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I
f you are fortunate enough to have access to fresh fruits 
and vegetables from your own garden, a friend’s garden, 
or from a local farmer’s market operating during the peak 
of the growing season, you are aware of the wonderful 
appearance, smell and taste of produce picked and 
consumed the same day. This is certainly a special treat, 

but an abundant year-round supply of high-quality fresh leafy 
vegetables such as lettuces, baby spinach and other produce 
intended for raw consumption by large populations in the 
United States and Europe is dependent upon land in special 
geographic regions with ideal soil and climate conditions. This 
year-round supply is due to the vision, innovation and hard 
work of people developing new ways to meet the demand of 
ever-expanding populations for fresh produce. This includes 
the processors who must clean, package and deliver rapidly 
fragile food items large distances to consumers in many parts 
of the world. Minimally processed, bagged produce has been 
a new innovation to help meet this growing demand.
 Leafy vegetables are harvested by hand, and sometimes by 
machines (mowers), then transported to a processor where 
they are mixed intact, or cut into pieces for mixing with 
similar items from other fi elds, then washed multiple times 
in large fl umes of water, dried and packed in plastic bags 
of special types for preserving the product. The bagged 
products are transported under cool conditions across the US 
or to other countries. The minimally processed, ready-to-eat, 
fresh produce industry has grown exponentially into a multi-
billion dollar business in the US, and is growing rapidly in 
Europe and other parts of the world. As demand has increased, 

growers have had to contend with old 
and new plant diseases, fi nding and 
maintaining adequate water supplies, 
and frost, heat, fl ooding or other 
weather conditions that destroy crops. 
Growers and others involved in food 
production must meet continued chal-
lenges to succeed in providing high-
quality products to consumers across 
wide regions. However, even when all 
of these challenges are met success-
fully, there remains another challenge 
that recently has been in the news 
and has tested everyone in different 
sectors of the US fresh produce in-
dustry: to produce safe food. The 
microbial safety of leafy greens and 
other vegetables has gained ever 
increasing attention as a result of 
outbreaks of disease.

Outbreaks associated 
with leafy vegetables and 
tomatoes
Anyone who reads or listens to the 
news is aware that large, multi-state 
outbreaks have occurred in the US as 
a result of leafy vegetables or tomatoes 
contaminated with micro-organisms. 

Pre-packed and 

ready to eat fruit 

and vegetables are 

a great timesaver in 

our busy world, but 

as Robert Mandrell 

describes, they are 

not so convenient if 

they carry pathogens 

that make you ill.

Fruits and… 
vegetables that… 

make you sick…
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on?…

Indeed, there were 10 outbreaks 
between 2002 and 2006 associated 
with leafy vegetables contaminated 
by Escherichia coli O157:H7 and mul-
tiple outbreaks associated with fresh 
tomatoes contaminated with different 
types of Salmonella. The sources of 
the leafy vegetables and tomatoes 
implicated in the outbreaks were farms 
in California or mid-Atlantic US states, 
respectively. More than 200 people 
in 26 US states were identifi ed as 
sickened by E. coli O157:H7 during 
the investigation of a 2006 outbreak 
due to contaminated bagged baby 
spinach. This became the largest of a 
series of outbreaks involving minimally 
processed bagged leafy vegetables. This 
outbreak, and recurring outbreaks asso-
ciated with tomatoes or leafy vegetables 
grown on the east or west coasts of the 
US, suggest that the micro-organisms 
causing them may be present some-
where in the nearby environment. This 

situation is perceived as unusual and 
was unanticipated by growers and 
processors, and has forced many 
affected parties to ask what’s going on? 
What has changed?
 In the 2006 outbreak, intensive 
investigation of farms, ranches and 
processors possibly linked to the con-
taminated spinach led to the conclusion 
that this, and perhaps many previous 
outbreaks, occurred as a result of 
contamination of leafy vegetables in 
the fi eld (in other words, ‘pre-harvest’), 
and not during transport, by workers 
or during processing. Although this is 
a critically important fi nding, it also 
complicates strategies for eliminating 
illnesses and outbreaks. The valleys 
where most leafy vegetables are grown, 
and the nearby mountains and bays 
are visually stunning, but also refl ect a 
complex ecosystem with multiple water 
sources home to many types of wildlife, 
including small mammals, birds and 
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feral swine, and small to large ranches with grass-fed cattle. 
These lovely sites may have unintended consequences for 
food safety.

Where are the pathogens?
Enteric pathogens, like E. coli O157:H7 and Salmonella, can 
colonize numerous warm-blooded animals and birds, which 
are then obvious potential reservoirs of pathogens and 
sources of contamination of produce. Surveillance studies of 
E. coli O157:H7 incidence in cattle, with improved methods 
of isolation and identifi cation, yield frequencies in herds 
sometimes >50 %, but dynamic fl uctuations in incidence at 
different locations or sample periods can occur also. Indeed, 
in the 2006 outbreak noted above, numerous cattle and feral 
swine colonized with the outbreak strain of E. coli O157:
H7 were identifi ed on ranch sites near to fi elds presumed 
to have been the source of contaminated spinach. Was this 
the ‘smoking gun’ explaining how the outbreak occurred, 
even though no pathogen could be isolated from fi elds and 
irrigation water during the investigation of the outbreak? 
Cattle had no direct access to the fi eld, but signs of feral swine 
burrowing under fences and moving across fi elds, including 
faeces in disked fi elds, were documented, thus raising this 
as one theory about how the spinach became contaminated. 
Clearly, small animals can obtain access to almost any fi eld 
or garden they desire to visit, but the incidence and/or 
amount of contamination in small animals is always diffi cult 
to assess. Nevertheless, a relatively high incidence of patho-
genic bacteria in a group of animals, and high concentrations 
in faeces of even a few animals, could result in relatively rapid 
dissemination of pathogens in the environment, especially 
during heavy rain events with rapid water fl ows, dusty and 
windy conditions, or by other colonized creatures such as 
birds. Perhaps not surprisingly, E. coli O157:H7 has been 
detected frequently after heavy rains in watersheds that are 
near to produce fi elds and animal point sources, providing 

a potential link from point sources to watersheds and fi elds. 
But are there other, as yet unknown, transport processes 
involved in contaminating leafy vegetable or tomato plants 
and causing large and thus noticeable outbreaks? The answer 
is unknown, but studies are ongoing to address this issue.

How do enteric bacterial pathogens survive 
on plants in fi elds?
Outbreaks associated with pre-harvest-contaminated leafy 
vegetables confi rm that enteric bacteria are capable of 
attaching somewhere on plants and remaining viable. Labora-
tory studies indicate that bacteria like E. coli O157:H7 and 
Salmonella applied to a variety of leafy vegetables or plant 
roots, leaves and seeds can attach tenaciously (resisting 
sanitizers) and survive, but also can grow under ideal 
conditions (warm temperature, high humidity, adequate 
nutrients). Sophisticated fl uorescence microscopy reveals 
specifi c locations on leaves and roots where enough sub-
cuticle cells and nutrients occur to provide a site for survival 
of opportunistic pathogen cells. Aggregation of pathogen 
cells with one another and with the natural plant micro-
organisms that they encounter suggests that active and 
complex interactions are involved over extended periods of 
time in the fi eld, possibly leading to in-fi eld contamination 
that is diffi cult to control.

Enteric human pathogens on plants in 
the fi eld
Ideal conditions for human pathogen growth are not un-
expected in the fi eld, especially during summer/autumn 
growth cycles on the central coast of California. Field studies 
with non-pathogenic varieties of E. coli and other pathogens 
on plants under fi eld conditions confi rm that they can 
survive for weeks and months, depending upon the numbers 
of bacteria applied and the treatment conditions. However, 
even though surrogate pathogen cells in the soil or on plants 

seem to maintain their numbers for 
extended periods, signifi cant growth 
of the pathogen has not been observed 
in these types of fi eld studies. Factors 
in the fi eld that can amplify the initial 
cell inoculum on plants at least 10-
fold, as found in controlled lab studies, 
have yet to be identifi ed. Possible 
factors worth considering and investi-
gating are plant leaf micro-lesions 
caused by physical abrasions or insects, 
high temperatures, or other micro-
organisms (bacteria or fungi that attack 
plants), any of which could release 
nutrients for signifi cant growth of 
enteric pathogens, like E. coli O157:
H7 and Salmonella. Environmental 
reservoirs where signifi cant growth 
of enteric pathogens outside warm-
blooded animals could occur are 
potential outbreak-related risk factors. 
Are pathogens evolving increased 
fi tness and virulence?
 The increased incidence of produce-
related outbreaks traced to specifi c 
regions, and E. coli O157:H7 outbreaks 
in particular, has stimulated questions 
about what might have changed over 
the last decade to explain the situation. 
Is it related to growing (fertilization, 
water, shallow tilling, seeds, cultivars) 
or production practices (cutting, trans-
port, bagging, atmosphere), changes 
in the pathogens (increased fi tness in 
animals, water), livestock (transport, 
incidence of pathogens), or better 
detection (methods, public health 
system, media)? Any environment or 
intensive practice leading to signifi cant 
replication of micro-organisms, includ-
ing enteric pathogens, will increase the 
rates of new mutations, and increased 
‘fi tness’ in the environment(s) where 
the mutations are selected. Modern 

molecular biology techniques (geno-
mics) are facilitating the fi ngerprinting 
of outbreak-related pathogen strains 
for the purposes of high-resolution 
tracking of the possible sources of 
contamination. Comparative genomics 
of these data yields insights about 
pathogen evolution and emergence 
of virulence-related factors. Although 
theories abound, no defi nitive conclu-
sions are possible without more study 
and hard data from outbreak investi-
gations.

The immediate future
Funding agencies and produce indust-
ries have recognized the importance 
of this issue to consumer confi dence 
and have, therefore, funded many 
large and relevant projects to address 
the critical factors involved in these 
recurrent outbreaks. Many factors sus-
pected of leading to the 2006 spinach 
outbreak will be studied, including  
wildlife involvement, environmental 
incidence, interventions, insect vectors, 
and water and compost quality. The 
very produce items that have caused 
specifi c concerns also are desirable for a 
healthy lifestyle. Buyers and processors 
are controlling the requirements for 
products, becoming stricter in setting 
the distance between livestock and 
produce fi elds, frequency of testing, 
fl ooding, wild animal visits, etc.
 What’s going on? Probably, a con-
vergence of unusual events is required 
for very large outbreaks to occur, a factor 
everyone is hoping will not affect 2007 
harvests. Logical theories about pre-
harvest contamination provide points 
for study, but no defi nitive conclusion 
about the 2006 outbreak can be 
obtained. Fresh, minimally processed 

bagged leafy greens are here to stay, 
but consumer confi dence must be re-
established.
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