
●
Over the last
century, public
health in the

developed world has
undergone a revolution.
Outbreaks of diseases such
as typhoid, spread mainly
by contaminated water, are
now relatively rare. This
has largely been achieved
through improvements 
in hygiene and sanitation
but also by intervention 
in the form of vaccination.
As we move into the 
next millennium, it is
important to acknowledge
the progress already made,
but also to highlight
infections of current and
future importance. The
incidence of Campylobacter
and Salmonella infection in
England and Wales has
rarely been higher and, in
the case of Campylobacter at
least, continues to rise 
(Fig. 1). Recent studies
have demonstrated that
approximately 1 in 5 of the
population of England and Wales will have an episode 
of infectious intestinal illness each year, costing a total of
£0.75 billion.

Most food-borne infections are not life-threatening
and treatment will normally comprise bed rest and
maintenance of fluid intake only. With certain bacteria
such as verocytotoxin-producing Escherichia coli
O157:H7, however, mortality can be as high as 40%,
particularly when the elderly are infected. At present in
England and Wales there are approximately 1,000 cases
of E. coli O157 infection each year. Infection with certain
strains of Campylobacter jejuni is now recognized as an
important predisposing factor for Guillain–Barré
Syndrome. Each year in England and Wales, Salmonella
infection is responsible, either directly or indirectly, for
70–100 deaths.

Given the above, and the often very large outbreaks 
of food-borne infection that occur, there is much media
and public interest in food safety. This has led, indirectly,
to the appearance of a new and popular phrase – the 
‘food scare’. A scare is defined as ‘alarm caused by rumour’,
or ‘a sudden attack of fright’ (Pocket Oxford Dictionary).
Food scares are becoming increasingly commonplace and
there is a need to inform the public of potential risks,
whilst avoiding food scares. This could be achieved 
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by highlighting relative risks and emphasizing that
there will always be some level of risk, however small.
Such an approach is difficult, as people are reluctant to
accept any risk in relation to food.

● Why has food poisoning increased?
Many questions regarding food poisoning remain
unanswered. Why is it so common? What are the factors
responsible for the predominance of Campylobacter and
Salmonella spp. as human pathogens? Why has E. coli
O157:H7 appeared? And what measures can we take to
reduce the incidence of food poisoning?

A variety of factors are responsible for the marked
increase in food poisoning over the last decade, and
improved laboratory isolation techniques and surveill-
ance could explain some of the increase. Food poisoning
case identification has certainly improved and there is
also increased awareness of food-borne disease. This alone
cannot account for the rise in certain sub-populations of
Salmonella spp., for example Salmonella enteritidis phage
type (PT) 4 which is associated with chickens or
Salmonella typhimurium definitive type (DT) 104, which
has multiple antibiotic resistance. Laboratory techniques
do not discriminate for or against specific Salmonella spp.
– these are real increases.

Fit to eat? 
Foodscaresandsafefoodproduction
Tom J. Humphrey, Karen L. Mattick & 
Frieda Jørgensen

The level of food-
borne infections is
unacceptably high.
What strategies are
being developed to
combat this
situation? 
And what is current
research revealing?

Fig. 1. Recent trends in Salmonella (■) and Campylobacter (■) infection in        
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● Intensification of
food production
Food production, process-
ing and preparation
constantly change to meet
consumer demands. At the
same time there is pressure
on the food and agricultural
industries to produce food
as cheaply as possible. This
is being driven, principally,
by intense competition
between food retailers and
the increasing globalization
of the food supply. Poultry
meat and eggs are impor-
tant and valuable sources 
of protein, and both have
become significantly cheap-
er, in relative terms, over
the last 10–20 years as a
consequence of intensif-
ication of production. The
great majority of the billion
chickens consumed in the
UK each year are produced
using the ‘broiler’ system,
with broiler houses
routinely containing many
thousands of birds (Fig. 2).

For bacterial pathogens such as C. jejuni, optimal
transmission results when many susceptible hosts are in
the same place at the same time. Chicken production
provides these conditions and work in our laboratory has
demonstrated that all chickens tested became colonized
within 2 days of the appearance of C. jejuni in the flock
(17,000 birds). Poultry processing has a high
throughput, with modern plants processing up to 200
birds per minute. This facilitates cross-contamination
and it is perhaps not surprising that over 75% of chicken
carcasses on retail sale are Campylobacter-positive.

The challenge for the industries involved is to deliver
these foods to the consumer as free from pathogens as
possible. Advances are being made and the fall in
Salmonella infections seen recently in the UK (Fig. 1) has
been partly attributed to vaccination of laying flocks 
by the major egg producers. However, such measures
cost money and it is important that food safety is not
compromised in the drive for ever cheaper foods.

● The consumer and food safety
Food safety is a responsibility shared by producers,
processors, retailers and consumers, and intervention
should be targeted at all levels. Although food poisoning
is often associated with large-scale catering, most cases
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are either sporadic or part of family outbreaks and the
issue of food hygiene in the home must be addressed, 
but not over-emphasized. The international scientific
community considers that problems of food contamin-
ation are best addressed by adopting a ‘farm-to-fork’
approach, i.e. by tackling the problem at many points 
in the food chain. This includes consumer education,
such as highlighting the hazards of eating raw eggs 
and undercooked chicken. Cross-contamination is
recognized as an important contributory factor in
approximately 30% of domestic outbreaks of Salmonella
infection. Research in Exeter has shown that the
preparation of a meal containing chicken can lead to the
widespread dissemination in the kitchen of cells of
Campylobacter and Salmonella spp. naturally present on
carcasses. Such spread is difficult to control and once
present in the kitchen environment, these bacteria
persist and may contaminate foods either directly or via
contaminated hands. This, often inadvertent, spread
suggests that the control of chicken-associated human
infection is best tackled at farm level.

● Bacterial evolution
Food-borne pathogens like Salmonella mount stress
responses to the many different environments found in
food production. These responses can be very rapid and
are often mediated by the regulatory gene rpoS, which
encodes the sigma factor RpoS (regulatory protein of
stationary phase). Bacterial populations continually
evolve and certain Salmonella strains can mutate at an
unusually high rate. Whether mutator strains give 
an overall advantage is still uncertain but mutator strains
of Salmonella and E. coli are more common than
previously thought.

BELOW:
Fig. 2. Broiler chickens at
slaughter weight.
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The pressure from the consumer for less heavily
preserved foods has the result that safety margins are
narrowing. The food industry employs numerous
methods to preserve foods during processing and to
ensure that pathogens do not survive in sufficient
numbers to cause disease. These methods include
heating, pH reduction or reducing the aw by drying or 
by incorporating solutes such as salt or sugar. Often such
methods are combined sequentially in a process called
microbial hurdle technology; thus food manufacturers
can reduce the severity of each sequential treatment to
achieve the same reduction in micro-organisms, without
compromising the organoleptic quality of the food. It has
been postulated, however, that an organism surviving
the sequential stresses may be physiologically prepared
for optimal virulence. The same regulatory gene (rpoS)
that enables an organism to survive exposure to
environmental stress is also involved in virulence. In
addition, novel food processing regimes may allow
survival of a different subset of strains, and will therefore
need on-going evaluation.

Recent research has highlighted possible potential
hazards associated with the trend towards milder
processing, in terms of pathogen survival and the

physiology of surviving bacteria. Our laboratory has
demonstrated that at refrigeration temperatures, some
Salmonella spp. can form long filaments (Fig. 3). The
organism continues to increase in biomass but cannot
divide as usual. When the stress is removed by raising the
temperature, the filaments complete division and a rapid
increase in bacterial numbers results. The implications
associated with this phenomenon are currently being
investigated.

For the future, a better appreciation of the ecology of
micro-organisms throughout the whole food chain will
be needed. Further research into the physiology of
organisms more able to withstand the stresses used in
hurdle technology and to survive in the environment is
required.
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ABOVE:
Fig. 3. Filamentous multi-
nucleate Salmonella typhimurium
DT104 cells after 14 days
incubation at 6 °C. Bars, 5 µm.


