord and the brain - organs which possess the correct binding
sites (receptors) for VT attachment.”*# In patients with severe HUS, damage is
localised in the kidney but may also be seen in other organs such as the pancreas and
the brain. It has been hypothesised that these systemic effects on distant organs result
from blood-borne distribution of VTs to these vital organs. Yel, there is no
convincing evidence for the presence of circulating VTs in the blood of patients with
VTEC infection or, more importantly, its complications.

Just as, many years ago, the lethal effect of VTs on tissue-culture cells (such as Vero)
was first demonstrated, it is now possible to use other (more developed) tissue-culture
lines in the laboratory to demonstrate other VT properties. One such tissue-culture
cell-line is HUVEC (human umbilical vein endothelial cells).”® This kind of cell line
is used because it has properties similar to those cells damaged in human disease.

16



2.17

Recent laboratory experiments with HUVEC cells suggest that when VTs act together
with other factors, (e.g. immune mediators which are part of the host’s own
immune-mechanism), they stimulate VT-target cells (such as those in the kidney) to
bind even more VT than they would otherwise do, resulting in increased cell
damage.” Though these experiments were made on tissue-culture cells, the findings
may explain the considerable damage done to the target cells of the kidney in a host
animal.

Adhesins

2.18

2.19

Experiments in animals have shown that VTEC strains attach to cells of the lower
intestine in a characteristic manner, forming attaching and effacing lesions.” %
Several days after attachment, the bacteria penetrate the intercellular spaces with
subsequent ulceration and swelling of the affected tissues.” * Since the normal
function of these intestinal cells is to absorb fluid from the gut, their damage results
in the accumulation of fluid in the gut contents,” ** * and the animals show symptoms
of watery diarrhoea. These events resemble the experimental disease of calves
infected with bovine strains of VTEC (see paragraph 4.2) and reproduce some aspects
of human disease.

Although these laboratory studies have unravelled some aspects of the mechanism of
VTEC adhesion including the contributions made by both bacteria and the host
animal, elucidation of all the factors involved in this process of attachment and
destruction awaits further studies. More detailed information on pathogenicity
determinants can be found in Appendix 2.

Conclusions

2.20

2.21

2.22

2.23

2.24

VTEC infection in man may arise from ingestion of a small number of organisms.
The most common presentation of symptomatic VTEC infection is diarrhoea, which
may be bloody (HC) in approximately 50% of patients. (C2.1)

A small proportion (2-15%) of those with VTEC infection may develop haemolytic
uraemic syndrome (HUS); this progression is most likely to occur in children under
5 years and the elderly. Deaths, though rare, are more often seen in adults with
VTEC related illness than in other age groups. (C2.2)

The efficacy of antibiotic treatment in modifying the disease is unclear. (C2.3)

Damage to vascular endothelial cells in many tissues by VTs is an important
consequence of VTEC infection. (C2.4)

The attachment to intestinal cells by most, but not all, VTEC strains is likely to be

mediated by specific adhesins (which have yet to be determined); attachment is
followed by tissue damage. (C2.5)
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Recommendations

2.2

2.26

We recommend that all those involved in managing outbreaks make use of the
available guidance on the public health measures to control VTEC infection. (R2.1)

We recommend that the Government should consider funding research in the
following areas:

factors affecting the outcome of VTEC diarrhoeal illness, including the role
of protective factors (age, sex, blood group) in progression to HUS;

effectiveness of clinical intervention in treating cases of VTEC infection and
HUS; in particular, more needs to be known about the efficacy of antibiotics
in affecting carriage, spread of infection and outcome of infection;

characterisation of the adhesins of VTEC strains, including the minority that
do not produce the characteristic (attaching and effacing) lesions;

in virro methods for demonstration and detection of pathogenicity determinants
to aid laboratory diagnosis; and

the relationship between VTEC diversity in VT and adhesin production and
clinical disease. (R2.2)
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CHAPTER 3

EPIDEMIOLOGY OF VTEC INFECTION IN HUMANS

Introduction

3.1

3.2

3.3

In the previous chapter on clinical illness and pathogenesis, the range of clinical
results of infection with VTEC were described as ranging from none or minimal
diarrhoeal illness to acute haemorrhagic colitis (HC), with some individuals showing
a post-infectious complication of haemolytic uraemic syndrome (HUS) or thrombotic
thrombocytopaenic purpura (TTP). Although E. celi O157:H7 may be a more
frequent cause of VTEC illness and infection, there are many VTEC producing E.
coli, and data concerning the illness associated with them is less complete than that
available for E. coli O157:H7. Data about the reservoirs of VTEC are most complete
for E. coli O157:H7, although there are also limited data concerning some other
VTEC. This background makes it difficult to describe the epidemiological
characteristics of all VTEC, and much easier to describe the infection and illness
associated with E. coli O157:H7.

The most useful data about the vehicles for VTEC human infection come from
outbreak investigations, or from case-control studies of sporadic infections. In the
first instance, the largest number of outbreaks have been associated with E. coli
0157:H7, and have allowed identification of the vehicles of infection, and study of
spread in families, day care centres, and other settings.

This chapter describes the epidemiological data available in the UK separately from
data available in North America and Europe.

EPIDEMIOLOGY OF VTEC INFECTION IN THE UK

Laboratory-based surveillance of E. coli O157:H7 and other YTEC

3.4

3.5

Although methods used to identify E. coli O157:H7 have been modified and their use
expanded since the early 1980s, laboratory-based studies of E. coli O157 and other
VTEC assist in determining whether the problem is of increasing magnitude. They
also provide epidemiological data on age groups at greatest risk of infection and on
geographical and seasonal variation in the frequency of infection.

Studies of E. coli O157:H7 have been of increasing scope since 1982, when it was
suggested that slow sorbitol fermentation would be of assistance in identification of
this serogroup and a method based on this property was introduced in increasing
numbers of laboratories. Table 3.1 indicates the number of laboratory isolates and
the rate per 100,000 population from 1982 to 1994 for Scotland, Northern Ireland,
England and Wales. Numbers of isolates have increased from 1 in 1982 in England
and Wales to a peak year in 1992 of 470 isolates. Northern Ireland has only recorded
between 1 and 3 isolates per year since 1989. The number of isolates in Scotland had
risen from 3 in 1984 to a peak of 242 in 1994. The much higher rate of isolations
per 100,000 population experienced in Scotland is clearly evident from Figure 3.1,
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TABLE 3.1

E. COLI 0157 UK LABORATORY REPORTS OF FAECAL ISOLATES
AND ISOLATION RATES 1982-1994

SCOTLAND NORTHERN ENGLAND AND
IRELAND WALES
No. Rate 100,000 No. Rate 100,000 No. Rate 100,000
population population population
1982 N/A N/A N/A N/A 1 <0.01
1983 N/A N/A N/A N/A 6 0.01
1984 3 0.06 N/A N/A 9 0.02
1985 3 0.06 N/A N/A 50 0.10
1986 4 0.08 N/A N/A 76 0.15
1987 12 0.24 N/A N/A 89 0.18
1988 39 0.77 0 0 49 0.10
1989 87 1.70 1 0.06 119 0.23
1990 173 3.39 1 0.06 250 0.49
199] 202 3.96 2 0.12 361 0.71
1992 115 2.25 1 0.06 470 0.92
1993 119 2:.32 5 0.12 385 0.75
1994 242 4,73%* 3#* (.18%=* 4]11% 0.80%#
N/A - not available

*
%

- Provisional
- 1994 rates based on 1993 mid-year population estimates

Source: PHLS(LEP), SCIEH and DHSS(NI)

Office of Population Censuses and Surveys
General Register Office (Scotland)
General Register Office (Northern Ireland)
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Age, sex, geographical and seasonal distribution

3.6

3.7

3.8

The age groups of those from whom E. coli 0157 was isolated in Scotland between
1987 and 1994 are shown in Table 3.2. Comparing rates, per 100,000 population,
across the age groups, the 0-4 year olds have the highest rate, followed by the 5-14
age group, and then the 65+ age group. Table 3.3 and Figure 3.2 show the
distribution by sex and age group for 1994. Figure 3.3 shows age and sex specific
rates per 100,000 population for England and Wales in 1993. The highest rates are
seen in the 1-4 age group as in Scotland.

Seasonal frequency of E. coli 0157 infections in Scotland between 1987 and 1994
indicates peak months of June and September (Figure 3.4), while the data from
England and Wales from 1990 to 1994 indicates peak months of July, August and
September, except for 1992 when there was an exceptionally high peak in June
(Figure 3.5).

In terms of geographical distribution, it 1s notable that some areas of Scotland
appeared to have a consistently higher rate of infection than others, particularly
Grampian. There is also an east to west split with areas such as Grampian, Tayside,
Fife, Lothian and the Borders having consistently higher isolation rates than areas in
the west of the country (Table 3.4). Likewise, in England, the Northern, North
Western and East Anglian Regional Health Authorities areas have a higher incidence
rate (Table 3.5). Wales also has a consistently high rate, but this may relate to an
increase in ascertainment as all stool specimens have been screened for E. coli 0157
since 1990 as part of a special PHLS survey.!
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TABLE 3.3

EVIDENCE OF INFECTION IN 1994: ISOLATION RATE ACCORDING TO SEX
AND AGE GROUP IN SCOTLAND

AGE MALE FEMALE
Cases Rate Cases Rate’
<1 5 14.77 2 6.23
1-4 31 23.32 40 31.70
4-14 26 8.00 23 7.43
15-24 5 1.30 14 3.79
25-34 6 1.47 14 3.48
35-44 1 0.29 7 2.00
45-54 (& 2.11 20 6.76
55-64 9 3.54 7 2.48
65-74 8 4.17 3 1.20
75-84 1 1.09 6 3.58
> 84 3 19.06 2 3.78

* Rate = per 100,000 population

Source: SCIEH
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Figure 3.3

Evidence of infection in 1993: isolation rate according
sex and age group in England and Wales

B Female

00 05 1.0 15 20 25 3.0 35 4.0 5E
Rate/100,000*

* Figures calculated based on 1989 OPCS data
Source: PHLS

Prepared by: LEP (unpublished data)
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Lahoratory diagnosis survey

3.9

3.10

3.1

3.12

3.13

3.14

Increasing numbers of E. coli 0157 isolates in the UK may simply mean that more
laboratories are looking for the organism. In order to investigate this further we
carried out a survey of the laboratory diagnosis of E. coli O157 in England, Wales,
Scotland and Northern Ireland in 1993,

More than 400 guestionnaires were sent to diagnostic/clinical laboratories. There
were 269 replies received, and 252 laboratories reported that they examined for E.
coli 0157. Detailed results and conclusions of this survey can be found in Appendix
3.1 together with a comparison of the results with an earlier survey conducted in
1989.% Information was collected on criteria used for the selection of samples to
examine for E. coli 0157 and methods of microbiological analysis. Percent positive
stools were calculated for different geographical areas using the total number of stools
tested and the number positive.

Approximately the same percentage (95 %) of laboratories examined stool samples for
E. coli O157 in 1992 as in 1989. Since 1989, some had altered their selection criteria
and some had changed to examining all stool specimens for E. coli O157.

The spread of geographical variation in the proportion of stools positive in 1992 was
less than that found in 1989: 0.07% to 1.3% in 1992 compared with 0% to 4.6% in
1989. Ten out of 14 Regional Health Authorities in England, and Scotland reported
lower percent positive stools in 1992 compared to 1989. Oxford still had a high
isolation rate (1.2%) compared to other regions but not as high as that reported in
1989 (4.6%). Those regions that had changed markedly were; Northern with a
decrease from 1.2% to 0.3% and Yorkshire with an decrease from 1.5% to 0.13%.
The percent positive stools in Scotland had decreased from 1.1% to 0.49%. Wales
and Northern Ireland were not included in the 1989 survey, but both had low percent
positive stools for 1992,

The overall combined percent positive stools for the UK for 1992 (0.4 %), was lower
than in the 1989 survey (0.7%). The calculation of percent positive stools for the
1989 survey was based on replies from 130 laboratories and a stool sample
denominator of 29,487, giving a mean number of 227 tests per laboratory. The
calculation of the percent positive stools for the 1992 survey was based on replies
from 252 laboratories and a stool sample denominator figure of 233,195, giving a
mean number of 925 tests per laboratory. Although in 1992 the percent positive stool
samples had gone down compared to 1989, the actual number of isolates of E. coli
0157 had increased because more stool samples were tested.

As stool denominator figures are only available through laboratory diagnosis surveys,
isolation rates, which are estimations of infection rates, are often calculated using the
number of laboratory reports of a particular pathogen per 100,000 population.
Calculated in this way the isolation rate per 100,000 population in England and Wales
was 0.23 in 1989 and 0.92 in 1992.% The results of our laboratory diagnosis survey
indicate that it is possible that an increase in ascertainment (i.e. more stools tested for
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E. coli O157) caused some of this apparent increase in isolation rate. This conclusion
is supported by a total population survey in Wales between 1990 and 1993. Where
the mean annual incidence rate and proportion of stools positive showed little change

from year to year.*

Studies of all VTEC

3:15

3.16

Studies of all VTEC are possible using gene probes, although this is primarily a
method used by reference laboratories. The advantage of using probes is that a more
comprehensive picture is available of the frequency of VTEC in stools. By this
means it is possible to identify which serogroups of VTEC are most frequently found
in cases of human illness. This information in conjunction with studies of outbreak
and sporadic cases allows identification of the most important reservoirs of VTEC for
human 1llness.

In one survey in the UK during the period 1989-91, VTEC infection was studied
using serotyping, Verocytotoxin gene probing and an ELISA for serum antibodies to
E. coli O157. Evidence of infection was detected in 232, 428 and 615 individuals in
1989, 1990 and 1991 respectively. Of these individuals, 15% were reported as
having HUS.  Verocytotoxin-producing E. coli 0157 was the most frequently
encountered serogroup, with isolations from a total of 1092 individuals over the
3-year period. Twelve different non-0157 serogroups were identified, the most
common being 026 and 0145.°

Clinical surveillance of HC, HUS, and TTP

3.17

3.18

3.19

Clinical surveillance studies of HC, HUS and TTP help to measure if VTEC related
illness has increased in magnitude in the last two decades. Since these illnesses are
serious and often life-threatening, individuals are most often hospitalised, so that
hospital admissions data can be used to measure changes over long periods.

Studies of the complications of VTEC infections are a useful way to study changes
over time in the frequency of VTEC infections, but cannot always relate the infections
to any particular organism, nor can they focus attention on the vehicle and modes of

spread of the organism. Standardised terminology is needed when collecting such
clinical information.®

Information gathered about children with the diarrhoeal form of the HUS treated at
The Children’s Hospital, Birmingham was analysed between 1970 and 1987.% The
analysis suggested that, over this period, the nature of HUS has changed. From 1982
the rate of referral increased, the prodromal illness more often consisted of bloody
diarrhoea, and the mean age at presentation doubled from 2 to 4 years. From July
1983, stool samples were analysed for Verocytotoxin-producing E. coli and
neutralisable Verocytotoxin. Positive results were obtained in 39% of cases.
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3.20

3.21

e FA

3.23

3.24

In Aberdeen, 27 paediatric cases of HUS seen at the Royal Aberdeen Children’s
Hospital from the Grampian region of northeast Scotland between 1978 and 1989
were reviewed.* There were 12 cases of HUS admitted between 1978 and 1986 who
had a mean age of 3.0 years, while 13 cases admitted during the 2-year period
1987-1988 had a mean age of 7.1 years. The average annual incidence of HUS was
1.25 per 100,000 children 0-16 years old.

In the British Isles, 289 cases of HUS were reported in a prospective study over a 3
year period.” There were 273 (95%) patients who had a prodrome of diarrhoea. It
was found that a summer peak in the incidence of haemolytic uraemic syndrome was
demonstrated and the 1-2 year age range was most often affected. Evidence for VTEC
infection was found in 58 (33%) of 178 diarrhoea associated cases whose stools were
analysed, although VTEC were identified in five of eight (62%) patients whose stools
were collected within 3 days of the onset of diarrhoea.

Immunological studies have been used to elucidate the association of VITEC with
HUS. In serum from 125 HUS patients, antibodies of the IgA and IgM classes to the
lipopolysaccharide of E. coli O157:H7 were found in 55 patients. This improved the
detection of infection by this organism by 12%."

The age distribution of HUS is skewed towards children, which is perhaps because
they are most frequently infected, or because they are more likely to become ill if
infected. In 1991, a study of the adherence of enterohaemorrhagic E. coli (O157:H7
and other serotypes) isolated from children with diarrhoea, haemorrhagic colitis, or
HUS was carried out.” Adherence during the first week of life was 13-19% of the
adult level - it increased gradually, reaching the adult level at about 4 weeks old.
This suggests that perhaps illness rates relate, in some measure, to age of infection.

It is possible to identify some risk factors for severe complications of infection. The
long term (5-21 years) outcome of renal function was studied in 88 infants and
children after diarrhoea associated haemolytic uraemic syndrome. After an acute
episode of diarrhoea associated HUS, 31% (27/88) of children had an increased
albumin excretion, 18% (16/88) had a reduced glomerular filtration rate and 10%
(9/88) had both, in association with a higher systolic blood pressure.* Out of 72
children with HUS seen between 1969 and 1980 in London, 72% had a history of
diarrhoea at onset. Diarrhoea favoured a good outcome among boys but not girls.”

Ad hoc paediatric HUS survey

3.25

3.26

The British Paediatric Surveillance Unit (BPSU)/Communicable Disease Surveillance
Centre (CDSC) surveillance scheme, reported in 1990 annual totals of HUS cases for
1983-1989; these were 54, 57, 83, 105, 130, 104 and 188 respectively. The increase
in 1989 occurred in the absence of any change in the method of ascertainment.
Clinical surveillance was discontinued in 1990 because of competition for space in the
BPSU scheme.*

In order to ascertain if the incidence of HUS has increased in the UK, we wrote to
members of the British Association of Paediatric Nephrology (BAPN) requesting data
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3.27

from clinical practice on the number of cases of HUS seen by units over the last
decade, and any information on the cause and outcome of these cases. Details of the
information collected can be found in Appendix 3.2.

It was not possible to draw any firm conclusions about the change in the incidence
of HUS, particularly in relation to VTEC infection. The information collected was
incomplete both nationally and within individual centres and there were no consistent
time periods to compare. In most cases no information was provided on cause.
Where cause was mentioned some responses referred to E. coli 0157 and some
referred to VTEC. In conclusion, it is difficult to deduce whether the incidence of
HUS has changed over the last 5-10 years, but there is a suggestion that there has
been an increase over the last 20 years.

Outbreak investigations, and case-control studies of sporadic cases

3.28

32t

3.30

3.31

Outbreak investigations, and case-control studies of sporadic cases can help to identify
vehicles of infection, and allow the study of spread from an index case. In the UK,
outbreaks caused by O157 VTEC mainly fall into two categories. In the first
category are those involving person-to-person spread, these are for the most part
associated with hospitals, nursing homes and other institutions (Table 3.6). A study
of an outbreak in 1990 which occurred at a long-stay psychogeriatric hospital in
Scotland demonstrated the ability of O157 VTEC to spread from person-to-person,
and the need for effective hygiene precautions and infection control procedures in
high-risk groups.*

In the second category are those outbreaks which are foodborne. A variety of foods
have been implicated in these outbreaks such as raw potatoes (handling), turkey roll
sandwiches and yoghurt, but in particular milk and minced beef products.' 45 4. 47.
* Faecally contaminated water has also been implicated as a vehicle in a number of
outbreaks * (Table 3.6).

The largest reported milkborne outbreak of 0157 VTEC involving more than 100
people occurred in Scotland in 1994, This was also the largest reported UK outbreak
of 0157 VTEC. Infection was associated with the consumption of milk probably
contaminated post-pasteurisation.’® Investigation of another outbreak of 0157 VTEC
in Scotland in 1994 showed that cheese made from raw cows’ milk was the vehicle
of infection (see paragraph 6.8).

In using the figures on infection rates, or complications of VTEC infection, it is
important to recognize the relative importance of the food reservoir compared to
person-to-person spread or spread by other than food vehicles. The dominant mode
of transmission in day-care centres is by person-to-person.® A study which was
reported in 1993 identified person-to-person transmission of E. coli O157:H7 as
common (median attack rate 22%) when infected pre-school children attended day
care centres while symptomatic.” Another study showed similar transmission patterns
in household members of infected individuals.”> Although none of these studies
measured an infectious dose, they are compatible with a small infectious dose, similar
to that found with Shigella. Laboratory workers are also at increased risk, as shown
in a recent case report.™

i
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EPIDEMIOLOGY OF VTEC INFECTION IN THE USA AND CANADA

Surveillance: laboratory-based studies

3.32

3.33

3.34

3.35

3.36

There is no data on incidence over time of E. celi O157 infections in the US as a
nationwide laboratory-based surveillance system has only existed since 1 January
1994, The Centers for Disease Control and Prevention (CDC) Atlanta have no
records of outbreaks of bloody diarrhoea of unknown origin before 1982 and in a
review of over 3,000 E. coli strains serotyped between 1973 and 1983 only one was
identified as E. coli O157.% This suggests that E. coli 0157 was not likely to have
been a frequent aetiological agent of bloody diarrhoea in the US before 1982.

In Canada, many laboratories screen for E. coli O157 in bloody and non-bloody
diarrhoea.” An isolation rate of 5.2/100,000 population was recorded in 1987 which
increased to 8.8 in 1989 and then decreased to 5.6 in 1991 (Table 3.7).

A number of studies both in Canada and the US have compared the isolation rate of
E. coli 0157 with other enteropathogens and found it to be the second or third most
frequently isolated organism, and more common than Shigella.*®

In an extended US study of 52 patients, (predominantly children with post-diarrhoeal
HUS), a timeline was produced for each patient. The timeline included onset of
symptoms, date of culture which detected E. coli O157:H7, and onset of HUS. It
was possible to recover the pathogen in 24 (96%) of 25 patients whose stools were
appropriately tested during the first six days of illness,”

In order to determine the prevalence of E. coli O157 infections, 10 study hospitals
throughout the US cultured all stool specimens (26,239) using the same isolation
methodology over 2 years. E. coli O157 was isolated from 0.4% of specimens
compared with Campylobacter 2.2%; Salmonella 1.8% and Shigella 1.0%. E. coli
0157 was isolated from 7.8% of specimens with visible blood, more than
Campylobacter (5.7%), Salmonella (3.4%), or Shigella (3.6%). Only 68% of isolates
were from specimens with visible blood.”® The same study found eating hamburgers
(rare or pink), hot dogs and meals at fast food restaurants all to be risk factors for E.
coli 0157 infection.

Age, geographical and seasonal distribution

337

3.38

In the same US study, E. coli O157:H7 was isolated more frequently at hospitals in
the northern and western states than in the southern states. Infections appeared to
peak in the summer; Washington State recorded a peak between June and August in
1987.%" The age groups with the highest number of isolates were 0-9 years and >
60 years.* However, when stool samples were used as a denominator, then the 50-
59 years age group had the highest percentage positive stools (1.0%).

In Canada, the geographical distribution according to number of isolations of E. coli
O157 varies from province-to-province (Table 3.8). When this is converted to
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TABLE 3.8

VTEC IN CANADA: LABORATORY ISOLATIONS REPORTED TO LCDC
1988-1993, ANNUAL TOTALS BY PROVINCE

PROVINCE 1988 1989 1990 1991 1992 1993
British Columbia 342 403 247 182 296 158
Alberta 296 376 247 198 356 152
Saskatchewan 101 116 48 51 59 50
Manitoba 57 190 52 226 74 90
Ontario 659 796 707 558 434 386
Quebec 199 389 145 248 320 273
New Brunswick 29 60 36 36 43 20
Nova Scotia 43 46 63 36 24 19
Prince Edward Island 10 5 30 26 23 11
Newfoundland 49 26 10 4 13 i

Prepared by the Laboratory Centre for Disease Control (LCDC) with acknowledgement to
Dr H Lior, Dr J Hockin and Statistics Canada (Population estimates).
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Outbreaks and implicated sources of infection since 1982

3.39

3.40

341

3.42

3.43

3.44

From 1982 to 1993, 19 reported outbreaks of E. coli O157:H7 infection were
investigated in the US (See Table 3.9). Outbreaks have occurred in schools, day-care
centres, nursing homes, prisons and in the community. Outbreaks are usually
detected because of a cluster of HUS or TTP cases often associated with an increase
in the number of individuals hospitalised because of bloody diarrhoea. In the period
1982 to 1993, 62 general and 200 family outbreaks of E. coli 0157:H7 infection were
recorded in Canada. Table 3.10 provides information on selected outbreaks of E. coli
0157:H7 infection in Canada from 1985 to 1993.

Most outbreaks have been associated with foods of bovine origin, particularly minced
beef, often with evidence of inadequate cooking, (deficiencies in time/temperature
combinations) so that all coliforms were not inactivated. In one exceptional outbreak,
illness was associated with medium or rare roast beef and not recorded in those who
ate the same beef well-done. Implicated meat vehicles are usually only slightly
undercooked before ingestion rather than held at temperatures that would permit
bacterial growth.” Human illness due to E. coli O157 has been linked to the
consumption of minced beef since 1982 in the US,* * and with raw cows' milk since
1586,54:

From an analysis of Canadian outbreak information, 2 groups of people appear to be
at higher risk, young children in day-care centres and the elderly in nursing homes.
There were 45% of outbreaks which occurred in nursing homes, 15% in day-care
centres and the rest, in the family and community.*

In a case-control study conducted during an epidemic of E. coli O157 in a remote
community in northern Canada, 19 children with HUS were compared with 19
children with uncomplicated E. coli O157 gastroenteritis. Both of these groups were
matched with 19 healthy controls. Undercooked ground meat and foods traditionally
consumed by the community were not implicated as risk factors. The conclusion of
the study was that extensive intrafamilial transmission had occurred.*”

A large community outbreak occurred in Missouri between December 1989 and
January 1990 from which a case-control study showed that no food was associated
with illness but ill persons had drunk more municipal water than controls. E. coli
O157 was not isolated from water samples but the number of cases decreased after
an order to boil water and after chlorination of the water supply. Sewage
contamination of the water supply during repairs to water mains is thought to have
been the cause of the outbreak.®

A case-control study of an outbreak of diarrhoea and HUS in Massachusetts in 1991
indicated that illness was associated with drinking "unfermented apple cider". The
term apple cider is used in the US to refer to apple juice. Most of the apples were
"drops”, collected from the ground and were not washed before using. The "apple
cider” was not pasteurised and no preservative was added. Additional studies showed

that E. coli O157 was able to survive in the refrigerated "apple cider” (pH <4.0) for
several days,®

44



3.45

3.46
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An outbreak of E. coli 0157 associated with mayonnaise occurred in 1993 ™ (see
Table 3.9), and E. coli O157 has been shown to survive for a short time in
mayonnaise stored at 25°C, and for much longer periods in mayonnaise-based sauces
stored at refrigeration temperatures,”

E. coli O157 has been shown to survive for some time in manured soil. A first case
in a small outbreak in Maine was a lacto-ovo-vegetarian whose diet consisted of
vegetables from her garden which were fertilised with manure from her cow and
calf.” Although faecal samples from both animals did not yield the pathogen, both
had high antibodies to E. coli O157 LPS, and E. coli O157:H7 was isolated from
manured soil in the garden. It should be borne in mind that manure from cattle may
contain E. coli O157:H7 and care must be taken to avoiding contaminating crops such
as salads and fruit when it is used as a fertilizer.

The range of sources implicated in studies of sporadic cases is similar to that for
outbreaks i.e. undercooked meat (especially minced beef), raw cows’ milk, untreated
water, and person-to-person spread.® ™ ™

US outbreaks in 1993

3.48

3.49

3.50

In January 1993, a large outbreak of E. coli O157:H7 was identified in Washington
State. Smaller outbreaks in Nevada, California and Idaho were subsequently linked
to the same vehicle, hamburgers consumed at multiple outlets of a single restaurant
chain. A total of 732 patients were affected. Of these, 195 were hospitalised and 55
developed HUS or TTP; there were 4 deaths (Table 3.8). In Washington State there
were 614 patients involved, of whom 491 were culture positive for Verocytotoxin
producing E. celi O157:H7, and 11.8% of cases were determined to be secondary to
a case who had contracted the disease via consumption of a contaminated hamburger.
The median age of the patients was 7.5 years, 35 patients developed HUS and 3
diﬁd.ﬁ'?ﬁ

This important outbreak occurred during the time that the Working Group was
collecting evidence. Laboratory diagnosis of infection, isolation from food,
investigation of the source of the outbreak and subsequent control and prevention
measures are all described in detail in Appendix 3.3.

In 1993, a small family outbreak of diarrhoea and bloody diarrhoea occurred in
California where the vehicle of infection was traced to home-cooked hamburgers
made from meat purchased from a local market. E. celi O157:H7 was isolated from
leftover minced beef used to make the hamburgers and found to be the same "phage
type as the human isolate. It has been proposed that small outbreaks similar to the
one described probably occur throughout the US but are not recognised.”
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EPIDEMIOLOGY OF VTEC INFECTION IN EUROPEAN COUNTRIES OTHER
THAN THE UK

WHO Surveillance Programme for control of foodborne infections and intoxications in
Europe

3.51

3.52

In the WHO Fifth Report 1985-1989 published in 1992,” only nine out of thirty one
participating countries mentioned E. celi in their reports and only one (Germany) of
the nine specified a particular serogroup (0124). However, one of the
recommendations for the surveillance programme stated:

- specific national surveys should be encouraged, particularly in relation to
emerging and newly important diseases of possible foodborne origin, for example
haemorrhagic colitis and haemorrhagic uraemic syndrome caused by
Verocytotoxin-producing E. coli (eg. E. coli O157).

In December 1991, the WHO reported a consultation on "Shiga-like" toxin producing
E. coli, with special emphasis on zoonotic aspects.

The purpose and scope was:

"- to review current diagnostic methods for detecting Shiga-like toxin producing E.
coli (SLTEC) and their application to epidemiology. Discussions will be extended
to elaborate simple and common methodologies for identifying SLTEC, including
identification of the source of infection;

- to review current epidemiology of outbreaks due to SLTEC in North America,
Europe and other regions, and to identify the magnitude of their public health
consequences, with particular emphasis on zoonotic aspects, including livestock
production and food of animal origin;

to discuss and identify in vitro and in vivo methods for diagnosis and research on
E. coli Shiga-like toxin (SLT)-production and other SLT pathogenic mechanisms;
and

- to review current progress on immunology of SLTEC infection and intoxication

in man and animals. Discussions will be extended to strategies and possible
methodologies for vaccine production. "

Following this consultation a Working Group was set up and has met several times
in order to promote international co-operation.

Central European, multi-centre study

s

The German-speaking Working Group of Paediatric Nephrology organised a multi-
centre study of HUS patients between August 1986 and April 1991. 147 patients
were enrolled from 28 centres throughout the former East and West Germany, eastern
France, northern Switzerland and Austria. Stool samples were received from 129
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3.54

3.55

3.56

3.57

patients and serum samples from 144 patients. The frequency of VTEC involvement
in childhood HUS was assessed by bacterial isolation, faecal toxin detection,
cytotoxicity assays, VT neutralisation tests and immunoglobulin specific E. coli 0157
LPS ELISA.

The majority of the patients (92%) in the study had diarrhoea positive HUS
(D+HUS), the mean age of onset was 3.6 years and the male:female ratio was 1:15.
In common with the seasonal frequency in the UK and US, there was a peak in July
and August.

VTEC were identified in 19 out of 118 stool samples from D+HUS patients (16%).
No VTEC were isolated from stool samples from D-HUS patients. E. coli 0157,
non-motile and H7 were the most frequently isolated serotypes, other serogroups
identified were 022, 026, 055, and 0111. Free faecal Verocytotoxin was detected in
16 patients associated with the isolation of VTEC.

A fourfold increase in VT neutralisation titre was detected in 18% of D+HUS
patients and elevated serum IgM and IgA to E. coli 0157 LPS were detected in 83%.

It is notable from these results that although E. coli 0157 was the most frequently
isolated serogroup there was a high frequency of non-motile strains (6 out of 10).
Many E. coli O157 of North American origin produce both VT1 and VT2 whereas
a high proportion of strains from this study produced only VT2. The diagnostic value
of serum neutralisation tests was questionable in the population tested while the serum
IgM level to E. coli 0157 LPS was found to be of more value.”

YTEC in France, Belgium and Italy

3.58

3.59

3.60

In a French multi-centre study covering a range of different geographical areas, 6
VTEC strains were isolated from the stools of 69 children suffering from HUS. All
6 strains were serotype Ol03:H2. This serotype 1s commonly associated with
diarrhoea in rabbits. However, a study of the genetic properties of the human and
rabbit strains eliminated the possibility of horizontal transmission as the strains were
genetically distinct.*

More recently two clusters of HUS have been reported in France, neither of which
were associated with E. celi O157. Ten cases with an average age of 6 years were
reported in the winter of 1992 in an area north of Paris. VTEC 0111 was isolated
from 5 cases. Person-to-person transmission was suggested or exposure to a common
unidentified food source. Another cluster of 3 cases of HUS occurred in the spring
of 1992 in children of less than 2 years of age resulting in one death. VTEC were
1solated from one case. All the children had eaten fromage frais made of raw goats’
and cows’ milk."

The incidence of VTEC infections in patients attending the University Hospital in
Brussels was estimated between October 1990 and September 1993 by detecting
VTEC in stool specimens. The study showed that sporadic infections with VTEC
were occurring, but the majority of cases were associated with non-O157 strains.™
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Most patients suffered from uncomplicated diarrhoea, a few presented with HC or
HUS.

A nationwide surveillance system for HUS was introduced in Italy in 1988. Up to
December 1993 diagnosis of VTEC infection by microbiological and serological
means was established in 80 patients. The detection of antibodies to the Q157
lipopolysaccharide provided serologic evidence that O157 VTEC are the most
prevalent VTEC involved in HUS in Italy.®

Information on VTEC from Germany, Denmark, Netherlands and Spain

3.62

The Working Group wrote to 24 Government institutions and research establishments
in 11 EU countries for information on surveillance/research in relation to VTEC.
The responses received are summarised in Appendix 3.4. The information received
does not allow any confident statement to be made regarding the extent of either
research or surveillance into VTEC in Europe.

Conclusions

3.63

3.64

3.65

Incompleteness of the available data on the incidence of HUS over time makes it
difficult to assess if HUS caused by E. coli O157 is increasing, decreasing or
remaining steady. (C3.1)

Even though the surveillance system in the UK is more comprehensive than
comparative systems in the US and elsewhere in Europe, different criteria are used
by laboratories to decide when to examine stools for E. coli O157. It is therefore
difficult to state categorically if the increase in isolates is due to an increase in
infection rate or an increase in ascertainment. Results of the laboratory diagnosis
survey suggest an increase in ascertainment has occurred since 1989. Given that
approximately half of patients do not present with bloody diarrhoea (paragraph 2.2),
the presence of blood in the stools is not a logical selection criterion for the
examination for 0157 VTEC, and more effective surveillance of human infection will
not be possible unless diagnostic/clinical laboratories examine all diarrhoeal stool
specimens for E. coli O157. (C3.2)

There is incomplete information on sources, routes of transmission and socio-
economic costs associated with 0157 VTEC infection, and even less about non-0157
VTEC. (C3.3)

Recommendations

3.66

3.67

We recommend that the Government ensures that relevant clinical groups set up

national prospective surveillance studies of HC, HUS and TTP in all age groups.
(R3.1)

We recommend that all clinical laboratories routinely examine all diarrhoeal stool
specimens for E. coli 0157. (R3.2)
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CHAPTER 4
VTEC IN FARM ANIMALS

WORKING GROUP ON YEROCYTOTOXIN PRODUCING
ESCHERICHIA COLI

Introduction

4.1

Although Escherichia coli (E. coli) forms part of the normal commensal microflora
of the gastro-intestinal tract of agricultural livestock, some strains are an important
cause of diarrhoea, the disease syndromes they cause usually being referred to as
colibacillosis. Enteric colibacillosis, associated with diarrhoea and toxaemia, is the
commonest manifestation of E. coli disease seen in England and Wales,* occurring
most frequently in calves, lambs and piglets 1-3 days old. Systemic colibacillosis is
less common and is associated with invasive strains of the organism. E. coli is also
known to be a cause of mastitis in adult cattle.

Verocytotoxin producing E. coli (VTEC) in animals

4.2

4.3

4.4

VTEC have been associated with animal disease. Experimental infections in calves
have produced diarrhoea and the characteristic attaching and effacing lesions in the
intestine resulting from bacterial attachment to the epithelium.® ** *-%. There have

also been reports of naturally occurring VTEC associated diarrhoeal disease in
cattle, ¥6: &7, 85, 89, 50, 91

A study of E. coli isolated from diseased farm animals in England and Wales between
1986 and 1991 found that 2.8% of bovine isolates, 6.1% of ovine isolates and 4% of
porcine isolates produced Verocytotoxins.* The porcine VTEC isolates were mainly
of the serogroups 0138, 0139 and 0141, which are commonly associated with
oedema disease of pigs.” Some, however, were from cases of gastro-enteritis, though
whether Verocytotoxin is involved in the pathogenesis of this condition is not known
as some VTEC strains also produce enterotoxin. The fact that the highest percentage
of VTEC strains occurred among the ovine isolates deserves further investigation as
there is little information on the role of Verocytotoxin as a cause of disease of sheep.

VTEC have also been isolated from the gastro-intestinal tracts of healthy animals.%
%% In a study carried out in the USA, VTEC isolates were recovered from 8.4%
of healthy dairy cows and 19.0% of dairy heifers and calves.* Similar results were
obtained in a Canadian survey which indicated that farm infection rates ranged from
0-60% for cows and 0-100% for calves.” The VTEC isolates recovered in these
studies came from a diversity of serogroups, some of which are known to be
pathogenic for man suggesting that cattle might act as a reservoir for VTEC,

Oedema disease of pigs is associated with VT2 producing E. coli, but the toxin is a variant and as such is

known as VT2¢ (¢ = oedema). Strains causing oedema disease are not associated with human disease, although
there is a report of an episode of human infection with a strain of E. coli producing the VT2e.?®
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VTEC

4.5

VTEC

4.6

4.7

in animal products

VTEC strains belonging to a variety of E. coli serogroups have been isolated from
a range of foods, including beef and pork products '**-* (see Chapter 6). However,
the VTEC strains belonging to serogroups other than Q157 are diverse in their
properties, with production of Verocytotoxin as the only common attribute.” None
of the VTEC strains isolated from a study of VTEC in raw beef products possessed
the "eae" gene associated with the ability to cause attaching and effacing lesions
involved in the intimate attachment of some VTEC and enteropathogenic E. coli
strains.'® This prompted the suggestion that detailed studies are required on non-Q157
VTEC strains from human, animal and food sources to assess which strains possess
factors necessary for human virulence. Until then, the importance of Verocytotoxin-
producing strains of E. coli other than O157:H7 as a cause of foodborne disease in
man will remain unclear.

of the serotype 0157:H7 in animals

Outbreaks and sporadic cases of human haemorrhagic colitis caused by E. coli
0157:H7 in North America ** % * * and Great Britain,*" '™ "1 3re linked to the
consumption of undercooked minced beef and unpasteurised milk and attest to the
importance of this organism as a cause of foodborne disease and the role of cattle as
potential reservoir of infection (see Chapter 3).

Further evidence exists that foods of bovine origin could act as a potential, but not
exclusive, source of human infection.'” Examination of 2,415 bovine faecal samples
in the period 1987-1993 yielded 96 strains of E. coli O157:H7, while over the same
period of time E. coli O157:H7 was isolated from 63 sporadic, but unrelated cases
of human haemorrhagic colitis and haemolytic uraemic syndrome in the same area.
Of the 63 human strains, 59 (94%) were of types also isolated from cattle. In
contrast, 39 bovine strains represented 29 types of E. coli 0157 which had not been
isolated from humans. Interestingly, these results contrast with those of Paros et
al."™ in the USA who reported that 90% of the human isolates they tested did not
match bovine isolates.

Occurrence of E. coli O157:H7 in cattle

4.8

E. coli O157:H7 has been isolated from apparently healthy cattle, most commonly
dairy calves, in the course of herd investigations linked to outbreaks of human
infection in the United States.* ** The organism has also been recovered from
cattle in the course of surveys unrelated to human infection in the USA, Canada,
Germany and the UK. %% 19119 In 3 survey of more than 1,000 dairy herds in 28
states of the USA involving the examination of faeces samples from some 7,000
pre-weaned calves, E. coli O157:H7 was isolated from 25 calves in 19 herds.'™ In
a follow up study, involving 50 previously E. coli O157 negative herds and 14 E. coli
0157 positive herds, E. coli O157 positive calves were found in 11 of the previously
negative herds and 7 of the previously positive herds. These results suggest that
infection in herds may be transitory and cannot be defined by testing a few animals
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4.9

4.11

4.12

at one time. Positive animals ranged from 10 days to 8 months with weaned calves
three times more likely to test positive than unweaned calves.

A study of 60 dairy herds, 25 cow/calf herds and 5 feedlots carried out in the USA
suggested that while the between herd incidence may be high (8-16%) and peak in the
summer months, the prevalence of infection within herds can be low and vary both
between different ages of livestock (adult cows showing a lower prevalence (2%) than
calves and heifers (10%)) and with time.'” '™ Some attempt was made to identify
risk factors associated with the occurrence of infection. Small herd size, use of
computerised feeders and the spreading of animal manure on pastures were positively
associated with the occurrence of infection in herds; feeding cotton seed was
negatively associated.

Information on E. coli O157:H7 infections in cattle in the UK is limited. A survey
of bovine faeces samples submitted to Veterinary Investigation Centres (VICs) in
Scotland, begun in 1992, has resulted in the isolation of the organism from 14 of
3,237 samples examined. Twelve of the positive samples were from calves less than
2 months old. E. coli O157:H7 was not detected in faecal samples from 1,542 sheep,
515 pigs and 392 poultry nor in faecal samples from 1,271 animals of other species
including dogs, cats, goats and horses.'™ E. coli 0157 were also isolated from 84
of 2,103 (3.99%) cattle presented for slaughter at an abattoir in Sheffield during July
and August 1992."7 Traceback investigations showed that the farms of origin for 34
of the E. coli O157 positive animals were geographically diverse (Yorkshire,
Worcestershire, Nottinghamshire, Shropshire) suggesting that infected herds may be
more common than had previously been thought.

There is little evidence that E. coli O157:H7 causes clinical disease in cattle and little
is known about the epidemiology of infection and the factors associated with its
occurrence in cattle herds. E. coli O157:H7 was isolated from 3 calves suffering
from colibacillosis in Argentina,* and though most of the isolates made from calves
in the Scottish VIC survey came from animals with diarrhoea, other pathogens such
as Cryptosporidium or rotavirus were also present and may have been responsible,
wholly or in part, for clinical disease.

A longitudinal study of E. coli O157:H7 infection in a dairy herd considered to have
been the source of a small outbreak of human infection caused by the consumption
of unpasteurised milk (Chapman, unpublished observations) has provided some
interesting insights into bovine infections with this organism. Commencing in July
1993, rectal swabs were taken from all the milking cows at fortnightly intervals while
the animals were at grass and at fortnightly/monthly intervals following winter
housing in November of that year. During this period, 29 cows, out of a total herd
size of 130, were found to excrete E. cofi O157:H7 on one or more 0CCasions: on no
occasion was there any evidence of clinical disease. All the cows were negative in
the 4 weeks prior to housing but in the weeks immediately following housing in
November, the organism was recovered from a small number of animals, until the
end of December. Thereafter, there was no evidence of faecal excretion until early
May 1994, just before the herd was turned out for summer grazing.
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4.13

4.14

The herd was self contained, breeding its own replacement stock. When these were
examined in August 1993, examination of faeces samples showed that 9/16 calves
under 3 weeks of age, 18/26 in-calf heifers and 3/8 dry cows were excreting the
organism. The heifers had grazed a field over which manure from the dairy cows
had been spread in the previous 4 weeks, suggesting that this may have been the
source of their infection.

E. coli O157:H7 had been isolated from unpasteurised milk produced on the farm but
when individual fore and mid-stream milk samples were collected and examined from
all 130 cows on 2 separate occasions, some of which were known to be excreting the
organism in faeces, E. coli O157:H7 was isolated from only 1 fore-stream milk
sample. These observations suggest that the organism was not being excreted in the
milk and that the human incident may have resulted from external contamination.

Occurrence of E. coli O157:H7 on cattle carcases

4.15

4.16

Although E. coli O157:H7 has been isolated from minced beef, and contaminated
minced beef has been identified as the source of human foodborne infections, there
is little published evidence to demonstrate that the organism has been introduced into
the food chain from infected cattle via contaminated carcases. As part of their study
of E. coli O157:H7 in cattle slaughtered in a Sheffield abattoir, Chapman er al.'”
examined samples of meat excised (a), from the surfaces of carcases of animals
known to be excreting E. coli O157:H7 in their faeces immediately prior to slaughter
and (b), from the surfaces of carcases of animals, adjacent on the slaughter line and
from which E. celi O157:H7 had not been isolated. E. coli O157:H7 were isolated
from 7/23 (30.4 %) carcases of animals from which the organism had previously been
isolated from rectal contents and from 2/25 (8%) carcases of animals, adjacent on the
production line, from which the organism had not previously been isolated. The
latter may have resulted from cross contamination during the carcase dressing process
though it is not without possibility that the animals were excreting E. coli O157:H7
in their faeces in numbers so low as to be undetectable.

Preliminary results from a survey of beef carcases in the USA have revealed that E.
coli O157:H7 was present on 0.2% of 2,081 randomly selected beef carcases
examined over a 12 month period in 1992/93.** Tt is believed that similar surveys
are currently taking place in Australia and New Zealand, as well as in the UK (see

paragraph 4.22).

Red meat slaughtering

4.17 Carcases contaminated during the slaughtering and dressing process represent an

important route by which pathogenic organisms such as E. coli O157:H7 can enter
the food chain. The state of cleanliness of the animals and the skill and care
exercised in the slaughter, dressing and evisceration processes play a significant part
in the initial transfer of organisms from the hide and gastro-intestinal contents to the
carcase surface. In this respect, the practice of rodding and bunging, which involves
sealing the oesophagus and anus in cattle and sheep, can reduce the risk during
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evisceration. Thereafter, various factors such as rate of throughput, carcase washing
etc. will contribute to the spread of contamination and affect the final microbiological
load, while chilling and freezing will prevent the growth of the organisms that
remain. Further opportunities for contamination will occur during the subsequent
boning and cutting operations and any other process to which the meat might be
subjected to before it reaches the consumer. In this respect, there is no reason to
believe that the factors contributing to carcase contamination are in any way different
for E. coli O157:H7 as compared with other enteropathogens such as Salmonella or
Campylobacter.

The Committee on the Microbiological Safety of Food (Richmond Committee)

4.18

4.19

4.20

Red meat production was examined by the Committee on the Microbiological Safety
of Food, chaired by Sir Mark Richmond."® The Richmond Committee emphasised
the need for all those in the early stages of the red meat production chain to pass on
a product in which microbiological contamination was kept to a practical minimum,
and considered it vital that working conditions should be such as to enable operatives
to do their work with due care to minimise the risk of carcases being contaminated.
They concluded that high standards of hygiene could be achieved in red meat
production if all concerned were fully aware of the microbiological risks and the steps
that could be taken to minimise them. This applied to all stages of production, from
the farm via the slaughterhouse/cutting plant to packaging and processing operations,
and at all levels - from slaughterhouse workers being aware of the basic principles of
personal hygiene to the design and selection of equipment. To this end, the
Committee placed considerable emphasis on the recruitment and training of all levels
of staff involved.

In their stage by stage consideration of the production chain, the Committee pointed
out that farmers could contribute to food safety by producing healthy, clean animals
for slaughter and minimising stress during transport so as to reduce the number of
micro-organisms being introduced into the abattoir. In this respect, abattoir managers
were recommended to pay farmers a premium to take account of cleanliness of
animals as one component of quality. On-farm health records were also considered
to be of potential use to those inspecting meat at slaughterhouses and it was thought
that developments in electronic tagging might allow meat inspectors to identify an
animal’s farm of origin thereby allowing prompt access to health records and the
transmission of post mortem data back to farmers.

The inadvertent introduction of microbiological contamination into the carcase or onto
the carcase surface from the skin or hide via operator hands or implements were
recognised as critical points in the slaughtering process and the Committee
recommended the use of freshly sanitised knives for bleeding and questioned the
continuing need for the practice of pithing. Rupture of the gastro-intestinal tract and
spillage of its contents during evisceration were also seen as a prime source of carcase
contamination and the Committee considered there should be greater awareness of the
risks so that with adequate time, proper supervision and care, hygienic removal of the
tract could be achieved. They further recommended industry to adopt the practice of
tying and bagging the anus and sealing the oesophagus at its entrance to the rumen
prior to its removal so as to minimise these risks.
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4.21

4.22

The Committee considered that those designing slaughter equipment (which
traditionally had speed of operation rather than hygiene as a priority) should make
ease of cleaning a priority. Equipment in slaughterhouses and cutting plants which
comes into repeated contact with meat should be regularly cleaned and disinfected.
The high speeds of modern slaughterhouse equipment operation resulting in an
increased microbiological hazard was a recurring theme in the Committee's analysis
and led to a recommendation that slaughterhouse operatives and managers should be
aware of the need to minimise contamination and the steps that should be taken to
achieve this.

Finally, the Committee stressed the important contribution that microbiological
monitoring could make to the HACCP approach, which they commended for
slaughterhouses as for all other stages of food production. Its regular application to
key equipment and to the carcase at the critical points in the slaughtering process
would establish "normal” microbial levels in a given plant and thus provide a valuable
early indication when there was a breakdown in hygiene arrangements which needed
attention. Monitoring should also be used to check the effectiveness of cleansing and
disinfection. The Committee recommended that the Steering Group on the
Microbiological Safety of Food (SGMSF) consider how arrangements could best be
made for work on microbiological monitoring to be taken forward. In this regard it
should be noted that a national survey of E. coli O157:H7 contamination on beef
carcases leaving abattoirs in the UK is currently being undertaken by the Steering
Group and is due to be completed in August 1995,

European and national legislation on meat and meat products

4.23

4.24

4.25

With the completion of the Single European Market, the European Union now has a
major role in determining law on food safety. Since the Richmond Committee
published Part II of its Report in 1991, a number of Directives have been adopted
establishing harmonised measures for the hygienic production of fresh meat
throughout all Member States. Principle among these is Council Directive
91/497/EEC "' amending Directive 64/433/EEC ' which lays down health
conditions for the production and placing on the market of fresh meat, which in Great
Britain has been implemented through the Fresh Meat (Hygiene and Inspection)
Regulations 1995.%%

Under these Regulations, all slaughterhouses, cutting premises, cold stores and
farmed game processing facilities must be licensed by the Government after 1 January
1993, licenses being issued only if the premises comply with prescribed requirements
regarding their construction, layout, equipment and hygienic operation. Many of the
recommendations made by the Richmond Committee are reflected in the Regulations
particularly as regards the cleansing and disinfection of equipment and instruments
that come into contact with fresh meat, and the ante and post mortem inspection of
animals.

The Regulations also lay down detailed rules regarding the slaughter and dressing

processes, including the removal of gastro-intestinal tracts, aimed at minimising
carcase contamination. An official veterinary surgeon (OVS) must be appointed for
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4.26

4.27

4.28

4.29

each licensed premises, as must sufficient inspectors to carry out the functions
specified in the Regulations under the supervision and responsibility of the OVS. The
OVS and appointed inspectors have the power to require the detention or prohibit the
slaughter of any animal which in their opinion is so dirty that it is likely to prevent
hygienic dressing operations.

While the Regulations do not include general provisions regarding the identification
of animals, all fresh meat (both whole carcases, parts of carcases and offals) which
is passed as fit for human consumption must be marked with a "health mark® which
must contain the approval number of the abattoir/cutting plant premises. Meat must
be chilled and transported at temperatures of not more than +7°C; +3°C for offal
and -12°C for frozen fresh meat.

Council Directive 91/497/EEC requires licensed operators to carry out
microbiological checks of utensils, fittings and machinery at all stages of production
and, if necessary, of products. However, the nature of these checks, their frequency,
the sampling methods and methods to be employed for sample examination have still
to be agreed at Community level. No microbiological checks are therefore included
in the Regulations.

Council Directive 92/5/EEC,'"” amending and updating Council Directive 77/99/EEC,
" lays down harmonised rules for the manufacture, storage, handling and distribution
of meat products up to the point they are supplied to the final consumer. It also
specifies the structural and hygienic requirements for premises engaged in
manufacturing and rewrapping meat products. The Directive has been implemented
in Great Britain by the Meat Products (Hygiene) Regulations 1994.' These
Regulations do not include any specific microbiological criteria. However, they do
require the operator of the production establishment or rewrapping centre to take
samples for analysis for the purpose of checking cleansing and disinfection methods,
and for checking compliance with the standards laid down in the Directive. When
laboratory examination or any other information reveals there to be a serious public
health risk, the competent authority must be informed. In the event of an immediate
risk to human health, the operator must withdraw the affected product from the
market and arrange suitable disposal.

Council Directive 88/657/EEC "® lays down requirements for the production of
minced meat and meat preparations despatched to other Member States but does not
apply to domestic trade. It has been implemented in Great Britain on an
administrative basis pending implementation of Single Market rules. Directive 88/657
contains prescriptive temperature controls and microbiological criteria adopted in the
main to control minced meat which is consumed raw. It will be replaced by Directive
94/65/EC """ which is due to come into force from 1 January 1996. This sets down
detailed conditions for intra-Community trade in minced meat and meat preparations
with Member States able to derogate from certain provisions for products traded in
their national markets. Production of minced meat and meat preparations may only
take place in premises approved by the competent authority and the operators of such
premises are required to adopt a HACCP approach, monitor the quality and
microbiological status of both the raw material and finished products entering and

56



leaving their premises, and take action on the basis of criteria laid down in the
Directive.

Carcase decontamination

4.30

Even under the best hygienic conditions achievable, it is probably impossible to
ensure that animal carcases are totally free of micro-organisms, most of which will
comprise non-pathogenic spoilage organisms. Interest is therefore increasing in the
use of sanitizing agents such as acetic or lactic acids, trisodium phosphate, hot water
washes and hyperchlorinated water for terminal carcase decontamination. However,
it has to be emphasised that such processing aids must be regarded only as a
supplement and not a replacement for preventive hygiene measures. While early
research on the use of such processing aids shows promise, existing European
legislation prohibits the use of any substance other than potable water for carcase
washing.""

Conclusions

4.31

4.32

4,33

4.34

4.35

4.36

Verocytotoxin producing strains of E. coli are known to be a cause of enteric disease,
especially in pigs and cattle. (C4.1)

The recovery of Verocytotoxin producing strains of E. coli other than E. coli
O157:H7 from the gastro-intestinal tracts of healthy agricultural livestock and from
a range of foods of animal origin, indicates that farm animals can act as a reservoir
of human infection. However, the contribution non-0157 VTEC make to human
food-borne disease remains unclear pending detailed studies to assess which strains
possess the factors necessary for human virulence. (C4.2)

E. coli O157:H7 is known to occur in agricultural livestock, often without causing
disease. The epidemiology of E. coli O157:H7 infection in cattle is poorly
understood as are the factors associated with its occurrence. There is evidence that
infection may be transitory. (C4.3)

E. coli O157:H7 has been recovered from the carcase surfaces of cattle slaughtered
in the UK and North America, and undercooked minced beef and milk are considered
to be potential sources of human infection. (C4.4)

Even under the best hygienic conditions achievable, it is probably impossible to
ensure that animal carcases are totally free of micro-organisms, most of which will
comprise non-pathogenic spoilage organisms. Nevertheless, all possible measures
should be taken to minimise the extent and level of microbiological contamination of
carcases. (C4.5)

We endorse the views expressed by the Richmond Committee on the need for all
those involved in the early stages of the red meat production chain to pass on a
product in which microbiological contamination is kept to a practical minimum and
that high standards of hygiene can be achieved in red meat production if all concerned
are fully aware of the microbiological risks and the steps that can be taken to
minimise them. (C4.6)
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CHAPTER 5

LABORATORY METHODS FOR THE DETECTION OF VTEC
IN CLINICAL SAMPLES AND FOOD

Introduction

5.1

The methods used to provide evidence of VTEC infection can be divided into three
categories. These are the isolation of VTEC including E. coli 0157, demonstration
of specific Verocytotoxin and the presence of antibodies to E. coli 0157
lipopolysaccharide (LPS) or the LPS of other VTEC serogroups. Some of these
methods can be performed in most laboratories while other techniques are usually
limited to specialized or reference laboratories.

Isolation from clinical samples

5.2

Laboratories usually screen selected specimens, from cases of bloody diarrhoea and
HUS, for the presence of O157 VTEC. In clinical laboratories faeces are plated on
solid media and currently MacConkey agar containing sorbitol is most often
employed. With very few exceptions 0157 VTEC do not ferment sorbitol unlike
most other E. coli. The colonies that appear as non-sorbitol fermenting are tested by
agglutination for E. coli O157 antigens. Improvements in the selectivity of media
have been described (see Appendix 4.1, Table A.4.1). It is essential that all
presumptive E. celi O157 isolates are confirmed using both biochemical and
serological techniques.

Isolation from foods and environmental samples

3.3

5.4

The methods for the isolation of 0157 VTEC from foods and environmental samples
need to be as sensitive as possible since the number of organisms present may be very
low. Standard procedures for isolation of E. coli from foods include growth at 44°C.
However, this is not appropriate for 0157 VTEC since these organisms grow very
poorly at 44°C and it is emphasised that lower temperatures should be used.

Methods for the isolation of 0157 VTEC from foods and environmental samples
usually require growth in liquid media for enrichment of the organism. Several
different media have been reported (Appendix 4.1). After growth in liquid media,
E. coli 0157 can be selectively enriched by use of magnetic beads coated with an
0157 antibody. This is followed by plating on solid media such as sorbitol
MacConkey agar and subsequent confirmation by agglutination with specific antisera.
Alternative methods have been developed after enrichment in liquid media and these
have been aimed primarily at screening in the food industry and other large scale
surveillance studies. Such methods include an ELISA kit specific for O157 VTEC
and a blot ELISA (Appendix 4.1).
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Detection of Verocytotoxin and VT genes

D

5.6

VTEC may be detected by the demonstration of Verocytotoxin or the presence of
genes encoding VT. This approach detects all VTEC including those of serogroup
(0157. Bacterial cultures or faecal extracts can be examined for a cytotoxic effect on
Vero monkey kidney cells grown in tissue culture (see Appendix 4.1). In order to
demonstrate the specificity of any toxic effects neutralization experiments with
specific antisera to Verocytotoxins need to be performed. Although these tests are
very sensitive they require specialised faciliies and specific antisera are not
commercially available at present.

The presence of VT genes can be detected by specific DNA probes in hybridization
experiments or by amplification using primers from the VT gene sequences in a
polymerase chain reaction (PCR). Non-radioactively labelled probes for VT genes
have been developed and should enable DNA hybridization to be applied in a wide
range of laboratories. This approach can be used for clinical as well as food and
environmental samples. These methods detect all VTEC and not just E. coli O157.

Sub-typing VTEC

5:7

VTEC belonging to serogroups other than 0157 should be serotyped with antisera
against the currently recognised 173 O antigens and 55 H antigens. For VTEC of
serogroup O157, ‘'phage typing has been particularly useful in epidemiological
investigations. The scheme first developed in Canada now recognizes over 80 types.
Other techniques that are being applied for the differentiation of VTEC are VT sub-
typing by DNA probes or PCR, plasmid analysis and a range of other molecular
techniques based on the analysis of the genomic DNA (see Appendix 4.2).

Serodiagnosis

5.8

Evidence for infection by E. coli 0157 can also be obtained by examining sera.
Patients with a known O157 VTEC infection develop an increase in the level of
antibodies to the LPS of E. coli O157. Tests have been developed for the detection
of these antibodies (see Appendix 4.3) and have proved to be very useful in providing
evidence of infection when culture methods have been negative especially late in the
clinical disease. In contrast, antibodies to the Verocytotoxins have been rarely
detected and such investigations are not recommended for serodiagnosis.

Conclusions

5.9

5.10

Solid media with improved selectivity for the isolation of 0157 VTEC have been
described.  Sorbitol-fermenting 0157 VTEC strains such as those reported in
Germany would not be detected. (C5.1)

Most laboratories only test for 0157 VTEC as tests able to detect all VTEC are not

suitable for clinical laboratories. The clinical and epidemiological importance of non-
0157 VTEC cannot be fully assessed at present. (C5.2)
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5.11 VTEC 1solates should be sent to a reference laboratory for confirmation and sub-
typing in order to maximise epidemiological information. (C5.3)

5.12 Tests for antibodies to E. coli O157 LPS can often provide evidence of infection
when culture methods are negative and particularly late in the disease. (C5.4)

5.13 Methods for the isolation of 0157 VTEC from foods and environmental samples need
to be able to detect very low levels, and also to be suitable for use in the food
industry. Significant improvements have resulted from use of liquid enrichment and
development of methods such as immunomagnetic separation for E. coli 0157, (C5.5)

Recommendations
5.14 We recommend that the Government funds research into the following areas:
- the development and evaluation of different solid media for O157 VTEC;

3 rapid methods to detect VTEC of all serogroups and Verocytotoxin in food
and clinical material; and

= the development of methods for improved sub-typing of VTEC and
particularly 0157 VTEC. (R5.1)

5.15 We recommend that the Government and industry fund the evaluation of conventional
and rapid methods for the examination of foods and environmental samples for O157
VTEC. (R5.2)

5.16 We recommend that the Government continues to support reference laboratory

facilities for 0157 VTEC and non-0157 VTEC, in order to maximise epidemiological
information. (R5.3)
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CHAPTER 6

VTEC IN FOOD AND PREVENTION AND CONTROL MEASURES

Introduction

6.1

Control and prevention of VTEC infection will ultimately depend on reducing the
numbers of VTEC in the whole food chain. Achievement of this goal will be greatly
helped by an increase in our understanding of the epidemiology, physiology and
pathogenicity of VTEC, and by the application of HACCP principles to food
production and storage. In this chapter the incidence, growth and survival
characteristics of VTEC in food are considered to form the basis for recommending
practical measures that can be taken by the food industry and consumers to minimise
the risk of VTEC infection.

Occurrence in food

6.2

6.3

6.4

6.3

6.6

The reported occurrence of VTEC, including E. celi O157:H7, in foods is shown in
Table 6.1. Undoubtedly, the variability in the reported occurrence is partly due to
differences in the sensitivity of the methods used (see Chapter 5).

In a study of raw beef products in the UK, VTEC was detected in 13-22% of
samples, and E. coli O157:H7 non-VT producing strains in 1.6% of samples."” In
another study in the UK no VTEC were detected in raw chicken, but 25% of samples
of raw pork sausage were found to be positive.™ Surveys done mainly in North
America have reported the detection of VTEC and E. coli O157 in a variety of raw
meats (Table 6.1).

A large survey of milk, dairy and associated samples in the UK failed to detect E.
coli O157. In this study a number of different detection methods were used, but the
efficiency of recovery was deemed to be poor using artificially-contaminated
samples.'”

Various foods have been implicated in several countries as potential vehicles in
incidents or outbreaks of VTEC infection (see Chapter 3). Such foods include minced
meal, burgers, roast beef, turkey roll, raw (unpasteurised) cows’ milk, yoghurt,
mayonnaise, fromage frais (made of raw goats’ and cows’ milk), vegetables,
“unfermented apple cider" (apple juice), water, milk from a heat-treated supply, and
cheese made from raw cows’ milk.

In the UK, 0157 VTEC was detected for the first time in food in 1993, using the
immunomagnetic separation (IMS) technique (see Chapter 5). A small outbreak in
England was associated with the consumption of raw cows’ milk, and 0157 VTEC
was isolated from a milk sample taken from the cow.? Later in 1993, 0157 VTEC
was isolated from a raw beefburger obtained from a retail source linked to a small
community outbreak in Wales."
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6.7

6.8

In Scotland, O157 VTEC was isolated for the first time in 1994, using an IMS
technique, from a heat-treated milk supply that was implicated in the largest
milkborne outbreak to date. The outbreak was associated with the consumption of
milk from a local dairy. Many environmental samples were taken in the dairy and
a pipe that carried milk from the pasteurisation apparatus to the bottling machine and
a discarded bottle machine rubber yielded 0157 VTEC indistinguishable from the
human isolates.*

In another Scottish outbreak of Q157 VTEC infection in 1994, cheese made from raw
cows' milk was shown to be the wvehicle of infection. However, surface
contamination of the cheese during storage, in the retail chain, or by symptomatic
cases could not be ruled out. Descriptive epidemiology supported such contamination
rather than a failure of the cheese-making process (personal communication Dr ]
Curnow, Grampian Health Board).

Factors affecting growth and survival in foods

6.9

6.10

VTEC may be present in raw foods, so an understanding of the factors affecting
growth, survival and elimination is essential for control. As E. celi O157:H7 appears
to have a low infectious dose (see Chapters 2 and 3), growth of the bacterium in food
may not be a prerequisite for disease. Therefore, its ability to survive in adverse
conditions may be significant. The majority of data available relates specifically to
E. coli O157:H7; other VTEC may not necessarily behave in the same manner.
From the currently available information, E. coli O157:H7 appears to grow, survive
and die in similar circumstances to other foodborne pathogens, with the possible
exception of its acid tolerance.

Within the UK Predictive Food Microbiology Programme (Food MicroModel), the
effects of temperature, pH, salt (sodium chloride) and carbon dioxide on the growth,
survival and thermal inactivation of E. celi O157:H7 have been studied and models
are available.'” The range of conditions for the models is given in Table 6.2.

Temperature

6.11

Growth rates increase with rising temperature through the chill to warm range, until
the optimum is reached. The optimum is reported to be 37°C and the maximum is
]
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Freezin

6.12

hil

6.13

Relatively little information is available on the effects of freezing on E. coli
O157:H7, but it has been reported that this bacterium survives freezing at -80°C in
ground beef patties, and that little change in numbers occurred during 9 months
storage at -20°C."™ In another study, only 9 of 23 previously positive samples were
viable after frozen storage for 1 year.'”™ As with other bacteria, the degree of injury
and death caused by freezing is likely to be dependent on the rate of freezing, the
temperature of frozen storage and the rate of thawing.

1]

It has been reported that growth may occur in laboratory media at 6.5-7.2°C when
other conditions are favourable for growth,”® ¥ and growth in foods has been
reported at temperatures as low as 8°C in "unfermented apple cider" (see para 3.44),
and at 12°C in lettuce."** '™ Whilst growth has not been reported at temperatures
below 6.5°C, this bacterium may survive at such temperatures for considerable
periods. Good refrigeration below 5°C will prevent growth of E. celi O157:H7.
Under adverse pH and salt conditions that do not permit growth, chill storage may
enhance the opportunity for survival.'”

High temperatures

6.14

6.15

6.16

The effects of temperature, pH and salt (sodium chloride) on the heat resistance of
E. coli O157:H7 may be predicted using Food MicroModel '¥’ (Table 6.2). In
general, the heat resistance of bacteria is affected by the interaction of temperature,
pH and salt. A study was made of the heat resistance of E. coli O157:H7 in pork and
chicken homogenate over the temperature range 54-64°C.'""" The highest D-value
obtained in chicken homogenate at 64°C was 0.46 minutes; the z-value was 7.3°C.

In a Canadian study, the pasteurisation of milk’ (72°C for 16.2 seconds) has been
reported to eliminate over 10,000 E. coli O157:H7 per ml."** Although E. coli
0157:H7 grew during manufacture of cottage cheese, it was destroyed by the
processing temperatures used to cook the curd (57°C for 90 minutes)."’

As with other bacteria, the reported heat resistance of E. celi O157:H7 may be
affected by a number of factors and the heat process may have to be designed
accordingly. The heat resistance may be increased if the bacterium is grown
anaerobically rather than aerobically.'™ It was established that VTEC strains were
more resistant to heat when they were in the stationary phase (i.e. at the end of their
rapid growth phase).'* In common with most bacteria, the heat resistance in foods
is often greater than in media. Furthermore, it was reported that resistance was
greater in fatty rather than lean beef."" Within the UK Predictive Food Microbiology
Programme, it has been noted that the type of humectant may affect the heat

“In the UK the pasteurisation of milk requires 71.7°C for 15 seconds or equivalent time/temperature
combinations.
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resistance, with E. coli O157:H7 being more resistant in sugar solution rather than
in salt solution at the same water activity value. Finally, heat shocking of E. coli
0157:H7 (i.e. prior exposure to mild heat) at 42°C for 5 minutes has been reported
to increase the subsequent heat resistance at 55°C by a factor of 1.5 t0 2.1."** From
the available information, it may be concluded that heat resistance of E. coli O157:H7
is similar to that of Salmonella.

Water activity

6.17

Little published information is available on the effects of water activity or humectants
on the growth of VTEC. A study showed that E. coli O157:H7 grows well at sodium
chloride concentrations up to 2.5% w/v and may grow at 6.5% w/v (A,
approximately 0.97) when other factors are favourable for growth."' Sodium
chloride concentrations in excess of 8.5% w/v inhibit growth. The growth of E. coli
O157:H7 was inhibited at sodium chloride concentrations of 8% w/v and above at
37°C, but by 4-6% w/v at 10°C depending upon growth medium."? The effect of
other humectants (e.g. sugars) on the growth of VTEC is less clear at this time.

Acid tolerance

6.18

6.19

6.20

An early indication of the significance of the acid tolerance of these organisms
occurred in 1991, when a case control study demonstrated a strong epidemiological
association between locally produced live yoghurt and infection.*®* Further evidence
came in 1993 from an outbreak of HC in the US, that was attributable to the
consumption of "unfermented apple cider” a product equivalent to unprocessed apple
juice in the UK. It has subsequently been shown that E. coli Q157:H7 could be
recovered from inoculated, "unfermented apple cider” (apple juice) for up to 2 or 3
days when stored at 25°C, but for up to 31 days when stored at 8°C.'"® Enhanced
survival in acid conditions at low temperatures (8°C), compared with room
temperature, has also been claimed with mayonnaise (pH 3.8) in the US where there
was an outbreak associated with the product.™ ™

The minimum pH for growth is considered to be pH 4.5 (using hydrochloric acid)
when other conditions are favourable.'! Under less favourable conditions, reduced
temperature or decreased water aclivity, the minimum pH for growth may be higher
(i.e. less acidic). The minimum pH is also affected by the type of acid present.
Acetic acid was found to be more inhibitory than lactic acid and both were more
effective than hydrochloric acid.”™ This has also been reported for other pathogens
such as Salmonella.

As the pH of a product decreases (i.e. it becomes more acidic), the rate of
inactivation of E. coli O157:H7 increases."* The fermentation processes applied to
many cultured products cannot guarantee the elimination of E. coli O157:H7 from
foods and additional controls may be necessary."™ ! Overall, this bacterium is able
to tolerate acidic conditions better than Salmonella.'
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Gamma irradiation

6.21

Studies on the effects of irradiation on E. celi O157:H7 in mechanically de-boned
chicken meat and minced beef revealed a complex interaction between temperature,
atmosphere and irradiation dose, but have led to the conclusion that a moderate dose
of 1.5-2.5 kGy would be adequate to eliminate this organism from finely minced
meats_l-i-i. (£

Other factors

6.22

6.23

6.24

Although there is little information available about the effect of chemical
preservatives, sorbate and benzoate have been shown to be capable of limiting growth
of E. coli O157:H7 and in some cases may increase the rate of non-thermal
inactivation.'® " The effectiveness of these preservatives is highly dependent on the
pH of the food, temperature of storage and salt content.

There is scant information in the public domain on the effectiveness of food grade
detergents and sanitisers on freely suspended and attached E. coli O157:H7 in food
environments. This bacterium has been isolated from food contact surfaces.*®

Aerobic storage tends to enhance growth of E. coli OI5ST:H7 compared with
anaerobic conditions, but the differences are generally minimal, indicating that this
bacterium is well adapted to bqth situations.'® Modified atmosphere packaging of E.
coli O157:H7 under conditions typical of fresh vegetable produce had little effect on
the growth or survival characteristics of this bacterium."™

Prevention and control of VTEC in foods

6.25

The fail-safe option for the control of VTEC in foods is to accept that these
organisms may be present on or in a low percentage of raw meats including
mechanically recovered meat, raw milk and raw vegetables despite efforts to prevent
this happening. The prevention of disease caused by the organisms must be assured
by the good hygiene and manufacturing practices of the primary producers,
manufacturers, retailers, food service establishments and consumers. Many of the
following paragraphs reiterate comments made in our Interim Report on
Campylobacter which are also relevant to VTEC.'"

HACCP

6.26

The Hazard Analysis Critical Control Point (HACCP) system is well established as
one of the best means of ensuring the safety of foods."™ '*!- %1% The application of
this type of system, therefore, will provide a structured approach to the prevention
or limitation of the occurrence of VTEC in the food supply.



6.27

6.28

Knowledge of the occurrence, growth and survival characteristics of organisms in
food can be used to analyse the potential hazards in an operation and to decide which
are critical to consumer safety. These Critical Control Points (CCPs) are monitored
and remedial action is taken if conditions at the CCP approach defined limits, In the
UK, a HACCP based approach to the control of hazards in foods has been promoted
by Government and adopted by many sectors of the industry. The Government
published a leaflet entitled "Practical Food Safety for Businesses" in 1991, which was
sent to environmental health departments for dissemination to food businesses in the
UK. The leaflet was designed as an introduction to HACCP principles and how to
adopt them.

One of the strengths of the HACCP approach is that it can be applied throughout the
whole food chain, from the primary production and purchase of raw materials to the
serving of the food for final consumption. Although there are a number of sectors
in the food chain, there are only a few types of operation involved: primary purchase,
production, manufacture, storage, cooking and cooling. The preventative measures
that need to be taken during these operations to eliminate or reduce VTEC apply
equally to businesses and consumers as appropriate and each party has a responsibility
to ensure that they are implemented appropriately.

Raw materials

6.29

6.30

One major objective should be to eliminate, or reduce, the levels of VTEC in raw
materials as much as possible. This will reduce the risk of these micro-organisms
being present in food in sufficient numbers to infect consumers should the production
processes be inadequate to eliminate them.

If VTEC are present on any raw material, then they must be eliminated at some point
in the production process, otherwise they present a hazard when the food is
consumed. The typical control options open to the food industry at purchase are for
buyers to undertake hygiene inspections of the supplier’s premises and establish raw
material specifications, which will help ensure the quality of the raw material.

- Raw beefburgers and other minced mear products

6.31

The US Government has recently introduced the mandatory labelling of raw meat
products, with written and pictorial instructions for the consumer on safe handling,
cooking and storage (See A.3.3.20). As the mincing process allows any organisms
that might be present on the surface of the raw meat to be distributed throughout the
product, beefburgers and other minced meat products pose a greater hazard than intact
joints of meat. Instructions on labels could help to ensure correct cooking of raw
minced beef and minced beef products in the UK (e.g. beefburgers and sausages), an
important CCP for the safe preparation of these foods. As the Government's ability
to prescribe labelling is limited by EU law, industry could introduce voluntary
labelling.  This would accord with industry’s general obligation to provide
instructions necessary for the use of pre-packed food.
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6.32

Vendors (i.e. manufacturers, retailers and wholesalers) of raw beefburgers have the
responsibility of ensuring that the minced meat has come from a reputable source and
has been handled in a hygienic manner. This should include correct temperature
control to prevent growth of VTEC and measures to prevent cross-contamination.
This applies equally well to frozen and to chilled beefburgers.

- Raw (unpasteurised) milk and associated products

6.33

6.34

6.35

A number of outbreaks of E. coli O157:H7 in the UK and North America have been
associated with the consumption of raw cows’ milk (see Chapter 3). Outbreaks of
infection caused by Campylobacter and Salmonella have also been associated with the
consumption of raw cows’' milk."™ The Government has twice in recent years
proposed that pasteurisation of cows’ milk should be obligatory. This proposal has
not been implemented because public consultation showed a strong consumer demand
for raw cows' milk among a section of the population. However, the Government
has introduced various controls which have restricted the availability and consumption
of raw cows’ milk. One of these controls is that raw cows’ milk must be labelled:
"This milk has not been heat-treated and may therefore contain organisms harmful to
health".

It is clear that raw cows’ milk may transmit O157 VTEC in addition to other
pathogens, and because VTEC had not been found in raw cows’ milk in the UK when
the Government last considered banning its sale, we have decided to recommend that
the Government should reconsider its position. Our decision was influenced by:

a) two outbreaks of 0157 VTEC disease in the UK associated with raw or
contaminated pasteurised cows’ milk (see Chapter 3);

b) the severity of the illness (see Chapter 2);
c) the low infectious dose of 0157 VTEC (see Chapters 2 and 3);

d) the fact that raw cows’ milk could be consumed by vulnerable groups
including children; and

e) the fact that raw cows’ milk is consumed without any further processing to
eliminate the organism.

We understand that cream made from raw cows’ milk may be sold at farmgate and
in retail outlets in England, Wales and Northern Ireland. It must, however, come
from an approved establishment and the words: "made from raw milk" must appear
on the label. Although there is no direct evidence as yet linking this product to
VTEC infection, we do not consider that the separation process involved in the
production of cream would necessarily remove any O157 VTEC if present in the
original raw cows' milk. We consider that cream made from raw cows’ milk should
be subject to the same regulations as raw cows’ milk (see Appendix 5 for information
on EC and UK legislation on unpasteurised cows’ milk and cream).

71



6.36

We considered cheeses made from raw milk and concluded that, as for cream made
from raw milk, there is no direct evidence as yet linking them to VTEC infection in
the UK, although in an outbreak of 0157 VTEC infection in Scotland in 1994, cheese
made from raw cows’ milk was shown to be the vehicle of infection (see paragraph
6.8). However, we note that VTEC is relatively acid tolerant (see paragraphs 6.18-
6.20) and we are satisfied that the acidification that occurs during the cheese making
process cannot be relied upon to kill VTEC. In the meantime, more information is
needed on the occurrence of VTEC in cheeses made from raw milk, and consumers
should be informed when a cheese is made from raw milk.

Storage of raw materials, intermediate and finished goods

6.37 The conditions of storage for raw materials, intermediate and finished goods, should
be such as to prevent contamination of the materials with VTEC and other pathogens.
Storage times and temperatures should ensure that growth does not occur.

Heating

6.38 Heating is one operation that can be used to eliminate VTEC consistently and as such
is one of the major CCPs in the food chain. Current experience suggests that, as far
as food is concerned, minced beef and milk seem to be the most common vehicles for
VTEC infection. Both of these commodities rely on heating as their main CCP.

6.39 It is important that heating equipment, including microwave ovens, must be capable

of consistently achieving an effective time/temperature combination in every part of
the food. The cooking process must be monitored and remedial action taken if the
time/temperature combination is not achieved. Further details are given in the leaflet
"Safer Cooked Meat Production Guidelines",'* and for consumers, in the "Cooking
Food" section of the Foodsense Food Safety Leaflet.'

- Pasteurised milk

6.40

There is a well established Critical Control Point (CCP) for milk processing in the
pasteurisation processes which are clearly defined in existing legislation. By applying
HACCP principles to milk pasteurisation plants and ensuring adherence to well
recognised good manufacturing practices, pasteurised milk should pose no threat to
human health """ (see also paragraphs 6.7 and 6.58).

- Beefburgers - thermal death of VTEC

6.41

A considerable amount of research has shown that VTEC are similar to other
vegetative pathogens in their sensitivity to destruction by heat in a variety of
circumstances (see paragraphs 6.14-6.16). However, recognising the critical
importance of cooking of beefburgers to eliminate VTEC, MAFF commissioned
research at the Campden and Chorleywood Food Research Association (CCFRA) to
investigate the way that heat destroys the organism if it is present in beefburgers.



6.42

6.43

Two strains of VTEC associated with human infection in the UK were inoculated at
various levels into a range of minced beefburgers which were then heated to a variety
of temperatures chosen to reflect those generally used in catering or in the home.
From these experiments, the thermal death kinetics of VTEC in beefburgers were
determined using standard microbiological methods. The standard way of expressing
the heat sensitivity of an organism is to calculate the 6D-value, which is the
combination of time and temperature needed to eliminate 1,000,000 cells per gram
of food. The results so far indicate that the 6D-value for VTEC in beefburgers is
equivalent to 70°C for 2 minutes. This appears to eliminate VTEC. Equivalent
values to 70°C for 2 minutes are shown in Table 6.3. These values are greater than
the USDA Regulations published in 1993 which were supported by the FDA Food
Code published early in 1994 1°7 1

The CCFRA study showed also that at 70°C for 2 minutes or equivalent values, the
juices of the burger ran clear and there were no pink bits inside. This is in line with
the Chief Medical Officer’s advice in 1991 that beefburgers should be cooked until
the juices run clear, and there are no pink bits inside. However, it must be stressed
that the burgers used in the study contained only beef and that burgers containing
other ingredients such as cured meats might not turn brown during cooking. Given
that this visual assessment of cooking is often the only practical check available to
caterers and consumers that the burgers have been adequately cooked, more research
is needed to ascertain the factors affecting the colour of beefburgers of all types under
all normal conditions of cooking and handling. For example, a recent study has
found that the colour of the meat in beefburgers is not always a reliable indicator of
safe cooking.'” It should be stressed that this advice is meant to apply only to
minced meat products such as beefburgers and is not intended to apply to whole joints
of meat, as VTEC would not be expected to be present in the centre of intact joints
of meat.

- Beefburgers - rerailers

6.44

Vendors of raw beefburgers should ensure that the burger is supplied with cooking
instructions adequate to destroy VTEC by the time and temperature equivalents
printed in Table 6.3 and/or the instructions "cook thoroughly until the juices run clear
and there are no pink bits inside". Cooking instructions should take into account
factors such as whether the burger is frozen or chilled, the thickness and formulation
of the burger and the prescribed method of cooking. Purchasers of raw beefburgers
should, as far as is practicable, ascertain that the above conditions have been met.
They should also ensure that the product is stored at the appropriate temperature in
such a way that it is protected from cross-contamination, and that it cannot cross-
contaminate other foods, particularly ready-to-eat foods such as lettuce, other salad
vegetables and mayonnaise. Consumers should follow the cooking instructions
provided by the vendor.
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- Beefburgers - caterers

6.45

6.46

Vendors of cooked beefburgers (i.e. caterers) should ensure that the burger has been
cooked according to the instructions given in section 6.44. They should consider the
potential for undercooked burgers to cause VTEC associated disease and should not
provide customers with undercooked burgers, or if specifically requested to do so,
should remind the customer of the potential hazard. Consumers should ensure that
the burgers they purchase are cooked thoroughly by checking that they are brown
throughout and that the juices, if any, run clear. Consumers should also avoid
premises where cooked and raw meat are not separated, and where assistants are seen
to handle raw food and then touch cooked food without washing their hands
thoroughly in-between. Consumers should inform their local Environmental Health
Department when these unhygienic practices are encountered. Consumers should
follow the advice given in the "Shopping for Food" section of the Foodsense Food
Safety Leaflet.'*

Persons preparing instructions for the cooking of beefburgers or cooking beefburgers
must pay particular attention to the following factors:

- The formulation of the beefburger (if known) - Different ingredients may
affect the final colour of the product. For example, the inclusion of cured
meats or curing salts might result in a burger that remains pink in the middle,
even after prolonged cooking.

- The thickness of the burger - Thicker burgers may require longer cooking than
thinner burgers to ensure that they are properly cooked throughout.

- Defrosting - It is vital to ensure that frozen beefburgers are properly defrosted
prior to cooking or that if they are intended to be cooked from frozen, then
the cooking instructions take this into account. This is particularly important
in catering situations. For example, a recent (unpublished) survey conducted
by 6 local authority Environmental Health Departments (in southwest London)
found that out of 150 catering premises surveyed, 142 (95%) purchased raw
burgers in the frozen state. Of these 142 businesses, 77 (54%) fully defrosted
burgers before cooking them, 27 (19%) partially defrosted the burgers before
cooking them, while the remaining 38 (27%) cooked them from frozen. It is
particularly important, therefore, that catering operations are set up in such a
way that a sudden rush of customers does not result in frozen beefburgers
being cooked in an operation designed to work with partially or fully defrosted
burgers, otherwise not all the burgers may be adequately cooked.

- Merhods of cooking

6.47

During our visits to caterers and manufacturers of beefburgers, we observed a number
of different techniques in use for cooking burgers. Regardless of the technique used,
it is critical that the operation can consistently achieve 70°C for 2 minutes or

equivalent in all parts of every burger.
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- Monitoring of cooking

6.48 Given that cooking is so critical to consumer safety, we believe that the cooking
process must be monitored and remedial action taken if the burgers are not properly
cooked. The monitoring can be as simple as checking that the juices run clear, or it
may involve measuring the centre temperature of the burger. Either way, if the
correct cook is not achieved, then the burger should either be cooked further or
discarded and the cooking process re-evaluated. If temperature probes are used then
they must be properly and regularly maintained and calibrated.

Cross-contamination

6.49  As a consequence of the low infectious dose of E. coli 0157:H7, cross-contamination
is a major concern. Although there are many ways in which cross-contamination can
occur, it falls into two broad categories: direct and indirect. Direct cross-
contamination is where the cause of the contamination directly contacts the food, e.g.
a piece of raw meat touching a ready-to-eat food. Indirect cross-contamination is
where the transfer of micro-organisms is via another material such as a knife or a
dishcloth. Indirect cross-contamination can sometimes occur via a chain of events,
such as raw meat to chopping board, chopping board to dishcloth, dishcloth to plate,
plate to food. The potential for cross-contamination of both domestic and industrial
equipment emphasises the need for regular and thorough cleaning.

6.50 General advice on avoiding cross-contamination is available from a number of sources
such as the "Safer Cooked Meat Production Guidelines",'™ "Guidelines on Cook-Chill
and Cook-Freeze Catering Systems", '™ " Assured Safe Catering",'* and for consumers
from "Food Safety".'”™ Common guidance for industry, much of which applies
equally to the avoidance of cross-contamination in the domestic kitchen, was outlined
in the ACMSF report on Campylobacter ' which is also relevant to VTEC, as
follows:

Raw foods must be handled in a separate area from cooked foods unless their
processing is separated by time and the area effectively cleaned in between;

Hands should be washed before any food is handled and especially after
handling raw meat;

Separate utensils, including thermometer probes, should be used for cooked
and raw foods (the same utensils can be used if effectively cleaned in
between);

All cleaning equipment, including dishcloths and kitchen towels, should be
sanitised thoroughly before using in areas in which cooked foods will be
handled;

- Raw foods, used utensils or surfaces likely to cause contamination, should
never be allowed to come into contact with cooked foods;
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- Where possible, separate staff should be used in high risk/high care (cooked
foods) and low risk/low care (raw foods) areas:

- Separate refrigerators should be used for cooked and raw foods. If this is not
possible then raw foods should not be stored above cooked foods; and

- Only potable water should be used for processing foods and for cleaning.

Food hygiene training and information

6.51

As it is unlikely that the numbers of VTEC entering the food chain will ever be
reduced to zero, possible sources of infection will continue to be present in the
commercial and domestic kitchen. VTEC infections could be significantly reduced
if there was a better understanding of the need to avoid cross-contamination and to
cook food properly in order to kill any organisms that may be present. Broadly the
advice that we would offer to the two primary groups involved are:

(1) Commercial food handlers - Focus training on methods for the safe and
hygienic handling of food. The Draft Food Safety (General Food Hygiene)
Regulations 1994 include a broad requirement for food businesses to
supervise, instruct and/or train their staff in food hygiene in a way
commensurate with their tasks in the preparation or handling of food.

(i)  Consumers - Maintain chill temperatures, proper storage, adequate cooking
and the hygienic preparation of foods. A large volume of food safety
information is available to the public, much of which has been provided by the
major supermarket chains in the form of booklets. The Government has also
produced a series of "Foodsense" leaflets.'” Thorough cooking and the
avoidance of cross-contamination are of particular importance in avoiding
infection by VTEC, and particular attention should be directed towards
informing consumers of these matters.

Conclusions

6.52

6.53

6.54

6.55

6.56

E. coli O157:H7 survives well in frozen storage and freezing cannot be relied upon
to kill the bacterial cells. (C6.1)

Although the heat resistance of E. coli O157:H7 is similar to Salmonella, additional
information on the heat resistance of E. coli O157:H7 is required to provide definitive
process recommendations for all relevant foods. (C6.2)

The ability of E. coli O157:HT7 to tolerate acidic conditions appears to be greater than
that of Salmonella. (C6.3)

The use of irradiation could be an effective measure to control VTEC. (C6.4)

HACCP is a well-established system for industry to identify and control potential
contamination by VTEC. (C6.5)
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6.57

6.58

6.59

6.60

6.61

6.62

Outbreaks of E. coli O157:H7 associated with the consumption of raw cows’ milk
have resulted in severe illness and occasionally deaths in young children and the
elderly. (C6.6)

VTEC contamination in pasteurised milk supply has occurred and could follow either
a breakdown in good hygiene practices or post-pasteurisation contamination or a
failure in the pasteurisation process. (C6.7)

The extent of contamination of raw meats, raw cows’ milk, cream made from raw
cows' milk, and cheese made from raw milk from cows and other species is
unknown. (C6.8)

There is a need for more research into the survival of VTEC in the food processing
environment and methods for its control, (C6.9)

The effect of differences in the formulation of beefburgers may affect the colour
changes in the meat during heating. (C6.10)

It is important that consumers are clearly informed of the recommended practices for
handling and cooking of raw minced meat and minced meat products including
beetburgers. (C6.11)

Recommendations

6.63

6.64

6.65

6.66

6.67

6.68

We recommend that all relevant sectors of the food industry adopt a HACCP-based
approach to prevent survival of or contamination by VTEC. (R6.1)

We strongly urge the Government to reconsider its position concerning a ban on the
sale of raw cows' milk in England, Wales and Northern Ireland. In the meantime,
vulnerable groups in particular should be advised by the Government's Chief Medical
Officer not to consume it, and the labelling of raw cows’ milk should be altered
accordingly. (R6.2)

We recommend that industry ensures that the pasteurisation of milk and milk products
is carefully controlled and that post-pasteurisation contamination is avoided. (R6.3)

We recommend that industry label cheese made from raw milk from cows and other
species so that consumers can identify it. (R6.4)

We recommend that industry label raw minced beef and minced beef products with
appropriate handling and cooking instructions. (R6.5)

We endorse the Chief Medical Officer's advice that burgers should be cooked until
the juices run clear, and there are no pink bits inside. This advice should be
reconsidered when results of the research recommended into the relationship between
the formulation and colour of cooked minced meat products, the colour of juices, and
the temperature achieved and the survival of VTEC are available. (R6.6)
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6.69

6.70

6.71

6.72

We endorse the Government's advice to cook minced beef and minced beef products
including beefburgers to a minimum internal temperature of 70°C for 2 minutes or
equivalent. This advice should be reviewed when the results of the relevant research
mentioned in R6.10 are known. (R6.7)

We recommend that industry should ensure that the cooking instructions supplied with
beefburgers should be capable of achieving an internal temperature of 70°C for 2
mins (or equivalent), so that the burger's juices run clear, and there are no pink bits
inside. This advice should be reviewed when the results of the relevant research
mentioned in R6.10 are known, (R6.8)

We recommend that persons preparing instructions for the cooking of beefburgers or
cooking beefburgers must pay particular attention to the formulation of the burger,
its thickness; the methods of defrosting and cooking used, and should monitor the
cooking process, taking remedial action when necessary. (R6.9)

We recommend that the Government and industry fund research and surveillance
into:-

- the prevalence of 0157 VTEC in raw meats, raw cows’ milk, cream made
from raw cows' milk, and raw milk cheeses;

- the nature and extent of the acid resistance of VTEC;
- the relationship between the formulation and colour of cooked minced meat
products, the colour of juices, and the temperature achieved and the survival

of VTEC: and

- the effect of sanitisers/disinfectants on the survival of VTEC. (R6.10)
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CHAPTER 7

CONCLUSIONS AND RECOMMENDATIONS

Chapter 2: Clinical Spectrum and Disease

Conclusions

C2.1

c2.2

C2.3

C2.4

C2.5

VTEC infection in man may arise from ingestion of a small number of organisms.
The most common presentation of symptomatic VTEC infection is diarrhoea, which
may be bloody (HC) in approximately 50% of patients. (2.20)

A small proportion (2-15%) of those with VTEC infection may develop haemolytic
uraemic syndrome (HUS); this progression is most likely to occur in children under
3 years and the elderly. Deaths, though rare, are more often seen in adults with
VTEC related illness than in other age groups. (2.21)

The efficacy of antibiotic treatment in modifying the disease is unclear. (2.22)

Damage to vascular endothelial cells in many tissues by VTs is an important
consequence of VTEC infection. (2.23)

The attachment to intestinal cells by most, but not all, VTEC strains is likely to be
mediated by specific adhesins (which have yet to be determined); attachment is
followed by tissue damage. (2.24)

Recommendations

R2.1

R2.2

We recommend that all those involved in managing outbreaks make use of the
available guidance on the public health measures to control VTEC infection. (2.25)

We recommend that the Government should consider funding research in the
following areas:

- factors affecting the outcome of VTEC diarrhoeal illness, including the role
of protective factors (age, sex, blood group) in progression to HUS;

- effectiveness of clinical intervention in treating cases of VTEC infection and
HUS; in particular, more needs to be known about the efficacy of antibiotics
in affecting carriage, spread of infection and outcome of infection;

characterisation of the adhesins of VTEC strains, including the minority that
do not produce the characteristic (attaching and effacing) lesions;

- in vitro methods for demonstration and detection of pathogenicity determinants
to aid laboratory diagnosis; and



- the relationship between VTEC diversity in VT and adhesin production and
clinical disease. (2.26)

Chapter 3: Epidemiology of VITEC Infections in Humans

Conclusions

C3.1

C3.2

C3.3

Incompleteness of the available data on the incidence of HUS over time makes it
difficult to assess if HUS caused by E. coli 0157 is increasing, decreasing or
remaining steady. (3.63)

Even though the surveillance system in the UK is more comprehensive than
comparative systems in the US and elsewhere in Europe, different criteria are used
by laboratories to decide when to examine stools for E. coli O157. It is therefore
difficult to state categorically if the increase in isolates is due to an increase in
infection rate or an increase in ascertainment. Results of the laboratory diagnosis
survey suggest an increase in ascertainment has occurred since 1989, Given that
approximately half of patients do not present with bloody diarrhoea (paragraph 2.2),
the presence of blood in the stools is not a logical selection criterion for the
examination for O157 VTEC, and more effective surveillance of human infection will
not be possible unless diagnostic/clinical laboratories examine all diarrhoeal stool
specimens for E. coli O157. (3.64)

There is incomplete information on sources, routes of transmission and socio-
economic costs associated with O157 VTEC infection, and even less about non-O157
VTEC. (3.65)

Recommendations

R3.1

We recommend that the Government ensures that relevant clinical groups set up
national prospective surveillance studies of HC, HUS and TTP in all age groups.
(3.66)

We recommend that all clinical laboratories routinely examine all diarrhoeal stool
specimens for E. coli 0157. (3.67)

We recommend that the Government, in association with PHLS and Health
Authorities, ensures that during outbreaks, case-control studies are undertaken to
provide up-to-date knowledge about sources, routes of transmission, risk factors, and
socio-economic costs associated with VTEC infection in the UK. (3.68)

Chapter 4: VTEC in Animals

Conclusions

C4.1

Verocytotoxin producing strains of E. coli are known to be a cause of enteric
disease, especially in pigs and cattle. (4.31)
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C4.2

C4.3

C4.4

C4.5

C4.6

C4.7

R4.1

R4.2

The recovery of Verocytotoxin producing strains of E. coli other than E. coli
(0157:H7 from the gastro-intestinal tracts of healthy agricultural livestock and from
a range of foods of animal origin, indicates that farm animals can act as a reservoir
of human infection. However, the contribution non-O157 YTEC make to human
food-borne disease remains unclear pending detailed studies to assess which strains
possess the factors necessary for human virulence. (4.32)

E. coli O157:H7 is known to occur in agricultural livestock, often without causing
disease. The epidemiology of E. celi O157:H7 infection in cattle is poorly
understood as are the factors associated with its occurrence. There is evidence that
infection may be transitory. (4.33)

E. coli O157:H7 has been recovered from the carcase surfaces of cattle slaughtered
in the UK and North America, and undercooked minced beef and milk are considered
to be potential sources of human infection. (4.34)

Even under the best hygienic conditions achievable, it is probably impossible to
ensure that animal carcases are totally free of micro-organisms, most of which will
comprise non-pathogenic spoilage organisms. Nevertheless, all possible measures
should be taken to minimise the extent and level of microbiological contamination of
carcases. (4.35)

We endorse the views expressed by the Richmond Committee on the need for all
those involved in the early stages of the red meat production chain to pass on a
product in which microbiological contamination is kept to a practical minimum and
that high standards of hygiene can be achieved in red meat production if all concerned
are fully aware of the microbiological risks and the steps that can be taken to
minimise them. (4.36)

We welcome the SGMSF’s national survey of E. coli O157:H7 contamination on beef
carcases leaving abattoirs in the UK. (4.37)

Recommendations

We further endorse the Richmond Committee’s recommendation that a dedicated
programme of training and continuing in-job development is required in order to
create an expert cadre of staff committed to high standards of hygienic slaughterhouse
practice. (4.38)

We recommend that Government funds research in the following areas:

to establish the incidence/prevalence of E. coli 0157:H7 in UK cattle/cattle
herds and other agricultural livestock;

to improve understanding of the epidemiology of E. coli O157:H7 infections

in agricultural livestock and identify the husbandry and other factors
contributing to herd infection and control; and
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- the effectiveness of processing aids, such as carcase washes, in further
reducing the microbiological load on carcases. (4.39)

Chapter 5: Laboratory Methods for the Detection of VIEC in Clinical
Samples and Food

Conclusions

C5.1 Solid media with improved selectivity for the isolation of 0157 VTEC have been
described.  Sorbitol-fermenting Q157 VTEC strains such as those reported in
Germany would not be detected. (5.9)

C5.2 Most laboratories only test for O157 VTEC as tests able to detect all VTEC are not
suitable for clinical laboratories. The clinical and epidemiological importance of non-
0157 VTEC cannot be fully assessed at present. (5.10)

C5.3 VTEC isolates should be sent to a reference laboratory for confirmation and sub-
typing in order to maximise epidemiological information. (5.11)

C5.4 Tests for antibodies to E. coli O157 LPS can often provide evidence of infection
when culture methods are negative and particularly late in the disease. (5.12)

C5.5 Methods for the isolation of O157 VTEC from foods and environmental samples need
to be able to detect very low levels, and also to be suitable for use in the food
industry. Significant improvements have resulted from use of liquid enrichment and
development of methods such as immunomagnetic separation for E. coli 0157. (5.13)

Recommendations
R5.1 We recommend that the Government funds research into the following areas:
- the development and evaluation of different solid media for 0157 VTEC;

- rapid methods to detect VTEC of all serogroups and Verocytotoxin in food
and clinical matenal; and

> the development of methods for improved sub-typing of VTEC and
particularly 0157 VTEC. (5.14)

R5.2 We recommend that the Government and industry fund the evaluation of conventional
and rapid methods for the examination of foods and environmental samples for 0157
VTEC. (5.15)

R5.3 We recommend that the Government continues to support reference laboratory

facilities for 0157 VTEC and non-0157 VTEC, in order to maximise epidemiological
information. (5.16)
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Chapter 6: VTEC in Food and Prevention and Control Measures

Conclusions

Cé.1

C6.2

Cé6.3

C6.4

C6.5

C6.6

C6.7

C6.8

C6.9

E. coli O157:H7 survives well in frozen storage and freezing cannot be relied upon
to kill the bacterial cells. (6.52)

Although the heat resistance of E. coli O157:H7 is similar to Salmonella, additional
information on the heat resistance of E. coli O157:H7 is required to provide definitive
process recommendations for all relevant foods. (6.53)

The ability of E. coli O157:H7 to tolerate acidic conditions appears to be greater than
that of Salmonella. (6.54)

The use of irradiation could be an effective measure to control VTEC. (6.55)

HACCP is a well-established system for industry to identify and control potential
contamination by VTEC. (6.56)

Outbreaks of E. coli 0157:H7 associated with the consumption of raw cows’ milk
have resulted in severe illness and occasionally deaths in young children and the
elderly. (6.57)

VTEC contamination in pasteurised milk supply has occurred and could follow either
a breakdown in good hygiene practices or post-pasteurisation contamination or a
failure in the pasteurisation process. (6.58)

The extent of contamination of raw meats, raw cows’ milk, cream made from raw
cows’ milk, and cheese made from raw milk from cows and other species is
unknown. (6.59)

There is a need for more research into the survival of VTEC in the food process
environment and methods for its control. (6.60)

C6.10 The effect of differences in the formulation of beefburgers may affect the colour

changes in the meat during heating. (6.61)

C6.11 It is important that consumers are clearly informed of the recommended practices for

handling and cooking of raw minced meat and minced meat products including
beefburgers. (6.62)
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Recommendations

R6.1

R6.2

R6.3

R6.4

R6.6

R6.7

R6.8

R6.9

We recommend that all relevant sectors of the food industry adopt a HACCP-based
approach to prevent survival of or contamination by VTEC. (6.63)

We strongly urge the Government to reconsider its position concerning a ban on the
sale of raw cows' milk in England, Wales and Northern Ireland. In the meantime,
vulnerable groups in particular should be advised by the Government's Chief Medical
Officer not to consume it, and the labelling of raw cows’ milk should be altered
accordingly. (6.64)

We recommend that industry ensures that the pasteurisation of milk and milk products
is carefully controlled and that post-pasteurisation contamination is avoided. (6.65)

We recommend that industry label cheese made from raw milk from cows and other
species so that consumers can identify it. (6.66)

We recommend that industry label raw minced beef and minced beef products with
appropriate handling and cooking instructions. (6.67)

We endorse the Chief Medical Officer’s advice that burgers should be cooked until
the juices run clear, and there are no pink bits inside. This advice should be
reconsidered when results of the research recommended into the relationship between
the formulation and colour of cooked minced meat products, the colour of juices, and
the temperature achieved and the survival of VTEC are available. (6.68)

We endorse the Government's advice to cook minced beef and minced beef products
including beefburgers to a minimum internal temperature of 70°C for 2 minutes or
equivalent. This advice should be reviewed when the results of the relevant research
mentioned in R6.10 are known. (6.69)

We recommend that industry should ensure that the cooking instructions supplied with
beefburgers should be capable of achieving an internal temperature of 70°C for 2
minutes (or equivalent), so that the burger’s juices run clear, and there are no pink
bits inside. This advice should be reviewed when the results of the relevant research
mentioned in R6.10 are known. (6.70)

We recommend that persons preparing instructions for the cooking of beefburgers or
cooking beefburgers must pay particular attention to the formulation of the burger;
its thickness; the methods of defrosting and cooking used, and should monitor the
cooking process, taking remedial action when necessary. (6.71)

R6.10 We recommend that the Government and industry fund research and surveillance

into:-

- the prevalence of Q157 VTEC in raw meats, raw cows’ milk, cream made
from raw cows' milk and raw milk cheeses;,
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GLOSSARY

This glossary is intended as an aid to the reading of the main text and is not intended to be
definitive.

AETIOLOGY
The study of the causation of disease.

AGGLUTINATION
The clumping together of antigens by antibodies so that a visible agglutinate is formed.

ANAEMIA
The lack of red cells, or of their haemoglobin (the oxygen-carrying substance) in blood.

ANAEROBICALLY
In the absence or near absence of oxygen.

ANTIBODY

A protein formed in direct response to the introduction into an individual of an antigen.
Antibodies can combine with their specific antigens e.g. to neutralise toxins or destroy
bacteria.

ANTIGEN
A substance which elicits an immune response when introduced into an individual.

ANTISERUM
A solution which contains antibodies.

ASYMPTOMATIC INFECTION
An infection with a micro-organism where the person infected does not suffer any resulting
symptoms or disease.

BACTERICIDAL
Able to kill at least some types of bacteria.

BACTERIOPHAGE TYPING
A method for distinguishing varieties of bacteria ("phage types) within a particular species
on the basis of their susceptibilities to a range of bacteriophages (bacterial viruses).

BACTERIUM
A microscopic organism with a rigid cell wall; often unicellular and multiplying by splitting
in two.

BIOTYPING
A method for distinguishing varieties of bacteria by metabolic and/or physiological
properties.

CASE
A person in the population identified as having a particular disease.
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CASE-CONTROL STUDY

An epidemiological study in which the characteristics of persons with disease (e.g. their food
histories) are compared with a matched control group of persons without the disease or
infection.

COLONISATION

The phenomenon of a community of micro-organisms becoming established in a certain
environment (especially in the intestinal tract of humans or animals) without necessarily
giving rise to disease,

COLONY IMMUNOBLOTTING
A serological technique for detecting specific micro-organisms.

COMMENSAL

An organism which derives benefit from living in close physical association with another
organism, the host, which derives neither benefit nor harm from its relationship with the
commensal.

CULTURE MEDIUM
A liquid or solid medium which is capable of supporting the growth of micro-organisms.

DNA HYBRIDISATION
The matching of a DNA fragment (e.g. a DNA probe) to a target DNA seguence.

DNA PROBE
A DNA fragment that has been labelled with a marker to indicate when DNA hybridisation
has occurred.

D-VALUE

The time required at a given temperature to reduce the number of viable cells or spores of
a given micro-organism to 10% of the initial number, usually quoted in minutes.

ELISA (Enzyme-Linked Immunosorbent Assay)
A serological test which uses enzyme reactions as indicators.

ENDOTHELIAL CELLS

Cells which form the layer (the endothelium) lining the inner surface of blood and lymph
vessels and the heart.

ENTEROTOXIN
A toxin that causes gastroenteritis.

EPIDEMIOLOGY

The study of factors affecting health and disease in populations and the application of this
study to the control and prevention of disease.

EPITHELIAL CELLS
Cells which form the layer (the epithelium) lining the inner surface of the intestines.

4
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FLAGELLUM
An long hair-like appendage on the surface of the cell whose movement is used for cellular
locomotion.,

FLAGELLAR ANTIGEN
The antigen on the flagella known as the "H" antigen.

GRAM NEGATIVE
A reaction of a staining procedure used as an initial step in the identification of bacteria.

HAEMOLYTIC URAEMIC SYNDROME (HUS)
A clinical condition which may arise from a variety of causes, and is characterised by
anaemia and kidney failure.

HAEMORRHAGIC COLITIS (HC)
Inflammation and bleeding from the large bowel that may be caused by an infectious agent.

HUMECTANT
A substance which absorbs moisture.

IgA, IgG, IgM
Different types of immunoglobulin (antibody) found in body fluids.

IMMUNOCOMPROMISED
An individual who is unable to mount a normal immune response.

IMMUNOGLOBULINS
A class of proteins which are antibodies and found in body fluids.

IMMUNOLOGICAL TESTS
Tests based on antigen-antibody reactions.

IMMUNOMAGNETIC SEPARATION (IMS)
A technique for isolating a particular microorganism using magnetic beads coated with
antibodies to that organism.

INCIDENCE
The proportion of the population that contracts a disease during a particular period of time.

INCUBATION PERIOD
The time interval between the initial entry of a pathogen into a host, and the appearance of
the first symptoms of disease.

INDEX CASE
The first case in an outbreak of infectious disease.

INFECTIOUS DOSE
The amount of infectious material, e.g. number of bacteria, necessary to produce an
infection.

89






POLYMERASE CHAIN REACTION (PCR)

A technigue which enables multiple copies of a DNA fragment to be generated by
amplification of target DNA sequence.

PREVALENCE
The proportion of a population having a specific disease at a given point in time.

PRODROMAL

Relating to the period of time following the incubation period when the first symptoms of
illness appear.

SELECTIVE MEDIA

Types of culture media which use selective agents such as antibiotics to inhibit some types
of bacteria to allow the growth of others.

SEQUELAE
A condition which follows the occurrence of a disease e.g. late complications, permanent ill
effects.

SERODIAGNOSIS
Identification of a micro-organism by means of serological tests.

SEROLOGY
The study of antigen-antibody reactions in virro.

SEROTYPING

A method of distinguishing varieties of bacteria (serotypes) by defining their antigenic
properties on the basis of their reaction to known antisera. A number of serotypes may
constitute a serogroup.

SERUM ANTIBODIES
Antibodies found in the fluid fraction of coagulated blood.

SHIGA-LIKE TOXIN (SLT)
A term used synonymously with Verocytotoxin (VT) because VTs have an almost identical
biological profile to the toxin produced by the "Shiga bacillus" (Shigella dysenteriae).

SOMATIC ANTIGEN
The antigen on the cell wall known as the "O" antigen.

SORBITOL MACCONKEY AGAR
A selective and differential medium for the detection of Escherichia coli O157:H7.

SPECIES
A classification of organisms within a genus which have similarities and can be further sub-
divided into sub-species.

SPORADIC CASE
A single case of disease apparently unrelated to other cases.
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STRAIN
A population of organisms within a species or sub-species distinguished by sub-typing.

SUB-SPECIES
A classification of organisms within a species which have similarities.

SUB-TYPING
Any method used to distinguish between species or sub-species.

SUSCEPTIBLE INDIVIDUAL
An individual who has no pre-existing immunity or resistance to infection who is therefore
liable to become infected.

THROMBOTIC THROMBOCYTOPAENIA PURPURA (TTP)

A clinical condition resulting from the aggregation of platelets in various organs, and is
characterised by fever with skin and central nervous involvement, anaemia and kidney
failure.

TOXIN

Any poisonous substance produced by a micro-organism.

TYPING
Any method used to distinguish between closely related micro-organisms.

VEROCYTOTOXIN PRODUCING ESCHERICHIA COLI (VTEC)
A particular sub-species of E.coli often of the serogroup 0157 which is associated with
haemorrhagic colitis and haemolytic uraemic syndrome.

VIRULENCE

Virulence is defined broadly in terms of the severity of the symptoms in the host. Thus a
highly virulent strain may cause severe symptoms in a susceptible individual, while a less
virulent strain would produce relatively less severe symptoms in the same individual.

WATER ACTIVITY A,
A measure of the available water in a substance.

Z-VALUE

The temperature coefficient of thermal destruction. It is the change in temperature (°C)
which alters the D-value by a factor of 10.
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APPENDIX 2
PATHOGENICITY DETERMINANTS

The pathogenicity of Verocytotoxin-producing strains of E. coli (VTEC) seems to be
multifactorial and our current understanding suggests that at least two distinct mechanisms
contribute to the pathogenesis of their disease manifestations. First, and by definition, they
produce Verocytotoxins,” ' 51 1% and secondly, experiments in animals have shown that they
possess a characteristic mechanism of attachment to intestinal cells that results in effacement
(destruction) of microvilli.? * ' 1% In addition, many strains elaborate an
enterohaemolysin,'*

Production of Verocytotoxins

A.2.1 Characteristic of all VTEC strains, regardless of serotype, is their ability to
elaborate powerful cytotoxins, small (picogram) amounts of which cause
irreversible damage to a variety of cell lines grown in tissue-culture. Vero
(African Green Monkey kidney) cells have traditionally been used to demonstrate
the presence of these cytotoxins which, therefore, are often called Verocytotoxins
{VTE ‘9. 17, 162, 165

A.2.2 Most VTEC strains produce either, or both, of two principal Verocytotoxins, VT1
and VT2. In its physical, biological and antigenic properties, VT1 is almost
identical to the Shiga toxin produced by strains of Shigella dysenteriae serotype
1 ¥(the classical agent of bacillary dysentery); indeed, antiserum prepared against
Shiga toxin (anti-Shiga-toxin) completely neutralises the activity of VT1, VT2,
however, is antigenically distinct from VT1 and Shiga toxin and 1s not neutralised
by anti-Shiga-toxin.” ' The ability of some strains of E. coli to produce VTI
and VT2 is determined by genetic material carried on bacteriophages which may
be transmitted to other strains along with the ability to elaborate VT1 and VT2.*
Some VTEC strains from animals and man produce variant forms of VT2, most
but not all, of which are neutralised by anti-VT2-serum and are not mediated by
hactﬂ]—iﬂphagEEplﬂ' 167, 162

A23 The cytotoxicity of Shiga toxin, VT1 and VT2, readily detectable by their effects
on Vero (and other) cells in tissue culture, may be demonstrated in other ways.
When injected into ligated loops of the rabbit ileum, they cause fluid
accumulation, i.e. are enterotoxic; and when injected into the peritoneum of mice,
they cause paralysis of the hind legs and eventually death, i.e. are neurotoxic and
lethal.'®

A.2.4  These toxins are composed of A (active) and B (binding) subunits;'™ the latter
mediate toxin binding by recognition of specific receptors present at the surface
of susceptible cells. The receptor for most VTs is a glycolipid globotriaosyl
ceramide (Gby);'"" '™ ' some of the variant VT2s, however, bind better to
globotetraosyl ceramide (Gb,) than to Gb,."®" '™ Once attached to the surface
receptor, the A subunit of the toxin enters the cell and inhibits protein synthesis,
so that the target cells are eventually killed. It does this in a very specific way
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A.2.5

A2.6

A2.T7

A28

A.29

A.2.10

that is common to all ¥VTs; cleavage of the glycosidic bond at site 4234 in the 288
ribosomal RNA of the 60S ribosomal subunit of host cells blocks elongation
factor-1-dependent binding of aminoacyl-tRNA_ '™ 174 175, 176,177

VTs are likely to be important virulence determinants in several aspects of VTEC
infection. For example, large amounts of VT can be detected in the faeces of
patients with haemorrhagic colitis (HC) or haemolytic uraemic syndrome (HUS). "
Killing of colonic epithelial cells by VT may contribute directly to fluid secretion
and diarrhoea (but see below) and also, by damaging the blood vessels of the
colon, cause the bloody diarrhoea characteristic of these conditions.

In most patients with HUS, damage is concentrated in the endothelium of the
kidney; and in patients with more severe HUS, there is extensive damage to
endothelial cells in other organs, e.g. the pancreas and the brain. Hence,
endothelial cells are deemed to play an important role as major target cells in the
pathogenesis of HC and HUS.'"™ " Evidence of the susceptibility of endothelial
cells comes from in vitro experiments with cultured, human umbilical vein
endothelial cells (HUVEC) which are killed by the addition of VTs; killing is
neutralised by anti-Shiga-toxin.”

Although VTs contribute to the development of HUS, additional stimuli are
needed. Thus, it has been shown that HUVEC cells cultured in vitro are 10-100
times more sensitive to the action of VTs in the presence of inflammatory
mediators, such as the lipopolysaccharide (LPS) endotoxin of the bacterial cell
wall or cytokines, such as tumour necrosis factors (TNF) or interleukins * (e.g.
IL-1). These inflammatory mediators are believed to stimulate the synthesis of
more Gb, receptors at the endothelial cell surface, thereby increasing the amount
of VT bound to target cells."® In this way, VTs and inflammatory mediators
acting together cause more damage to endothelial cells than either does alone.'™

Although the well-established association of VTEC with HUS suggests that
circulating VT might play a major role in causing damage to kidneys and other
tissues, convincing evidence for the presence of VT in the blood of patients with
systemic VTEC infections is lacking. Even indirect evidence of systemic
toxaemia, e.g. the development of antibodies to VTs in the serum of patients with
HC or HUS, is controversial, 2 '™ 150

It has been suggested that a B lymphocyte marker (CD77) has a similar structure
to the receptor molecule for VT1 and VT2. This results in a binding of VT to B
lymphocytes in lymphoid tissue which inhibits the antibody response to VT and
VT2 and enables evasion of host antibody response.'™

Nevertheless, evidence of circulating VT comes from experiments with rabbits
injected intravenously with purified VT. Highly sensitive detection methods, such
as radiolabelling and immunofluorescence, revealed localisation of toxin in the
intestine, spinal cord and brain of the animals which also developed symptoms
suggestive of involvement of the central nervous system. Some rabbits developed
diarrhoea, consistent with the appearance of oedematous lesions in the caecum
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A.2.11

A.2.12

together with some mucosal haemorrhaging, but the diarrhoea was not usually
bloody.* Again, and in contrast with the histopathology of the kidneys of HUS
patients that shows profound alterations of the glomeruli, the kidneys of the
rabbits appeared normal and kidney functions were little, if at all, affected.”
Thus, although this animal model provides evidence of circulating VT, it does not
reproduce all the manifestations of the disease in man; rabbit kidneys probably
lack receptors for toxin binding.'

In patients with HC, VTEC strains producing VT2 (alone or with VT1) may be
more likely to develop the serious complications of HUS and TPP.* %1% [s VT2,
therefore, a relatively more important virulence determinant than VTI1?
Experiments with mice, injected intravenously or intraperitoneally with purified
toxins, showed that VT2 was 400 times more lethal for mice than VT1; VTI,
however, had greater affinity for Gb; (and Gb,) receptors than VT2.'"™ These
studies suggested that the less active VT1 might bind preferentially to host tissues,
such as colonic epithelial cells, low in Gb,, thereby confining damage to the
colonic epithelium and vasculature of the colon with resultant production of
bloody diarrhoea. Blood-borne dissemination to distant sites might allow the more
active VT2 toxin (even tiny amounts not detectable in blood) to damage tissues
rich in Gb, receptors, e.g. the endothelial cells of the kidney, pancreas or brain.'™

The receptor of VT1 and VT2 includes a terminal disaccharide (galactose-c-1-4-
galactose) which, linked to ceramide or paragloboside, respectively, is also part
of the blood-group antigens Pk and P1."** Avid binding of VTs to red cells of
these blood-group types might reduce the overall burden of VT available for
uptake by the principal target cells, i.e. vascular endothelium, and explain why
free VT is not detected in the blood of patients. There is some evidence from
clinical observations that expression of Pl was reduced in children recovering
from diarrhoea-associated HUS.™

Attachment and effacement mechanisms

A2.13

A2 14

Although lesions have been seen in colonic mucosa of man,'* VTEC have not
been found in human material obtained by biopsy or at necroscopy. Hence, very
little is known about the colonisation of human intestinal tissues.” Moreover, in
feeding experiments, VTEC of diverse serotypes colonised the terminal ileum, the
caecum and the colon of experimental animals, such as rabbits and gnotobiotic
piglets and calves."™* '™

VTEC also formed attaching and effacing (A/E) lesions in the intestines of these
animals. Bacteria attached closely to the intestinal cell membranes which
characteristically *cupped’ the bacteria to form structures known as ‘pedestals’.”"
19,191,192 \within 3 days, effacement (destruction) of the microvillus border was
seen, as much as 80% of the epithelial surface being damaged in some animals.
Thereafter, deeper penetration by the bacteria through intercellular spaces resulted
in ulceration and was accompanied by oedema in the deeper tissues. In these
animal models, histological change was accompanied by symptoms of watery
diarrhoea as the absorptive capacity of the microvilli was destroyed.™ ™ The
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A2.15

A.2.16

sequence of events is similar in natural infection of animals, e.g. in calves
infected by a bovine strain of VTEC, except that in the latter case a bloody
diarrhoea was produced.”? Similar A/E lesions have been seen in infections due
to strains of enteropathogenic E. coli (EPEC), the classical agents of infantile
diarrhoea. '™

Attempts to unravel some aspects of the adhesion of VTEC to intestinal cells have
been made with different cells grown in tissue-culture, with lines such as Hep2,
CaCo2 and INT 407 of intestinal origin. These studies have suggested that
attachment of VTEC to intestinal cells occurs in three stages.'

i) The initial attachment is mediated by a large plasmid (60 mDa in size)
but it is unclear whether this loose attachment occurs via plasmid-
encoded fimbriae or outer-membrane proteins (omp).'** 195 1%

i1) The more intimate binding that follows is determined by a
chromosomal gene eae and is associated with the production of
intimin, a 97 kDa omp showing much (83%) homology with the
corresponding intimin of EPEC strains.'™ Intimin, though required,
cannot itself produce the A/E lesions, '™ 1%

iii) With the destruction of the microvilli immediately underlying the
‘cupped’ bacterium, a dense accumulation of host cytoskeletal
elements, including filamentous actin, occurs giving rise to electron-
dense adhesion pedestals.'™ "7  Additional, as yet unidentified,
chromosomally determined gene products are required for this process
which can be demonstrated by a positive fluorescent actin staining
(FAS) reaction,'** 1%

Some VTEC strains lack the ability to form A/E lesions. The adhesive

mechanisms of these strains need to be assessed and their behaviour in tissue-
culture and animal experiments needs to be evaluated.

Enterohaemolysin production

A2.17

Many VTEC strains produce an enterohaemolysin thought to be correlated with
possession of a large plasmid,"™ but the role of this putative determinant of
virulence awaits definitive studies.
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APPENDIX 3.1

LABORATORY DIAGNOSIS SURVEY

Introduction

A.d.1.1

Results

Al l.2

Adl3

Al l.4

A.3.1.5

A.3.1.6

In August 1993, 404 questionnaires were sent out by the VTEC Working Group
to diagnostic/clinical laboratories in England and Wales. Laboratory addresses
were chosen by selecting the name of the first microbiologist from each
laboratory address in the Association of Medical Microbiologists Directory for
1992. In addition, 32 questionnaires were sent to NHS and university
bacteriology laboratories in Scotland by CD(S)U (now SCIEH). Information
was also collected from 14 clinical laboratories in N. Ireland by the Department
of Health and Social Services (Northern Ireland). Following analysis of the
response to the first posting, further questionnaires were sent out in January
1994 to laboratories which had not replied.

Results from the survey are reported here and where appropriate comparisons
are made with a previous survey covering England and Scotland reported by the
PHLS in 1990.%*

A total of 269 replies were received from England & Wales (225) Scotland (30)
and N. Ireland (14). The response rate from England & Wales, excluding
closed laboratories was 67%. The response rate for Scotland and N. Ireland
was 100%, as all the questionnaires were followed up personally.

The replies were distributed between various types of laboratories
(Table A.3.1).
Table A.3.1

Type of laboratory No. replies
NHS, including NHS trust and 193
Special Health Authorities

PHLS 53

Private 19
Military 3
University I

Seventeen laboratories did not test for E. coli O157, but 10 of these referred
specimens to other laboratories.

Two hundred and fifty-two (94 %) laboratories in England, Wales, Scotland and
Northern Ireland replied that they examined stool specimens for E. coli 0157

B



which compares with 95% of laboratories in England and Scotland in the
previous survey. Two hundred and thirteen (85%) laboratories selected stool
samples for E. coli O157 testing by clinical or epidemiological criteria. Thirty-
nine examined all stool samples (Table A.3.2).

Table A.3.2

England & Wales | Scotland N.Ireland Total 1

Examine all 30 T 2 39
samples

Select for
gxamination

177 23 13 213

A.3.1.7

A.3.1.8

A.3.1.9

A3.1.10

A3.1.11

A.3.1.12

The criteria which laboratories applied for selection of samples to examine for
E. coli O157 were bloody diarrhoea (85%), HUS (69%), colitis (13%), age
< 16 years (14%), history of recent travel abroad (7%) and consumption of
meat or beefburgers (2%). Most laboratories based their selection on bloody
diarrhoea and HUS. Many laboratories also included a third criteria in the list
as well as bloody diarrhoea and HUS. Similarly, the 1990 survey also found
that the most common criteria for selection of samples were bloody diarrhoea
and HUS.

Also, in common with the 1990 survey, the predominant isolation medium used
was sorbitol MacConkey agar (SMAC) and most laboratories used 0157
antiserum to identify suspect colonies. Five (2%) laboratories used cefixime
rhamnose SMAC (CR-SMAC), 15 (6%) laboratories tested for Verocytotoxin
and 7 (3%) used a DNA probe for the detection of VT genes.

The isolation rate from laboratories selecting for testing ranged from 0.04% to
1.3% giving a mean of 0.4%. The isolation rate from laboratories testing all
samples ranged from 0.02% to 0.23% giving a mean of 0.1%. Several
laboratories were unable to report the total number of samples they tested for
E. coli O157 in 1992, these have been excluded from the annexes and
calculations of isolation rates,

In 1992, 227 (90%) of the responding laboratories reported isolates to CDSC or
CD(S)U, this was comparable to the percentage reporting in 1990.

In 1992, 218 (87%) referred clinical isolates to PHLS® Laboratory of Enteric
Pathogens (LEP) or Aberdeen Royal Infirmary for confirmation and further
typing. This is similar to the percentage who referred to PHLS’ Division of
Enteric Pathogens (DEP), now LEP, in 1990 (90%). The Scottish reference
laboratory for VTEC was established in 1993,

In Table A.3.3, isolation rates for 1992 are given for Scotland, Wales, Northern

Ireland and for each Regional Health Authority area in England, together with
the comparable isolation rates for 1989 found in the previous survey.”
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Table A.3.3

Region Isolation' rate Isolation' rate Combined Combined
with selection without selection | isolation' isolation’
rate for 1992 | rate for

1989

Morthern 39/7599, 0.51% 3/5830, 0.05% 0.3% 1.2%

North Western | 43/20246, 0.21% 17/14000, 0.12% 0.18% 0.1%

West Midlands 217718, 0.35% 4/5999, 0.07% 0.23% 0.4%

Yorkshire 35/26160, 0.13% - 0.13% 1.5%

Mersey 15/3309,  0.45% 2/9000, 0.02% 0.14% 0.3%

Trent 737133, 1.02% - 1.02% 1.5%

East Anglia 212092, 1.29% - 1.30% 1.0%

Oxford 21/1740, 1.21% 1.21% 4.6%

N E Thames 10/1764,  0.57% 0/1000 0.36% 0%

N W Thames 6/1882,  0.32% 15/6476,  0.23% 0.25% 0.1%

8 E Thames 19,2034, 0.93% 2/4000, 0.05% 0.35% 0.1%

& W Thames 18/6816, 0.26% - 0.26% 0.3%

Wessay 20/11525, 0.17% Tra054, 0.17% 0.17% 0.5%

South Western 28/10967, 0.25% - 0.26% 0.5%

Scotland 95/11602, 0.82% 19/11723,  0.16% 0.49% 1.1%

Wales 204700, 0.04% 29/40676,  0.07% 0.07% -

M Irelancd 42350, 0.17% WEND 0.13% -

! = Jsolation rates are guoted for the number of samples positive for E. coli 0157, using the total number of stool
samples examined for £, coli Q157 as the denominator.

L

A3.1.14

A.3.1.15

A.3.1.16

Thirty-eight laboratories (15%) had changed their selection criteria since April
1991. Only 20 laboratories ((8%) reported carrying out more tests for E. coli
0157 since April 1991.

Eighty-eight (35%) of the responding laboratories also tested foods, 89 (35%)
tested milks and 72 (29%) tested waters. Of those testing food, 44 (17%)
laboratories reported that they tested selected foods for E. coli 0157, while only
3 (1%) tested all food samples for E. coeli O157.

Reference laboratories were requested most commonly to 'phage type isolates,
test for VT production and VT genes.

One hundred and eighty-seven (94%) laboratories did not carry out tests for
0157 antibodies.
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Summary and Conclusions

AT 1T

A.3.1.18

A3.1.19

A.3.1.20

A3.1.21

Approximately the same percentage of laboratories examined stool samples for
E. coli 0157 in 1992 as in 1989. Some had changed their selection criteria and
some examined all specimens.

The spread of geographical variation in isolation rates for 1992 is less than that
found in 1989, 0.07% to 1.3% in 1992 compared with 0% to 4.6% in 1989,
Ten out of 14 RHAs in England and Scotland reported lower isolation rates in
1992 compared to 1989.

Oxford still had a high isolation rate (1.2%) compared to other regions but not
as high as that reported in 1989 (4.6%). Those regions that had changed
markedly were; Northern with a decrease from 1.2% to 0.3% and Yorkshire
with a decrease from 1.5% to 0.13%. The isolation rate in Scotland had
decreased from 1.1% to 0.49%. Wales and Northern Ireland were not included
in the 1989 survey but both had low rates of isolation for 1992.

The overall combined isolation rate found in this survey for the UK for 1992
was (0.4%, this is lower than in the 1989 survey which was 0.7%. The
calculation of the isolation rate for the 1989 survey was based on replies from
130 laboratories and a stool sample denominator of 29,487, giving a mean of
227 tests per laboratory. The calculation of the isolation rate for the 1992
survey was based on replies from 252 laboratories and a stool sample
denominator figure of 238,708, giving a mean of 947 tests per laboratory.
Although the 1992 isolation rate from the stool samples that were tested has
gone down compared to 1989, the actual number of isolates of E. coli 0157 has
increased because more stool samples were tested.

As stool denominator figures are only available through laboratory diagnosis
questionnaires, isolation rates which are estimations of infection rates, are often
made using the number of laboratory reports of a particular pathogen per
100,000 head of population. Calculated in this way the isolation rate per
100,000 head of population in England and Wales was 0.23 in 1989 and 0.92
in 1992.% The results of this questionnaire indicate that it is possible that an
increase in ascertainment i.e. more stool samples tested for E. coli 0157 could
have caused this apparent increase in isolation rate.
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APPENDIX 3.2
AD HOC PAEDIATRIC HUS SURVEY IN THE UK
Introduction

A.3.2.1 Fifty-five letters were sent to members of the British Association of Paediatric
Nephrology (see 3.26) on behalf of the Working Group requesting:

1) figures from clinical practice on the number of cases of HUS seen by units
over the last decade; and

2) any information on the cause and outcome of these cases.
Results

A3.2.2 Out of the 24 units represented, 21 replies were received giving a response rate
of 87%. Nine replies did not provide any figures. Out of these 9, one was
excluded because it came from outside the UK (Eire).

A3.23 Twelve replies provided information in variable detail which is listed as follows:

Birmingham (referral centre)
- 1-16 cases per annum HUS (125 in 14 years).
0157 data available since 1985. 7 deaths recorded.

Bristol (referral centre)
- 1-9 cases per annum HUS (46 in 7 1/2 years). (No obvious
trend).

Cardiff (referral centre)
r 3-4 cases per annum HUS (range 0-10 years). VTEC
established in approximately 1/3 of cases.

Great Ormond Street Hospital for Sick Children, London (referral centre)
- < 10 cases per annum (1966-1984)

- 12-16 cases per annum (1985-1992)

- VTEC established in 16 out of 69 cases between 1985-1992,
- D+ HUS (188 in 26 years)

Guy’s Hospital, London. (referral centre)
- 2-16 cases per annum HUS (97 in 10 years).
VTEC established in 19 cases (9/15 in 1992). 2 deaths

recorded.
Kettering
= 1-2 cases per annum HUS
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APPENDIX 3.3

LARGE OUTBREAK IN THE WESTERN USA IN 1992-1993
AND SUBSEQUENT CONTROL MEASURES

Introduction

A3.3.1

In January 1993 a large outbreak of E. coli 0157 was identified in Washington
State. Clinicians at the Children’s Hospital and Medical Centre, Seattle became
alerted to an increase in the number of visits to the emergency room by children
with bloody diarrhoea as well as an increase in the number of HUS patients
being referred from local hospitals. Smaller outbreaks in Nevada, California,
and Idaho were subsequently identified and the same vehicle, hamburgers
consumed at multiple outlets of a single restaurant chain, were thought to be
responsible. A total of 732 patients were affected, and of these, 195 were
hospitalised and 55 developed HUS or TTP. There were 4 deaths. In
Washington State, 614 patients were involved of whom 491 were culture
positive. The stools of the remaining 123 patients with HC and/or HUS were
either negative (75) or not tested (48). Fifty-eight cases (11.8%) were
determined to be secondary to cases who contracted the disease via consumption
of a contaminated hamburger. The median age of patients was 7.5 years (range
0-74); 35 patients developed HUS and 3 died.™ ™ '

Laboratory diagnosis of human E. coli O157:H7 infection

A332

A.3.3.3

A3.34

Almost all patients who reported for medical attention with enteric symptoms
were asked to submit stool samples for bacterial culture. Culture was not
limited to patients with bloody diarrhoea. However, the vast majority of
patients whose culture did yield E. coli O157:H7 did have gross blood in their
stool (personal communication from Dr Tarr, Washington State). One child
excreted the organism for 72 days and may have been an asymptomatic carrier.
Anti-LPS (E. coli 0157) was detected in 95% of available unpaired serum
samples. Anti-VT response was detected in 20% of samples using an ELISA
plus toxin neutralisation test.

In order to determine if the E. coli O157:H7 human outbreak isolates were the
same strain or a mixture of strains a variety of techniques were used. Centers
for Disease Control and Prevention (CDC) looked at 70 human samples and
found that the outbreak strain was Lior’s 'phage type 14 and produced both
Verocytotoxin 1 and 2. Plasmid profiling was done but was deemed not to be
discriminatory enough from previous experience. Pulsed field gel electrophoresis
(PFGE) using both Xba 1 and Avr Il enzymes was known to give good
discrimination from previous work and results using this method agreed with
other sub-typing methods that all but two clinical isolates were the same strain.

Washington State used a new sub-typing technique.™ This technique involved
extracting total DNA from the isolate and performing restriction fragment length
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polymorphism (RFLP) analysis using the enzyme Pwi II. After RFLP analysis,
the gels were probed with a lambda 'phage probe. The technique had been
previously used on 47 E. celi O157:H7 isolates collected from sporadic cases
of HUS and HC and gave 39 unique profiles. Using the same technique with
400 outbreak isolates, 395 isolates gave identical profiles.

E. coli O157:H7 isolation from implicated food

A3.3.5

A33.6

A3.3.7

A.3.3.8

Implicated lots of minced beef were confiscated by State and County Public
Health Authorities. These food samples were tested by Professor M P Doyle
of the University of Georgia, Washington State and US Department of
Agriculture (USDA). Even though different methods were used, many of the
samples were tested by all the laboratories and the sensitivity of detection was
found to be comparable.

The method used by Professor Doyle involved enrichment of 25g of food in
selective enrichment medium for 18 hours at 37°C with agitation. The
enrichment culture was then used in an ELISA with a polyclonal capture
antibody specific for E. coli O157 antigen and a monoclonal antibody specific
for serotypes O157:H7 and O26:HI11 as detection antibody.'* This ELISA,
which is the basis of the Organon Teknika EHEC-TEK kit, was first used to
identify the E. coli O157:H7 positive minced beef samples and then all colonies
typical of E. celi O157:H7 on sorbitol MacConkey agar plates with MUG were
identified biochemically and serologically.

Washington State’s isolation technique used a protocol based on standard
microbiological techniques analysing sorbitol non-fermenting colonies and
lactose fermenting colonies isolated from the minced beef samples. Candidate
colonies were then further analysed for their indole positivity and possession of
VTI1 and VT2 genes. Isolates recovered from the incriminated meat and from
61 (96.8%) of 63 patients possessed the same lambda 'phage RFLP profile.*™
[t was estimated that the incriminated patties contained on average, only
approximately several hundred E. coli O157:H7. It was also estimated that 1
in 300-400 patties served produced clinically apparent infection (personal
communication Dr P Tarr).

The standard method used by the USDA was the 3M Petrifilm™ for
presumptive testing.”™ The method involves the inoculation of sample into an
enrichment broth, incubation for 8 hours at 37°C with agitation followed by
inoculation of 3M Petrifilm™ E. coli count plates, then identification by
biochemical and serological tests of suspect colonies. Other methods used were
the dipstick ELISA,™ conventional direct culture onto SMAC and use of
different enrichment broths. Other tests used to establish the general sanitary
condition of the meat were total viable counts, total coliform counts, aerobic
plate counts and detection of Staphylococcus aureus.
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A.3.3.9

A.3.3.10

Most probable number analyses of E. coli O157:H7 on meat samples indicated
1-15 organisms/g. If the average hamburger is 40g this would give an infectious
dose of 40-600 organisms per uncooked hamburger suggesting that the infectious
dose was low in a cooked hamburger.": ™ There was no evidence that the
outbreak strain was particularly pathogenic and it seems likely that host
characteristics accounted for the spectrum of human disease seen in the
outbreak.

The predominant view held by the Washington State epidemiologists and USDA
and FDA officials, was that the only Verocytotoxin producing E. coli of
importance to human disease was O157:H7. This is contrary to the view held
in Canada and the UK. In the US it is accepted that other Verocytotoxin
producing E. coli other than O157:H7 can cause human disease. However,
present detection technology poses many obstacles to efficient and economical
diagnosis of non-0157 serogroups and efforts needed to be concentrated solely
on O157.

Occurrence of E. coli 0157 in cattle

A:3.3.01

A.3.3.12

In October 1992 the USDA Food Safety Inspection Service started the
Nationwide Beef Microbiological Baseline Data Collection Program.™™ The
objectives of this programme are:

- to collect data for developing and maintaining a general, ongoing
microbiological description or "profile” of fed cattle (steer and heifer)
carcases for a number of micro-organisms (including E. coli O157:H7) of
public concern and;

- to use the information and knowledge gained from this programme as a
reference for further investigations and evaluation of new prevention

programmes.

As USDA expect the prevalence in carcases to be about 0.1% it is unlikely that
routine testing will be justifiable and more value was to be gained from
assessing the prevalence of E. coli O157:H7 infection in herds.

A bovine surveillance programme was conducted in Washington State during
1990 to 1992. This concentrated on E. coli O157 rather than all VTECs as
human exposure to other VTECs in food is much more common than E. coli
0157, yet most human disease is attributed to E. coli O157. The programme
found E. coli O157:H7 in 10 of 3750 (0.28%) faecal samples from 5 out of 60
dairy herds (8.3%) and from 10 of 1412 (0.7%) faecal samples from beef cattle
in 4 of 25 (16%) cow/calf herds. The same study identified certain cattle
management practices, such as computerized feeders and irrigation of pastures
with manure slurry that were associated with the occurrence of E. coli O157:H7
on dairy farms,'"'®

107



Investigation of the source of the outbreak

A.3.3.13

A.3.3.14

A 3315

A.3.3.16

The Federal investigation of the outbreak was co-ordinated between CDC and
USDA. USDA and CDC each carried out a meat traceback with the purpose
of identifying specific animals from which the meat product was derived. Five
traceback steps were identified:

- the processing plant that produced the E. coli O157:H7 culture positive
hamburger patties;

- all sources of boneless meat used in the production of the patties;

- the slaughterhouses that produced the carcases from which the boneless meat
was derived;

- the feedlots (US method of farming beef) and markets which supplied the
livestock to the slaughterhouses; and

the farms where the livestock were raised.

The most often identified food source among those who became ill during the
outbreak was hamburger patties sold by a single restaurant chain. The
hamburger processing plant was quickly identified because it was the only
producer of the restaurant chain’s hamburgers. The Washington Public Health
Authorities epidemiologically identified the product produced at the hamburger
processing plant on 19 November 1992 as the vehicle of the pathogen. All
returned product was made available for microbiological testing to a number of
laboratories participating in the investigation. Results of the microbiological
testing agreed with the epidemiological findings as most of the contaminated
meat was found to be processed on 19 November for regular size patties. The
rest of the contaminated meat was processed on 20 November for jumbo size
patties.

Meat samples and equipment swabs were taken from approximately 20 slaughter
and processing plants known to have been suppliers to the hamburger processing
plant. It was possible to trace the source of the contaminated meat to a number
of abattoirs’ cutting plants but USDA could not determine more specifically the
origin of the contaminated meat. Part of the problem lay in the imprecise
documentation supplied by the processing plant concerning the batch formulation
(product in) of finished product lots (product out). This meant that USDA and
CDC were unable to identify the supplier source of the contaminated meat and
therefore unable to traceback to any specific farm, herd or animal.™

Mo samples were taken in the restaurant, although in Nevada, simulated cooking
procedures showed that the correct temperatures were not being reached.
Cooked hamburgers inspected by sanitarians in Washington State were pink and
when probed for temperature were below 68.3°C (155°F).
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Control and prevention measures

e B )

A.3.3.18

A3.3.19

A.3.3.20

D ment of Agricul

A recall of all the product distributed from the restaurant chain’s warehouses
was initiated on 18 January. More than 100,000 lbs of hamburger patties were
confiscated by USDA. As there was no effective way of testing all potentially
contaminated meat to ensure safety it would either be destroyed or reworked into
an animal feed product. The USDA report of the outbreak, May 1993, states
that "insanitary slaughter and dressing procedures led to the contamination”."

There was a suggestion during the meat traceback exercise that some of the
smaller slaughterhouses supplying meat to the processing plant used methods
which may have contributed to the contamination of carcases with E. coli
0157:H7. These included the use of bed slaughter, meat handling practices that
could result in faecal contamination e.g. infrequent sterilisation of knives and
saws. As a result, USDA expanded its review of slaughter houses via its
Progressive Enforcement Action (PEA) programme which can withdraw federal
inspection and close plants if plants are identified as having deficiencies in
hygienic practice.

USDA accelerated the implementation of the Food Safety Inspection Service
Pathogen Reduction Programme (PRP).”™ This programme aims to reduce the
likelihood that harmful micro-organisms such as Salmonella, Listeria
monocytogenes or E. coli O157:H7 will enter the food supply at key points in
the production, distribution and consumption chain. The plan that USDA is
adopting is based on HACCP principles and incorporates the essential elements
of a pathogen reduction approach. This includes critical “pre-harvest"
production activities, research on rapid methods which can be used in meat
processing plants, "post-harvest” research in slaughter and processing plants,
food service and retail activities and aggressive consumer education.

As part of the Pathogen Reduction Program, the USDA is secking legislative
changes to mandate animal identification and traceback to enhance future
epidemiological investigations. The USDA FSIS amended the Federal meat and
poultry products inspection regulations by mandating the inclusion of safe
handling instructions (see page 110) on the labels of all imported and domestic
raw meat and poultry to indicate the microbiological hazards associated with
handling raw meat.”™ *” The use of trisodium phosphate, chlorine or organic
acid sanitation processes for beef carcases and irradiation and pasteurisation of
fresh minced beef is being investigated.
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SAFE HANDLING INSTRUCTIONS

"This product was inspected for your safety. Some animal products may
contain bacteria that could cause illness if the product is mishandled or
cooked improperly. For your protection, follow these safe handling
instructions.

- Keep refrigerated or frozen.
Thaw in refrigerator or microwave.

- Keep raw meats or poultry separate from other foods. Wash working
surfaces (including cutting boards), utensils and hands after touching
raw meat or poultry.

- Cook thoroughly.

- Refrigerate left-overs within 2 hours."

Food and Drug Administration (FDA)

A.3.3.21

A.3.3.22

A.3.3.23

The FDA is responsible for control and inspection at the retail end of the food
chain. Although the FDA issues guidance to the states it is up to the individual
states to incorporate it into legislation.

In November 1992 FDA recommended in the Model Food Code Provisions "that
the temperature of potentially hazardous foods should be less than 7°C or more
than 60°C at all times". During the outbreak, interim advice was given that
minced beef products should be cooked to heat all parts of the food to 68.3°C
(155°F), and this has been incorporated into the Food Code 1993, 0. 157, 158,206

Most restaurants do a test run in the morning by cooking hamburgers and testing
the temperature with probes. The calibration of the grill can then be adjusted
if necessary. This would be a CCP under a HACCP system. It would be up
to the restaurant chains to give their outlets instructions about cooking and
temperature control. State investigators and federal investigators can verify
temperatures and any records kept if they inspect restaurants.

Centers for Disease Control and Prevention (CDC)/National Center for Infectious Disease

(NCID)

A.3.3.24

Since the outbreak CDC/NICD have published a leaflet entitled "Preventing
Foodborne Iliness: E. coli O157:H7" with the purpose of educating the public
at large about the organism, its spread, types of illness it causes, how illness is
diagnosed and treated, the long-term consequences of infection and prevention
of infection.”™ Under the heading "What can you do to prevent E. coli
O157:H7 infection?” five points are made which are listed as follows:

110



- Cook all minced beef or hamburger thoroughly. Make sure that the cooked

meat is grey or brown throughout (not pink), any juices run clear, and the
inside is hot;

- If you are served an undercooked hamburger in a restaurant, send it back
and ask for further cooking;

- Consume only pasteurised milk and milk products. Avoid raw milk;
- Make sure that infected persons, especially children, wash their hands
carefully and frequently with soap to reduce the risk of spreading the

infection; and

- Drink municipal water that had been treated with adequate levels of chlorine
or other effective disinfectants.

US industry perspective and public awareness after the outbreak

A.3.3.25

A.3.3.26

As a result of the outbreak some producers wanted research done into preventive
measures, others did not accept that cattle were proven reservoirs of the
pathogen. Some restaurant chains required suppliers to provide meat tested free
from E. coli O157. However, this meant that meat which was not tested free
could still end up on retail sale in supermarkets. Some parts of the food
industry were willing to implement control measures and had done so, e.g. some
restaurant chains had now installed a standardised method (clamp shell) for the
effective heat-treatment of their hamburgers. As public awareness of E. coli
0157 grew, the industry feared that meat consumption would be adversely
affected.

After the outbreak there was more public awareness of E. coli O157 and
sporadic cases were being reported in the media. The public regarded
hamburgers as potentially unsafe food and were shocked that the Government
had not prevented meat from becoming contaminated with E. coli O157. The
American public make a considerable amount of hamburgers at home using
minced beef and there was, therefore, more concern about sporadic cases than
outbreaks because potential outbreaks in fast food restaurants were controllable
by the food industry. Public education about proper cooking and cross-
contamination was deemed to be important.
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APPENDIX 3.4

SURVEY OF SURVEILLANCE/RESEARCH IN SOME MEMBER STATES OF
THE EUROPEAN UNION

Introduction

A4 The Working Group sent out a request for information on surveillance and
research on VTEC to 24 government institutions and research establishments in
11 EC countries. Eight replies were received 3 of which were nil returns. The
following is a summary of the information supplied.

GERMANY

E. coli Reference Laboratory, Robert Koch-Institut des Bundesgesundheitsamtes
(National Health Institute)

A.3.4.2  The reference laboratory was established in 1992. Currently there are no
official notification regulations for human or animal infections due to E. coli.
The reference laboratory receives putative VTEC strains for confirmation and
characterization from collaborating diagnostic laboratories in Germany. The
strains are characterised biochemically, serologically and for presence of
virulence markers, Verocytotoxins, haemolysins and adherence properties. Most
of the VTEC isolates received which originate from humans are serotypes
O26:H11, O111:H8 and O157:H7.

A.3.4.3  Enterohaemolysin production was first described in the German E. coli
Reference Laboratory and the laboratory is continuing to investigate
enterohaemolysin  as a virulence marker of enterohaemorrhagic and
enteropathogenic E. coli.

A.3.4.4  The laboratory has investigated the prevalence of VTEC in faecal samples in 7
different species of healthy domestic animals (cattle, sheep, goats, chickens,
dogs, cats and pigs). VTEC were isolated from 208 animals (28.9%) and were
most frequent in samples from sheep (66.6%), goat (56.1%) and cattle (21.1%).
VTEC occurred more sporadically in pigs (7.5%), cats (13.8%) and dogs
(4.8%) and were not isolated at all from chickens. A total of 41 different O:H
serotypes were isolated with 54.8% represented by serotypes 05:H-, O91:H-,
O146:H21, O128:H2 and OX3:H8. Nearly 60% of all VTEC O:H serotypes
isolated in the study have been implicated as human pathogens indicating that
healthy domestic animals could serve as a reservoir of human VTEC pathogens.
All VTEC isolates except 9 feline strains hybridised with VT1 and VT2 specific
DNA probes. Verocytotoxin and enterohaemolysin production were associated
in those E. coli isolated from goats, sheep and cattle. Only 30 of 240 (12.5%)
enterohaemolysin producing strains hybridised with an enterohaemolysin specific
DNA  probe indicating a heterogeneity in regulatory or structural

enterohaemolysin  genes in the strains of E. coli examined (personal
communication Dr L Beutin).
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Institute for Meat Hygiene, Free University of Berlin

A.345

A.3.4.6

A3.4.7

Several lines of research into VTEC are underway at the Institute. These
include the assessment of different enrichment procedures, quantitative
estimation of VTEC strains in foods using gene probes and the characterisation
of VTEC strains using PCR techniques with different primers.

In a study investigating 423 food samples, 71% were found to be positive for
E. coli but none were O157. Using a colony hybridisation technique and a gene
probe specific for VT1 and VT2, only 3 VTEC strains were detected in 1809
isolates. The VTEC positive strains originated from 2 samples of minced beef
and 1 sample of raw milk cheese. The detection rate of VTEC in all food
samples tested was (.7%; in food samples originating from cattle it was 1.8%.

At the end of the study the conclusion was that there was negligible danger to
the German consumer as the rate of VTEC isolations from foods of animal
origin was low (personal communication Dr M Biilte).

DENMARK

The Danish Veterinary Serum Laboratory - Danish Veterinary Service

A.3.4.8

A3.49

The Danish serum laboratory has carried out a presumptive estimation of the
prevalence of VTEC in clinical material from cattle and pigs. DNA techniques
for the detection of Verocytotoxin genes VT1, VT2 and VT2v have also been
developed.

In calves, 26 (8.4%) of the E. coli strains from clinical cases of diarrhoea were
VT positive. In material from cattle sampled at slaughter, 19 (13%) out of 150
meat and faecal samples were VT positive with 3 of the positive samples being
from meat. Some of the Verocytotoxin positive strains were serotyped and 2 of
these strains were identified as O157:H7. In pigs, Verocytotoxin genes were
detected in 18 (9.4%) of the E. coli strains from neonatal diarrhoea and 52
(21.7%) of the E. coli strains from weaning diarrhoea. The Danish group
conclude that potential human pathogenic E. coli strains can be found in the
animal reservoir in Denmark (personal communication Dr L Rasmussen).

NETHERLANDS

Inspectorate for Health Protection - Food Inspection Service

A.3.4.10

Research has focused on techniques for the detection and isolation of
Verocytotoxin producing E. coli in retail meat samples. Methods used were
enrichment in modified tryptone soya broth plus acriflavine followed by plating
onto sorbitol MacConkey agar, the 3M Petrifilm"™ technique and, a polymerase
chain reaction (PCR) for Verocytotoxigenic E. coli .*® E. coli 0157 positive
strains were isolated from 22 (6.1%) of 360 samples of meat and chicken
products. All Q157 positive samples were negative for Verocytotoxicity and
lacked the H7 antigen.
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APPENDIX 4.1

METHODS FOR 0157 VTEC

Isolation/detection methods for clinical samples

Ad .l

Ad.l.2

Ad13

Most clinical laboratories test for 0157 VTEC by plating faecal specimens on
MacConkey agar plates containing 1% D-sorbitol instead of lactose as, unlike
most E. coli, 0157 VTEC do not ferment sorbitol within 24 hours.*" VTEC of
serogroup O157 produce non-sorbitol fermenting colonies that are small, round,
smooth and may look greyish. Non-sorbitol fermenting colonies are tested for

agglutination with an O157 antiserum or with an 0157 latex agglutination kit.*'"
212,213

Modifications of the sorbitol MacConkey agar (SMAC) have been described with
the aim of improving the selectivity for 0157 VTEC. In one medium cefixime
and rhamnose were incorporated into SMAC agar.”™ 0157 VTEC do not ferment
rhamnose on agar plates in 24 hours, whereas many non-sorbitol fermenting E.
coli of other serogroups do ferment rhamnose; cefixime is included because it is
active against Proreus spp. frequently found in faeces. Other media contain
fluorogenic or chromogenic glucuronides in the SMAC agar to allow detection of
B-glucuronidase production.” *"* The vast majority of 0157 VTEC do not
produce B-glucuronidase whereas most other E. coli are positive in this test.*'®*"
Recently, another modification has been described in which the SMAC agar
contains tellurite and cefixime,”’® because minimum inhibitory concentrations
(MICs) were higher for 0157 VTEC than for other E. coli and for non-sorbitol
fermenters such as Aeromonas, Plesiomonas, Morganella and Providencia.
Details of the media are shown in Table A.4.1.

Reports from Germany have described O157 VTEC strains that ferment sorbitol
in 24 hours and produce B-glucuronidase.”™ " Such strains have not been
detected in the UK but would not have been identified using the methods
described in A.4.1.1 and A.4.1.2

Isolation/detection methods for food samples

Adld

0157 VTEC are usually isolated directly from faeces but for food and
environmental samples growth in liquid medium is usually employed to increase
the number of target organisms. Standard methods using 44°C for the selective
isolation of E. coli from foods are unsatisfactory because O157 VTEC grow very
poorly at 44°C.'*® Several liquid media for the enrichment of 0157 VTEC have
been reported and some are listed in Table A.4.2. Modified trypticase soy broth
is supplemented with either novobiocin or acriflavin to reduce the growth of
Gram-positive organisms. Another enrichment medium is buffered peptone water
with vancomycin, cefsulodin and cefixime to suppress the growth of Gram-
positive organisms, Aeromonas spp. and Proreus spp. respectively. Optimal
recovery of 0157 VTEC was obtained with growth for 6 hours.”*
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TABLE A.4.1

SOLID MEDIA

DESIGNATION

COMPOSITION

REFERENCE

SMAC

CR-SMAC

CT-SMAC

MSA-MUG

PR5-MUG

MSA-BCIG

HC

MacConkey agar
D-sorbitol, 1%

MacConkey sorbitol agar (Oxoid)
Rhamnose, 0.5%
Cefixime, 0.05mg/litre

MacConkey sorbitol agar (Oxoid)
Cefixime, 0.05mg/litre
Potassium tellurite, 2.5mg/litre

MacConkey sorbitol agar (Difco)
MUG, 0.01%

Phenol red base + 2% agar
D-sorbitol, 0.5%
4-methylumbelliferyl
B-D-glucuronide, 0.005 %

MacConkey sorbitol agar (Difco)
3-bromo-4-chloro-3-indoxyl-
[B-D-glucuronic acid
cyclohexylammonium salt, 0.01%

Tryptone, 20g/litre

Bile salts 3, 1.12g/litre

Sodium chloride (NaCl) 5g/litre
Sorbitol, 20g/litre

MUG, 0.01%

Bromocresol purple, 0.015g/litre

Farmer and Davis ¢

Chapman et al.***

Zadik er al.*®

Padhye and Doyle '

Okrend er al.*™ ™!

Okrend er al.*"*"*

Szabo ef al.**
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TABLE A.4.2

LIQUID MEDIA

DESIGNATION  COMPOSITION (PER LITRE) REFERENCE

mTSB Trypticase soy broth, 30g Doyle and Schoeni '
Bile salts 3, 1.5g

Dipotassium phosphate (K,HPO,), 1.5g
Novobiocin, 20mg

dm TSB-CA* Trypticase soy broth, 30g Padhye and Doyle ™
Bile salts 3, 1.5g
K,HPO, 1.5g
Casamino acids, 10g
Acriflavin-HCI, 10mg

BPW-VCC Buffered peptone water (Oxoid) Chapman er al.'”
Vancomycin, 8mg
Cefixime, 0.05mg
Cefsulodin, 10mg

mEC+n Tryptone, 20g Organon Teknika
Biie salts 3, 1.12g
Lactose, 5g
K,HPO,, 4g
KH,PO,, 1.5g
NaCl, 5g
Novobiocin, 20mg

* This medium has been modified for testing dairy products by addition of Na,HPO,
(6g/litre) and KH,PO, (1.35g/litre) instead of K,HPO, (1.5g/litre).*
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A.4.1.5

Ad.l.6

Ad.1.7

Ad1.8

After growth in enrichment media a number of methods can be used to detect E.
coli 0157 strains. Immunomagnetic separation uses beads coated with polyclonal
E. coli 0157 antibodies.”™™ ** These beads are now commercially available
(Dynal). After enrichment the beads are usually cultured on one of the media
listed in Table A.4.1.

Colony immunoblotting has also been employed to detect E. coli 0157." After
enrichment, cultures are spread on agar plates and colonies are transferred to
nitrocellulose membranes. An alkaline phosphatase-conjugated 0157 antiserum
is used for the detection of positive colonies. A commercially available blot
ELISA method (3M Corporation) has been developed for the detection of the
0157 antigen. This test has been used for testing of foods by the United States
Department of Agriculture.

A rapid sandwich enzyme-linked immunosorbent assay (ELISA) has been
described for the detection of 0157 VTEC in foods." In this test polyclonal
0157 antibody is used as the capture antibody and a monoclonal antibody,
claimed to be specific for VTEC belonging to serogroups O157 and 026, is used
as the detection antibody. The reagents are now available as a kit (Organon
Teknika). Samples that are positive in this ELISA need to be examined further to
1solate the putative 0157 VTEC.

0157 VTEC can be detected directly from faecal specimens in less than 2 hours
by direct immunofluorescence antibody staining.”” Optimum results were
obtained with specimens that were treated with 5% bleach.

Confirmatory tests for E. coli 0157 identification

A4.19

A4.1.10

Colonies that appear to be E.coli 0157 must be confirmed as E. coli using
biochemical tests. These should exclude any non-E.coli that give false positive
agglutination tests with the 0157 antiserum.  Escherichia hermanii is
biochemically and serologically similar to E. coli Q157 and cross reacts with
polyclonal antisera to E. coli O157.** However E. coli, unlike E. hermanii,
does not ferment cellobiose and does not grow in the presence of potassium
cyanide. In addition, strains of E. hermanii ferment rhamnose and are sensitive
o tellurite and therefore would not be detected on CR-SMAC or CT-SMAC.2'%

Strains that appear to be E. coli 0157 should be confirmed serologically with
antisera against O and H antigens. 0157 VTEC usually have the flagellar antigen
H7 although some strains are non-motile. All confirmed E. coli 0157 strains

should be tested for production of VT or the presence of VT genes (see next
section).
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Methods for the detection of Verocytotoxin production and VT genes

Ad. .11

A4.1.12

A.4.1.13

Ad.1.14

A4.1.15

Verocytotoxin is detected by its cytotoxic effect on Vero cells.” Faecal
suspensions, culture filtrates or live cultures can be tested.”” **® Strains are
grown in trypticase soy broth and culture filtrates are added to monolayers of
Vero cells. Cells round up and become detached in the presence of VT. Final
readings are usually made after incubation for 3 to 4 days when the cells are fixed
and stained. As an alternative to testing individual colonies broth inoculated with
sweeps can be examined. To increase the sensitivity of the test it is
recommended that VT obtained after polymyxin release is detected.*

To confirm that cytotoxic effects on Vero cells are due to the presence of VT,
neutralization tests using antisera against VT1 or VT2 should be performed.®
The heat-lability of the toxin should be confirmed by showing that VT tests on
samples heated at 100°C for 15 minutes are negative. Samples from faeces can
also be tested on a cell line which is not sensitive to VT such as Y1 mouse
adrenal tumour cells. A sample that kills Y1 cells to the same titre as Vero cells
1s considered negative for VT, but VT present at a lower titre would not be
detected.

Several ELISAs have been described for the detection of VT. 2! #%3 Some bind
VT to glycolipids containing a terminal o D-Gal-(1-=4)-D-Gal and purified
globotriosyl ceramide (Gb;), lyso-Gb; and hydatid cyst fluid have been used. In
other ELISAs monoclonal antibodies against VT are used to bind toxin. In both
types of assay bound toxin is detected with monoclonal or polyclonal antiserum
against VT. These ELISAs are not as sensitive as Vero cell tests but are more
rapid to perform. In addition, as VT toxins show variation in their antigenicity
and binding, care must be taken in the choice of reagents if all VT producing
strains are to be detected.

Use of DNA probes specific for VT genes will detect all VTEC and not only
strains of serogroup O157. In addition to the polynucleotide probes for VT1 and
VT2 derived from the cloned genes,™" ** synthetic oligonucleotide probes for the
detection of different VT genes have also been developed.”'' The use of non-
radioactively labelled probes for VT genes should enable these tests to be
performed in a wider range of laboratories.™ DNA probe tests can be performed
using membranes with faecal blots or alternatively a large number of colonies
from a sample or purified E. coli can be examined by hybridisation.

VT genes can also be detected by amplification in a polymerase chain reaction
(PCR). The system first developed used 'degenerated primers’ so that defined
sequences of both VT1 and VT2 were amplified.”’ PCR products were identified
by hybridization using specific oligonucleotide probes complementary to part of
the amplified sequence. It was possible to identify VT1 or VT2 sequences but
variants of VT2 could not be distinguished from VT2. Another PCR approach
has been developed in which sets of primers were prepared for each VT gene
defined so far (Table A.4.3). PCR tests can be performed on purified strains or
preparations from faecal specimens. In order to reduce inhibition of amplification
by components in faeces it is necessary to prepare DNA or alternatively wash the
samples thoroughly before performing the PCR.
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APPENDIX 4.2

SUB-TYPING METHODS FOR VTEC

Serotyping

A4.2.1

Biotyping

A.4.2.2

Strains that have been confirmed as VTEC should be serotyped. This requires
the facilities of a reference laboratory to test strains with antisera against 173 O
antigens and 55 H antigens.?® VT production has been reported in over 50
different O serogroups. Some VTEC belong to enteropathogenic O serogroups
such as 26, 55, 111 and 128 and are detected by antisera for those serogroups
which are commonly available in clinical laboratories.

Different biotypes of O157 VTEC with respect to fermentation patterns have been
reported.®”® Most workers have considered the tests too irreproducible to be of
use in the differentiation of this group.

'Phage typing

A.4.273

A ’'phage typing scheme for O157 VTEC was developed in Canada for
epidemiological investigations.™ The scheme which uses 16 'phages has been
extended in Canada and England and now recognizes over 80 types.”™ ** (H.
Lior personal communication). More than 20 'phage types have been identified
in Britain but the majority of strains belong to types 1, 2, 4 and 49. This "phage
typing scheme is not used for VTEC of serogroups other than O157.

Plasmid analysis

Ad.2.4

Plasmid analysis of 0157 VTEC can sometimes be used to identify strains in
outbreaks and sporadic cases of infection.'™ **” However this method is limited
because virtually all 0157 VTEC isolates carry a plasmid with a molecular weight
of about 60 x 10°, but some strains may carry additional plasmids.

VT gene analysis

A.4.25

Two major types of VT, VT1 and VT2, have been defined but several variants
of VT2 have now been identified (Table A.4.3). The genes encoding these
variants have been sequenced and this has led to the development of specific
oligonucleotides that can be used as probes in DNA hybridization tests or primers
in PCR amplification.”*** Further differentiation of VT2 genes can be achieved
by restriction fragment length polymorphism (RFLP) analysis of the amplification
products. Alternatively, RFLP analysis with DNA probes can be performed using
genomic DNA.*"
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Multilocus enzyme electrophoresis

A4.2.6

Strains of OI157 VTEC have been examined by multilocus enzyme
electrophoresis. In a study by Whittam er al., ** genetic relatedness was
estimated from allelic variation among 20 enzyme-encoding genes. Little
variation was found in the O157:H7 strains and 95% of 369 strains belonged to
a single electrophoretic type, ET11. The profiles of the closely related variant
strains differed only by single alleles from that of ET11. It was also concluded
that O157:H7 strains are most closely related to those of 055:H7.%"

Pulsed-field gel electrophoresis

A.4.2.7

Pulsed-field gel electrophoresis (PFGE) of genomic DNA has been performed on
0157 VTEC strains from different origins.”"** In general, among the E. coli
O157:H7 strains the restriction patterns were either identical or differed only by
a few fragment bands. The enzymes found to be the most useful in these studies
were Xbal and Sfil. It was concluded that PFGE should be used together with
other typing methods in epidemiological studies of 0157 VTEC infections.™"

"Phage A probe analysis

Ad428

Recently, a "phage A probe has been used in the analysis of genomic DNA from
0157 VTEC."™ *™ The RFLPs obtained with the A\ -’phage probe differentiated
the 72 strains into 23 groups. The use of A-RFLPs together with toxin types and
plasmid profiles provided further differentiation of 0157 VTEC of human and
bovine origin. A VT ’phage probe has also been used to examine 0157 VTEC,™
and this probe can subdivide strains within some of the common 'phage types
such as PT2 and PT49." [t is recommended that a combination of methods
should be used to allow maximal differentiation of 0157 VTEC.
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APPENDIX 4.3

SERODIAGNOSIS OF VTEC INFECTIONS

Antibodies to E. coli lipopolysaccharide (LPS)

A4.3.1

A.4.3.2

A.4.33

Ad4.34

Immunological tests have been developed to provide evidence of infection by E.
coli O157; present tests use ELISA and immunoblotting. Patients with known
0157 VTEC infection develop an increase in antibody titre to 0157 LPS.** High
titre serum antibodies to O157 LPS can also be detected in patients from which
0157 VTEC have not been isolated. Control sera were negative for such
antibodies.

Studies have been performed to examine responses to different Immunoglobulin
(Ig) classes. Antibodies of the IgM class were demonstrated but patients with
HUS caused by 0157 VTEC did not produce antibodies of the IgG class to E.
coli 0157 LPS.* Some patients develop antibodies of the IgA class and the
serum of some of these did not contain detectable IgM antibodies to E. coli 0157
LPS.* Approximately 12% of cases developed IgA but not IgM antibodies to E.
coli O157 LPS. A recent study in the United States also reported the presence
of antibodies to E. coli O157 LPS but in this study 20 of 27 cases were positive
for IgG.>

Cross reactions have been demonstrated between the LPS of E. coli O157 and the
O antigen of other bacteria.”® »*® Sera from patients with E. coli 0157 react with
the LPS of Brucella abortus and sera from brucellosis cases react with LPS of E.
coli O157. Similarly, sera from patients infected with Yersinia enterocolitica Q9
react with the LPS of E. coli 0157 as well as the LPS of Y. enterocolitica O9.
However, sera from patients with antibodies to E. coli 0157 do not react with the
LPS of Y. enterocolitica O9. The explanation for this one-way cross reaction 1s
not clear. Further testing for cross reactions has shown that strains of V.
cholerae O1 Inaba and group N Salmonella share epitopes with E. coli O157.
Other cross reactions have been observed between E, coli O157 and some strains
of Escherichia hermannii and Cirrobacter freundii. These observations should be
considered in the interpretation of serodiagnostic tests for E. coli O157.

Sera from cases of HUS have also been tested for the presence of antibodies to
the LPS of VTEC belonging to serogroups other than O157.%" Antibodies to the
LPS of serogroups O35, O115, 0145, O153 and O165 were demonstrated but in
some patients no antibody response to the LPS of the infecting VTEC strain could
be shown.

Antibodies to verocytotoxin

A.4.3.5

Early studies in Canada showed that patients with VTEC infection developed
rising titres of VT neutralizing antibodies and this was used to diagnose VTEC
infection in patients when other evidence was lacking.'”
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A.4.3.6

A 437

A.4.3.8

Other workers have investigated the ability of sera to neutralize the cytotoxic
effects of VTs on tissue-culture cells. In a study in Britain sera from patients
with diarrhoea or HUS and healthy adults were examined.” Sera from patients
known to be infected by strains producing VT1 and VT2 did not have VT1
neutralizing activity although two sera from healthy adults did neutralize VT1.
In contrast, VT2 neutralizing activity was found in most of the sera from patients
and in all the sera from healthy adults. Studies in other laboratories have shown
similar findings.™ "™ It has been suggested that factors other than
immunoglobulins may cause the VT2 neutralizing activity.*

Sera from patients infected with 0157 VTEC and healthy controls have been
examined for immune responses to VT1 and VT2 by ELISA and immunoblotting.
In a study in Britain, patients’ sera could not be differentiated from control sera
using ELISA and by immunoblotting none of the sera had antibodies to the A or
B subunits of VT1 or VT2.* It was suggested that the concentrations of VT in
patients may be too low to stimulate an immune response. In a Canadian study
anti-VT1 1gG was detected by an ELISA. However, only a minority of HUS
patients infected with VT1 producing strains developed anti-VT1 antibodies.?

Studies of sera in Germany for immunological responses to VT2 by immunoblot
analysis and neutralizing activity showed reactivity by immunoblot in only 1 of
7 HUS patients and 11 of 260 healthy adults and children.” However, many
sera had low VT2 - neutralizing activity but were immunoblot-negative. These
results suggest that antibodies to VT2 are rarely produced and therefore, such
tests have little diagnostic importance.
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APPENDIX 5

EC AND UK LEGISLATION ON UNPASTEURISED COWS’ MILK AND CREAM

General

A.3.1.1

A5.1.2

The UK has recently implemented Directive 92/46/EEC,*" which lays down
rules for the production and marketing of raw milk, heat treated milk and milk
based products. The Directive requires that all production holdings (dairy
farms) should be registered and that milk treatment and processing
establishments should be approved. There are also a range of other provisions
including a requirement for hazard analysis procedures. Products made with
raw milk have to be labelled as such for inspection purposes, although this
does not apply at the retail level since the Directive does not extend to retail
sales.

The Directive has been implemented in new national hygiene regulations - the
Dairy Products (Hygiene) Regulations 1995.% These regulations were the
subject of a public consultation exercise in Autumn 1994, and took effect from
9 May 1995. The regulations consolidate existing milk hygiene legislation
contained in several statutory instruments. Certain national hygiene provisions
(from existing national legislation) will be retained such as the
time/temperature provisions for heat treated cream and ice-cream.

Provisions relating to raw drinking milk and cream

A.5.1.3

A5.1.4

The Directive allows Member States to retain their national rules relating to
the sale of raw milk or raw milk products by producers direct to consumers.
In England and Wales current national controls on the production, distribution
and labelling of untreated cows’ milk (which are stricter than the requirements
in the Directive) will be retained. The current national microbiological
standard for untreated cows’ milk is a Total Bacterial Count (TBC) not more
than 20,000/ml and coliforms less than 100 per ml. In addition, the milk must
carry a health warning and sales are restricted to the farm gate, farm catering
outlets or distributors. Scotland will be continuing their ban on the sale of
untreated cows’ milk. In Northern Ireland there are similar arrangements to
those in England and Wales.

In contrast to the sale of raw milk, raw cream is currently allowed to be sold
without restrictions in England, Wales and Northern Ireland (but not
Scotland), and this sitvation will continue under the new regulations as
permitted under the Directive. However, EC microbiological standards will
apply. Raw cows’ milk intended for manufacture of raw cream will have to
meet the following standards:

plate count at 30°C  (per ml) < 100,000
somatic cell count (per ml) < 400,000
Staphylococcus aureus (perml)n = 5, ¢ =2, m = 500, M = 2,000
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