
CHAPTER 1 

Sources of Enteric Disease 
in Canada 

SUMMARY 

The public is exposed to the risk of enteric infection via foodborne, waterborne, 
and airborne sources, or via direct contact by infected persons or animals. Food
borne transmission of enteric disease is the most well-known and extensively 
studied area. Among all foods, meat and poultry products are the largest con
tributor of foodborne disease outbreaks. Consumption of these products has 
been linked to enteric infection caused by several important human pathogens 
such as Escherichia coli 0157:H7, Salmonella enterica Typhimurium, S. Enter
itidis, Campylobacter species, and viruses. Food animals carry some of these 
human pathogens with no clinical symptoms. For example, E. coli 0157:H7 
carried by young cattle, Salmonella and Campylobacter by poultry. Carriage 
of human pathogens in food animals has serious health implications because 
it means the farm is a significant reservoir of foodborne illness agents. The 
ecology of the most frequently occurring human pathogens in the farm environ
ment is reviewed here. Other important vehicles of foodborne gastroenteritis 
include fruit and vegetables, seafood, and dairy products. Fruit and vegetables, 
as raw agricultural commodities, are vulnerable to microbial contamination 
during production, and minimal processing further magnifies the contamina
tion level. The opportunity for fresh produce contamination at production is 
discussed. Seafood-associated enteric infection is usually the result of environ
mental contamination and eating raw or undercooked seafood. The frequency of 
environmental contamination of seafood is examined. Enteric infection due to 
dairy foods often implicated raw milk, improper pasteurization, and post pas
teurization contamination as sources of the problem. Some of the dairy product
associated outbreaks are addressed. Waterborne transmission is a second 
common route for spreading enteric disease. However when it happens, it usu
ally results in a large number of people being affected. Drinking and recreational 
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waters are two main vehicles. Important waterborne disease agents such as Cryp
tosporidium, Giardia, Shigella, and E. coli 0157:H7 are reviewed. Airborne 
transmission of enteric infection is the least studied area. Airborne microbial 
contamination and the closely related occupational hazards are acknowledged. 
Some of the enteric disease agents can be spread through direct contact either by 
infected animals or humans themselves. Among agents spread by animal con
tact are verocytotoxigenic E. coli, predominantly E. coli 0157:H7, Salmonella 
species including S. Typhimurium DT104, and Cryptosporidium. Enteric in
fection by personal contact has been documented for Norwalk virus, hepatitis 
A, Shigella species, E. coli 0157:H7, and Cryptosporidium. The role of direct 
contact in disease transmission is addressed. 

INTRODUCTION 

Gastroenteritis is a common human illness. Each year millions of children 
worldwide die from diarrheal diseases (WHO 1999). In the United States, en
teric disease ranks second in prevalence to respiratory disease (Lindsay 1997). 
Humans can contract gastrointestinal diseases via food, water, air, and by di
rect contact with ill persons. In the U.S., the percentage of diarrheal illness 
due to foodborne transmission is 36% (Mead et al. 1999). This should not seem 
surprisingly low because foodborne pathogens can also infect humans via non
food routes. For example, although foods of animal origin are the major source 
of E. coli 0157:H7 infection, transmission through fresh produce, water, and 
direct contact with infected people and animals has been increasingly recog
nized. In Ontario, more than half of all outbreaks of enteric disease reported 
in 1993-1996 were transmitted from person to person (Health Canada 1998). 
Therefore, the reported rates of foodborne disease from some surveillance data 
do not represent foodborne sources exclusively (CDC 2001). 

Most enteric diseases result in clinical conditions associated with acute 
diarrhea, vomiting, fever, abdominal cramps, or other gastrointestinal manifes
tations such as dysentery (Lindsay 1997). However, some enteric pathogens can 
cause more severe health consequences including chronic sequelae such as kid
ney failure, renal disease, brain and nerve disorders, and even death (Lindsay 
1997). Despite advances in modern food and medical technologies, enteric dis
eases remain a major cause of morbidity and mortality. Identifying and con
trolling of enteric disease agents, therefore continue to be challenges for health 
officials, scientists, and researchers. The epidemiology of infectious diseases 
including enteric disease is rapidly changing. Factors contributing to this obser
vation include changes in human demographic characteristics, human behavior 
and consumption habits, consolidation of industries and new technology, glob
alization offood trade, international travel, microbial evolution, and breakdown 
of public health infrastructure (Altekruse et al. 1997). 

Human demographic changes have led to increased numbers of susceptible 
persons, such as the immunocompromised (e.g. AIDS patients), elderly (aging 
population as a whole), and chronic disease patients (e.g. expanded life ex
pectancy of cancer patients due to advanced medical technologies) (Altekruse 
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et al. 1997). Historically, enteric diseases pose the greatest threat to young chil
dren, pregnant women, and the elderly (WHO 1999). Changes in lifestyle and 
eating habits also have had an influence on the occurrence of enteric diseases. 
Dining out at restaurants has increased during recent decades. Outbreaks out
side the home accounted for almost 80% of reported outbreaks in the U.S. in the 
1990s (Altekruse et al. 1997). Increased consumption of fresh fruits and vegeta
bles in recent years may have contributed to the increased incidence of disease 
outbreaks associated with fresh produce. Consumption of high-risk foods, such 
as pink hamburgers, runny eggs and raw shellfish, and unsanitary food handling 
practices at home also add to the risk of acquiring enteric diseases (Shiferaw 
et al. 2000). Consolidation ofthe agriculture and food industries combined with 
modern transportation technology has allowed greater geographic distribution 
of products from large centralized food processors (Altekruse et al. 1997). This 
mass distribution of foods has led to more frequent large and widespread out
breaks of enteric disease. Many outbreaks of disease have involved more than 
one country, and some more than one continent (WHO 1999). Globalization 
of food trade, therefore, presents a transnational challenge to food safety au
thorities because food contaminated in one country can result in outbreaks of 
disease in another. International travel has increased dramatically during the 
20th century. Travelers may become infected with pathogens uncommon in their 
nation of residence, and carry pathogens home to infect nontravelers (Altekruse 
et al. 1997). The consequences include complications in diagnosis and treat
ment especially when the symptoms begin only after travelers return home. 
Microbial evolution is a major force influencing emerging diseases. Microor
ganisms change and adapt in unfavorable environments. The use of therapeutic 
antimicrobial agents, in both human and animal populations, creates a selec
tive pressure that favours survival of resistant bacterial strains (Altekruse et al. 
1997). The widespread use of sub-therapeutic levels of antimicrobial agents 
for promotion of growth in livestock may also select for resistant bacteria that 
are harmful to humans. In addition, rapid mutation of some human pathogens 
such as Escherichia and Salmonella adds to the challenge of controlling causal 
pathogens. Further, as many public health agencies operate with extremely lim
ited resources, investigations examining the occurrence of illnesses may be de
layed. This interruption in public health infrastructure increases the potential 
for underreporting diseases. 

For the above reasons, many experts believe the risk for foodborne enteric 
illness is increasing (WHO 1999; Collins 1997). Others find it difficult to con
clude whether or not foodborne illness is on the increase. This lack of consensus 
is due, in part, to technical improvements in the detection methods being used 
and to the likelihood that apparent increases in incidents are in some respect 
artifacts of contemporary focus (Doores 1999). Reported incidents of E. coli 
0157:H7 infection, for example, have increased ever since the organism was 
recognized as a human pathogen two decades ago. This may have been the 
result of increased awareness by health authorities and in laboratories. 

Adding to the complex epidemiology of enteric diseases is that the source 
of illness in most outbreaks is usually unknown (Todd et al. 2000; Tauxe et al. 
1997). There are a number of reasons why it is sometimes impossible to identify 
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a causal agent (Doores 1999; Tauxe et al. 1997): (1) the illness is not of infectious 
origin; (2) a sample is not obtained at the appropriate time during the patient's 
illness; (3) the current detection techniques do not include a test for a specific 
causal pathogen, or the pathogen is a virus that is not detected by current meth
ods; (4) the causal organism is a little understood newly emergent pathogen, or 
an unknown pathogen; and, (5) if a multi-ingredient food is implicated in an 
illness, it is not always possible to identify which ingredient is the actual source 
of the contaminating pathogen. 

Addressing enteric diseases will require not only more sensitive, rapid 
surveillance and enhanced methods of laboratory identification, but also ef
fective prevention and control. The general strategy of prevention is to fully 
understand the mechanisms by which contamination and disease transmission 
occur so as to allow interruption of the processes. There are both research and 
education elements involved in developing requisite understanding. The pre
vention of enteric diseases via foodborne routes will depend on careful food pro
duction, handling of raw products, and preparation of finished foods. Whereas 
the prevention of diseases via waterborne routes will rely on careful monitor
ing of municipal water supplies, well water sources, and recreational waters 
(Altekruse et al. 1997). Technologies are available to prevent most foodborne 
and waterborne illnesses. They include good food sanitation and hygiene prac
tices plus techniques such as pasteurization, refrigeration, retort canning and 
water chlorination (Altekruse et al. 1997). The use of Hazard Analysis Critical 
Control Points (HACCP) programs also helps to identify and control hazards and 
subsequently prevent foodborne diseases. Other technologies that are worth our 
consideration are irradiation, chlorination of drinking water for food animals, 
composting of manure used as fertilizers, chlorination of irrigation water, and 
other technologies that reduce the number of potential pathogens present in 
agricultural commodities (Altekruse et al. 1997). 

To date, at the beginning of the 21st century, enteric disease remains a major 
threat to public health. Although a significant amount of research has been fo
cused on the genetics, physiology, and virulence of human enteric pathogens, 
it is equally important to understand how these microbes, humans, and ani
mals interact in the environment. A better understanding of the mechanisms by 
which these pathogens persist in animal reservoirs and environments is criti
cal to successful long-term prevention. Together, this information will provide 
an intellectual and technological foundation upon which effective control pro
grams and disease prevention strategies can be built. This chapter will review 
the existing scientific knowledge of human enteric disease, more specifically 
its sources in the environment and the avenues through which pathogens cause 
disease in the human population. 

FOODBORNE TRANSMISSION 

Foodborne transmission is probably the most common route for transmis
sion of enteric diseases. Foods of animal origin account for the largest percentage 
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of outbreaks and sporadic cases in Canada (Todd et al. 2000). Other important 
food vehicles include marine foods, dairy products, and fruit and vegetables. 
In this section, sources of contamination associated with each category of food 
based on previous outbreaks, results of outbreak investigations, and the possibil
ities of other transmission routes particularly at the farm level will be discussed. 

Meat and Poultry 

Meat and Meat Products 

Some enteric pathogens are more likely to be associated with a specific 
kind of animal product. This is because many human pathogens have an ani
mal reservoir from which they spread to humans. These pathogens, called food
borne zoonoses, do not often cause illness in the infected host animal (Tauxe 
1997). Consumption of bovine foods, for example, is frequently associated with 
verocytotoxin-producing Escherichia coli (VTEC) 0157:H7 infection. Beef and 
dairy cattle are therefore believed to be the primary reservoir and the dairy 
farm is considered a risk setting for transmission of the pathogen. In the United 
States, an estimated 73,000 cases occur annually with an estimated 61 fatal 
cases (CDC 2000). The pathogen is one of 9 pathogens under surveillance by 
the Foodborne Diseases Active Surveillance Network (FoodNet), an Emerging 
Infections Program of the Centers for Disease Control and Prevention (CDC). It 
is estimated that 75% of hemorrhagic colitis and hemolytic uremic syndrome 
cases in Canada are attributed to infection with E. coli 0157:H7 (Health Canada 
1999). Studies in Ontario, Canada, have found E. coli 0157:H7 contamination 
in cattle on farms and abattoirs to vary from <0.3% to 1.5% (Cassin et al. 1998). 
Earlier studies by Wells et al. (1991) found the prevalence of E. coli 0157:H7 
shedding in calves and heifers to be 2.3 and 3%, respectively, in contrast to a 
0.15% incidence offecal shedding in adult cattle. A recent Canadian study by 
Van Donkersgoed et al. (1999) reported isolation of E. coli 0157:H7 from 7.5% 
of fecal samples collected from cattle at slaughter. 

E. coli 0157:H7 colonizes the gastrointestinal (GI) tract of cattle and the 
infected cattle may appear perfectly normal. This is significant because there 
is no way to visually recognize the contaminated animals and prevent them 
from going to slaughter. It is possible that the feces of animals carrying E. coli 
0157:H7 may periodically test negative. Therefore the traditional means of con
trolling infectious agents, such as eradication or removal of carrier animals, 
are not feasible for this organism. Since shedding of the organism from cattle 
is only transient, routine testing may not identify infected animals. Since the 
prevalence of the organism is generally low in cattle herds, it is difficult with 
current sampling methods to detect the presence of E. coli 0157:H7. This is of 
some significance when one considers the low infectious dose of the organism 
(it takes 10 cells or less to trigger disease in humans). E. coli 0157:H7 seems to 
be a common resident in ruminants, such as cattle, sheep, deer, and goats. An 
E. coli 0157:H7 infection was associated with consumption of jerky prepared 
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from deer meat (Keene et al. 1997). The pathogen has also been isolated from 
pigs (Chapman et al. 1997). However, to date, there has been no direct evidence 
of human infections originating from pigs in North America (DesRosiers et al. 
2001). Although an increasing variety of food sources and other vehicles for 
E. coli 0157:H7 transmission have been documented in recent years, direct or 
indirect exposure to bovine or human feces explains almost all cases where a 
source is identified. Research has been undertaken to elucidate the ecology of 
E. coli 0157:H7, with particular emphasis on the identification and control of 
sources of the pathogen in the farm environment. One research study is being 
conducted to test a vaccine for cattle in order to reduce the level of colonization 
of the host by the pathogen and reduce shedding (Potter et al. 2000). 

Over the past decade, several research groups have defined many of the 
major features of the epidemiology of E. coli 0157:H7 on farms. (1) It is nearly 
ubiquitous in cattle populations; the pathogen can be found on virtually all 
farms, at least intermittently. (2) Its occurrence is strongly seasonal with peak 
prevalence in summer and early fall. (3) It shows transient residence in the GI 
tract of animals and is not associated with clinical disease. (4) There is higher 
prevalence in young animals. (5) There is a lack of host specificity; the pathogen 
has been isolated from humans, cattle, sheep, dogs, cats, birds, horses, flies, etc. 
(6) There is temporal clustering in cattle populations; most fecal shedding is con
fined to sharp bursts in a high percentage of animals separated by long periods 
of very low prevalence. (7) There is a complex epidemiology at the molecular 
level; several pulsed field gel electrophoresis (PFGE) subtypes (having differ
ent DNA "fingerprints") often exist on a farm simultaneously with periodic 
additions and turnovers, even on farms that do not receive animals from out
side. (8) The organism is capable of long distance transmission not associated 
with animal movements; the same PFGE subtypes are found on closed farms 
(absence of any obvious animal movement between them) separated by hun
dreds of kilometers (Hancock et al. 2001). 

Several researchers have been trying to provide explanations for the above 
unique and complex features of E. coli 0157:H7. Subtypes of the organism can 
persist on cattle farms for years, and common subtypes are often found in envi
ronmental niches and in other species of animals, thus supporting a conclusion 
that cattle farms represent a reservoir, but it is not completely clear whether 
cattle themselves are the reservoir (Hancock et al. 2001). The seasonality of the 
pathogen in cattle also correlates with seasonal human infection and contam
ination of retail meat. Previous speculation attributed the summer increase of 
human E. coli 0157:H7-associated disease to seasonal consumption patterns 
(e.g. barbeque cooking), but it did not explain the seasonal contamination of 
retail meat. Jones (1999) interpreted the seasonality as a reflection of the move
ment of cattle from winter housing to summer grazing in the spring, and in the 
autumn to a return back to winter housing, which was accompanied by changes 
in diet and water source which induced stress. Bunk feeds (feed mixes directly 
consumed by cattle) collected from feeding troughs and cattle watering troughs 
are commonly positive for E. coli 0157:H7; thus feed and water likely represent 
the most common means of infection on farms. Environmental replication of 
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E. coli in feeds and in sediments of watering troughs does occur and this may 
account for the higher level of fecal shedding of E. coli 0157:H7 in the warm 
months (Hancock et al. 2001). The pathogen has also been found to persist and 
remain infective for at least 5 months in water trough sediments; it is hypoth
esized that this may be an important environmental niche where the pathogen 
survives during periods when it cannot be detected in cattle, especially during 
cold months. Therefore, certain farm management practices, especially those 
related to maintenance and multiplication of the infectious agent in feed and 
water, may provide a practical means to substantially reduce the prevalence 
of E. coli 0157:H7 on farms. Further, the pathogen is able to remain viable in 
soil for greater than 4 months (Jones 1999). This has serious implications for 
the land-based disposal of organic wastes such as cattle manure, cattle slurry 
and abattoir waste. The presence of E. coli 0157:H7 in wild bird populations, 
mainly gulls, has prompted questions about the cause of this contamination 
outside the farm. It is speculated that birds become contaminated after feeding 
on pastureland following the application of farm slurries and sewage sludge 
(Wallace et al. 1997 cited by Jones 1999). 

Undercooked ground beef, such as the hamburger patty, is a common vehi
cle implicated in E. coli 0157:H7 infection. Recently, two outbreaks in Canada 
were associated with ready to eat foods such as dry fermented salami. In the 
spring of 1998, an E. coli 0157:H7 outbreak was traced to a naturally fermented 
Genoa Salami product manufactured by a registered establishment in Ontario 
(Health Canada 2000a). Again in November 1999, another E. coli 0157:H7 
outbreak in British Columbia was traced to a similar type of raw fermented 
Hungarian-style sausage (Health Canada 2000a). Research has found that meth
ods used to manufacture fermented sausage do not control or eliminate this acid 
tolerant pathogen from the finished product. These observations and the serious 
consequences of the outbreaks have prompted Health Canada to impose regula
tions on the sausage industry for controlling this organism in the manufacture of 
dry and semidry fermented sausages (Health Canada 2000a). Manufacturers are 
required to follow one of several interventions which include high temperature 
cooking (52.8°C for 4 min); a combination manufacturing process that achieves 
a 510glO (5D) reduction in numbers; end product testing with the lot held pend
ing receipt of results; implementation of a HACCP program that includes raw 
material testing and a process that achieves 2D reduction; or, any alternative 
manufacturing process that is scientifically validated to achieve the required 
E. coli 0157:H7 reduction. 

In addition to E. coli 0157:H7 infection, salami has also been associated 
with outbreaks of Yersinia and Salmonella (Health Canada 2000b; Pontella et al. 
1998). Unlike E. coli 0157:H7, Yersinia enterocolitica is widely recognized as 
a cause of disease in animals. Not all strains are pathogenic to man. Surveys 
in some countries have shown that pig's tonsils frequently carry pathogenic 
serotypes. Others have found relatively high numbers in the caecal contents of 
infected pigs. The pathogen is of particular concern in food because it is able 
to grow at refrigeration temperatures (Mackey 1989). Studies of the associa
tion between consumption of sausage products and yersiniosis linked Yersinia 
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Table 1.1. Incidence per 100,000 population of diagnosed foodborne 
illnesses at the five original sites (1996-2000) and for all eight sites (2000), 
by year and pathogen-Foodborne Diseases Active Surveillance Network, 

United States.a 

Original five sites All sites 

Pathogen 1996 1997 1998 1999 2000 2000 

Campy/obacter spp. 23.5 25.2 21.4 17.5 20.1 15.7 
Cryptosporidium parvum NRb 3.7 2.9 1.8 2.4 1.5 
CycJospom cayetanensis NR 0.4 0.1 0.1 0.1 0.1 
Escherichia coli 0157:H7 2.7 2.3 2.8 2.1 2.9 2.1 
Listeria monocytogenes 0.5 0.5 0.6 0.5 0.4 0.3 
Sa/monel/a spp. 14.5 13.6 12.3 13.6 12.0 14.4 
Shigella spp. 8.9 7.5 8.5 5.0 11.6 7.9 
Vibrio pamhaemo/yticus 0.2 0.3 0.3 0.2 0.3 0.2 
Yersinia enterocolitica 1.0 0.9 1.0 0.8 0.5 0.4 

"Reprinted from CDC (2001a) with permission. 
VNR-not reported. 

species to porcine reservoirs. Undercooked pork products have repeatedly been 
associated with yersiniosis (Tauxe et al. 1987; Ostroff et al. 1994; Satterthwaite 
et al. 1999), which results in gastroenteritis and appendicitis-like symptoms. 
More serious cases can lead to polyarthritis, septicemia, and meningitis (Health 
Canada 2000b). These serious health consequences, along with the high inci
dence ofyersiniosis in British Columbia (28 per 100,000 persons in 1998) make 
this disease a significant public health problem in the province. Research is 
needed to review the parameter limits set for the intrinsic factors (pH and water 
activity, Aw) of dry fermented meat products to control the pathogen. In ad
dition, research is also needed to identify risk factors associated with Yersinia 
infection and consumption of pork products. 

Outbreaks of Salmonella species associated with meat and meat prod
ucts are frequently subjects of contemporary news reports. As with Yersinia, 
Salmonella have been associated with illness among many animals, including 
cattle. Salmonella live in the intestinal tracts of various animal species includ
ing cattle and they represent a major reservoir for human disease. In humans, 
this enteropathogen is among the most commonly reported and costly causes 
of foodborne disease. It is estimated by CDC that 95% of human salmonellosis 
in the U.S. occur through foodborne transmission (Mead et al. 1999). FoodNet 
data from the U.S. reported there was an incidence rate of 14.4 cases per 100,000 
persons during 2000 at a total of eight FoodNet surveillance sites (Table 1.1). 

Can Salmonella reduction be achieved on cattle farms? Salmonella species 
are common in outflows from human sewage treatment plants and may therefore 
contaminate surface water and animals consuming it downstream (Wells et al. 
2001). Animal and plant protein feed may also be contaminated with Salmonella 
and contribute to clinical disease in cattle. Wild birds and rodents may also 
be a source of Salmonella contamination. These multiple sources complicate 
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development of on-farm control strategies, since an overall prevention strategy 
needs to consider all off-farm inputs (such as livestock drinking water, feed 
sources, sources of water used to irrigate pasture and crops for livestock feed) 
in addition to on-farm control strategies. Despite these environmental complex
ities, research from other species of livestock and poultry indicates that herd 
management can reduce shedding of Salmonella (Wells et al. 2001). 

On hog farms, pigs can become infected with Salmonella directly via con
sumption of contaminated feed, contact with another infected pig, or directly 
through a contaminated environment, such as surfaces, equipment, or non
porcine animals including humans (Hume, 2001). It is believed that the lairage 
where pigs are held from 2-8 h before they are slaughtered can act as an impor
tant source of Salmonella infections of animals in healthy herds (Swanenburg 
et al. 2001). The efficiency of cleaning and disinfection of the lairage must 
be ensured to eliminate this risk. It was found that long-term persistence of 
S. Typhimurium on hog farm premises led to recurrent infections (Baloda et al. 
2001). One of the explanations offered is 're-inoculation' of the pathogen from 
the herd environment. When Salmonella-contaminated slurry was disposed of 
on agricultural soil, a common waste disposal practice, the pathogen could 
be isolated up to 14 days after being spread (Baloda et al. 2001). This creates 
potentially high risks for transmission of the pathogen in the environment, 
animals, and humans. In the U.S., 8.7% of swine carcasses were positive for 
Salmonella before implementation of the Clinton Administration's science
based meat and poultry inspection system (FSIS 1996). In 2000, the prevalence 
was reduced to 4.1 % in large plants, 7.7% in small plants, and 7.2% in very 
small plants (FSIS 2001). Hazard analysis critical control points (HACCP)-based 
inspection systems are credited as being effective in reducing prevalence of 
Salmonella-contaminated raw meat and poultry. 

The gut of healthy animals harbours other important human enteric path
ogens such as Campylobacter jejuni. In the past many years, Campylobacter 
species consistently caused the largest number of foodborne incidences where 
the etiological agent was identified (Table 1.1). Campylobacter spp. colonize the 
gastrointestinal tracts of a wide range of wild and domestic animals, including 
cattle, hogs, and chickens without clinical effects (Kramer et al. 2000). Their 
presence on the carcass is therefore to be expected. However, the organisms are 
sensitive to stresses such as drying, chilling, and exposure to oxygen (Mackey 
1989). Mishandling and cross-contamination of red meat and its products are 
frequently the primary risk factor in transmission to humans. Although red meat 
and offal are potential sources of this type of enteritis, outbreaks associated with 
consumption of poultry or poultry products are more extensively documented 
(see next section). 

Listeria monocytogenes is also found among the natural gut microflora of 
healthy animals and is ubiquitous in farm environments. It is an opportunistic 
pathogen generally affecting those who are in some way immunocompromised, 
but this is not always the case, healthy adults can become ill. The especially 
at risk groups include pregnant women and neonates, individuals receiving 
immunosuppressive drugs, and those suffering from alcoholism (Mackey 1989). 
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The organism has frequently been isolated from red meats and can be shed in 
large numbers in the milk of cows suffering from Listeria mastitis. 

Staphylococcus aureus is an enterotoxin-producing pathogen carried by 
animals. However it does not compete well and does not grow on properly re
frigerated meat. There is a requirement for more than 106 organisms per gram 
of food in order to produce enterotoxin. Humans are more likely to be the 
primary source of the organism associated with contamination (CDC 1997a). 
Ham is the most common reported vehicle of transmission in staphylococcal 
food poisoning. The salt content of precooked, packaged hams is high, often as 
high as 3.5%, which provides an ideal growth medium for the pathogen when 
the temperature is favourable. Staphylococcal poisoning is usually a result of 
cross-contamination from infected food handlers and equipment surfaces. Better 
availability and use of refrigeration systems have reduced the frequency of out
breaks caused by this organism. 

Eating wild game has frequently been associated with trichinosis or 
trichinellosis. Trichinellosis is a widespread helminthic zoonosis endemic in 
Northern Canada where the estimated incidence rate in the Aboriginal popula
tions is 11 cases per 100,000 (MacLean et al. 1989). Infected polar bear and wal
rus meat are the most frequent sources of human trichinellosis in the Canadian 
Arctic although there are other potential carnivore sources including red or arc
tic foxes, wolves, and wild boar (Health Canada 2001a). One recent outbreak 
of trichinellosis in the u.s. in 1995 was associated with eating cougar jerky 
(CDC 1996a). Trichinella species are found in virtually all warm-blooded ani
mals. Freezing can kill most species of Trichinella including T. spira lis except 
for T. nativa and Trichinella T6 (CDC 1996a). To ensure that all Trichinella are 
destroyed meat should be thoroughly cooked (::::71.1°C internal). Undercooked 
pork has long been known to be a risk factor for acquiring trichinellosis. Domes
tic swine-associated cases have decreased in recent years due to laws prohibiting 
feeding offal to hogs, increased freezing of meat, and the practice of thoroughly 
cooking pork (CDC 1996a). 

Poultry and Poultry Products 

Salmonellosis and campylobacteriosis are enteric diseases of primary con
cern associated with poultry and poultry products (Bryan & Doyle 1995). 
Estimates place the annual incidence of human salmonellosis and campylobac
teriosis in the U.S. between one to four million for each respectively, resulting 
in at least 500 deaths (CDC 1996b). Annual cost estimates of poultry-associated 
cases of salmonellosis and campylobacteriosis in the U.S. range from $64 mil
lion to $114.5 million and $362 million and $699 million, respectively. The need 
for cost-effective solutions for these poultry-borne human disease problems is 
apparent. 

As with meat, poultry are first contaminated from a variety of sources 
on farms and then contaminants are spread during transportation, processing, 
handling in markets and kitchens. Similarly, the risk of poultry-borne enteric 
diseases is influenced by (a) presence of disease causing agents in fowl and 
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opportunity for spread within flocks and during processing, (b) propagation 
on farms and within processing plant and kitchen environments, and (c) sur
vival of these pathogens on farms and during processing and cooking (Bryan & 
Doyle 1995). Intestinal colonization and contamination of body parts includ
ing feathers of fowl occur on farms, and are favoured by intensive rearing. 
Further, these pathogens are transferred between birds during transportation, 
between carcasses and parts during processing, and therefore are commonly 
found on poultry and its products after processing. By comparison, more poul
try products are contaminated with Campylobacter jejuni than with Salmonella 
(Bryan & Doyle 1995). In fact, chicken is much more frequently contaminated 
with Campylobacter than red meats are, and the level of contamination is often 
high (Pearson et al. 1993). 

Chickens, turkeys, and ducks are all potential intestinal carriers of C. jejuni, 
usually with no associated symptoms. The infection differs from that caused by 
Salmonella in that the organism does not normally become established in the 
chicks before the age of 2 weeks. After that, high numbers may be found in the 
caecum (Mackey 1989). Although Salmonella often are present in the intestinal 
tract of mammals and birds, they are not a normal part of the intestinal micro
biota. They are readily acquired from feed and environmental sources (Bryan & 
Doyle 1995). The host-adapted Salmonella enterica Pullorum, S. enterica 
Gallinarum, and, to a lesser extent, S. enterica Enteritidis cause clinical illness 
in the birds but other strains tend to only colonize the caecum where they may 
be excreted for varying periods with no obvious symptoms (Mackey 1989). 

Eating undercooked eggs and poultry is frequently associated with 
salmonellosis. Undercooked egg is a common source of Salmonella enterica 
Enteritidis. The pathogen emerged as a major egg-associated pathogen in the 
late 20th century. Epidemiological data from several countries indicate that 
S. Enteritidis filled the ecologic niche vacated by eradication of S. Gallinarum 
from poultry. Surveys in Germany (Rabsch et al. 2000) demonstrated that 
the number of human S. Enteritidis infections was inversely related to the 
prevalence of S. Gallinarum in poultry. It is believed S. Gallinarum compet
itively excluded S. Enteritidis from poultry flocks early in the 20th century. 
Today, S. Enteritidis remains one 6f the most commonly reported serotypes of 
Salmonella. 

Freshly laid eggs rarely contain microorganisms, although Salmonella En
teritidis can contaminate yolk via the transovarian route from infected hens 
(Mackey 1989). Thereafter, the eggshell can be contaminated from chicken feces 
and Salmonella may penetrate through shells and membranes during cooling. 
The consequences include contamination of chicks from the shells during or 
after hatching. In contrast to Salmonella, eggs derived from hens infected with 
C. jejuni do not yield this organism in yolk, albumen, or shell surface. Therefore 
C. jejuni is not likely to be transmitted by eggs. 

Due to the almost ubiquitous distribution of Salmonella in the animal envi
ronment, fecal material residue, dust, and fluff in the hatchery environment may 
be important sources of the pathogen that contaminate young poults. Several 
studies have shown a decrease in prevalence of fecal shedding of Salmonella 
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as birds age. Chicks and poults are readily infected with Salmonella if the 
pathogens are present in feed or environment. They may shed as many as 108 

cells per gram of feces (Bryan & Doyle 1995; Mackey 1989). As birds mature (even 
though Salmonella remains in litter, soil and on fecally contaminated surfaces), 
they tend to shed fewer organisms and a smaller percentage of the flock remains 
infected, unless the birds continually receive contaminated feed. Poultry feed 
is a frequent source of contamination of fowl and farm environments. Although 
meat and bone, feather and fish meals are treated to kill Salmonella, microbes 
from raw materials often re-contaminate the finished products. Feed however, 
is not a source of C. jejuni due to its low moisture content which causes C. jejuni 
to die off. 

In the environment, Salmonella and some other enteropathogens can sur
vive in poultry litter and soil from a few days to several weeks. Because fowl 
peck the ground, pathogens shed in feces and present in litter and soil are 
ingested. Wild animals such as birds, reptiles, insects, and vermin that reach 
poultry farms also serve as reservoirs of enteric pathogens (Bryan & Doyle 1995). 
Salmonella and Campylobacter have been isolated from drinking water for fowl. 
Bacterial pathogens can contaminate, survive, and multiply in water if organic 
matter such as feed and fecal matter is present. The environment in and near 
poultry rearing houses is a source of Campylobacter jejuni for young chicks. The 
pathogen can also be introduced on the footwear and clothing of farm workers. 
Campylobacter has been found in the air, litter, and drinking water containers 
in poultry rearing and finishing houses (Pearson et al. 1993). 

Intensive rearing of fowl (especially young chicks), where thousands of 
birds are kept together, is very conducive to the spread of Salmonella, and pos
sibly other enteropathogens (Bryan & Doyle 1995; Mackey 1989). Under these 
conditions, an infected bird, a contaminated lot of feed, or other sources of 
contamination in the environment can easily spread pathogens to many birds. 
Transmission of pathogens continues after birds leave the farm, before arriving 
at the slaughterhouse. A Salmonella outbreak traced back to contamination of 
a transport truck has been documented. Since Salmonella and Campylobacter 
species are frequently present in feces, they are transferred to feathers and the 
skin of birds during transit. Stresses caused by capturing, transporting, crowd
ing, holding in crates before slaughter, and inclement weather increase contam
ination among fowl. The longer birds are held in shipment crates, the greater is 
the percentage of positive birds contaminated by pathogens. 

Although processing may take place in modern sanitary plants, Salmonella 
and Campylobacter are still present on poultry throughout processing opera
tions (Bryan & Doyle 1995). Scalding, defeathering, evisceration and giblet op
erations are the major points of transfer of pathogens. Often there are greater 
numbers of processed carcasses and parts contaminated than there are infected 
live animals coming to slaughter. Unless all poultry is properly heat treated and 
handled before consumption, additional prevention and control procedures are 
needed to reduce the risk of poultry-borne enteric disease. 

At the consumer level, factors associated with Salmonella outbreaks usu
ally include improper thawing of frozen poultry products, use of raw eggs, and 
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undercooking of both poultry and eggs. Preventative action can be taken at final 
preparation, but this will require education of millions of food handlers and 
homemakers. To date, prevention strategies have relied on pathogen control 
at slaughter, refrigeration of cooked meat products, and use of preservatives. 
Nonetheless, there is an immediate need for a cost-effective approach to reduce 
the prevalence of Salmonella and Campylobacter on poultry at the farm level. 
Farm practices including use of fresh manure as fertilizers for vegetable fields, 
use of non-potable drinking water for food animals, and inadequate management 
practices used with high densities of animals in barns and feed lots should be 
evaluated to assess their potential for transmission of these pathogens. All the 
above activities can create routes for contamination of produce, animals and 
their environments. 

Food irradiation is an important option for reducing the incidence of food
borne illness caused by microbial pathogens that may contaminate raw meat or 
poultry. Food manufacturers in the U.S. are currently allowed to irradiate raw 
meat and poultry as well as several other food products. Irradiation technology 
employs use of gamma rays, X-rays, or electron beams. The maximum permit
ted radiation dose for meat (4.5 to 7.0 kGy) and poultry (3.0 kGy) is sufficient to 
inactivate at least 99.9% of common foodborne pathogens such as Salmonella 
and E. coli 0157:H7 (Frenzen et al. 2001). The safety of irradiated food has been 
established by extensive research. Therefore, consumers who substitute irradi
ated raw meat and poultry for non-irradiated products can reduce their risk of 
foodborne illness, and those at increased risk should experience the greatest 
health benefits. However, the demand for irradiated meat and poultry has been 
low, despite U.S. federal government approval. 

Seafood 

Most seafood is safe; however, as with all foods it carries some risk. Seafood 
is the second most commonly reported vehicle implicated in foodborne enteric 
disease in Canada (Todd et al. 2000). Most risks due to seafood consumption 
originate from environmental contamination. Pathogens implicated in seafood
borne illness are classified into 4 major categories: 1. those naturally present in 
marine or freshwater environments; 2. those associated with faecal pollution 
of the environment; 3. those associated with processing and preparation opera
tions; and, 4. those of unknown etiology (Table 1.2). As in other food categories, 
the largest number of reported cases have unknown etiologies. 

Most seafood-associated illnesses are reported from consumption of raw 
bivalve molluscan shellfish (Ahmed 1992). Molluscan shellfish concentrate par
ticulate matter, including infectious bacteria, from the water that passes through 
their filtering system. These concentrates eventually pass to the digestive system 
of the mollusc. The risk associated with eating shellfish is mainly due to Vibrio 
infection and most incidents appear to occur in coastal areas where shellfish 
consumption is high. Several outbreaks of Vibrio parahaemolyticus infections 
in North America have been associated with eating raw or undercooked oysters 
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Table 1.2. Human pathogens associated with seafood and aquaculture. a 

Origin of pathogens 

Indigenous, naturally 
present 

Faecal pollution or 
contamination 
during processing 
and preparation 

Pathogens 

Vibrio spp. including V. cholerae non-01, V. parahaemolyticus; 
V. vulnificus; Aeromonas hydrophila; Plesiomonas shigelloides; 
Erysipelothrix interrogans; Pseudomonas spp.; Mycobacterium 
marinum; Leptospira interrogans; Clostridium botulinum; Giardia; 
and Diphyllobothrium 

Salmonella spp.; Shigella spp.; Escherichia coli; Campylobacter spp.; 
Listeria monocytogenes; Vibrio c1lOlerae 01; Clostridium botulinum; 
Cl. perfringens; Bacillus cereus; hepatitis A; unspecified hepatitis; 
Norwalk and Norwalk-like viruses 

"Modified from Croonenberghs (2000). Dalsgaard (199B) and Ahmed (1992). 

(Health Canada 1997a; CDC 1998a; CDC 1999a). Since these bacteria occur nat
urally in marine and estuarine waters, they are common in shellfish. For ex
ample, Vibrio parahaemolyticus levels in shellfish were found to be 200-fold 
higher than in overlying waters (DePaola et al. 2000). Their numbers are highly 
dependent on temperature in that water temperature is positively correlated 
with V. parahaemolyticus abundance and thus higher concentrations occur in 
summer months. However, no clear relation is found with salinity or fecal col
iform levels. Like vibrios, isolation of Plesiomonas shigelloides is also a seasonal 
phenomenon. P. shigelloides is another opportunistic pathogen that can cause 
diarrheal disease and has been associated with the consumption ofraw mollusks 
(Fernandes et al. 1997). 

To reduce the risk for V. parahaemolyticus and other shellfish-associated 
infections, consumers should avoid eating raw or undercooked shellfish, es
pecially during the warmer months. Monitoring of environmental conditions, 
such as water temperature, may help determine when shellfish harvesting areas 
should be closed to harvesting. During outbreaks, it is common for provincial 
or state health officials to close affected areas to shellfish harvesting. This has 
proven to be useful because subsequent infection rates decline. Guidelines reg
ulating the harvesting of oysters and other shellfish rely on quantitative mea
surement of V. parahaemolyticus levels in shellfish meat. In Canada and the 
U.S., the recommended action level of V. parahaemolyticus per gram of shell
fish meat that must be detected before closing shellfish beds is greater than 
10,000 CFU/g. However, adherence to these guidelines does not prevent out
breaks. Recent outbreak investigations found that implicated oysters contained 
less than 200 CFU/g, indicating that human illness can occur at levels much 
lower than the current action level (Health Canada 1997a; CDC 1999a). More 
research is needed to confirm this observation. 

As in all food, many pathogenic microorganisms are transmitted to humans 
via the fecal-oral route. Seafood may also be contaminated if it is harvested from 
water polluted with sewage. Shellfish in particular have been identified as vehi
cles for several viral gastroenteritis agents, such as Hepatitis A, Norwalk agent, 
and calicivirus (Le. Norwalk-like or small round-structured virus). Outbreak 
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investigations have often found inadequate sewage collection and disposal sys
tems. Frequently, human waste from ill harvesters was the cause of contami
nation (CDC 1997b). The findings of these investigations suggested that one ill 
harvester could easily contaminate large quantities of oysters in a relatively large 
oyster bed. Oyster-associated outbreaks of viral gastroenteritis will continue un
less regulators and the oyster industry develop, adopt, and enforce standards 
for the proper disposal of human sewage from oyster harvesting vessels. Trace
back investigations also revealed the prevalence of mislabeling in wholesalers' 
records and thus there was an inability to accurately trace contaminated oysters 
to responsible harvesters. Therefore, prevention of oyster-related outbreaks of 
gastroenteritis not only requires educating workers in the oyster industry about 
the consequences of improper sewage disposal, but also improving record keep
ing by oyster harvesters, wholesalers, and retailers to enhance the reliability of 
traceback investigations. 

Faecal pollution may also occur in aquaculture ponds and frequently in
volves ignorance of the hazards associated with the use of untreated animal or 
human waste in ponds to increase production (Garrett et al. 1997). The abuse 
and misuse of raw chicken manure as pond fertilizer may result in the trans
mission of Salmonella to the cultured product. Vibrios are also found naturally 
present in brackish water or the shrimp culture environment (Bhaskar & Setty 
1994) and are one of the most dominant bacteria in the microflora of pond -reared 
shrimps. Seasonal variation is also a phenomenon in pond aquaculture envi
ronments and a major factor contributing to the association of pathogens with 
aquaculture products. Salmonella is generally not recognized as part of the nor
mal flora in aquaculture environments and its presence in seafood is therefore 
regarded as a sign of poor standards of process hygiene and sanitation. 

Dairy Products 

Because milk is rich in nutrients and near neutral in pH, it serves as an ex
cellent growth medium for many pathogenic and opportunistic microorganisms 
including enteric pathogens. Outbreaks and other illnesses involving milk and 
milk products have been documented since the beginning of the dairy industry 
(Table 1.3). 

Years 

1900-1940s 

1950-1975 

1975-present 

Table 1.3. Historical changes of pathogens in milk.a 

Diseases or pathogens 

Diphtheria, tuberculosis, brucellosis, Q-fever, septic sore throat 

Salmonellosis, brucellosis, Staphylococcus aureus, Bacillus cereus, 
enteropathogenic Escherichia coli 

Enteropathogenic and enterohemorrhagic E. coli, Yersinio enterocolitica, 
Campylobacter jejuni, Salmonella Typhimurium, S. Derby, S. Dublin, 
Listeria monocytogenes, Cryptosporidium pOIvum 

"Modified from Vasavada (l988). 
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Traditionally, raw milk and raw milk products are the major vehicles for 
transmission of enteric pathogens such as Salmonella Typhimurium, S. Derby, 
S. Dublin, and Campylobacter jejuni (Vasavada 1988). Raw milk is also a source 
for Escherichia coli 0157 :H7 and Cryptosporidium parvum (Karmali et al. 1983; 
Laberge et al. 1996). The incidence of outbreaks associated with dairy products 
has steadily declined due mainly to modern milk production practices that 
emphasize sanitary measures and the almost universal use of pasteurization. 
Commercial pasteurization was first introduced in 1895 and today milk is pas
teurized both to destroy pathogenic bacteria that may be present and improve 
shelf life. In all territories and provinces including B. c., pasteurization of milk 
offered for sale is required by law (Health Canada 2002a). However, there are 
still uninformed individuals who maintain the belief that raw dairy products 
are healthier and pasteurized products are less beneficial and even harmful. 
Unfortunately, at the beginning of the 21st century, outbreaks of gastroenteritis 
due to consumption of raw milk and raw milk products continue to happen. 

Raw milk can contain a diverse microbial population, which mainly comes 
from environmental contamination on farms, either during the milking process 
and subsequent storage, or from direct shedding by infected animals. Cows are 
carriers of some human enteric pathogens including Listeria monocytogenes 
and Campylobacter jejuni, and cows with mastitis can shed these pathogens 
in their milk (Vasavada 1988). Persistent shedding of S. Enteritidis from a cow 
into the milk has also been reported (Wood et al. 1991). Raw milk can also be 
contaminated with E. coli 0157:H7 and Salmonella spp. from the environment. 
In a recent outbreak in B. C., unpasteurized goat milk was implicated as a ve
hicle for E. coli 0157:H7 transmission in August 2001 (Health Canada 2002a). 
Pathogens present in raw milk can result in contaminated dairy products made 
from the contaminated milk. It is known that some enteric pathogens, includ
ing Salmonella, can survive the cheese-ripening process (El-Gazzar & Marth 
1992). Therefore, consumption of raw milk and dairy products manufactured 
from raw milk carry potential risk. Cheese is a relatively uncommon vehicle 
for human Salmonella infection, but several outbreaks have been reported in 
recent years. Investigations often revealed raw milk used in the production of 
cheese as the source of contamination. In one outbreak of Salmonella Berta in 
Ontario in 1994, the implicated food was an unpasteurized soft cheese product 
produced on a farm and sold at a farmers' market (Ellis et al. 1998). Results of 
the investigation found that cheese was contaminated during ripening in an im
properly disinfected bucket previously used for soaking chicken carcasses. This 
outbreak illustrated the potential role of uninspected home-based food produc
ers in causing foodborne illness. Listeria monocytogenes has caused a number of 
dairy-associated outbreaks (Table 1.4). 1. monocytogenes can survive the man
ufacturing process used for soft cheese manufacture (Health Canada 2002b). In 
February 2002, Abbott's Choice brand goat's milk cheese products from B. C. 
were recalled because some contained 1. monocytogenes (Health Canada 2002c). 
Six illnesses were reported prior to the recall. 

Dairy products made using pasteurized milk are essentially pathogen free 
and are seldom involved in outbreaks of foodborne illness. Over the past two 
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Table 1.4. Outbreaks associated with processed milk and milk products. a 

Product 

Chocolate milk 
Pasteurized milk 
Low fat milk 
Dried milk products 
Cheese 
Mexican-style cheese 
Linderkranz cheese 
French Brie cheese 
Soft and semi soft cheese 

Cheddar cheese 
Mozzarella cheese 
Pasteurized cheddar cheese 
Feta cheese (Abbott's) 
Ice cream products 
Yogurt 

"Modified from Vasavada (1988). 
bPost-pasteurization contamination. 

Pathogen(s) 

Yersinia enterocoJitica, Staphylococcus aureus 
Yersinia enterocoJitica, Listeria monocytogenesb 

Salmonella Typhimurium 
Salmonella spp. 
Staphylococcus aureus 
L. monocytogenes 
L. monocytogenes 
L. monocytogenes 
L. monocytogenes, enteropathogenic E. coli, S. Berta 

(Ellis et al. 1998) 
S. Typhimurium (D'Aoust et al. 1985) 
S. Oranienburg and S. Javiana (Hedberg et al. 1992) 
S. Enteritidis (Ratnam et al. 1999) 
L. monocytogenes (Health Canada 2002c) 
L. monocytogenes, S. Enteritidis (CDC 1994a) 
Escherichia coli 0157:H7 (Morgan et al. 1993) 

17 

decades, however, pasteurized fluid milk and milk products have been impli
cated in several outbreaks of gastrointestinal illness (Table 1.3). In these in
cidents, improper pasteurization and post-pasteurization contamination were 
often the cause of the problem. In a major Canadian outbreak of Salmonella 
Typhimurium in 1984, deficiencies in the pasteurization procedure led to the 
addition ofraw milk to pasteurized milk, which became the source of pathogens 
in the implicated cheddar cheese (D'Aoust et a1. 1985). Over 2,700 people were 
infected in the outbreak. More recently, a nationwide outbreak of Salmonella 
Enteritidis phage type 8 associated with contaminated cheddar cheese occurred 
during March and April 1998 (Ratnam et a1. 1999). The implicated cheese was 
contained in Schneider's Lunchmate prepackaged products. The outbreak re
sulted in nearly 700 reported cases, the majority of whom were children. It was 
one of the largest Salmonella outbreaks ever reported in Canada and the first 
time that pasteurized cheddar cheese was linked to a Salmonella Enteritidis 
outbreak. However the origin of the pathogen was not identified. Subsequent 
research has found that the Salmonella Enteritidis strain from the outbreak can 
survive the 60 day holding period required by Health Canada in the manufac
ture of cheeses from raw and pasteurized milk. Survivors were also detected in 
raw and pasteurized milk cheeses after 99 days of storage at 8°C (Modi et a1. 
2001). Even the most wholesome raw materials can be contaminated during 
processing. Poor sanitation in a cheese processing plant was the reported cause 
of a multistate outbreak of S. Oranienburg and S. Javiana in the U.S. in 1989 
(Hedberg et a1. 1992). 

Many cheeses today are still made from unpasteurized milk (e.g. camem
bert cheese, aged cheddar, etc). The high fat content of cheese helps protect 
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pathogens from human gastric acidity, which increases the risk of human infec
tion from contaminated cheese products. Since cheese is a ready to eat product, 
even a small amount of contamination poses risk to human health. Cultured 
dairy products such as yogurt were not thought to be vehicles offoodborne ill
ness because of the acidity developed during fermentation that inhibits growth 
of unwanted microorganisms (Martin & Marshall 1995). Outbreaks of E. coli 
0157:H7 due to consumption of yogurt have proven this to be incorrect (Mor
gan et a1. 1993). As such cultured dairy products should not be excluded from 
outbreak investigations. 

Fruits and Vegetables 

In the past 25 years, the consumption of fruits and vegetables has increased 
in Canada. Concomitantly, public health officials have reported an increase in 
the number of reported fruit and vegetable-associated disease outbreaks. Data 
collected between 1990 and 1998 in the U.S. showed that when foodborne ill
nesses are examined on the basis of the number of outbreaks, contaminated 
meats account for about 29%, produce (fruit and vegetables including juices 
and salads) account for about 24%, and seafood about 14% (Griffiths 2000). 
However, when the same data are analyzed based on the number of individ
ual cases of illness, meat accounts for about 20%, produce for about 41 % and 
seafood about 8%. This data demonstrated that there are a greater number of 
outbreaks involving produce than those involving meats. Recent outbreaks of 
enteric diseases associated with produce are presented in Table 1.5. Because 
they are raw agricultural commodities, fruit and vegetables are expected to har
bour microorganisms, which occasionally are pathogenic. The lack of a lethal 
treatment during production, processing, and preparation increases the diffi
culty of eliminating the risk associated with consumption of these products. 
However, by identifying and controlling deficiencies, it is possible to reduce 
the risk of enteric illness among consumers of these products. 

Fresh produce (fresh fruits and vegetables) can become microbiologically 
contaminated at any point from farm to fork. Preharvest contamination can 
occur in several ways including application of untreated or improperly com
posted animal manure as fertilizer, utilization of contaminated water for irri
gation or mixing of pesticides, or fecal contamination from wild or domestic 
animals or from workers (FDA 1998). The presence of soil-borne pathogens 
on fresh produce is frequent and includes spores of Clostridium species (Cl. 
botulinum and Cl. perfringens) , as well as spores of enterotoxigenic Bacillus 
cereus, and cells of Listeria monocytogenes (Beuchat & Ryu 1997). The pres
ence of other pathogenic bacteria, viruses, and parasites in soil results largely 
from application of manure or untreated sewage, either by chance or design. 
Increased use of manure rather than chemical fertilizers may have played a role 
in increased numbers of produce-associated outbreaks. Untreated or improperly 
treated manure could introduce foodborne pathogens such as Listeria monocyto
genes, Salmonella spp. and Escherichia coli 0157:H7. Animal manure has been 
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identified or suspected as a source of contamination of fresh produce or min
imally processed produce that was associated with human disease outbreaks. 
Probably the most severe outbreak in Canada in terms of the consequences was 
the outbreak of Listeria monocytogenes that occurred in the Maritime Provinces 
in 1981 which resulted in 17 deaths (Schlech et al. 1983). Coleslaw was identi
fied as the vehicle for disease transmission and was commercially prepared from 
contaminated cabbage. Investigation revealed that cabbage was grown on fields 
fertilized with compos ted and fresh sheep manure. Two sheep on the farm had 
previously died oflisteriosis. After harvest, cabbage was kept in cold storage for 
four months before shipment to a coleslaw processor. Since L. monocytogenes is 
psychotrophic, the storage conditions had permitted the pathogen to multiply 
to an infectious level. 

Newly emerged E. coli 0157:H7 has been of particular concern due to its 
near ubiquitous presence in farm animals and environments. Cieslak et al. (1993) 
reported a community outbreak of E. coli 015 7:H7 due to consumption ofvegeta
bles from a garden where soil was regularly fertilized with cow and calf manure. 
An outbreak of E. coli 0157:H7 infection in the U. K. was associated with simply 
handling, not consumption, of unwashed potatoes (Morgan et al. 1988). Several 
outbreaks of E. coli 0157:H7 have been linked to consumption of unpasteurized 
apple cider. Probably the first recognized outbreak of E. coli 0157:H7 in Canada 
occurred in 1980, where 13 Canadian children were diagnosed with hemolytic 
uremic syndrome (HUS) due to consumption of apple cider (Steele et al. 1982). 
Besser et al. (1993) attributed an outbreak of E. coli0157:H7 caused by consump
tion of fresh pressed apple cider to the inadequacy of washing and brushing of 
fruit prior to processing. The majority of apples were collected from windfalls, 
where apples may have had contact with cattle manure on the ground. These out
breaks imply that some traditional composting practices are insufficient to ren
der animal manure safe for use on fruit and vegetables. Research has shown that 
E. coli 0157:H7 can remain viable in bovine feces for up to 70 days (Wang et al. 
1996), which means that regulations requiring aging of bovine manure for 60 
days before using it as fertilizer may be inadequate (Tauxe et al. 1997). A recent 
research report demonstrated that E. coli 0157:H7 from manure-contaminated 
soil and irrigation water could enter the lettuce plant through the root system 
and migrate throughout the edible portion of the plant (Solomon et al. 2002). 
These researchers also found that the pathogens migrated to internal locations 
in lettuce plant tissues and were therefore protected from the action of sanitizing 
agents simply by virtue of its inaccessibility. These findings agreed with those 
of Wachtel et al. (2002) who observed E. coli 0157:H7 from contaminated irri
gation water adhered preferentially to lettuce roots in both hydroponic and soil 
model systems, and to the deep grooves of seed coats in the hydroponic system. 
Significant bacterial numbers were associated with the edible portion of the let
tuce plant. Their results strongly suggested that E. coli 0157:H7 attachment to 
roots can cause contamination of edible root crops such as carrots, onions, and 
radishes, which have all been implicated in outbreaks of the pathogen. 

E. coli 0157:H7 outbreaks associated with apple cider have additional sig
nificance. Traditionally, foods with pH below 4.6 are not regarded as potentially 
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hazardous. Cider typically has a pH of 3.5-4.0 due to the presence of malic and 
lactic acid. Hence the outbreaks have demonstrated the extraordinary acid tol
erance of E. coli 0157:H7. An outbreak of Cryptosporidium infection in 1993 
was also linked to consumption of unpasteurized apple juice where dropped 
apples were collected from trees adjacent to an area grazed by cattle whose stool 
contained Cryptosporidium (Millard et al. 1994). These disease outbreaks have 
emphasized the need for heat treatment of apple cider, given the consequences 
of contaminated manure application. 

Alternately, domestic sewage sludge can be used as an agricultural fertilizer. 
Listeria species have been reported in sewage, in particular L. monocytogenes. 
The organism was found to survive in sewage sludge for long periods of time; at 
least 13 months with minimal death during storage. Studies revealed treatment 
of sewage does not necessarily yield a pathogen free sewage sludge cake 
(Al-Ghazali & AI-Azawi 1988). L. monocytogenes survived activation and di
gestion stages, and was present at a low number, 3-15 cells per gram, in this 
material. These researchers later showed that soils treated with contaminated 
sewage sludge and crops grown on these soils became contaminated with the 
pathogen (AI-Ghazali & AI-Azawi 1990). 

Irrigation and surface run-off waters can also be sources of pathogenic mi
crobes that contaminate produce fields. Irrigation water containing raw sewage 
or improperly treated effluents from sewage treatment plants may contain hep
atitis A, Norwalk and Norwalk-like viruses. The proximity of domestic or wild 
animals to surface water for irrigation can serve as a vehicle for E. coli 0157:H7 
to gain access to produce growing in the field. The organism has been shown to 
survive in pure water and lake water (see waterborne transmission). In addition, 
diluting some commercial pesticides with contaminated water has the potential 
to promote survival and growth of several human pathogens including E. coli 
015 7:H7, Salmonella Typhimurium, S. Enteritidis, Shigella sonnei, S. fiexneri, 
and Listeria monocytogenes and subsequently increase the risk of widespread 
contamination of produce (Guan et al. 2001). Wild birds are known to harbour 
some human pathogens, including Campylobacter, Salmonella, Vibrio cholerae, 
Listeria species, and more recently E. coli 0157:H7. Pathogenic bacteria are 
likely to be picked up as a result of birds feeding on garbage, sewage, fish, or 
lands that are grazed with cattle or have had applications of fresh manure. Con
trol of preharvest contamination of fruit and vegetables with pathogenic bacteria 
from wild birds would be extremely difficult. Contact of fruit and vegetables by 
infected field pickers and handlers at the time of harvest also offers a route by 
which pathogens can contaminate raw produce. 

Postharvest contamination can occur as a result of using contaminated wash 
water or ice, improper handling, the presence of animals or other extraneous 
sources of pathogens in the processing environment, the use of contaminated 
equipment or transport trucks, and cross-contamination from other produce. In 
addition, processing practices that pool many individual fruits or vegetables 
increase the risk that a single contaminated item will contaminate the entire 
lot (Tauxe et al. 1997). During final food handling, basic handling hygiene and 
control of storage temperature, transport and display are all important. 
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Foodborne diseases associated with fresh produce often involve produce 
that has undergone some kind of minimal or non-thermal processing, such as 
fresh-cut fruit or fresh squeezed fruit juice, followed by time-temperature combi
nations that allow pathogens to survive and multiply to an infectious level. Nor
mally, intact produce has an exterior physical barrier that prevents pathogens 
from entering into the nutrient-rich interior. The surface of produce is complex 
and can be difficult to sanitize, and pathogens can adhere tightly or hide in inac
cessible locations. Once the surface integrity is broken, growth of pathogens can 
be rapid. Therefore, mechanical processing of fresh produce, such as cutting, 
shredding, or juicing, increases the risk of pathogen growth, and minimal heat 
treatment in fact makes produce more vulnerable to microbial penetration and 
multiplication. In view of these facts, the FDA Retail Foods Branch has desig
nated fruit and vegetables that receive a heat treatment (scalding, blanching, or 
cooking) as potentially hazardous (Madden 1992). 

WATERBORNE TRANSMISSION 

Drinking water, water used in food production, for irrigation, for fish farm
ing, waste water, surface water, and recreational water have all been recognized 
as vectors for transmission of human pathogens. Contaminated water has the 
potential to cause extensive outbreaks of illness due to the size of populations 
served by some distribution systems and the large number of people who use 
some recreational water facilities (Tillett et al. 1998). A waterborne disease out
break is characterized by a gastroenteritis illness affecting a high proportion of 
a population, found in all age groups, and affecting persons with an epidemio
logical link to one community. 

Drinking Water 

Wholesome (clear, palatable and safe) drinking water is fundamental to pub
lic health. Drinking water including municipal or private water supplies and 
bottled water come from natural sources such as groundwater, wells, springs, 
and glaciers (Warburton & Dodds 1992). There are occasions when even water 
from natural sources may be contaminated. Many subsurface environments, in
cluding shallow and deep aquifers down to 4000 m, actually contain a wide 
variety of microorganisms, sometimes with a substantial population of as many 
as 105-107 CFU per ml (Warburton and Dodds 1992). U.S. regulatory agen
cies suggest that bacterial counts in finished drinking water should not exceed 
500 CFU/ml in order to reduce the interference with the detection of coliform 
bacteria (Environmental Protection Agency 1987 cited by Payment 1989). Col
iform and E. coli (or fecal coliform) are the most common microbiological tests 
done on water. They are used as an indicator of water pollution. E. coli (as 
an indicator of fecal pollution) must not be present in 100 ml samples of any 
water intended for drinking (WHO 1993). This criterion is readily achievable by 
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water treatment. When coliform bacteria are detected in treated water supplies, 
it suggests inadequate treatment, post-treatment contamination, or excessive 
nutrients (WHO 1993). More recent work, however, suggests that gastroenteri
tis is more strongly associated with the presence of Enterococci than of E. coli 
(Barrell et al. 2000). 

Microbial populations in drinking water can either be indigenous or con
taminants. Indigenous microorganisms in drinking water include Acinetobac
ter, Cytophaga, Flavobacterium, Moraxella, Pseudomonas, andXanthomonas 
(Warburton & Dodds 1992). These microorganisms are not formally recognized 
as pathogens, thus do not pose any public health risk when found in drinking 
water; although at high number they have the potential to cause disease es
pecially in persons with impaired defense mechanisms. In addition to indige
nous bacteria, natural source water may contain a wide range of saprophytic 
species as well as human pathogens. Drinking water is a known vehicle for 
enteric pathogens such as Aeromonas, Pseudomonas, Yersinia, Campylobac
ter, Escherichia, Salmonella, Shigella, Vibrio, Giardia, Cryptosporidium, Cy
clospora, hepatitis A, Norwalk, and Norwalk-like viruses (Warburton & Dodds 
1992; Todd et al. 2000). Waterborne disease outbreaks are a result of either poor 
protection of the source water or inadequate water treatment. Use of contam
inated, untreated groundwater caused 35% of waterborne disease outbreaks 
during a 3D-year period in the U.S. (Warburton 1993). 

In Canada, municipalities with contaminated raw drinking water and mini
mal water treatment have been found in all regions (Wallis et al. 1996). The out
break of Escherichia coli 015 7:H7 and Campylobacter infections in Walkerton, 
Ontario, in the summer of2000 marked the first documented outbreak associated 
with a treated municipal water supply in Canada and the largest multi-bacterial 
waterborne outbreak in Canada to date (Health Canada 2000c). The outbreak re
sulted in 1,346 reported cases and 6 deaths (Health Canada 2000c; Jones 2000). 
Heavy rainfall was believed to be responsible for gross contamination of the dis
tribution system. Investigations revealed heavy rain accompanied by flooding, 
pathogens present in cattle manure from adjacent farms, a well subject to surface 
water contamination, and a water treatment system that may have been over
whelmed by increased turbidity, contributed to the unfortunate consequences. 
The outbreak has prompted questions about the safety of groundwater sources 
that may be under the influence of surface water, especially under flood con
ditions. Historically, groundwater sources have been assumed to be secure and 
consequently are treated with chlorination only. However, in light of the Walk
erton tragedy, the approach needs to be re-evaluated. Such evaluation should 
take into account all current and future pressures on land use including human 
population density and agricultural activities. Ogden et al. (2001), who studied 
transport of E. coli and E. coli 0157:H7 after cattle slurry application on drained 
plots in grassland and arable stubble, reported leaching losses of 0.2 to 10% of 
total E. coli and leaching was dependent on rainfall. Risk of significant pollution 
of water by E. coli was highest immediately after slurry application, and the first 
increments of drain flow carried significant concentrations. Wang et al. (1996) 
reported that E. coli 0157:H7 could survive for long periods of time, up to 91 
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days in water especially at low temperatures. Nonetheless, E. coli 0157:H7 is 
highly susceptible to chlorine, with more than a 7 log reduction by 0.25 ppm 
free chlorine within 1 min (Zhao et al. 2001). Therefore, inadequate water treat
ment remains the major cause in waterborne outbreaks of E. coli 0157:H7. Ever 
since its first isolation from water (McGowan et al. 1989) and first waterborne 
outbreak (Dev et al. 1991), waterborne disease from E. coli 0157:H7 continues 
to recur globally (Swerdlow et al. 1992; Isaacson et al. 1993; Jackson et al. 1998; 
Licence et al. 2001; CDC 1999b), mainly due to the use of untreated, unprotected 
private water sources in areas where animal activities are high. 

Contamination of well water has also been implicated in outbreaks of other 
bacterial pathogens such as Shigella sonnei (Lindell & Quinn 1973; CDC 1996c; 
Alamanos 2000), pathogenic E. coli (UGPR 1997), Campylobacter (CDC 1999b), 
Plesiomonas shigelloides, and Salmonella Hartford (CDC 1998b). A 1991/92 
Ontario farm groundwater quality survey found that 20% of private wells ex
ceeded the Ontario drinking water objectives for fecal coliform bacteria (UGPR 
1997). Contamination of wells tends to be episodic in nature and is more preva
lent in the summer than in the winter. Intermittent contamination problems are 
caused by the overflow or seepage of sewage, surface water runoff, and peri
odic flooding over the well field and can be exacerbated by poorly maintained 
wells. In addition, lateral migration of microorganisms can occur over consider
able distances (2 to 3 km) especially in unconfined sandy aquifers and is more 
substantial in ground water (Warburton 1993). 

In recent years, waterborne parasites such as Giardia, Cryptosporidium, and 
Cyclospora, have risen to be the major diarrheal problems in drinking water in 
North America, with Cryptosporidium and Giardia being much more frequent 
than Cyclospora. In fact, giardiasis is the most common parasitic infection. Giar
diasis and cyclosporiasis are treatable but cryptosporidiosis is not (Rose & Slifko 
1999). Giardiasis can last from a few days to a week or, on rare occasion, months. 
Cryptosporidiosis is cholera-like, usually accompanied by large volumes of fluid 
loss, and can last from 3 to 12 days in immuno-compromised persons, and oc
casionally more than 2 weeks (Current & Garcia 1991). Cyclosporiasis is less 
severe in the immunocompetent and usually lasts from 3 to 25 days, but can 
last for several months in an immunocompromised host. Cyclospora oocysts 
require a maturation period, but Cryptosporidium oocysts and Giardia cysts are 
immediately infectious upon excretion from host. Both Cryptosporidium and Gi
ardia are associated with cross transmission from animals to humans whereas 
Cyclospora cayetanensis has only been documented in humans and baboons 
(Rose & Slifko 1999). Calves, companion animals such as rodents, puppies, and 
kittens, and their wastes are a source of Cryptosporidium (Current & Garcia 
1991) while beavers have been implicated in waterborne outbreaks of Giardia 
(Rose & Slifko 1999). Cryptosporidium oocysts and Giardia cysts can persist 
and survive for long periods of time in water. Research has shown that Cryp
tosporidium oocysts survived up to 176 days in drinking or river water with 
inactivation of 89-99% (Robertson et al. 1992), while Giardia cysts remained 
viable for up to 56 days in river water with 75-99.9% inactivation (DeRegnier 
et al. 1989). Cryptosporidium oocysts also survive well in human and cattle 
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feces as fecal material protects them from desiccation, thus prolonging their 
viability within the environment. Cyc1ospora infection may have seasonality. 
Studies found that the greatest maturation of oocysts occurred at a temperature 
of 30°C when compared with maturation at 4 and 37°C (Smith et al. 1997). These 
protozoa are, however, sensitive to extreme temperatures, such as heating and 
freezing, which destroy the viability of oocysts and cysts (Rose & Slifko 1999). 

Cryptosporidium parvum oocysts are very resistant to most disinfectants 
including chlorine (Current & Garcia 1991). Consumption of untreated surface 
water is a predominant risk factor for acquiring cryptosporidiosis. The first doc
umented waterborne outbreak of this organism in North America occurred in 
San Antonio, Texas in 1986, and was linked to sewage leakage into well water. 
The well water was chlorinated but not filtered. Wastewater in the form of raw 
sewage and runoff from dairies and grazing lands were identified as sources 
of oocysts that contaminated drinking water. The importance of agricultural 
sources of oocyst contamination should not be taken lightly since infected calves 
and lambs can pass up to 1010 oocysts per day for up to 14 days. Therefore, large 
numbers of oocysts can enter the surface water system following a hard rain on 
a pasture containing infected animals. A recent waterborne outbreak of cryp
tosporidiosis occurred in North Battleford, SK, in the spring of 2001 and affected 
approximately 7,000 people (Health Canada 2001b). Cryptosporidium parvum 
was found in finished municipal drinking water. The cause of the problem was a 
deficiency of an operational parameter in the treatment plant that received water 
from a surface river. The source of oocysts was not found, but was assumed to 
come from some point upstream of the water intake from the river. Probably the 
largest documented outbreak of waterborne disease in North America occurred 
in Milwaukee, Wisconsin, in the spring of 1993 where 400,000 people became 
ill and approximately 100 people died (Mac Kenzie et al. 1994). The massive 
outbreak was attributed to Cryptosporidium. Except for the increased turbidity 
in the treated water, water quality measurements were within specified limits 
and there was no evident mechanical breakdown of flocculators or filters in 
the treatment plant. It seemed that Cryptosporidium oocysts passed through the 
filtration system of the water treatment plant. The outbreak demonstrated that 
water quality standards followed and testing used failed to eliminate the organ
ism. It was speculated that possible sources included cattle along the rivers that 
flow into Milwaukee harbour, slaughterhouses, and human wastes. Rivers that 
were swelled by spring rains and snow runoff may have transported oocysts 
into Lake Michigan and from there to the intake of the treatment plant. Cryp
tosporidium is associated with diarrheal illness in most areas of the world in
cluding developed countries, indicating the continuing risk of cryptosporidiosis 
from chlorinated water supplies (Furtado et al. 1998). An interesting finding by 
McAnulty et al. (2000), who reported an outbreak of Cryptosporidium caused by 
contaminated municipal water in the absence of a discernible outbreak among 
the residents, suggested that persons previously exposed to contaminated water 
may develop immunity to cryptosporidiosis. Prevalence of cryptosporidiosis is 
usually higher in children (especially those less than 2 years of age), than in 
adults, and small numbers of oocysts may be present in feces for up to 2 weeks 
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following resolution of diarrhea (Current & Garcia 1991). Oocysts have been 
found in S.6-87.1 % of source waters sampled in the U.S. and Canada, and in 
3.8-40.1 % of drinking water samples in the U.S., Canada, and Scotland (Rose 
et a1. 1997 cited by Davis et a1. 1998). In environments across Canada, Wallis 
et a1. (1996)foundoocysts in 6.1 % of raw sewage, 4.S% ofraw water, and 3.S% of 
treated water samples. These surveys have confirmed the ubiquity of Cryp
tosporidium oocysts. 

Giardia is a common enteric parasite in Canada. There have been sev
eral documented outbreaks of giardiasis in British Columbia, Alberta, Ontario, 
Quebec, New Brunswick, and Newfoundland (Wallis et a1. 1996). Giardia cysts 
are commonly found in raw surface waters and sewage in Canada. In a Canada 
wide study, Giardia cysts were found in 73% of raw sewage samples, 21 % of 
raw water samples, and 18.2% of treated water samples (Wallis et a1. 1996). 
There was a trend to higher concentration and more frequent incidence of cysts 
in the spring and fall, but positive samples were found in all seasons. High 
concentrations of cysts in raw sewage and positive results from drinking water 
should be a concern to public health authorities. The ubiquity of cysts in sewage 
indicates that when drinking water is positive, untreated sewage has been dis
charged into surface water or the water source is inhabited by aquatic mammals 
such as beaver and muskrat that may have become infected with Giardia from 
human sources. Establishment of Giardia spp. in wild animal reservoirs helps 
to spread the parasite through animal migration and may magnify an initial low 
level of contamination to potentially dangerous concentrations. The inoculum 
required to infect humans was found to lie between 10 and 100 cysts (Rendtorff 
1978 cited by Wallis et a1. 1996). 

In summary, transmission of waterborne parasites through the environment 
is facilitated by several factors: (1) oocysts and cysts are stable for weeks to 
months in the environment; (2) low infectious dose-one oocyst or cyst of Cryp
tosporidium and Giardia, respectively, can initiate infection in humans; (3) most 
feces carrying oocysts and cysts end up in the environment and can be spread to 
foods such as produce by irrigation or by direct contact; and (4), routine wastew
ater treatment eliminates only a small fraction of the oocysts and cysts (Rose & 
Slifko 1999). Proper filtration should remove oocysts and cysts; Giardia cyst is 
12 by 6 j.lm, whereas Cryptosporidium and Cyclospora oocysts are 4-S j.lm and 
8-10 j.lm, respectively. 

It is not unusual that the causative agent is not isolated from the implicated 
water in an outbreak. Detection and recovery of indicator microorganisms as 
well as pathogens from environmental samples are often technically difficult 
because of the altered physiological state the microorganism must exist in to 
survive the hostile environment, and the low numbers in which they occur 
(Payment et a1. 1989). In addition, laboratory tests usually require samples of 
large volume and techniques and methods used may not be appropriate and 
sensitive enough. Further, contamination of the water supply is likely to be 
intermittent. 

Watershed protection and chlorination together do not necessarily elimi
nate all risk of waterborne disease transmission (Health Canada 2000d). Oocysts 
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and cysts are resistant to most types of chemical disinfection. Drinking water 
treatment can considerably reduce the level of viruses but may not eliminate 
them completely. Several studies have shown that coliform-free drinking wa
ter may still contain viruses or parasites. In Canada, changes in water quality 
guidelines and regulations are being driven by the example set by the u.S. En
vironmental Protection Agency (1989, 1994 cited by Payment et al. 2000). The 
maximum contamination level for viruses and parasites has been set to zero 
and this should be achieved through proper treatment. Regulations require all 
systems using surface or ground water under the influence of surface water to 
disinfect the distributed water. Systems using surface water must treat the water 
to remove or inactivate at least 99.9% (3 log reduction) of Giardia cysts, and at 
least 99.99% (4 log reduction) of enteric viruses. A higher level of treatment 
could be required for waters that are more contaminated. Minimal treatment 
for source water should include filtration for cyst removal, in series with disin
fection for pathogenic bacteria and viruses. However, it is of interest that until 
recently most of B. C. drinking water supplies were still obtained from unfil
tered surface sources (Isaac-Renton et al. 1996). It should also be noted that 
water used for making edible ice should be subject to the same drinking water 
standard and include specific sanitary requirements for equipment for making 
and storing ice (WHO 2000). The same requirements should also be extended 
to ice used for storing and transporting food. 

The mode of transmission of pathogens through water includes direct ex
posure via ingestion of, or contact with contaminated water, and indirect expo
sure through ingestion of foods or products prepared with contaminated water, 
subsequent contact with infected persons or animals, and exposure to aerosols 
(Warburton & Dodds 1992). Contaminated water supplies might be a more sig
nificant source of infection than foods, especially for infants (Warburton 1993). 
Intestinal problems caused by contaminated water supplies often go unreported, 
since the problems may be short-lived and are probably not associated with the 
direct ingestion of water. If food is contaminated by water containing pathogens 
that multiply in the food, or if a susceptible person becomes infected by water, 
subsequently infecting others by person-to-person contact, the initial involve
ment of water may be unsuspected (WHO 1993). Secondary contamination from 
individuals infected through the water route also constitutes a potential source 
of infection and contributes to the endemic level of illness in the population 
(Payment et al. 2000). 

Recreational Water 

Enteric disease outbreaks associated with recreational water activities have 
been documented in the past 20 years (Table 1.6). Two bacterial pathogens, Es
cherichia coli 0157:H7 and Shigella, and two pathogenic protozoans, Giardia 
and Cryptosporidium, are of particular interest because of the frequencies and 
circumstances under which the outbreaks occurred. These outbreaks usually oc
curred in small, shallow, stagnant bodies of water and involved mostly children. 
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Table 1.6. Swimming-associated disease outbreaks. 

Year Place Causative agent Reference 

1984 Public pool, USA Giardia Harter et a1. (1984) 
1985 Public pool. USA Giardia Porter et a1. (1988) 
1985 Artificial lake, USA Shigella sonnei Sorvillo et a1. (1988) 
1988 Water slide pool, Canada Giardia Greensmith et a!. (1988) 
1988 School pool. USA Cryptosporidium CDC (1990) 
1988 Pool at sport center, UK Cryptosporidium Joce et a1. (1991) 
1989 Pond, USA S. sonnei Blostein (1991) 
1989 Public pool, USA Hepatitis A Mahoney et a1. (199Z) 
1990 Public pool, Canada Cryptosporidium Bell et a1. (1993) 
1991 Lakeside park, USA Escherichia coli 0157:H7 & Keene et a1. (1994) 

S. sonnei 
199Z Wave pool, USA Cryptosporidium McAnulty et a!. (1994) 
199Z Paddling pool, Scotland E. coli 0157:H7 Brewster et a!. (1994) 
1993 Public pool, USA Cryptosporidium CDC (1994b) 
1993 Paddling pool, UK E. coli 0157:H7 Hildebrand et a!. (1996) 
1994 Freshwater lake, USA E. coli 0157:H7 Ackman et a1. (1997) 
1995 State park lake, USA E. coli 0157:H7 CDC (1996d) 
1997 Freshwater lake, Finland E. coli 0157:H7 Paunio et al. (1999) 
1997-1998 Public pool, Australia Cryptosporidium Puech et a1. (ZOOl) 

Epidemiological investigations of the outbreaks revealed that the source of the 
causative agents was usually the bathers themselves. 

S. sonnei and E. coli 0157:H7 are two closely related organisms that have 
been linked to outbreaks of illness associated with swimming. In most out
breaks, they were the singular causative agent. But in one outbreak that occurred 
in Oregon in 1991 (Keene et al. 1994), both organisms were responsible, which 
underscores the fact that these organisms share many characteristics, epidemio
logical as well as biological and clinical. S. sonnei-associated outbreaks usually 
involved a natural lake or pond whereas outbreaks of E. coli 0157:H7 have oc
curred in both lakes and swimming/paddling pools. In virtually all outbreaks, 
the infected swimmers fee ally contaminated the water and thereafter spread 
the infection to other bathers. In some cases, toddlers and bathers that were not 
toilet trained and had diarrhea visited the swimming area. Fecal contamination 
is even more likely to occur when there is a high density of bathers. Swallowing 
this fee ally contaminated water is the primary mode for transmission of enteric 
pathogens in recreational water outbreaks. Because young children are usually 
not skilled in swimming, they are more likely to swallow pool water while 
swimming. Infection after the incidental ingestion of small amounts of water 
is most likely to occur if the infectious dose is low, which is well recognized 
in shigellosis and E. coli 0157:H7 infection. In addition, S. sonnei and E. coli 
0157:H7 are known to survive in lake water for weeks or months. A prolonged 
outbreak in Oregon (Keene et al. 1994) that continued for more than 3 weeks, 
confirmed both the lengthy survival of these enteric pathogens in lake water and 
the low infectious dose. In a small community outbreak (Brewster et al. 1994), 
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a paddling pool that had not been drained and had no disinfectant added was 
implicated in E. coli 0157:H7 transmission to children who visited the pool 
over a 3 day period. Re-use of contaminated paddling pools over a period of 
several days clearly poses a potential risk of transmission of enteric infection. 
Swimming-associated outbreaks all occurred during hot summer days when the 
water temperature, swimming activity, and bather density were high. The risk 
is intensified when the water bodies are small. In most outbreaks, causative 
agents were not isolated from the implicated water but the numbers of indicator 
organisms were high. In contrast, because the infectious dose of some enteric 
pathogens is very small, recreational water that meets current standards for 
indicator organisms may still have a sufficient number of pathogens to cause 
infection (Ackman et al. 1997). Further, indicator organisms have been shown 
to correlate poorly with rates of gastroenteritis. Current methods for collect
ing and testing recreational water may be insensitive to low concentrations of 
pathogens such as E. coli 0157:H7. The intermittent nature of E. coli 0157:H7 
contamination limits the ability of microbiological and environmental monitor
ing to detect its presence. Because routine monitoring ofrecreational water may 
not detect pathogen contamination, primary prevention remains the ultimate 
method for elimination of fecal contamination from swimming areas. The solu
tion is reliant more on public cooperation than government regulation. Children 
who are not toilet trained pose a danger to others at swimming areas. 

Risk of enteric illness associated with swimming that has been linked to 
pathogenic protozoa mainly involves two parasites: Giardia and Cryptosporid
ium. These two organisms share a number of characteristics. They produce a 
cyst or oocyst that is environmentally stable and highly resistant to disinfec
tants. They have a low infective dose and they are shed at high densities by 
infected individuals. There have been a number of outbreaks attributed to these 
pathogens (Table 1.6). Outbreaks caused by these organisms are usually asso
ciated with swimming in chlorinated water, such as swimming pools, water 
slides, and wave pools, and involve both adults and children. The sources of 
parasite contamination in the pools were either the swimmers themselves or 
sewage. 

Disinfection of pools seems to have little effect upon disease outbreaks 
caused by these parasites. In a case of giardiasis in 1984 (Harter et al. 1984), the 
patient participated in an infant and toddler swim class where adequate chlorine 
levels were maintained in the pool. Contamination was believed to be due to 
accidental fecal release by class members. In 1988, an outbreak of 60 cases of 
cryptosporidiosis was reported in Los Angeles County (CDC 1990), where the 
implicated swimming pool contained adequate chlorine levels (2 ppm), but 
had a 30% diminished filtration flow rate. In one outbreak of giardiasis that 
occurred in an indoor pool (Porter et al. 1988), the chlorine level was zero on 
the day after an incident of accidental fecal release by a swimmer. Seven out of 
nine patients were adults. In Manitoba, an outbreak of giardiaSis was associated 
with a hotel's new water slide pool (Greensmith et al. 1988). Patients ranged 
from 3 to 58 years of age. The close proximity of a toddlers' wading pool was 
thought to be the source of fecal material in the water slide pool. Inadequate 
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pool maintenance is also an important contributing factor. In August 1988, an 
outbreak of cryptosporidiosis occurred in a swimming pool at a local sports 
center in the U.K. (Joce et al. 1991). Oocysts were detected in the pool water, 
indicating heavy contamination. Outbreak investigations revealed significant 
plumbing defects, which had allowed inflow of sewage from the main sewer into 
the circulating pool water. Because oocysts and cysts can remain infectious for 
several months in moist environments, outbreaks can potentially be prolonged. 

In conclusion, although chlorine is an effective disinfectant for bacterial 
pathogens, it does not kill all pathogens, particularly the parasites. During 1989-
1998, approximately 10,000 cases of diarrheal illness were associated with 32 
recreational waterborne disease outbreaks in disinfected water venues in the 
United States (CDC 2001b). Cryptosporidium is highly resistant to the chlorine 
concentration routinely used in pools. Giardia is only moderately chlorine sen
sitive. Due to their small size, oocysts and cysts may not be adequately removed 
by the usual pool filtration system (Puech et al. 2001). Because of frequent fecal 
contamination, either accidental or intentional, the inability of chlorine dis
infection to rapidly inactivate several pathogens and the common occurrence 
of accidental ingestion of pool water especially among young children, trans
mission of pathogens can occur even in well-maintained pools. Therefore, the 
cooperation of pool users and pool operators remains paramount in control and 
prevention of these disease outbreaks. 

AIRBORNE TRANSMISSION/OCCUPATIONAL 
EXPOSURE 

Food Processing Plants, Sewage 'freatment Plants, 
and Farm Environments 

Air contains gases, water droplets, suspended particles of pollen and dust, 
and microorganisms (bacteria, viruses, yeasts, and molds) which may be re
garded as aerosols (AI-Dagal & Fung 1990). An aerosol is defined as a solid or 
liquid particle suspended in air (Zottola et al. 1970). Particulates in an aerosol 
usually vary in size from <111m to approximately 50 11m or possibly larger. 
These particulates may consist of a single organism or a clump of a number of 
organisms. Microorganisms adhere to a dust particle or exist as a free particle 
surrounded by a film of dried organic or inorganic material (Zottola et al. 1970). 
Microorganisms cannot grow in the air due to the absence of nutrients, but they 
can be transmitted for long distances. Major sources of airborne microbes in
clude humans (through sneezing, coughing, and talking), animals, sewage, and 
dust particles that act as absorbents of both microbes and endotoxins. 

Fecal wastes and other discharges from humans are the most important 
sources of indirect air contamination. One astonishing example is a recurrent 
outbreak of viral gastroenteritis on a cruise ship (Ho et al. 1989). Apparently over 
a 2-year period, there were more than 10 outbreaks of diarrhea on this cruise ship 
despite repeated investigations and extensive efforts to control the epidemic 
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with traditional approaches, namely, provision of clean water and food. Results 
of investigations indicated that person-to-person contact or aerosolized droplets 
were likely modes of transmission. Epidemiological findings implicated vomi
tus in the transmission of viral diarrhea. A 32-nm small round structured virus 
(SRSV), possibly related to the Snow Mountain agent, was implicated as the 
cause of the recurrent outbreaks. Therefore, droplet or airborne spread of the 
Norwalk-like agents or any disease agent of low infectious dose would be of 
particular importance because vomiting is a prominent symptom and occurs in 
50-90% of patients with acute gastroenteritis. In most outbreaks of acute gas
troenteritis, a causal agent cannot be identified. Airborne, droplet, or contact 
spread of Norwalk and Norwalk-like agents may have contributed to outbreaks 
in which there was no common exposure to contaminated food or water. 

Animals contribute to aerobiological pollution directly by creating air tur
bulence while moving in the field or indirectly by their fecal materials and other 
discharges (AI-Dagal & Fung 1990). Birds can carry microbes on their feathers 
and release them into the atmosphere in a processing plant, creating occupa
tional hazards for plant workers. Zottola et al. (1970) indicated that in turkey 
processing plants, Salmonella are frequently found in the air of areas where live 
birds are handled. Gast et al. (1999) found that Salmonella Enteritidis contam
ination in commercial broiler hatcheries could be reduced effectively by mini
mizing dust, fluff, and aerosol production. S. Enteritidis is capable of surviving 
in aerosols for long periods of time, implying that there are potential health haz
ards from human exposure to contaminated air (Seo et al. 2001). Contamination 
from airborne microbes varies among different food processing plants. For in
stance, the airborne microbial contamination in a pork-processing establishment 
was higher by a factor of 10 than in dairy plants (Kotula & Emswiler-Rose 1988). 
Flying birds and insects are responsible for transmission of microbes from place 
to place and for redistribution of the airborne microbial population (AI-Dagal & 
Fung 1990). 

Sewage treatment plants that use activated sludge, trickling or rock filter 
systems, create aerosols and droplets containing microbes including pathogens 
that contaminate the environment. As many as 105 CFU/m3 of bacteria were 
found at a commercial sludge application site and indicators such as H2 S pro
ducers and pathogenic clostridia were present in locations of significant phys
ical agitation of the sludge material (Pillai et al. 1996). In an early study by 
Teltsch & Katzenelson (1978), aerosolized coliforms including E. coli were de
tected when the concentration was 103 /ml or more in wastewater. They reported 
a positive correlation between relative humidity and the number of aerosolized 
bacteria, and a negative correlation between solar irradiation and bacterial level 
in the air. During night irrigation, 10 times more aerosolized bacteria were de
tected than with day irrigation. Echoviruses were isolated in air samples col
lected 40 m downwind from the sprinkler. An investigation of aerosols emitted 
by trickling filter sewage treatment plants (Adams & Spendlove 1970) also re
vealed that coliforms were indeed emitted and could be sampled at a distance 
of 1.2 km downwind. It is apparent that the aerosolized coliforms arising from 
sewage treatment plants may portend a public health concern especially for the 
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employees. Heng et al. (1994) showed that sewage workers in Singapore have an 
increased occupational risk of acquiring hepatitis A virus infection. Seropreva
lence was 2.2 times higher than that of another non-occupationally exposed 
population, and a recommendation was made that they should be protected by 
active immunization. 

Agricultural work often involves life-long exposure to dusts at high concen
trations (Thorne et al. 1992). These high dust exposures occur especially during 
harvesting, grain and silage handling, and work in livestock buildings. Airborne 
microbes are known to cause pulmonary diseases associated with inhalation of 
agricultural dusts. Marshall et al. (1988) studied the survival of E. coli after 
aerosol dispersal in a laboratory and a farm environment, and reported that in 
both environments, the number of airborne bacteria declined rapidly within 
the first 2 h. However longer survival was found in the barn than in the lab 
(20 d versus 1 d). The longer survival in the barn was believed to be due to the 
higher humidities (61 to 82%). These studies indicated that E. coli can persist 
in the barn environment for an appreciable period of time and thus pose a farm 
health concern. An outbreak of Campylobacter jejuni infection occurred among 
farm workers in Ontario in 1994 (Health Canada 1995). The casual farm workers 
(one-day job) were employed to catch and transport a total of 13,000 six-week
old turkey poults from a brooding barn to a growing barn. The cases reported 
eating and smoking as they worked. Hand washing facilities were not available, 
and the workers were not advised about the risks of pathogenic bacteria shed 
by the birds nor the need for thorough hand washing before eating or smoking. 
Although the exact mode of transmission cannot be confirmed, the outbreak 
underscores the occupational hazards posed by zoonotic disease agents that of
ten go underestimated. This outbreak illustrates the need for a comprehensive 
educational package on zoonotic disease prevention on farms. 

Studies by Nijsten et al. (1994) reported that E. coli isolated from fecal sam
ples of hog farmers showed the highest percentages of resistance to 5 antibiotics 
(amoxicillin, neomycin, oxytetracycline, sulfamethoxazole and trimethoprim) 
as compared to abattoir workers and (sub)urban residents. This observation il
lustrates another uncharacterized hazard associated with animal rearing. 

DIRECT CONTACT TRANSMISSION 

Animal-to-Person Transmission 

As mentioned, pathogens that are capable of being transmitted directly from 
animals to humans are named zoonoses. Outbreaks of enteric infection due to 
zoonoses have often implicated farm visits as a risk setting. Most victims of 
these outbreaks are children. In most if not all cases, the implicated farm did 
not have appropriate handwashing facilities and proper warning signs about 
the risk of touching animals. 

In Canada, the first reported outbreak of Escherichia coli 0157:H7 infec
tion associated with a petting zoo (open farm) occurred in Middlesex-London, 
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Ontario, in September-October 1999 (Warshawsky 2001). No common food 
source was identified, but all seven patients reported having touched animals 
in the Agriculture Pavilion at the Western Fair. Outbreak investigations further 
revealed 62 people that met case definition, with a median age of 7 years. In 
a subsequent case-control study, cases were more likely than controls to have 
touched goats at the petting zoo (Henry et al. 2001). Lack of handwashing and 
length of time in the petting zoo were also associated with illness. Six cases and 
one goat from the petting zoo were laboratory confirmed with E. coli 0157:H7 
phage type 27, a very rare subtype in Canada, all with the same PFGE pattern. 
After this outbreak, the Ontario Health Unit imposed local control measures 
including mandatory on-site handwashing facilities at petting zoos. 

In the United States, the first reported outbreaks associated with direct 
transmission of E. coli 0157:H7 from farm animals to humans occurred among 
school children in Pennsylvania and Washington during the spring and fall 
of 2000 (CDC 2001c). The outbreaks were associated with school and family 
visits to farms where children came into direct contact with farm animals. The 
CDC survey in June 2000 revealed that of the 44 state and territorial public 
health departments, none had laws to control exposure of humans to enteric 
pathogens at venues where the public had access to farm animals, and no federal 
laws existed that addressed this public health issue. Following these farm visit
related outbreaks, CDC, the Zoonoses Working Group, the National Association 
of State Public Health Veterinarians, the U.S. Department of Agriculture, the 
Animal and Plant Health Inspection Service, and other groups, drafted measures 
to reduce the risk for farm animal to human transmission of enteric infection. 

In the United Kingdom, farm-associated outbreaks of E. coli 0157:H7 infec
tions have been reported among children (Shukla et al. 1995; Milne et al. 1999; 
Chapman et al. 2000). In one outbreak, E. coli 0157:H7 strains indistinguishable 
from those isolated from the human cases, were isolated from composted mix 
of animal manure and vegetable waste which had been processed for 3 months, 
but not from partially finished compost which had been processed for only 6 
weeks (Chapman et al. 2000). There has been no report on the survival of the 
pathogen during the composting of mixed animal manure and vegetable waste. 
Chapman and coworkers suggested if E. coli 0157:H7 survived the 3 months of 
composting, the pathogen could have multiplied to large numbers in the final 
composted mix. This could explain why the pathogen was only detected in fin
ished compost (3 months) but not in partially finished compost (6 weeks) where 
the number of pathogens might be very low. Another outbreak of E. coli 015 7:H7 
infection was associated with a music festival in England in 1997 (Crampin et al. 
1999). Investigations identified no common food or water source but all cases 
reported a high level of mud contamination, especially on hands and faces. Sub
sequently, undistinguishable E. coli 015 7:H7 strains were isolated from all cases 
and from a cow belonging to a herd that had previously grazed the site of the fes
tival, suggesting that mud contaminated with cattle feces was the likely vehicle 
of infection. As a consequence of this outbreak, the local authority has ensured 
better hygiene recommendations are emphasized in future festivals. They rec
ommended that cattle be excluded from the site 2 weeks beforehand and that the 
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site be chain harrowed to facilitate fecal decomposition. In a case control study 
of sporadic E. coli 0157:H7 infection in England (O'Brien et al. 2001), exposure 
to the farming environment emerged strongly as a risk factor. The risk occurred 
in people not routinely exposed to the farming environment, i.e., public vis
iting open farms or spending holidays on farms, or people going to farms for 
work but not regularly employed on farms. With respect to recreational visits, 
half of the patients reported touching farm animals, the remainder had simply 
been exposed to the environment. These findings are consistent with previous 
descriptive studies undertaken in Scotland by Coia et al. (1998) who demon
strated that farmers who routinely worked with livestock were not found to be 
at increased risk. These same conclusions were reached in a Canadian study 
described below. 

Because dairy farm families are directly exposed to verocytotoxigenic E. coli 
(VTEC) through personal contact with cattle manure and through consumption 
of raw milk, both of which are known risk factors for VTEC infection, they 
constitute a model of naturally occurring transmission of these pathogens from 
cattle to people. In a study by Wilson et al. (1998) of dairy farm families in 
southern Ontario, a lack of disease due to exposure to VT1-producing E. coli 
in farm residents suggested enhanced protection occurred due to antibodies 
induced by previous exposure. They emphasized that exposure to the dairy farm 
environment has a greater health significance for urban residents who have less 
prior exposure to VTEC and specific subgroups within the rural community. The 
latter is comprised of children with declining maternal immunity, the elderly, 
and other immunocompromised individuals who live on dairy farms and who 
can be considered an at risk group. 

In 1993, a community outbreak (15 cases) of hemolytic uremic syndrome 
(HUS) in children occurred in a large area of Northern Italy over a period of 
several months and resulted in one death (Tozzi et al. 1994). No obvious epi
demiologic link was observed among cases, except that they all lived in small 
townships. A case control study did not show an association between HUS and 
food or exposure to cattle, but suggested an association involving contact with 
chicken coops. However no VTEC were isolated from stool samples from the 
chicken coops. Live poultry has never been identified as a reservoir of VTEC 
(Beutin et al. 1993), even though E. coli 0157:H7 has been isolated from retail 
poultry (Doyle et al. 1987). Detection of at least 3 different serogroups ofVTEC 
(E. coli 0157, E. coli 0111, and E. coli 086) suggested multiple sources or ve
hicles of infection. The authors suggested living in rural settlements including 
exposure to live poultry was the risk factor, which should be considered in 
outbreak investigations. However, more powerful research is needed to confirm 
these observations. 

Outbreaks of human enteric infection via direct contact with livestock have 
also been associated with cryptosporidiosis. In a study carried out by the Public 
Health Laboratory Service in England (CDR 1993), 23% of cryptosporidiosis 
cases were associated with farm animal contact. A significant association has 
been observed between cases of cryptosporidiosis in spring and contact with 
lambs. In England, a number of outbreaks of cryptosporidiosis have occurred 
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among children visiting farms during the lambing seasons (CDR 1993; CDR 
1994). Infected lambs that are scouring are not likely to be handled by visitors. 
However, lambs that are not scouring may excrete Cryptosporidium oocysts and 
could be an unrecognized reservoir of infection (CDR 1994). 

Salmonella infection has also been associated with animal contact. In the 
spring of 1997, an outbreak of multidrug-resistant Salmonella Typhimurium 
DT104 struck a Vermont farm in Franklin County, USA (Spake 1997). It began 
as an epidemic among the cattle on the farm. By the end of the outbreak, 22 of 
the 147 cows had become ill, 13 had died, and 17 had become asymptomatic. 
Within days after the first death of a calf, a 5-year-old boy on the farm came down 
with the Salmonella infection. Soon after the first case, 7 other people were di
agnosed. It was found that 90% of the farm family members who drank raw milk 
became ill. However milk was only one cause ofthe illness, caring for sick cattle 
was another. The last patient had cared for the sick cattle, but did not drink raw 
milk. She was the most serious patient and almost lost her life, due to the fail
ure of some antibiotic treatments. The bacterium was resistant to penicillin and 
cephalosporin that were prescribed, in addition to being resistant to at least 5 
other antibiotics (that are characteristic of the bacterium) including ampicillin, 
chloramphenicol, streptomycin, sulfonamides, and tetracycline. This was the 
first outbreak that conclusively demonstrated animal to human transmission 
of an antibiotic resistant bacterium in the U.S. In 1998, a ceftriaxone-resistant 
Salmonella infection was acquired by a child from cattle in western Nebraska 
(Fey et al. 2000). It was probable that the use of antimicrobial agents in cattle 
had led to the selection for the ceftriaxone-resistant strain that was subsequently 
transmitted to the child. In 1999, the Centers for Disease Control and Prevention 
(CDC) received reports from three state health departments (Idaho, Minnesota, 
and Washington) of outbreaks of multidrug-resistant S. Typhimurium infections 
in employees and clients of small animal veterinary clinics and an animal shel
ter (CDC 2001d). These outbreaks are the first to associate S. Typhimurium DT 
104 with pets in the country. It was suggested that the inadvertent ingestion 
of animal feces or food contaminated with animal feces may have occurred as 
the result of suboptimal sanitation and hygienic practices in the veterinary fa
cilities. Some of the cats in the facilities had a diarrheal illness that may have 
contributed to Salmonella transmission. Even after recovery from an acute bout 
of Salmonella gastroenteritis, fecal shedding of Salmonella can occur and may 
last for several months. In addition, the use of antimicrobial agents in veterinary 
facilities may have contributed to selection for multidrug-resistant Salmonella 
by lowering the infectious dose required to cause illness in animals and increas
ing the likelihood of transmission to humans. These outbreaks demonstrate that 
small animals besides cattle and lambs shed Salmonella and that small animal 
facilities in addition to farms, can also serve as a risk setting for transmission 
of Salmonella to animals and humans. In the U.S., multidrug-resistant S. Typh
imurium DT 104 has been found in sheep, pigs, horses, goats, cats, dogs, elk, 
mice, coyotes, squirrels, raccoons, chipmunks, pigeons, and starlings. The birds 
are a real concern because their droppings can spread disease everywhere. 

Farm workers are usually aware of health risks from zoonotic microor
ganisms, symptoms that indicate infection, and precautions that need to be 
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taken. Farmers need to consider the health risks to visitors especially vulnera
ble groups, such as young children and pregnant women, and the precautions 
necessary to protect them. There have been some published guidelines that 
serve these purposes (Dawson et al. 1995). The public should be aware of farm 
visit-related risks and avoid hand to mouth contact when visiting farms. Health 
officials need to continue to educate the public and owners of farm visitor cen
ters about disease that may be associated with farms. 

Person-to-Person Transmission 

Many enteric pathogens can be transmitted by person-to-person contact. 
They include Campylobacter spp., Cryptosporidium, Escherichia coli 015 7:H7, 
Salmonella spp., Shigella spp., hepatitis A, and Norwalk virus (Dawson et al. 
1995; Becker et al. 2000; Health Canada 2000e; Health Canada 1997b; Health 
Canada 2001c; Jiang & Doyle 1999). In some cases, the disease is manifested 
as a secondary infection, obtained from a primary infection that was acquired 
through foodborne or waterborne routes. One such example is an outbreak of 
Norwalk virus which occurred during a college football game (Becker et al. 
2000). During the game in Florida, diarrhea and vomiting developed in many 
of the members of a North Carolina team. The next day, similar symptoms de
veloped in some of the players on the opposing team. The two football teams 
shared no food or beverages and had no contact off the playing field. The stool 
samples obtained from patients of both teams shared identical PCR sequences of 
a Norwalk virus. The outbreak investigation identified a turkey sandwich as the 
source of infection and it accounted for 95% of the primary cases. The football 
game spread the virus from the primary cases to other players. Both fecal-oral 
transmission and aerosol transmission of vomitus had probably occurred, given 
the intense physical contact and the use of bare hands during the game. It was 
advised that persons with acute gastroenteritis should be excluded from playing 
contact sports. 

Hepatitis A virus is commonly transmitted via direct contact between peo
ple. In Canada, British Columbia has one of the highest rates of hepatitis A 
(Health Canada 2000e). In 1998, the province had a rate of9.65 cases per 100,000, 
and men who had sex with men (MSM) and infected drug users (IDU) were 
identified as primary risk factors. In previous years cases involving Aboriginal 
populations contributed significantly to the provincial statistics. In a recent out
break in August 1999, 14 cases were reported and a First Nations reserve was 
involved. Investigations identified household density as a contributing factor. 
Household density was often increased by houseguests who in turn propagated 
the outbreak. Over half of the cases in this outbreak occurred in children less 
than 14 years of age. Clinically, children are less likely to be symptomatic than 
adults and may shed viruses for extended periods of time. Poor hygiene and 
play activities may have contributed to the transmission of virus among chil
dren. The outbreak resulted in a decision to actively immunize the population of 
the reserve. In January 1997, a public health unit in southern Ontario was alerted 
to 4 cases of hepatitis A among a family, which belonged to a self- contained 
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religious community (Health Canada 1997b). Over the course of 4 months, a 
total of 21 cases were identified within this community. In the index family, the 
mother was the first to become ill and during her illness, she had prepared food 
for large holiday season gatherings. The family outbreak of gastroenteritis illness 
led to a community outbreak. The mode of transmission was not confirmed, but 
both foodborne and person-to-person transmission had likely occurred. It was 
noted that children with unrecognized and unchecked subclinical illness can 
act as a reservoir for the disease for several months, placing older persons at 
continuous risk of clinical illness. 

Shigellosis is transmitted by direct or indirect fecal-oral contact. Outbreaks 
are traditionally associated with conditions of crowding or where personal hy
giene is poor, such as in prisons, day care centers, and psychiatric institutions. 
Outbreaks among men who have sex with men (MSM) are also common and are 
linked to high-risk sexual practices. In developed countries such as Canada and 
the United States, Shigella sonnei is the most common serotype and S. dysente
riae is the least common. Cases of shigellosis among MSM in these countries are 
typically associated with S. flexneri. However in March 2001, a cluster of S. son
nei infection was reported to the B. C. Centre for Disease Control and Prevention 
and MSM were involved (Health Canada 2001c). No common risk factors such 
as food or travel were noted among the cases, with the exception of high-risk 
sexual practices reported by the cases. This cluster followed a similar cluster of 
S. sonnei infection involving MSM in B. C. in November 2000 where no other 
common risk factors were identified. Transmission of enteric pathogens among 
MSM through high-risk sexual practices has long been documented. The low 
infectious dose of Shigella facilitates the transmission and increases the chance 
of outbreak in this population. 

Person to person contact has been identified as a mode of transmission for 
Escherichia coli 0157:H7. Money plays a role in transmission of bacteria. In a 
study by Jiang & Doyle (1999) who determined the survival of E. coli 0157:H7 
and Salmonella Enteritidis on coin surfaces, results indicated coins can serve 
as potential vehicles for transmitting both pathogens during general circulation 
of currency. E. coli 0157:H7 and S. Enteritidis survived up to 11 days and 9 
days, respectively, on the surface of U.S. pennies, nickels, dimes and quarters 
at 25°C. Upon contact with coin surfaces, bacterial cells are subject to drying 
and the bactericidal effect of copper. S. Enteritidis cells were more sensitive to 
drying than E. coli 0157:H7. Survival of both pathogens was greatest on dimes 
and quarters and least on pennies, suggesting that the additional copper in the 
coin had enhanced bactericidal activity. This is of special significance to food 
handlers, who should use an intervention treatment such as washing hands 
after handling coins and before handling food. 

CONCLUSIONS 

Foodborne transmission is likely the most common route of transmission 
for enteric disease agents. Meat and poultry account for the greatest number 
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of foodborne outbreaks. Other significant foods include produce, seafood, and 
dairy products. Enteric pathogens usually reside in the GI tract of food animals, 
either symptomatically or asymptomatically, and in the animal environment. 
There seems to be a continuous re-infection among animals and between them 
and the environment in which they reside. Most risks due to seafood consump
tion originate from the environment. Enteric pathogens associated with seafood 
come from natural marine or freshwater environments, fecal pollution of the 
natural environments, or processing and preparation environments. As a gen
eral rule, to reduce the risk of enteric infections, consumers should avoid eating 
raw or undercooked seafood particularly molluscan shellfish. Safety of oyster 
harvesting areas and aquaculture ponds relies on prevention of accidental con
tamination from human waste and intentional pollution to increase aquaculture 
production. Enteric infection associated with dairy foods usually arises from 
direct consumption of unpasteurized milk or its use as an ingredient in manu
facture of dairy products. Dairy foods made from pasteurized milk can carry risk 
if improper pasteurization and post pasteurization contamination occur in pro
cessing plants. Fruit and vegetables are vulnerable to microbial contamination 
from the original production site to final presentation on the table. During pro
duction, produce can be contaminated with human enteric pathogens from soil, 
fertilizer, irrigation water, pesticide spray, wild and domestic animal waste, or 
field workers. Fresh produce that undergoes mechanical processing or minimal 
thermal treatment is especially prone to microbial propagation. 

Waterborne disease has the potential to cause extensive outbreaks given 
the size of populations served by municipal distribution systems and the large 
number of people using recreational water facilities. Disease outbreaks asso
ciated with drinking water are a result of either poor protection of the source 
water or inadequate water treatment. Enteric illness due to recreational water 
activities has been on the rise in recent years. Sources of the pathogens in these 
waters often are the users themselves, in particular the young who are also the 
victims of the diseases. While proper disinfection remains the main control of 
disease in recreational water pools, elimination of fecal contamination through 
education and cooperation of the users and the general public is more effective 
in prevention of disease, particularly in non-chlorinated water such as lakes 
and ponds. 

Airborne transmission of enteric disease is not frequently detected. This is 
due in part to our limited knowledge and use of unproven detection techniques 
for airborne pathogens. Major sources of airborne pathogens include human ac
tivity (such as sneezing, coughing, and talking), animal movement and waste, 
sewage and sewage treatment plants, and dust. Airborne disease is more appar
ent in farm, sewage plant, and other agriculture-related workers. This is also 
considered an occupational hazard. 

Direct-contact transmission of enteric infection is usually a result of contact 
with infected animals or persons. Children's farms (petting zoos) are recognized 
as a risk setting for animal-person disease transmission. The dairy farm is an
other, particularly for children, the elderly, and the immunocompromised that 
live there and don't regularly come in contact with livestock. Person to person 
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contact during sporting events, high-risk sexual practices, child play activi
ties, elevated household densities, and general circulation of currency, can also 
spread enteric disease. 

Identification of the sources of pathogens is of paramount importance in de
velopment of effective intervention strategies. This relies largely on the surveil
lance data from foodborne disease outbreaks and sporadic cases. Unfortunately 
in Canada, there is no one system that is used for consistently collecting food
borne disease data across the country. To date, national foodborne disease data 
are generated by a compilation of many different data sets, including those from 
provincial governments, the National Enterics Surveillance Program, the Enteric 
Disease Surveillance System, the Health of Animal Laboratories, the National 
Laboratory for Enteric Pathogens, and the Bureau of Infectious Disease (Cuff 
et a1. 2000). These heterogeneous data sets pose difficulty in determining the 
real extent of foodborne disease problems. Because each data set records a dif
ferent level of detail, subjective judgment is often required in the assignment of 
cause and management of data. In view of these inconsistencies and the prob
ability of under-reporting, the need for a systematic, consistent data-collecting 
program is apparent. 

Producers, processors, distributors, retailers, consumers, and regulators all 
have a role in minimizing human exposure to agents causing foodborne illness 
and enteric disease. Reduction and control of pathogen transmission at the farm 
level is feasible. This of course requires participation and involvement of farm 
owners and operators. Farmers' knowledge and attitude towards on-farm food 
safety programs are important for implementation of successful intervention 
strategies. Prevention of enteric disease is a constant challenge for the general 
public, health officials, and researchers, but it is not impossible. 
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