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As the food chain lengthens the
opportunities for contamination
increase because the further food

items travel in time and distance the more
likely it is that they will collect some form of
foodborne pathogen.
From the soil to the salad bowl was once
measured in feet or metres as the lettuce,
cucumber and tomato from the back garden
were on the food plate within minutes of
being picked. In less than 40 years the food
chain for salad produce, herbs and vegeta-
bles has lengthened by thousands of miles
and several days. 
Without a control intervention such as
cooking then an outbreak of foodborne ill-
ness is more likely to occur in consumers of
fresh vegetables, herbs, fruit and salad pro-
duce. The increasing frequency of food-
borne bacterial and viral outbreaks has been
a feature of the data from the past 20 years. 

Food poisoning outbreaks

In a recent publication in a Health Protect-
ion Agency Magazine Keith Jones and Joanna
Heaton listed some recent outbreaks of
food poisoning from fresh produce (see
Table 1). Data analysis by the US Center for
Science in the Public Interest (CSPI) showed
that between 1990 and 2003 bacterial
enteropathogens associated with fresh fruit
and vegetables caused 554 food poisoning
outbreaks in the USA  – more than poultry
in the same period.  
Similarly, between 1982-2002 the FDA has
shown that the highest proportion of ill-
nesses from foodborne E. coli O157
occurred because of contaminated fresh
produce (34%) with raw beef at 33% in sec-
ond place. In the UK around 40% of food
poisoning outbreaks from fresh produce are
caused by salmonella of several different
species across a range of different produce.
In Britain Jones and Heaton pointed to a
number of surveys of the microbial condi-
tion of several types of vegetables. In a study
of ready to eat organic vegetables for exam-
ple, 3200 samples were taken and only 15
were considered to be of unsatisfactory
quality due  to E. coli and Listeria spp.
They suggest that agricultural hygiene, har-
vesting and production practices are gener-
ally good. Similar pictures were seen in
Northern Ireland and in targeted areas of

England. It is striking that none of the sur-
veys detected the outbreak causing entero-
pathogens listed in Table 1. 
However, surveys are only snapshots of
the enormous fruit and vegetable industry
and do not necessarily tell the whole story.
Every now and again something goes seri-
ously wrong. 

Raw fruit and vegetables

In the USA the consumption per head of
raw fruit and vegetables has increased by
over 20% for fruit and over 40% for vegeta-
bles since 1982. With the drive for healthier
diets and the attempt by retailers to offer
ready prepared fruit, vegetables and salads,
brought from anywhere across the globe,
the risks of further outbreaks increase.
Although the UK is not far behind, the
longest chains of distribution appear to be in
the USA, and the recent outbreak of E. coli
O157: H7 in spinach from California illus-
trates the time/distances involved in long
chain systems.
On Friday 8th September 2006 a cluster of
E. coli O157: H7 infections were identified
in Wisconsin, and within a short time the

outbreak included 204 confirmed illnesses
and three deaths in 25 states.
From the investigation by the California
Food Emergency Response Team it was
reported that from the 13 bags recovered, it
was possible to pinpoint produce packed on
the 15th of August that had been picked in
four fields in Monterey and San Benito coun-
ties. A chain from the field to the table of
over 3,000 miles and 14 days long.
The US salads industry has been aware for
some time of the risks involved in this kind
of fresh produce and the report details an
extensive and intensive system that was
being used for harvesting, cleaning and han-
dling of the spinach. Yet the contamination
got through the system.
The report identified a number of poten-
tial environmental sources with matching E.
coli O157: H7 contamination. These
included well and river water, beef cattle
faeces and the faeces from wild pigs.
It was not clear which particular mecha-
nism resulted in the contaminated spinach,
though some believe that the use of conta-
minated irrigation water was the probable
cause. In the past several other vectors have
been involved in O157 contamination

Table 1. Outbreaks of food poisoning from fresh produce 2004-2006.

Contamination and
control in fresh food

Causal organism Crop Cases Country Source

2006
Escherichia coli O157 H7 Spinach 204 USA Irrigation water?
Salmonella typhimurium Tomatoes 185 USA, Canada ?
S. Newport Tomatoes 106 USA ?
E. coli O157 H7 Lettuce 77 USA ?
E. coli O157 H7 Lettuce 87 USA ?
Norovirus (four outbreaks) Raspberries 43 Sweden Chinese imports

2005
E. coli O157 H7 Lettuce 120 Sweden Stream water
Norovirus Raspberries 500 Denmark Polish imports
Norovirus Raspberries 5 France Unknown imports

S. typhimurium DT 104 Lettuce 96 UK Spanish imports
56 Finland Wastewater

S. javiana and S. braenderup Tomatoes 561 USA, Canada Post harvest 
washing

2004
S. Thompson Rocket 12 Norway Italian imports
S. Newport Ice lettuce 386 UK Unknown 

Hepatitis A Spring onions 400 USA Poor hygiene 
during harvest
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including birds, fruit flies and, of course,
humans.
Time and again water is a major contribu-
tory feature in these outbreaks. It may be
the water used to irrigate the plants when
growing, or it may be the water used to
wash and rinse the crops after harvest. It is,
however, interesting to read in the report of
the way in which the incoming spinach was
handled. The leaves were sorted and conta-
minants removed with substantial isolation,
exclusion and destruction of produce con-
taining faecal contamination. 
The ‘pure’ produce then went through a
rigorous wash system that consisted of chlo-
rine dosed water at low chill temperatures
to begin the cleaning and chilling of the
leaves for their wide distribution through
North America. 
However, E. coli O157: H7 is infectious at
very low dose levels and would challenge
the most rigorous of cleaning and disinfec-
tion systems.

Fresh herbs

A recent outbreak of note in the UK
occurred in which the contaminated prod-
uct was fresh basil. In a summary report on
the 2007 LACORS/HPA fresh herbs study,
Christine Little of the UK’s Health Protec-
tion Agency provided some details of the
outbreak. It was identified when there were
unexpected increases in isolates of Salmon-
ella senftenberg being received at the HPA
Laboratory of Enteric Pathogens. 
The fresh herbs study in different retailers
in different parts of the UK found that this
pathogen was present on fresh basil that had
been imported pre-packed from Israel. 
At the same time reports were received of
cases in Scotland and Denmark and that the
plasmid and PFGE profiles matched. The
product was withdrawn from sale. 
Her report also includes some details of
the level of contamination in a range of fresh
herbs that were tested. The samples were
taken from a variety of sources and a num-
ber of herbs show a level of unsatisfactory
contamination.
We are becoming increasingly aware of
the viral contamination of foods and Table 1
shows that contamination of raspberries and

spring onions with Norovirus and Hepatitis
A has resulted in outbreaks. 
As explained by the Institute of Food
Science and Technology, all foodborne
viruses originate from the human intestine
and contamination of food occurs either
during preparation by infected food handlers
or by contact with polluted water. 
Fruit and vegetables may act as vehicles of
infection so guidelines issued by the World
Health Organisation state that fruit and veg-
etables to be eaten raw should not be fer-
tilised with sewage or irrigated with contam-
inated water.       
Once again, cleaning processes are chal-
lenged because the level of viral contamina-
tion necessary to cause infection is believed
to be very low. This reinforces the need to
ensure that infected workers are excluded
from direct or indirect contact with the pro-
duce at all stages and the highest levels of
personal hygiene are maintained.
Jones and Heaton observed that although
several other pathogens have been associ-
ated with fresh fruit and vegetables they do
not seem to have caused recent outbreaks.
For example, listeria is widespread on
plants in the environment and is readily iso-
lated from cucumber, potato, radish, leafy
vegetables, watercress, sprouted seeds and
tomato. Although there is a huge amount of
literature dedicated to researching the
attachment and survival of L. monocyto-
genes on salad vegetables, only two out-
breaks linked to fresh produce have been
documented.
In July 2007 however a newspaper report
referred to listeria as a contaminant in 10%
of ready to eat salads out of 2,600 that were
tested, but the products did include meat or
fish as an ingredient so it is not clear if this
contamination came from the salad or the
meat/fish. As we go to press an outbreak of
Salmonella heidelberg in the Chicago area is
believed to have infected almost 700 (116
confirmed) people. It has been suggested,
but not confirmed, that tomatoes served
with humus may have been the source.
As the flood waters begin to abate in the
UK, perhaps it is worth reiterating the
guidelines issued by the World Health
Organisation – fruit and vegetables to be
eaten raw should not be fertilised with
sewage or irrigated with contaminated
water – whether accidental or intentional! n
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Table 2. Fresh herbs in relation to presence of salmonella and E. coli at  >102 cfu/g.

Fresh herb No. samples Salmonella E. coli >102 cfu/g
N= 565 % No % No %

Basil 110 19.5 7 6.4 5 4.6
Chives 25 4.4 0 1 4.0
Coriander 95 16.8 1 1.1 1 1.1
Dill 39 6.9 0 1 2.6
Fennel 2 0.4 0 0
Mint 65 11.5 1 1.5 3 4.6
Oregano 5 0.9 0 0
Parsley  116 20.5 1 0.9 1 0.9
Sage 11 2.0 0 0
Tarragon 20 3.5 0 0
Others (rosemary, thyme etc) 77 13.6 0 3 3.9


