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1. Introduction

The public health implications of the production and marketing of food have to
be analyzed in at least two interactive dimensions. One involves the socioeconomic
implication of food production/population balance, and the other, the public health
implications associated with production, marketing, processing, distribution, and
consumption.

In this document, no attempt is made to exhaustively analyze the first of these
dimensions, since the economic and social implications of production and marketing of
foods are presented in another of the panel's documents: The Production and Marketing
of Food and the Protection of Public Health. However, the question of food
production/population balance has been one of relevant, valid, and actual concern ever
since Malthus argued that an unchecked population would increase according to a
geometric progression, while subsistence resources, particularly food, had historically
increased only arithmetically (1); thus, we feel the obligation to mention some concerns.

In 1992, it was estimated that there would be an extra 1.9 billion people to be fed
by the year 2010, an increase of 36% from 5.3 to 7.3 billion people. Of the total
projected growth over the next 15 years, 90% is expected to take place in countries
currently classified as developing nations. A 36% increase in food supply, agricultural
products, and potable water would be required over the next 15 years to match the
projected rise in global population (2). To meet these challenges, changes in production
patterns and increased use of pesticides, fertilizer, and animal drugs have been
introduced. Thus, changes in production system patterns, i.e., the combination of
intensive livestock production (primarily pigs, calves, and poultry) and the use of
contaminated feeds have resulted in a great proportion of infected animals as subclinical
carriers.

Millions of carrier animnals all over the world will contribute to the contamination
of the environment, establishing vicious cycles of infection which play an important role
in the epidemiology of food-borne diseases. These clinically healthy animals contribute
not only to the contamination of the environment, but also to the contamination of wet
surfaces during slaughtering, meat processing, and distribution, with food pathogens such
as Salmonella spp., Campylobacter jejuni, and Escherichia coli enteropathogenic
strains (2).

At the same time, the increase in tourism and food trade, the latter as a result of
the liberalization of trade and the creation of subregional markets, will increase the risk
of introduction of exotic animal etiological agents and dissemination of food-borne
diseases and chemical residues. Contamination, followed by an error in storage of an
internationally distributed food, can result in illness in persons thousands of miles from
the source and months after the contamination occurs (17). To prevent or reduce these
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risks, it is necessary to review and standardize food legislation, in particular with regard
to chemical residues, and to develop inspection and analysis systems in order to meet
increasingly stringent market requirements (3). The standards provided by the Codex
Alimentarius may serve as a legal framework for this purpose (4).

From the public health standpoint, the use of pesticides and residues in food,
which may cause acute or chronic illness (2), and the use of antibiotics in animal feeds
and livestock, which may contribute to the development of resistance of bacteria to these
drugs, are important aspects which must be considered. Moreover, consideration needs
to be given by the countries to a change of the "zero risk" policy for a predictive and
manageable risk based on sound scientific evidence to eliminate non-tariff barriers and
promote international food trade.

In addition to the major traditional food safety problems of microbial and parasitic
origin, the countries of the Region may face gross and essentially uncontrolled instances
of newer problems of chemical origin as well, particularly with respect to increasingly
high use of chemicals in the agriculture and livestock sector. Food safety in both
situations specifically involves foods of animal origin, which act as excellent vehicles not
only for both spoilage and pathogenic organisms, but also for environmental chemicals
which are passed through the food chain by, and are often concentrated in, animal tissue
or body fluids.

The impact of food-borne diseases in human health and the economy of the
nations is profound. Illness resulting from contaminated food is perhaps the most
widespread health problem in the contemporary world and an important cause of reduced
economic productivity (5). The World Health Organization (WHO) estimates that 3 to
5 million children die each year from diarrheal diseases. The vicious cycle of infant
malnutrition and infections, particularly diarrheal diseases in nonindustrialized countries,
is related to food safety as well as to food quantity and nutritional quality (1). Several
surveys have shown that, overall, food-borne diseases are one of the most serious causes
of human morbidity and mortality in these countries, yet national health efforts more
often than not stress only the role of water supply and sewage disposal in considering
efforts to control human diarrheal diseases (1).

In the Region of the Americas, the occurrence of food-borne diseases is believed
to be on the rise. Several factors are associated with this problem. In addition to the
factors already mentioned-population increase, food trade, and tourism-there are other
related factors, namely, the presence of population groups which are susceptible or at
higher risk, rapid urbanization, technological advances in food production and
processing, increased use of food additives, the increase in consumption of industrialized
food, the need to transport food long distances, the appearance of several new
components in the chain of distribution, the preference for fast foods, the increase in e
food service facilities in factories, schools, and other places where many consumers are
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concentrated, and street food-vending. The great variety of causative agents (biological
and chemical) and the possibility of associations between various factors result in an
endless number of possibilities of the occurrence of food-borne diseases, infections, or
poisonings which may be acute or chronic, may occur as outbreaks or isolated cases, and
may be very unevenly distributed (18).

In this document, the public health implications of the production and marketing
of foods are reviewed and discussed. Emphasis is placed on food-borne disease
outbreaks and some emerging food-borne pathogens that have affected the Region of the
Americas, the importance of food protection programs and food-borne disease
surveillance systems in preventing and reducing the incidence of food-borne diseases, and
the use of the hazard analysis critical control point system (HACCP) as an alternative
tool to be used in all levels of the food chain from producer to consumers.

2. Impact on Public Health

The impact of the production and marketing of food on public health may be
divided into two components, one represented by the direct losses resulting from the
occurrence of food-borne diseases, and the other as a result of indirect losses occurring
in local and international food trade.

2.1 Food-borne Diseases

According to WHO, diseases caused by the ingestion of contaminated food (food-
borne diseases) are still the number one cause of suffering and ill health in many
countries of the world. Although sufficient research data does not exist, it is currently
believed that infantile diarrhea is to a large extent food-borne (7).

In many countries of the Region of the Americas, the diseases associated with
lack of food protection and environmental sanitation represent a serious problem.
Enteritis and other diarrheal diseases are among the five leading causes of death for all
age groups in 17 countries. They are the leading cause of death in five countries and the
second leading cause in four countries (8). In some parts of the Americas, food-borne
parasitic diseases are even more common than diarrhea of bacterial origin.

Few studies have been conducted on the economic impact of food-borne disease.
Cohen et al cited by Ruiz (9) indicated that in the United States of America the average
cost of a patient with salmonellosis amounted to between US$ 1,687 and $2,025,
including medical attention, hospitalization, and medication. Archer and Kvenberg cited
by Ruiz (9) pointed out that the economic cost associated with food-borne diseases in the
United States, excluding the losses incurred by the industry, amounted to approximately
$23,000 millions.
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2.1.1 Diarrhea in Children

WHO has estimated that between 15 % and 79 % of diarrheal cases in children less
than 5 years of age are related to contaminated foods (10). Diarrheal diseases are one
of the more serious problems affecting the health of the infant population of Latin
America and the Caribbean. One of the 5 leading causes of death among infants less
than 1 year old, in many countries they occupy the first place as a cause of death among
children in the 1-4-year age group. In 1992, the incidence of diarrhea in children less
than 5 years old was estimated at 4 episodes per child per year, with a range between 0.7
and 7 episodes. Assuming that the main duration of each episode is 5 days, from 5 to
6 children out of each 100 in the Region have diarrhea in any single day (10). No doubt
this represents a tremendous public health impact in the countries of the Region.
Moreover, research has shown these diseases to be one of the determining factors of
malnutrition and poor growth (10). Children who do not die during the acute episode
can become chronically ill as a result of the malabsorption, malnutrition, and loss of
immunocompetence. These children become defenseless against a variety of secondary
infections. In 1984, the increased risk of secondary infection among well-fed children
due to the changes in the ultrastructure of the small intestine during episodes of diarrhea
was documented (11).

Numerous studies have shown that food prepared in homes under unhygienic
conditions is frequently contaminated with pathogens and hence is a major risk factor for
diarrheal diseases. It has been estimated that up to 70% of 1,400 million worldwide
diarrheal episodes occurring in children under the age of 5 are due to pathogens that can
be transmitted through food (12). Pathogenic strains of E. coli, which alone cause up
to 25 % of all diarrhea in developing countries, are one of the major contaminants of the
weaning foods. The frequent contamination of food with E. coli and other pathogens of
fecal origin indicates the contamination of food with fecal matter. This means that food
can be a vehicle for transmission of any pathogen which is known to be transmitted via
the so-called fecal-oral route (12).

2.1.2 Diarrhea in Adults

Adult populations can also experience severe complications from diarrhea caused
by contaminated foods. In the recent past, short-lived, self-limited diarrheal episodes
were considered as untimely and disagreeable nuisances. Today, we know that enteric
pathogens and the diarrhea they cause can lead to chronic diseases such as allergies,
autoimmune disorders, neoplasms, malnutrition, and immunologic disfunctions. Very
severe consequences ensue when the enteric pathogens are carried from the intestine to
other parts of the body. These findings are also applicable to the millions of tourists and
business people who fall victim to bouts of diarrhea as a result of contaminated foods
eaten when travelling in the Region (11).
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2.1.3 Travellers' Diarrhea and its Impact on Tourism

So-called "travellers' diarrhea" is the most frequent cause of illness among
tourists who visit the tropical region of the Americas (9). Field studies are required to
get a better knowledge of its magnitude, epidemiology, and economic impact. Tourism
has become one of the most important sources of income for many countries. A
correlation between the increase in tourism and the increase of travellers' diarrhea has
been noted. It has been estimated that from 20 to 50% of all travellers and of the local
population suffer from food-borne diarrhea (10,13). The extensive increase of street
food- vendors without basic sanitation services and, no less important, with a lack of
knowledge of food safety has brought, as a consequence, an increased risk of food-borne
diseases for the tourists and local populations (14).

2.2 Impact on Food Trade

2.2.1 International Trade

Four food protection problems that may be linked to the international commerce
of foods are: (a) dissemination of biological agents, i.e., Salmonella spp., E. coli
0157:H7, C. jejuni, and Trichinella spiralis; (b) chemical contaminants, such as residues
of pesticides, hormones, antibiotics, heavy metals, and inappropriate additives; (c)
introduction of exotic disease etiological agents that may burden animal health and
production such as foot-and-mouth disease; and (d) the need for standards to protect the
consumer, usually by labelling the product to reflect exactly its content, origin,
composition, weight, and other characteristics (4).

Most of the countries in the Region rely on food imports as a main source of
foreign exchange income (15). The exportation of agricultural commodities and fishery
products from Latin American countries represents a significant percentage of the
countries' exports (31% of all exports), with a total value of $38,000 millions for 1989
(16). The rejection of their products due to non-conformance with biological/chemical
standards constitutes a burden to their economies, well-being, and development. In
1984, more than $1.7 million worth of food products exported by one Central American
country alone was seized upon arrival in the United States of America. Other countries
have experienced even greater losses. The Latin American and Caribbean countries stand
to lose enormous sums of money in foreign exchange when their food exports are turned
away by Canada, the European Common Market, the United States of America, and
countries an other continents (11).

The implications associated with an outbreak of gastroenteritis being linked to a
given manufacturer of a food commodity can be economically devastating.
Internationally, the economic impact can be experienced by both the exporter and the
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importer. This was the case with the cholera epidemic in the Americas. Billions of
dollars were lost due to embargoing, by some importing countries, of all or most food
commodities shipped from countries experiencing cholera outbreaks (15). The cholera
epidemic has had a strong impact on the economy of the more affected countries of the
Region. Losses were derived from reduction in the internal and external demand for
products that were considered to be suspected or potential vehicles of V. cholerae (fish,
seafood, vegetables, and fruits) and in tourism. There was an estimated net loss of
$495.30 million in Peru in 1991. The net losses in relation to the PTB of that year was
$232.49 million, almost 1 % (10).

The testing of fresh produce and fresh and frozen seafood entering the United
States of America from South and Central America cost the United States Food and Drug
Administration (FDA) an estimated $2.2 million for fiscal year 1992. Until March 1993,
this testing did not reveal the presence of any viable V. cholerae serogroup 01 in any of
the commodities tested, despite the ability of the organism to survive 5 days at ambient
temperature and 10 days at 5-10 ° C, and its ability to survive freezing. Exporting
countries experienced similar costs in ensuring that their exported products were free of
this microbe (16).

2.2.2 Home Losses 0

Each country suffers losses at home as a result of food contamination, decreasing
the availability of foods, increasing prices, and producing less affordability, particularly
for the poorest population groups (11). In one country alone, food losses incurred during
transportation, storage, and processing in a single year amounted to nearly $600 million.
In addition, losses incurred by countries of the Region that import foodstuffs from other
continents are very high, and this has had a marked impact on the development and
economic well-being of the people (8).

3. Food-borne Disease Outbreaks and Emerging Food-borne Pathogens

Food-borne diseases are syndromes that are acquired as a result of eating foods
that contain sufficient quantities of poisonous substances or pathogens. These diseases
are frequently classified as either infections or intoxications (17). A modified version
of the classification of food-borne diseases proposed by Bryan (18) is presented in the
table below.

A comprehensive list of food-borne diseases was published by Bryan in 1972 and
updated in 1982 and 1984. However, this publication needs periodic updating due to the
emergence of new food-borne pathogens. Some possible reasons for these emerging
diseases are changes in eating habits; changes in the perception and awareness of what
constitutes hazards, risks, and hygiene; demographic changes; changes in handling and
preparation practices; and changes in the behavior of the microorganisms (19).
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Most of the outbreaks of food-borne diseases are due to biological contaminants,
mainly bacterias, viruses, and parasites (20). An analysis of the etiologic agents and
food vehicles associated with 7,458 outbreaks involving 237,545 cases of food-borne
diseases reported to the Centers for Disease Control (CDC) in the United States of
America between 1973 and 1987 revealed that bacterial pathogens accounted for 66% of
the outbreaks and 87 % of cases, viruses 5 % and 9 %, parasites 5 % and < 1%, and
chemicals 25 % and 4 % respectively (21). It is difficult to estimate the magnitude and
epidemiological factors associated with the occurrence of food-borne diseases in Latin
America and the Caribbean, mainly due to the inefficient epidemiological surveillance
of these types of diseases. However, a professional working group from several
countries of Latin America met in 1989 and 1990 to review the status of food-borne
diseases. The group concluded that, based on the scarce information available, the most
frequent etiological agents of food-borne diseases are Staphylococcus aureus, Clostridium
perfringens, E. coli enterotoxigenic, and Salmonella spp. Other microorganisms of
concern are Shigella dysenteriae, Vibrio spp., and Clostridium botulinum (22).

Outbreaks of food-borne diseases generally occur when a normally controlled
physical or chemical parameter is overlooked. Recent examples included contamination
of ground beef with E. coli 0157:H7 followed by inadequate cooking (15), inadequate
marinade of fish in inadequately acidified marinade a day old or older (fish ceviche in
South America) (16), consumption of raw mollusk (15), Salmonella in ice cream (23),
Salmonella agona in a peanut-based snack (24), and Vibrio parahaemolitycus in conch
in the Bahamas (25,26,27,28).

Some factors that have contributed to the increase of food-borne illnesses include:
(a) the adaptation of microbes to evolve and coexist with their hosts without causing any
adverse pathology or symptoms (19); (b) intensive livestock production, especially in
instances of contaminated feed; (c) sophisticated preferences for raw or rare meat,
poultry, fish, and seafood; (d) bulk preparation of ready-to-cook or reheated food (1);

INFECTIONS INTOXICATIONS

Bacteria Poisonous plants and animals

Virus Chemicals (pesticides, heavy metals, antibiotics, hormones,
and others)

Fungus Radioactive substances. Biotoxin present in plants and animals
and those produced by microorganisms in food

Parasites Histamine intoxication
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and (e) new packaging technologies (such as vacuum packaging and modified atmosphere
packaging), which have extended the shelf life of certain foods by inhibiting the growth
and reproduction of spoilage microorganisms, but which have also increased risks due
to the probability of growth and multiplication of pathogens to numbers of public health
significance. Without the spoilage sign to alert the consumers, these products may
become a potential source of food-borne disease outbreaks. Predictive modelling to
assess the safety of new food technologies is recommended before they are used
commercially (19,29).

3.1 Vibrio Species

3.1.1 Vibrio cholerae

There are currently at least nine Vibnio species that have been associated with
diseases. The best known and most important worldwide is the V. cholerae. This
species is subdivided by serologic characteristics and has the ability to produce toxin.
The survival of V. cholerae in food and the risk of transmission have been exhaustively
reviewed (6). The main symptoms of cholera are diarrhea and vomiting. It can manifest
itself in severe, mild, or even asymptomatic forms (6). During the last four years, one
problem of highest concern in the Region of the Americas has been V. cholerae. The
cholera epidemic began in 1991 and up to December 1993 caused 941,805 cases and
8,622 deaths (10).

On 29 January 1991, the Ministry of Health in Peru received reports of an
increased number of cases of gastroenteritis. Laboratory confirmation of cases revealed
that the condition was being caused by V. cholerae 01, biotype El Tor, serotype
Inaba (6). As of September 1994, 21 countries of the Region of the Americas were
affected, with 1,041,422 cases, 9,642 deaths, and an overall case fatality ratio of 0.96%
(30). No cases have been reported from any of the Caribbean islands (10,31). Unlike
the epidemic that occurred in the past in the Asian countries, where the transmission was
mainly associated with the consumption of contaminated water, studies in Peru showed
association with the consumption of contaminated food, eating habits, and socioeconomic
factors, especially lack of basic sanitary services in the affected population (6).

The chance for transmission of cholera from food exports is considered to be
negligible, based on the experience of many countries where cholera is endemic.
However, trade of food from cholera-affected countries was restricted. As a
consequence, cholera-affected countries requested the assistance of PAHO/WHO. A
technical report was sent to the countries of the Region, stating that WHO has not
documented evidence of a cholera outbreak occurring as a result of the importation of
food across international borders (32).
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Studies carried out by PAHO in collaboration with national institutions in Peru
demonstrated the presence of V. cholerae in sea water, surface water, and fish caught on
the adjacent coast, and in fish samples and mollusks sold in local markets. It was
pointed out that handling, gutting, washing, and touching contribute significantly to
increase the contamination of fish and seafood for local consumption with V cholerae.
The presence of V. cholerae was detected in several popular foods marketed by street
food vendors: ceviche, rice-based food (rice with chicken), noodles, potato-based food,
and ice cream. Experimental studies showed an increased risk of growth and
multiplication in several popular foods (rice, potatoes, and ceviche) sold by street food
vendors (6).

3.1.2 Vibrio parahaemolitycus

Vibrio parahaemolyticus inhabits the marine environment, especially coastal and
estuarine waters, and it is therefore associated with seafood (17). Food-borne disease
due to V. parahaemolyticus is an infection in which gastroenteritis develops in most of
the cases. Symptoms usually occur about 12 hours after ingestion of contaminated food,
although the interval may be as short as two hours or as long as 48 hours. The
symptoms include severe abdominal pain and diarrhea, together with nausea and
vomiting (17).

During May and June 1991, an outbreak occurred in the Bahamas. More than
1,000 people, most of them tourists, were affected (10). The outbreak was associated
with the consumption of conch (Strombus gigas), a popular food that is usually eaten raw
or in salads. A case control study clearly implicated conch as the vehicle responsible for
the outbreak. Consumption of conch has a very high odds ratio; no other food item
included in the questionnaire administered to cases and controls had an odds ratio
significantly different from 1 (25). V. parahaemolyticus was isolated from conch and
stool specimens of patients (26). Conch for sale are stored in seawater from the harbor
where the fish market is located. The conch were probably contaminated with sewerage
water (27,28).

Some recommendations to avoid future outbreaks were made by consultants.
Among them were:

to maintain routine surveillance for acute gastrointestinal illness, for earlier
recognition of future outbreaks and early intervention;

to improve food-handling practices for these products and to educate the general
public about the risk of consumption of raw conch and other shellfish, especially
harvested from contaminated areas (25,28).
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3.2 Salmonella Species

Most Salmonella spp. produces an enteric infection manifested by diarrhea, but
some host-specific serotypes, such as S. tiphy and S. paratiphy, tend to be invasive and
produce bacteremia (17). More than 1,500 serotypes of Salmonella spp. are potentially
able to produce gastroenteritis. However, few of them have been associated with food-
borne disease outbreaks, remarkably S. enteritidis (15,23). Symptoms of gastroenteritis
produced by Salmonella spp. include nausea, vomiting, diarrhea, abdominal cramps, and
fever. The duration of symptoms is generally 3 to 12 days (17).

Typhoid fever is endemic in Latin America and the Caribbean. Two outbreaks
were reported in Jamaica in 1990, with 475 suspected cases (173 of which were
confmned) and seven deaths. Poor environmental conditions, poor personal hygiene, and
healthy carriers of S. typhi combined to give rise to an explosive epidemic (34). A case
control study was conducted for each outbreak. In the first outbreak, water exposure was
found to be a risk factor, while cooking food at home was found to be protective. In
the second outbreak, having water piped into the home was a risk for illness, as was
purchasing two or more food items from vendors. Drinking boiled water was a
protective factor (31). One serotype that has increased in the United States of America
over recent years is S. enteritidis. A major vehicle responsible for this increase is o
chicken eggs, which have been responsible for causing outbreaks in both the United
States of America and worldwide (15).

3.2.1 Salmonella in Ice Cream

An outbreak of S. enteritidis associated with ice cream was reported by the
Centers for Disease Control (CDC) on 7 October 1994. The Minnesota Department of
Health started to receive calls from people reporting that they became ill after eating ice
cream products of a known branch producer. Over 1,200 people called the agency over
a short period of time to report illness after eating the ice cream. S. enteritidis was
isolated from ice cream left over in case households. It was inferred that, given the high
attack rates observed in Minnesota and the fact that this product was nationally
distributed, a nationwide outbreak may have occurred (23).

Case control studies have found significant association of S. enteritidis infection
with consumption of eggs and egg dishes. A clear-cut association was also found with
the method of egg preparation. Preliminary analyses demonstrated an increased risk of
infection associated with raw or improperly heated eggs and egg dishes (odds ratio 3.5;
p <0.001) (35).

Many countries affected by the marked increase of S. enteritidis infections in
humans have introduced control strategies for monitoring and identification of S.
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enteritidis in poultry flocks (36). Recently a WHO Expert Consultation was held to
review the situation of S. enteritidis due to its current predominant role in poultry
production in conjunction with salmonellosis cases in humans (33).

3.2.2 Salmonella in Food Snacks

More recently, on 10 February 1995, the Coordination of the Program of
Veterinary Public Health (PAHO/WHO) was notified of an outbreak of salmonellosis
among children epidemiologically linked to a peanut-based snack food in the United
Kingdom. Salmonella agona was isolated from the snack food (24). Since this product
is distributed in the United States of America and the probability existed that it also
might be imported to Caribbean countries, an epidemiological alert was sent to the
countries of the Caribbean subregion to increase the monitoring of diarrhea in children
due to this organism and to determine if this food had been imported by any of the
countries.

3.3 Campylobacterjejuni

Campylobacteriosis caused by C. jejuni is considered to be one of the most
frequent causes of bacterial gastroenteritis in the United States of America. This may
be due to the low infectious dose (less than 200 organisms) necessary for this
microorganism to cause illness (19). Foods most frequently implicated in
campylobacteriosis include raw milk and contaminated water, and epidemiological studies
consistently associated undercooked poultry or poultry recontaminated after proper
cooking as the cause of most food-borne outbreaks (15).

Symptoms range from mild to severe enteritis with diarrhea, vomiting, fever, and
abdominal pain. Diarrhea can progress from a mild form to a cholera-like watery
diarrhea, possibly due to a production of a cholera-like enterotoxin (15,17).

Campylobacterjejuni is a frequent enteropathogen in cases of pediatric diarrhea
in developing countries. In Peru, the organism has been isolated in 15 % to 23 % of
diarrheal stool samples from children in Lima and the town of Iquitos, respectively.
Direct contact with feces of C. jejuni infected chickens in the household environment was
largely responsible for transmission of the organism to susceptible infants (37). C. jejuni
is extremely susceptible to heat. Pasteurization of milk, proper chlorination of water,
and avoidance of cross-contamination of properly cooked poultry with utensils or other
implements or surfaces contaminated with fresh poultry carcasses, prevent the occurrence
of this food-borne disease (15).
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3.4 Escherichia coli

Escherichia coli resides in the lower part of the intestinal tract of warm-blooded
animals. Certain strains of E. coli can cause enteric disease in humans either by
elaborating a cholera-like toxin (enterotoxin) or by penetrating the intestinal epithelium
as Shigella does (17). E. coli 0157:H7, an emergent food-borne pathogen, was first
linked to human illness in 1982 (38,39). It was soon recognized that other E. coli
serotypes share a similar pathogenic potential, and a new group was called
enterohemorrhagic E. coli. E. coli 0157:H7 is the most common and most studied
member of this group (38,39). Its importance as a human pathogen appears to be
increasing in Canada, the United Kingdom, and the United States of America (38).

Cattle can be colonized with E. coli 0157:H7, and in most of the outbreaks
infection has been caused by cattle products, i.e., ground beef and milk. Infection with
this organism may result in a spectrnm of illnesses, including mild diarrhea, severe
bloody diarrheal hemorrhagic colitis, and hemolytic uremic syndrome (HUS), often
leading to acute renal failure and death (38).

In 1993, E. coli 0157:H7 was responsible for an outbreak that affected some 300
people in two states on the west coast of the United States of America. Consumption of
insufficiently cooked hamburger meat was associated with this outbreak (10). Outbreaks
have occurred in schools, childcare centers, family clusters, and the community at large,
the latter associated with restaurant exposure (39). Among these outbreaks, the mean
number of cases was 56 (median 39). Of these, 18% were hospitalized, 3.6% developed
HUS or thrombolic thrombocytopenic purpura, and 1.9% died (39). Infection with this
micro-organism has been associated with the consumption of contaminated beef (ground
beef and roast beef) and raw milk and through person-to-person transmission by the
fecal-oral route (38,39). Measures to prevent transmission include thorough cooking of
beef, pasteurization of milk, and careful hand-washing with soap. In particular, ground
beef should be cooked until it is no longer pink (38,39).

3.5 Food-borne Intoxications

Intoxication produced by the consumption of food contaminated with enterotoxins
produced by Staphylococcus aureus is one of the most common causes of food-borne
disease in Latin America. Foods commonly implicated are fresh, locally produced
cheeses. In Cuba during 1989, 48 % of the food-borne disease outbreaks reported were
attributed to this organism. In Venezuela, Perdomo cited by Ruiz (9) indicated that
64.7% of the outbreaks studied during the period 1981-1988 were due to S. aureus.

Reports of food poisoning from seafood such as ciguatera and paralytic shellfish
poisoning have been on the rise in the Americas, creating alarm and leading to the
establishment of special surveillance systems, as well as to pointing out the need to better
understand the pathogenesis and methods of diagnosis of these conditions (3).
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In Central America, several outbreaks of paralytic shellfish poisoning by seafood
and red tide have occurred. In 1987, 187 persons were poisoned and there were 26
deaths, for a case-fatality ratio of 14%. During 1989 the dinoflagellate responsible for
the disease disseminated from Panama to Mexico. Seven cases but no deaths were
reported in Guatemala, with 106 cases and three deaths in El Salvador. In 1992, 30%
of the outbreaks registered in Cuba were attributed to ciguatotoxina (10).

4. Food Protection Programs as the Principal Tool to Reduce or Prevent the
Prevalence of Food-borne Diseases

As described above, food-borne diseases still cause considerable morbidity and
mortality, even in developed countries with well-organized food safety programs.
Therefore, it has been suggested that the traditional approaches to the control of these
diseases may be considered to have failed or to be insufficient (19,40). This failure may
be due to several reasons, but undoubtedly some very important ones are the lack of
knowledge about the epidemiology, magnitude, distribution, and economic impact of
these diarrheal and food-borne diseases, and risk factors associated with their occurrence,
including socioeconomic and cultural determinants.

Some factors contributing to this lack of knowledge have been recognized: lack
of political willingness to support these programs, lack of integration of different
institutions dealing with food protection, lack of a logical interdisciplinary approach, lack
of food-borne disease surveillance systems, use of traditional inspection systems based
on subjective judgment, outdated legislation, and lack of education and community
participation, among others (41).

During the VII Inter-American Meeting at the Ministerial Level in Animal Health
(RIMSA VII), held in Washington, D.C., 30 April-2 May 1991, it was disclosed that,
despite considerable progress made in strengthening food protection in Latin America and
the Caribbean, much remains to be done to develop integrated food protection programs.
It has been recognized that most of the countries of the Americas have the basic
infrastructure to develop integrated food protection programs. However, in some
instances the lack of resources, political support, coordination, and integration of the
different agencies responsible for food protection, among other factors, has deterred the
attainment of this goal (8).

Three main purposes of a food protection program are to reduce morbidity and
mortality caused by food-borne diseases, to diminish losses and damage in the production
and marketing of food, and to improve conditions for food trade.

The technical cooperation of the Pan American Health Organization (8) focuses
on the following five components.
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4.1 Organization of Integrated Food Protection Programs

It has been indicated that, in the Region of the Americas, the legal bases and
organization of national food protection programs are not able to deal efficiently with the
complex problems related to inadequately defined and articulated food policies. There
is a noticeable lack of coordination among the various official agencies, and government
support and analytical and inspection services are also lacking. These problems at the
central level become magnified at the local and municipal levels (3).

The development of integrated food protection programs through the establishment
of country national food protection committees (NFPC) has proved to be useful in some
countries. Integration of government institutions and the private sector can be achieved
through the constitution of these committees. This in turn leads to the coordination of
activities of the different agencies dealing with food protection, including the private
sector and nongovernmental organizations (NGOs). Moreover, intersectoral and
interdisciplinary endeavors evolve as a result of the development of national food
protection committees.

4.2 Food-borne Disease Surveillance

Surveillance of food-borne diseases is essential to any rational food protection
program. Preventive and control measures should be based on problems commonly
found in the community, region, or country. Surveillance data provides information
regarding the prevalent food-borne diseases, common causative agents, foods commonly
associated with food-borne diseases, places where mishandling occurs, and factors
contributing to outbreaks. In many developing countries, there is no such surveillance
activity, and the information available is scanty or unreliable. However, PAHO/WHO
has stimulated the development and strengthening of an active Latin American network
of epidemiological surveillance of food-borne diseases (19).

4.3 Strengthening of Laboratory Services

Many of the outbreaks are inadequately investigated due to the lack of laboratory
services for microbiological and chemical analysis. The identification of food-borne
pathogens implicated in food-borne disease outbreaks requires the existence of laboratory
services. Laboratory analysis is also required to meet the standards established for
international commercial trade (18,19).

4.4 Food Inspection Services and Legislation

Food legislation is one that has received attention in the past and will continue to
receive it in the future. Countries have been categorized in three groups: one formed
by countries that have excellent and up-to-date legislation, and appropriate infrastructure
and mechanism for its enforcement; another comprising countries with very good



RIMSA9/12 (Eng.)
Page 17

legislation, but without the financial or technical possibilities or without political support
for its enforcement; and a third including countries with obsolete legislation and no well-
organized means of control (19). In the field of standards and codes of practice, the
work accomplished by the joint FAO/WHO Codex Alimentarius Commission, created in
1962, is remarkable (19).

Food inspection, one of the oldest and most employed means of food control, has
not progressed to the same extent as other approaches. Traditional meat and poultry
inspection methods have remained unchanged for many years. Inspectors usually rely
on sight, smell, and touch to discern abnormalities in animals and carcasses (19). This
inspection system has proved unable to avoid and to prevent outbreaks caused by food-
borne pathogens such as Salmonella spp., C. jejuni, and E. coli 0157:H7. For these
reasons, the application of the hazard analysis critical control point system (HACCP) is
being proposed and implemented in the food industry, including the meat and poultry
industry.

The USDA's FSIS recently began laying the groundwork for a pathogen reduction
program based on a future inspection system using the most updated scientific knowledge
and methods. It will employ criteria derived from quantitative risk assessment and
epidemiological and microbiological surveys, focus on enhanced public health protection
and critical control points from the farm to the table, incorporate the latest rapid
detection and screening techniques, and use animal identification to trace the potential or
actual source of pathogens (42).

4.5 Education and Promotion of Community Participation

Health education in food safety has been advocated as one of the most useful ways
to prevent food-borne diseases. PAHO/WHO is promoting this approach jointly with
community participation, in order to have food safety integrated into primary health care
delivery systems (20). However, special consideration needs to be given to the
knowledge of the local food safety problems at the community levels for designing
appropriate interventions. Surveillance of food-borne diseases and operational research
using epidemiological tools and the HACCP concept could provide this information.

In 1984, a joint FAO/WHO expert committee on food safety recommended that
studies using the HACCP approach be carried out in homes in developing countries to
provide more information on the causes of food-associated hazards so appropriate
educational intervention tools could be designed (43). As a result, a comprehensive
number of field studies using the HACCP system during storage and preparation of food
in homes, by street vendors, and in cottage industries in selected countries were
conducted and published. This information may be used to prepare sound and effective
educational programs (40).
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5. Food-borne Diseases: Importance of an Efficient Food-borne Disease
Surveillance System for Assessing the Problem

5.1 Definition

A food-borne disease surveillance system is defined as a simple, timely,
continuous information system covering specific diseases that are transmitted by food.
It includes the investigation of the determining factors and causative agents of the
disease, as well as an analysis of the epidemiologic situation, to formulate actions and
strategies for prevention and control. The purpose of the food-borne disease surveillance
system is to recommend, on objective and scientific bases, measures of action to reduce
morbidity and mortality caused by food-borne diseases and to mitigate their
socioeconomic impact (18).

Epidemiological surveillance is information for action. Ideally, this capability for
an epidemiological intelligence system should be developed and strengthened at the local
level to facilitate a timely response to outbreaks of diarrheal and food-borne diseases.
Similarly, epidemiological research on food-borne diseases may be used as a tool to
determine the prevalence of food-borne pathogens in food and risk factors associated with
the occurrence of food-borne diseases. Outbreaks represent an excellent opportunity to
learn about the behavior of food-borne diseases in each country and render valuable
information for their control and prevention.

5.2 Benefits

The benefits of a food-borne disease surveillance system include control and
prevention of outbreaks, early treatment of cases, and development of a better
understanding of the epidemiology of diseases and etiological agents (17). The
recognition of new emergent food-borne pathogens and the diseases caused by them has
been possible due to the use of the epidemiological approach.

PAHO/WHO has published comprehensive Guidelines for the establishment of
systems for the epidemiological surveillance of food-borne diseases and the investigation
of outbreaks of food poisoning (18). In the Guidelines the benefits of the system are
outlined:

determine risks posed to areas, groups, establishments, and foodstuffs, as well as
other factors involved in the occurrence of food-borne diseases;

take efficient and appropriate actions to reduce, eliminate, or avert identified
risks;
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- promote the development of policies, laws, and regulations;

design food protection plans and programs on accurate and solid bases;

inform the population of major risks and encourage community participation in
complementary preventive measures to reduce the risk of food-borne diseases.

The primary purpose of the Guidelines is to promote the harmonization of data
collection and reporting at the national level, with a view to establishing a regional
information system on food-borne diseases. This in turn would facilitate action-oriented
epidemiological surveillance, with the objective of prevention and control directed to
protecting tourists, the international trade, and the local community.

5.3 Role of PAHO/WHO in Food-borne Disease Surveillance Systems

The Veterinary Public Health Program (PAHO/WHO), in keeping with the
mandate of the VII Inter-American Meeting, at the Ministerial Level, on Animal Health
(RIMSA) and the XXXV Meeting of the Directing Council of PAHO, both held in 1991,
prepared a Plan of Action for the Regional Program of Technical Cooperation on Food
Protection for the period 1991-1995 (8), which places special emphasis on strengthening
national systems for epidemiological surveillance of food-borne diseases (VETA).

An agreement signed by the Pan American Health Organization (Regional Office
of the World Health Organization) and the Government of the Republic of Argentina
established the Pan American Institute for Food Protection and Zoonoses (INPPAZ).
Article 3, "Functions of the Institute," stipulates that INPPAZ shall exercise on behalf
of the Member Governments of the Organization the following function, among others:

1.6 Epidemiological Information and Surveillance: serve as a center for the collection
and processing of regional data or the surveillance of food-borne diseases and
zoonoses, in fulfillment of mandates from the Government Bodies of the
Organization.

The aim in establishing such a system is to monitor the occurrence of food-borne
diseases in each of the countries, with a view to measuring the effectiveness of national
food protection programs and promoting actions for the prevention of food-borne
diseases (47).

PAHO is providing support for the implementation of the regional VETA system
to those countries which manifest specific interest in it, and in those which already have
operational VETA systems technical cooperation will be strengthened. It has been
suggested that the Guidelines for the Establishment of Systems for the Epidemiological
Surveillance of Food-borne Diseases and the Investigation of Outbreaks of Food
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Poisoning-GUIA VETA-be adopted as the technical instrument for the system. The
VETA system should be initiated with investigations of outbreaks of food-borne diseases,
while bearing in mind that, with the development and enhancement of the system,
isolated cases of food-borne diseases will also be subject to control, since the factors that
contribute to their occurrence are the same.

5.4 Reporting of Outbreaks

The large number of food-borne diseases, coupled with the wide range of clinical
pictures and syndromes associated with them, makes the process of reporting difficult.
Lack of knowledge about the relationship between causative agents and clinical
manifestations is quite frequent. Thus, reporting of outbreaks is one of the pillars of the
VETA system. Even more difficult is the establishment of a causal relationship between
diseases and foods. In order to overcome this difficulty the health services must have
detailed knowledge of food-borne diseases. Specific training of the members of the
health team is therefore indispensable in order to fill gaps in their knowledge.

During the occurrence of outbreaks, the causal link with food is not always easy
to establish in the course of rendering medical care, because cases are seen individually.
The most direct method of determining the factors responsible for the occurrence of
food-borne diseases is epidemiological investigation of outbreaks. The study of outbreaks
makes it possible to determine the symptoms, the causative agents, the foods involved,
the places of occurrence, the contributing factors, the population groups at higher risk,
and the reservoir. With that information it is possible to direct sanitary measures toward
the control and prevention of food-borne diseases (47).

The health services in the countries of the Region whose epidemiological
surveillance systems do not report food-borne diseases, lack information, and as a result
cannot assess the magnitude of these diseases and their impact on human health, nor can
they assign them priority consideration. This translates into a lack of political and
technical commitment to their control. Deficiencies in information, reporting, analysis,
and assessment of food-borne diseases mean that food protection programs are not guided
by an epidemiological approach (47).

A WHO Expert Consultation group on salmonella recommended a professional
liaison between veterinarians, physicians, other health personnel, and other important
partners along the food chain, including industry and consumer organizations, to
strengthen surveillance and research to uncover necessary information for its control and
prevention. This strategy needs to be complemented by integrated, interdisciplinary
food-borne disease surveillance programs, both at the national and international level, to
promote international cooperation in the surveillance of salmonella infections in animals
and humans (36).
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In order to promote reporting of outbreaks, an effort must be made to raise the
community's level of awareness through various mechanisms, such as the dissemination
of information about the occurrence of food-borne diseases by the media. Adequate
planning (determining the content of messages and how often they will be published or
aired), tailored to the characteristics of the medium to be used, is necessary for this
purpose (47).

The community should be informed about what food-borne diseases are, what
causes them, and the need and reason for reporting them. It is essential to provide
guidance to the community on how to make reports, i.e., when and where. For this
purpose it is necessary to widely publicize, via all communications media, the name and
address of the institutions responsible for receiving and subsequently investigating
reports.

Health services, mainly emergency care facilities and hospitals, should be
contacted and informed about food-borne disease outbreaks and should be told how to
report them, so that they can be incorporated into the system as a primary source of
information. An informal reporting process can also be established by identifying places
at highest risk of outbreaks (schools, daycare centers, dining rooms of businesses) and
by making contact with those responsible for these places (directors of schools, teachers,
managers) with a view to obtaining a commitment from them to report any occurrences
of food-borne diseases. Food laboratories, food inspection services, poison control
centers, and food protection services, because of the types of activities they carry out,
should be considered and included among the primary formal sources of reporting (18).

During the initial stages of implementation of a VETA system, it is advisable for
contacts to be made and information to be disseminated gradually, for example, by
beginning with those responsible for primary schools, bringing together the teachers in
every school and clarifying the nature of the problem.

6. The Hazard Analysis Critical Control Point System (HACCP): An Important
Tool for Sharing Responsibilities (Government/Producer) in Food Safety

6.1 Definition/History

The hazard analysis critical control point system (HACCP) has become
synonymous with food safety (44). It is a worldwide recognized systematic and
preventative approach that addresses biological, chemical, and physical hazards by
anticipating and preventing, rather than by finished product inspection (45).

The HACCP system for managing food safety concerns grew from two major
developments. The first breakthrough was associated with Dr. W. E. Deming, whose
theories of quality management are widely regarded as a major factor in turning around
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the quality of Japanese products in the 1950s. Dr. Deming and others developed total
quality management (TQM), which emphasized a total systems approach to
manufacturing that could improve quality while lowering costs (45).

The second major breakthrough was the development of the HACCP concept
itself, pioneered in the 1960s by the Pillsbury Company, the U. S. Army, and NASA,
as a collaborative development for the production of safe foods for the space program.
NASA wanted a "zero defects" program to guarantee safety in the foods that astronauts
would be consuming in space. Pillsbury therefore introduced and adopted HACCP as
a system that could provide the greatest safety while reducing dependence on finished
product sampling and testing. HACCP emphasized control of the process as far upstream
in the processing system as possible, by utilizing operator control and/or continuous
monitoring techniques at critical control points. Pillsbury presented the HACCP concept
publicly at a conference for food protection in 1971. The use of HACCP principles in
the promulgation of low-acid canned food regulations was completed in 1974 by the
FDA. In the early 1980s, the HACCP approach was adopted by other major food
companies (45).

6.2 Definitions of Terms

Hazard means the unacceptable contamination, growth, or survival in food of
micro-organisms that may affect food safety or lead to spoilage, and/or the unacceptable
production or persistence in foods of products of microbial metabolism, e.g., toxins.

Severity is the magnitude of the hazard, or the seriousness of the possible
consequences.

Risk is an estimate of the probability of a hazard occurring.

A critical control point is an operation (practice, procedure, location, or process)
at which control can be exercised over one or more factors to eliminate, prevent, or
minimize a hazard.

Criteria are limits of characteristics of a physical (e.g., time or temperature),
chemical (e.g., concentration of salt or acetic acid), biological, or sensorial nature.

Monitoring involves the systematic observation, measurement, and recording of
the significant factors for control of the hazard. The monitoring procedures chosen must
enable actions to be taken to rectify an out-of-control situation, either before or during
an operation (44,45,46).

e
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6.3 Principles

Hazard analysis critical control point (HACCP) is an internationally recognized
and recommended approach to ensure food safety. Its application consists of a logical
sequence of 12 steps encompassing seven basic principles. These principles include
assessment of the inherent risks that may be present from harvest through the ultimate
consumption of the food. The principal characteristic of an HACCP system is that,
rather than relying mainly on final product testing, it identifies hazards and preventative
measures and facilitates early intervention to ensure the safety of food. The system
offers a rational approach to the control of biological, chemical, and physical hazards in
foods, avoids the weaknesses inherent in the inspectional approach, and circumvents the
shortcomings of reliance on microbiological testing (44,45,46).

The HACCP system comprises the following principles:

- assess hazards and risk associated with growing, harvesting, raw materials and
ingredients, processing, and consumption of the food;

- determine CCP required to control the identified hazards;

- establish the critical limits that must be met at each identified CCP;

- establish procedures to monitor CCP;

- establish corrective action to be taken when there is a deviation identified by
monitoring a CCP;

- establish effective record-keeping that documents the HACCP plan;

- establish procedures for verification that the HACCP system is working correctly.

6.4 Benefits

The National Academy of Science (USA) recommended in 1985 that the HACCP
approach be adopted in food processing establishments to ensure food safety. More
recently, there have been recommendations for the broad application of HACCP to food
safety from numerous groups, e.g., International Commission for Microbiological
Standards for Foods (ICMSF), International Association of Milk (IAM), and Food and
Environmental Sanitarians (IAMFES).
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The Codex Alimentarius (FAO/WHO) Food Hygiene Committee mandated a
working group in 1991 that has developed guidelines for HACCP application. This
document has been well received and is getting wide international acceptance.

The Agriculture Canada's Food Safety Enhancement Program (FSEP) has been
designed to encourage the adoption of the HACCP principles. The benefits of
establishing the HACCP system for both government and producer has been clearly
described (45).

6.4.1 International and National Benefits

International Acceptance. International markets will be maintained or expanded
as HACCP-based programs are accepted worldwide.

National Acceptance The introduction of FSEP meets national expectations to
include HACCP principles in food inspection. Nationally, FSEP principles are consistent
with good manufacturing practices (GMP) regulations proposed by Health and Welfare
Canada, with Fisheries and Oceans Canada's quality management program (QMP), and
with HACCP inspection initiatives in the provinces. FSEP will provide the means to
apply HACCP principles uniformly across all commodities.

6.4.2 Defines Responsibilities

FSEP enhances the principles of shared responsibility for food inspection by
clarifying the respective roles and responsibilities of both government and industry
regarding inspection activities. This sharing of responsibility can occur without loss of
assurance of food safety.

6.4.3 Improved Marketability

The use of special logos or symbols which are recognized nationally and
internationally may have a significant impact on the marketability of products produced
under FSEP.

6.4.4 Positive Communication

Closer communication will result between inspection and industry staff. This
communication will permit informal as well as formal exchange of information related
to safe handling of food products.
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6.4.5 Resource Impact

Government will have the ability to direct its resources towards those plants not
currently able to produce products under HACCP. This will permit government to direct
its resources in a sequential fashion from high to low risk, depending on product type,
establishment compliance, or plant complexity. Focusing on food processing
establishments or production lines considered to be higher risk areas will permit a more
efficient use of inspection resources for industry and government, allowing both to
achieve maximum effect at minimal cost.

6.4.6 Reduced Recalls/Product Destruction

Increased plant employee awareness and responsibility will result in rapid and
efficient response to deviations at critical control points in the process. Not only will
minor problems be corrected in an efficient manner, but the enhanced on-line monitoring
of products will result in reduced recalls and/or product destruction due to compliance
deviations with respect to safety concerns. This will have a direct impact on the
processor while having an indirect impact on the processors' clients (45).

6.5 Role of PAO/IWHO in Promotion of the HACCP System

Food-borne diseases are one of the most widespread health problems of the
contemporary world and an important cause of reduced economic productivity. In
addition to human suffering, food-borne diseases cause substantial economic losses.
These include loss of income, loss of manpower, medical care costs, loss of food, and
a decrease in tourism and food export opportunities. Unfortunately, food-borne diseases
are increasing in number and frequency all over the world, and, in spite of the efforts
that are being made, the problem is likely to continue to grow if new strategies are not
applied. The logical conclusion is that the traditional approach for both food control and
for prevention of food-borne diseases is insufficient (19,40). This is true even in
industrialized countries with sophisticated and costly formal food safety infrastructures.
Therefore, a concerted approach to food safety is needed (40).

The World Health Organization's suggestion for this concerted approach is to
combine an effective food safety infrastructure with an adequate educational program.
The design of this program should be based on a combination of two types of
information: information on the sociocultural and economic situation and technical
information related to food preparation and food habits obtained through the application
of the hazard analysis critical control point system (HACCP). HACCP is a rational and
relatively new method for the prevention of food-borne diseases. It consists of the
identification of hazards associated with any stage of food production, processing, or
preparation; assessing the related risks; and determining the operations where control
procedures will be effective.
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Through its Food Safety Unit at Geneva and its six Regional Offices, the World
Health Organization, convinced of the utility and importance of HACCP for improving
the safety of foods, has been encouraging the development and application of this system
in the integrity of the food chain, from production to consumption.

In particular, as pointed out above, WHO believes that health education in food
safety has to be developed in line with the results obtained through the application of
HACCP during the preparation and storage of foods in homes, food service
establishments, cottage industries, and street markets. For this reason, some years ago
PAHO/WHO promoted and financed the practical application of HACCP during the
preparation of foods in homes, by street vendors, and in cottage industries in selected
developing countries.

Intensive courses in HACCP have also been organized in these countries, in order
to discuss with national experts the results obtained and to motivate local teams to
continue studies. Several papers and articles giving the results of the above-mentioned
studies have been published in internationally renowned journals (40).

7. Conclusions and Recommendations

The public health implications of the production and marketing of food have at 0
least two dimensions: one related to the risks associated with changes in production
patterns introduced to increase food production to support the demand of an increasing
human population, and the other involving the risks associated with a trend to an
increased food trade associated with the liberalization of the economy, the creation of
regional and subregional markets, and a tendency to globalization of the economy.

The public health implications associated with food production are linked to the
introduction of changes in production patterns and an increase in use of chemicals in the
agricultural sector, i.e., antibiotics, hormones, and extensive use of pesticides. Changes
in production patterns such as intensive livestock production systems have brought about
an increase in animal carriers of "food-borne pathogens" such as Salmonella spp., E. coli
enteropathogenic, C. jejuni, and C. perfringens, among others, establishing vicious cycles
of these etiological agents in the environment.

These carriers, animals, and their products and byproducts play an important role
in the epidemiology of food-borne diseases, including acute and chronic chemical
intoxications due to the bio-accumulation of these products in animal tissues. In addition
to the risk of dissemination of food-borne pathogens and chemical residues, and other
risks associated with international food trade, is the probability of the introduction of
exotic animal diseases which certainly may burden animal health and the economy of a
country. B
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From the public health standpoint, the impact of public health on food production
and marketing may be separated into two main components: one represented by the
direct impact of food-borne and diarrheal diseases and the other represented by the
indirect losses due to spoilage or rejection of food for noncompliance with international
standards (microbiological and chemical) during international trade. Despite the fact that
epidemiology and impact of food-borne and diarrheal diseases are not well known,
especially in the developing countries, it is known that in these countries diarrheal
diseases are one of the leading causes of morbidity and mortality in the infant population.
At the same time, these diseases have an important impact on adult tourists and the local
population.

It has been estimated that so-called "travellers' diarrhea" occurs in 20% to 50%
of the global tourist and local population. These diarrheal episodes, referred to in the
past as untimely and self-limited nuisances, are known today to be associated with
chronic diseases such as allergies, autoimmune disorders, neoplasms, and immunologic
disfunctions.

Indirect losses are represented by food spoilage during harvesting, transporting,
processing, distribution, and marketing of food. These may occur during national or
international marketing of the food products. In addition, the rejection of food products
in the international markets due to noncompliance with recognized standards constitutes
a hurdle to the economies of developing countries.

With regard to the etiologic agents involved and the chain of events leading to
outbreaks of food-borne and diarrheal diseases, few studies have been carried out. In
the United States of America, an analysis of outbreaks during a 14-year period showed
that the etiological agents predominantly involved were of biological origin, mainly
bacteria, viruses, and parasites. Bacteria alone represented 66% of the outbreaks and
87% of the cases.

In Latin America there is a scarcity of data. However, some etiological agents
implicated in food-borne diseases are Staphylococcus aureus, C. perfringens, Salmonella
spp., E. coli enterotoxigenic strains, Vibrio parahaemolyticus, and Clostridium
botulinum. In addition, shigellosis and typhoid fever are endemic in the Region. In
1991, the seventh pandemic of cholera reached Peru and rapidly disseminated to other
countries of the Region of the Americas. As of September 1994, 21 countries of the
Region were affected with 1,041,422 cases and 9,642 deaths. No cases have been
reported in the Caribbean islands. Economic losses associated with the cholera epidemic
in Peru were estimated at US $495.30 million for the year 1991 alone. At the same
time, reports of food poisoning from seafood such as ciguatera and paralytic shellfish
poisoning have been on the rise in the countries of the Americas.
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Some emergent food-borne pathogens like C. jejuni have been recognized as a
problem in some countries. Other important emergent food-borne pathogens associated
with outbreaks in developing countries may be disseminated to other countries through
the import of food and feed of animal origin, i.e., E. coli 0157:H7 and Salmonella
enteritidis.

As described above, food-borne and diarrheal diseases still cause considerable
morbidity and mortality even in developed countries with well organized food safety
programs. It has therefore been suggested that the traditional approaches to the control
and prevention of these diseases have failed. Some contributing factors associated with
this failure, particularly in Latin America and the Caribbean, are lack of political support
to the food protection programs, lack of intersectoral and interdisciplinary approaches,
lack of food-borne disease surveillance systems, use of traditional inspection systems,
out-of-date legislation, and lack of education and community participation.

Some alternatives to improve the prevention and control of these diseases are the
development of integrated food protection programs and food-borne disease surveillance
systems, adoption and application of new inspection tools such as the HACCP system,
updating the legislation and adopting the norms and standards of the Codex Alimentarius,
and education and promotion of community participation.

The development of integrated food protection programs should aim at the liaison
of all institutions dealing with food protection, including the private sector at the country
level. This may be achieved through the creation of national food protection committees.

Food-borne disease surveillance systems may be developed as a component of the
existing diarrheal surveillance systems in the countries. Activities related to surveillance
are of paramount importance for the characterization of these diarrheal and food-borne
diseases. The epidemiological approach, including field research investigation of
outbreaks, may help to reveal the magnitude and economic impact of these diseases, but
also to answer basic questions such as: What is it (i.e., the nature and frequency of
these diseases in the population)? Which individuals are affected (i.e., frequency by host
characteristic)? Where and when did it occur (i.e., its pattern of occurrence); what
caused it (i.e., determinants of the event directly or indirectly associated with pattern of
occurrence)? Why did it occur (i.e., required combination of circumstances)? How can
it be controlled or prevented?

The identification of pathogens implicated in food-borne disease outbreaks will
require the strengthening of basic laboratory capabilities and the creation of subregional
networks to optimize the scarce resources available.

e
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Traditional food inspection methodologies need to be changed by a more scientific
approach. Traditional inspection methods have remained unchanged for many years.
Inspectors usually rely on sight, smell, and touch to discern abnormalities in animals and
carcasses as well as in processed food.

This inspection system has proved to be unable to avoid and prevent outbreaks
caused by food-borne pathogens such as Salmonella spp., C. jejuni, and E. coli
0157:H7. For these reasons, the application of the hazard analysis critical control point
system (HACCP) is being proposed and implemented in the food industry, including the
meat and poultry industry. HACCP can be used at all stages of the food chain from pre-
harvest to consumption and in different settings such as farms, processing plants, homes,
and street food-vendors. An additional benefit of its use will be interaction between the
private and public sector as a result of its application.

Updating of the legislation of the countries and adoption of international standards
(microbiological and chemical) must be encouraged in order to promote international
food trade within the Region and in the global market.

Finally, education and community participation will continue to play an important
role in food safety and the prevention of diarrheal and food-borne diseases. However,
this approach must be based on the knowledge of local food safety problems at
community level in order to design appropriate interventions. Again, food-borne disease
surveillance, research at the operational level using epidemiological investigation, and
the HACCP methodology would play an essential role in the characterization of the
problems and their determinants.
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