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ABSTRACT

Foodbome disease outbreak data are collected, collated,
interpreted and disseminated to improve food safety programs at all
organizational levels. Part II of this series described the disease
aspects of foodbome surveillance. This part (III) focuses on the
food components, with collation of data to list vehicles, significant
ingredients, the places where foods were mishandled, the methods
of processing or preparation, and operations that contributed to
outbreaks. Specific food items should be cited as vehicles, but they
will have to be put into subgroups and categories for some tabular
presentations. Significant ingredients are the items in combined
(mixed) foods that are the likely sources of the etiologic agents.
Places of mishandling include farms, dairies, aquatic and land
environments where foods are harvested, processing plants, food
service establishments, homes, and transportation. Multiple places
may contribute to the mishandling in any outbreak. The method of
processing include all sorts of processing operations. The method
of preparation is classified into the following food service systems:
raw unaltered foods, assembled/prepare serve, cook-serve, cook
hold-hot, cook chill serve, cook chill reheat, and acidify serve. The
contributory factors are situations or operations that allow contami-
nation of foods and survival and/or proliferation of the etiologic
agents in the foods. This data will provide direction for setting
food safety program priorities, suggest places and operations
at which regulations need to be established and enforced, and
indicate educational and training needs. Definitions of the terms
used in the tables are given, and the value and limitations of each
set of data in the tables and in tables of related information
commonly presented in foodbome disease surveillance summaries
are reviewed. The data from the tables should be used to improve
food safety programs, which is the subject of the next part of this
series.
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The tabular presentations described in Part II of this
series dealt with information of primary interest to epidemi-
ologists, laboratory personnel, and others concerned with
diseases in a community (19). This part deals with identifica-
tion of vehicles, significant ingredients, and situations that
influenced the occurrence of the incidents, including (a) the
place where foods were contaminated or where the patho-
genic microbial agents survived or proliferated, (b) the
method of food processing or preparation, and (c) the
operations that contributed to the' contamination or to the
survival and/or proliferation of the etiologic agents that led
to the outbreaks. Hence, there is continuing factoring of
foodborne disease surveillance data, finally reaching causal
operations and practices. Data in the associated tables (a)
provide direction for setting food safety program priorities,
(b) suggest places and operations at which regulations need
to be established and enforced, (c) suggest critical control
points for hazard analysis critical control point (HACCP)
systems and (d) indicate educational and training needs. As
in the previous part of this series, this part (a) critically
reviews existing presentations of foodborne disease surveil-
lance data, (b) recommends improvements for summarizing
the data, and (c) provides guidance for interpreting the data.
Definitions of the terms used in the tables are given or the
entries are classified into general to specific categories in
tabular form so that their meaning becomes obvious. The
value and limitations of each set of data in the tables and in
tables of related information presented by various agencies
that summarize foodborne surveillance data are reviewed. '

VEHICLES

A suggested way of tabulating data on vehicles of
foodborne diseases is shown in Table III. 1. Such a listing of
specific vehicles may become quite long over time. Hence,
categorization and classification is necessary. The classifica-
tion shown in Table 111.2starts with general groups of foods
that are, then, subdivided into subgroups (or types) and,
then, into categories based on different ways the foods are
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TABLE IlL I. Vehicles implicated infoodbome incidentsa,b

Food groupc C

Meat

Numberd

U T Subgroupftype C

Beef

Numberd

U T ProcessC

Raw
Cooked cut
Cooked large cut

C

Numberd

U T Specific food

Steak tartare
Steak
Roast beef

C

Numberd

U T

etc.
(See classification table, Table IIL2, for categorization of foods)

a Done on annual basis and perhaps at other intervals.
b Any combinations of incidents, outbreaks, and/or cases.
C Listing of food group and process are optional.
d C = confirmed, U = unconfirmed, T = total.

processed or prepared. (The way foods are processed can
affect the way they have been contaminated or can affect
survival or proliferation of pathogens.) Examples follow to
help define the categories and subcategories. Such a listing
should be modified over time and by place as appropriate to
the types of reported vehicles. Other examples of classifying
foods are in national and state surveillance summaries and in
articles by Bean and Griffin (2), Bryan (14), Fraser et al.
(23), Institute of Veterinary Medicine (26), Todd and Harbo-
way (34), and Weingold et al. (35). These classifications are
done by (a) listing the number and percent of vehicles over a
specific time period, (b) comparing etiologic agents and
vehicle, or (c) comparing vehicles by incidence over a
period of several years.

One reason for classifying foods into categories is to
allow for coding on forms for entry into computer databases;
otherwise, the exact food description should be stated. For
summarization in line listings and combined associations of
data, the general category (food groups) and the processing/
preparation classifications would probably be omitted, but
the specific food items should be used for tabular data
whenever possible; otherwise, the subgroup or type of food
should be used. For example, "roast beef" should be cited
rather than "meat" or "beef." If information about the
processing and preparation is sought, it should be obtained
from Table 111.6 rather than from Table I1I.2. Foods are
classified into categories and subcategories according to
similar characteristics in Table 111.2,but the specific vehicle
is finally listed. This allows for rational summaries, trend
analysis, and more complete use of the data by different
agencies or the food industry.

Some foods (e.g., meat, poultry, fish) are recorded more
frequently than others (2, 4, 14, 34, 36). This may suggest
that they are, indeed, frequent vehicles, or, instead, it may
reflect consumption patterns.

Many foods are complex mixtures of a variety of
ingredients, anyone of which may introduce the etiologic
agent or promote its proliferation. For instance, one ingredi-
ent (e.g., niacin in bakery foods or nitrites in cured canned
meat products) may be added in excessive quantities. Also,
salmonellae may be in eggs that are ingredients in foods that
are not cooked or are too mildly heated for culinary purposes

to kill this pathogen. Pathogens may also be in spices that are
incorporated into foods after cooking. Bacillus cereus may
be in com meal, for example, that is used in well-cooked
custard, but the spores survive the heating and later germi-
nate, and the resulting cells multiply as the custard is held at
ambient kitchen temperatures for several hours. In this
situation, one food (com meal) introduced the etiologic
agent and others (milk and eggs) provided moisture and
nutrients for bacterial growth. Table 111.3illustrates a way to
present data for combined foods that tabulates the vehicle,
the significant ingredients, whether or not the vehicle is
confirmed, and whether the etiologic agent is isolated. Line
listings and tables (e.g., Tables III.l and 111.2) should
characterize the food as much as possible. Tabulations of a
specific food (e.g., eggs) that appear in the significant
ingredient table (111.3)can be combined with the same food
listed under its category in Tables I1I.1. By comparing
several foods in this fashion, high-risk foods can be identi-
fied.

Vehicles associated with incidence of foodbome disease
ought to be confirmed. Otherwise, distorted interpretations
may be made by casual reviews of these data. Guidance for
confirmation of vehicles is presented in Table IlIA. Confir-
mation of entries as vehicles minimizes misinterpretations
from which inappropriate blame or control actions may
stem. This strengthens the reliability of surveillance data.
Priorities for preventive and control actions for implicated
foods can be based on confirmed data. Biases may be caused
by (a) inadequate or inappropriate collection of data, (b)
misclassification of cases and controls, (c) inadequate recall
on the part of persons interviewed, and (d) confounding due
to indirect associations. The mere finding of a pathogen or
large numbers of microorganisms in a food does not prove
that it is the vehicle, unless there are other supporting data.
Foods, left too long at ambient temperatures may falsely
indicate high microbial populations at the time of consump-
tion. Few incidents have the agent isolated from both the
patients and the foods. Foods often have been eaten or are
otherwise unavailable at the time of the investigation.
Post-outbreak investigations of establishments where foods
have been processed, stored, or prepared may not detect the
causative factors that occurred at the time the alleged food
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TABLE 111.2.Classificationa of vehicles of foodborne diseases
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General category

Meat

Poultry

Seafoods

Subcategory

Beef

Pork

Other red meats (e.g., lamb,
mutton, goat, venison,
wild game)

Organ meats
Meat mixtures

Chicken

Duck
Goose
Turkey

Cornish hen
Game birds
Other poultry
Organ meats
Poultry mixtures

Fin fish

Fish eggs

Process

Raw
Cooked, thin cut
Cooked, thick cut
Cooked, sliced
Ground, thin

Ground, thick
Cured
Dried
Other
Raw/dried
Cooked, thin cut
Cooked, thick cut
Cooked, sliced
Ground, raw
Ground, cooked
Cured
Fermented
Other
Raw
Cooked, thin cut
Cooked, thick cut
Ground
Dried
Cooked
Baked
Boiled/simmered
Raw
Salads containing meat/poultry
Pasta containing meat
Meat-filled pastry
Other
Whole, cooked
Portions, cooked
Fabricated, cooked
Cooked, sliced
Cooked
Cooked
Whole, cooked
Parts, cooked
Fabricated, cooked
Cooked, sliced
Cooked
Cooked

Cooked
Baked
Boiled/simmered
Salads containing meat/poultry
Other
Raw
Cooked
Smoked
Retorted
Acidified
Salads
Liquid mixtures
Salted
Salted
Fermented eggs

Examples

Steak tartare
Steak, veal cutlet
Roast beef, prime rib
Some luncheon meats
Hamburger, meatballs, tacos,

beef burrito
Gyro, meat loaf
Corned beef
Jerky

Prosciutto, cappicolo
Chop
Roast pork
Some luncheon meats

Hot dog, sausage, meatballs
Ham, some luncheon meats, bacon
Genoa salami

Raw meat (other than beef or pork)
Lamb chop
Roast lamb
Sausage
Jerky
Liver, heart, kidney, liver pate
Meat pies, casseroles
Meat stew, meat soups, chili
Kibbe (Lebanese)
Ham salad
Lasagna, pizza with sausage, ravioli
Cornish pastry

Broiler, stewed or roasted chicken
Wings, breasts, legs
Nuggets, rolls
Some luncheon meats
Duck, pressed duck, Peking duck
Goose, goose-liver pate
Roasted or smoked turkey
Drumsticks
Rolls, roasts
Some luncheon meats
Cornish hen
Pheasant, quail

Liver, gizzards, hearts
Poultry pies, casseroles
Chicken stew, poultry soups
Chicken/turkey salad

Sushi, sashimi
Friedlbakedlbroiled fish
Smoked white fish, mullet, lox
Tuna, sardines, salmon
Herring
Tuna salad
Fish soups, chowders, gumbo, stews
Kapchunka
Caviar
Salmon "stink" eggs
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TABLE 111.2.(Continued)

General category Subcategory
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Process Examples

Shellfish

Crustaceans

Eggs

Dairy products

Produce

Other seafoods

Marine mammals

Eggs

Milk

Butter

Ice cream/Milk

Cream filling
Cheese

Yogurt

Leafy vegetables

Root vegetables

Vine-stock-attached vegetables

Raw
Cooked
Smoked
Acidified
Raw
Cooked

Raw
Raw, acidified
Cooked

Soups containing seafoods
Salads containing seafoods
Raw
Cooked
Fennented
Fresh
Fresh blended
Baked
Frozen foods
Dried
Toppings
Fillings containing eggs
Combined

Salads containing eggs
Salad dressings containing eggs

Sauces containing eggs
Miscellaneous foods containing eggs

Raw
Pasteurized
Dried
Fonnulated products containing milk
Salted/churned
Butter blends
Milk-based
Other
Milk-based
Made of raw milk
Made of pasteurized milk
Soft
Hard
Mold-types
Spreads
Fennented
Frozen
Raw
Cooked
Fennented
Cut/mixed

Raw
Cooked

Canned
Raw
Cooked

Canned

Oysters, clams, mussels
Fried/baked/broiled clams, mussels
Oysters
Oysters
Small shrimp
Shrimp, prawns, lobster, crabs,

crayfish

Ceviche
Scallops, squid, urchins, octopus,

sea cucumbers
Gumbos, chowders
Surimi salad, tuna salad, salmon salad
Blubber
Seal, whale meat
Muktuk
Fried, soft boiled
Scrambled, batters, French toast
Lasagna containing eggs, quiche
Egg-containing ice cream
Foods containing dried eggs
Meringue
Eclairs, custard-filled pastry
Custard, omelets, cream filling,

egg nog, tiramisu
Egg salad
Low-acid mayonnaise, Caesar's

dressing
Bernaise sauce, hollandaise sauce
Seafood stuffing, rice balls, egg

noodles, egg-pasta shells, tortelloni
Raw milk
Pasteurized milk
Dry milk
Infant fonnula, diet beverages
Butter
Whipped butter
Ice cream, ice milk

Cream-filled pastry
Cheese, raw types
Cheese, pasteurized types
Camembert, Brie
Cheddar
Blue
Cheese spreads
Yogurt
Frozen yogurt
Lettuce, cabbage, cole slaw
Spinach, turnip greens
Sauerkraut
Green salad, relish tray, cole slaw,

salsa
Potatoes, carrots, garlic, onion
Mashed/fried/boiled/baked potatoes,

potato salad
Potatoes, carrots, beets
Tomatoes, cucumbers, pimentos
Beans, chick peas, squash, com,

bean burrito, com, tofu
Green beans, asparagus, peas
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TABLE 111.2.(Continued)

General category Subcategory Process Examples

Pizza

Wild mushroom
Mushroom salad
Sauteed mushrooms
Mayonnaise, mustard, piccata
Gravy
Honey
Chocolate candy, hard candy, syrup
Non-dairy cream topping, icing
Cola, root beer
Wine, beer
Moonshine whiskey
Iced tea
Coffee/hot tea
Casseroles
Chop suey, Chinese food combination

plates
Beans-ground meat-rice combina-

tion plate

Bean sprouts, alfalfa sprouts
Oranges, pears, apples, berries,

grapes, cherries
Apple cider, orange juice
Cobbler, pastry containing fruit
Fruit salad
Raisins, apricots, prunes
Watermelon, honeydew cantaloupe
Peanuts, coconut
Boiled peanuts
Pepper, parsley
White rice
Fried rice
Turkey stuffing, seafood stuffing
Cakes/cookies with low water activity

toppings or fillings
Spaghetti, macaroni, linguini,

fettucini
Macaroni salad

Pizza

Raw
Raw

Boiled

Mexican foods

Raw wild
Domestic
Cooked
High acid
Low acid
Raw
Cooked/sweetened
Combined
Acidified/carbonated
Fermented
Distilled
With ice
Heated
Cooked
Chinese foods

Salads containing pasta

Juice
Cooked
Cut/mixed
Dried
Raw
Dried
Cooked
Dried seeds, roots, leaves, flowers
Steamedlboiled
Fried
Cooked
Baked

Pasta (without meat/eggs)

Dressings
Desserts

Melons
Nuts

Candy, syrup

Soft drinks
Alcohol
Water base

Other cereal products
Mushrooms

Sprouts
Fruits

Spices
Rice

Beverages (other
than water
and milk)

Fungi

Cereals, pasta

Sauces, salad
dressings

Confectionery,
high-sugar

Mixed dishesb or
platesb

with no
particular
dominant
ingredient

Multiple foodsb

Epidemiologically implicated
OtherC

Foods implicated, but do not fit into any of the above categories
Unknown; an implicated food was not identified

a Drop categories that are infrequently reported and combine and list as "others" category; add category for foods commonly cited as
vehicles but not included in the listing; for food combinations (e.g., soups, casseroles) classify under category of most significant food
(e.g., tuna under seafood, fin fish, cooked). Also see Table 111.3for listing of combined and significant ingredient.

b Multiple foods are seldom the vehicle unless the same significant ingredient is incorporated into each or it is contaminated by the same
person or processed on the same equipment and/or received the same time-temperature abuse, but attack rates sometimes show similar
statistically significant rates. Some multiple foods contain items that are frequently served together (e.g., spaghetti and meat balls; beans
and ground meat in chili). If investigations fail to determine which of the two was the responsible vehicle, both would be listed in this
category.

C Cite the foods in the footnotes that fall in the "Other" category.

was processed or prepared, and the food may be unavailable
for sampling. Hence, there are many times when hypotheses
are based on available, but sometimes incomplete or biased,
data and, thus, are inaccurate and misleading. Overinterpret-
ing epidemiological data (e.g., attack rates, odds ratios,

relative risks) or laboratory findings without other support-
ing data should be avoided. Supporting observations and
measurements during on-site investigations should be used
along with agreement between epidemiologic and laboratory
data for confirmation. Confirmatory statistical analyses are
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TABLE I1I.3. Significant ingredients in combined-food vehicles

Combined food Significant ingredients CUT" Etiologic agent

TABLE IlIA. Criteria for confirmation of vehicle responsible
for foodborne illness

Definitions
Vehicles are the foods that convey the etiologic agent to

the consumer and sometimes allow the agent to proliferate to

tiona! customs into the new culture. Frequently, classifica-
tions of ethnic foods, in general, substitute for identifying
the specific vehicle and contributory factors during investiga-
tions. In most regions, the ethnic-grouped data are of limited
use.

etc.

a C = confirmed, U = unconfirmed, T = total.

not possible for single cases and may not always be possible
for small outbreaks.

Reviews have also been made of specific categories of
vehicles over a decade or several decades. These include
reviews on cream-filled pastry (7), meat and/or poultry (10,
25), milk (11), and seafoods, including shellfish (5, 9, 12,
20). This information comes from detailed reviews of
surveillance reports and articles in the scientific literature
and gives an impression of increasing or decreasing trends.

Foods could be further classified into typical ethnic or
cultural categories. Such classifications must be modified to
reflect the background of the populations and the types of
foods that are popular in the region where surveillance is
being done. As immigrants become increasingly common in
many countries, some of their native foods become popular
in their new country of residence, but food preparation
procedures are often modified so as to cater to the local
populace. In the process, some of these foods become prone
to contamination with foodborne pathogens and allow their
survival or growth. High percentages under any category
may suggest a common food that is introducing contami-
nants into processing or food service establishments or
certain cultural preparation practices that may foster contami-
nation with, or survival and/or growth of, pathogens. Data in
other surveillance summaries often show high incidence
associated with Chinese-style or Mexican-style foods (2, 26,
34). Upon detailed investigations or special studies, caus-
ative factors have been identified. For example, outbreaks
associated with Chinese foods have often been associated
with fried rice that has been kept at room temperature for
several hours between steaming and frying (16, 24). During
this interval heat-resistant B. cereus spores, common on rice
grains, germinate; the vegetative forms multiply and pro-
duce a heat-stable emetic toxin, which survives the frying of
rice and causes illness (24, 28). Beans are often responsible
for outbreaks associated with Mexican-style foods. This is
because uncooked beans are frequently contaminated with
spores of either B. cereus or Clostridium perfringens or both.
These spores survive cooking, and the germinated vegeta-
tive cells multiply while stored in large masses during
overnight refrigeration and are not killed during reheating
(15, 29). In the Netherlands, Chinese food, which is quite
popular there, is the most common type of food associated
with outbreaks (26). Even though some Dutch authorities
feel that these vehicles are "overreported," the incidents did
occur, which no doubt stimulated interest in this category of
foods and perhaps distracted attention from other foods.
Ethnic food data become more difficult to classify over time
because food preparation procedures used by immigrants
change as succeeding generations incorporate their tradi-

Confirmation status

Confirmed vehicle

Presumptive
vehicle

Suspected vehicle

Unknown vehicle

Criteria

Isolation of agent from ill persons and from
food is in agreement with laboratory cri-
teria for confirming etiologic agent (Table
11.3).

Combination of on-site investigation, statis-
tical evidence, and laboratory isolations.
(See entries below.)

On-site investigation demonstrating source
and mode of contamination of food and
survival of etiologic agent in food. Also,
desirable to have laboratory isolations of
etiologic agent that causes similar syn-
drome to that observed during the investi-
gation of place of processing, storage, or
preparation of food and other supportive
epidemiologic data. If so, this might pro-
vide sufficient evidence for confirmation.

OR
p-value for specific food <0.05 when other

epidemiologic data support the food
hypothesis. Also, desirable to have either
laboratory isolations from the food or on-
site investigation that demonstrates source
and mode of contamination and survival
of treatment that supports the hypothesis.
If so, this might provide sufficient evi-
dence for confirmation.

OR
Odds ratio or relative risk for specific food

greater than 2 and the lower limit of the
95% confidence level is greater than I
when other epidemiologic data support
the food hypothesis. Also, desirable to
have either laboratory isolations from the
food or on-site investigation that demon-
strates source and mode of contamination
and survival of treatment that supports the
hypothesis. If so, this might provide suffi-
cient evidence for confirmation.

The above evidence is lacking, but a food
that has a reputation of having been a
vehicle has been processed/prepared in a
manner by which contamination, survival
or growth could have occurred.

The investigation determined that there was
an association between eating and
becoming ill, but a specific vehicle was
not identified.
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populations or amplify to concentrations in the food suffi-
cient to overwhelm the disease resistance threshold of the
consumer.

Significant ingredients are components of combined or
mixed foods that are likely sources of the etiologic agent for
the vehicle.

Food group is the general category in which foods are
classified (e.g., meat, poultry, seafoods, produce).

Subgroup/type is a subcategory of the food group. For
meat, for example, beef, pork, lamb, and bear would be
listed if any were identified as vehicles. In the case of fish,
the species would be cited by either scientific or common
name.

Confinned vehicle is a food that conforms to the
criterion or the criteria given in Table IlIA.

Unconfinned vehicle is a food that fails to meet the
criterion or the criteria for confirmation.

Value of data. Data on vehicles are essential to under-
stand the types of foods that are either contaminated,
mishandled, or mistreated to such an extent that illnesses
result when they are eaten. This provides information on the
risk of eating such foods and may suggest situations that are
likely to have contributed to contamination with, or survival
and/or proliferation of, the etiologic agents and, hence, leads
to rational control and preventive actions. Defining vehicles
minimizes confusion as to the foods responsible for convey-
ing food borne pathogens and poisonous substances to con-
sumers. This strengthens the reliability of surveillance data.

Limitation of data. The specific vehicle is unidentified
in some incident reports. At other times, the only infoTIna-
tion discovered during investigations is that the group
afflicted ate at a particular place or shared a common meal.
There is considerable inconsistency of classifying vehicles
by the various groups that summarize foodborne disease
surveillance data. General categories of foods and tabula-
tions under a "mixed-food" category provides information
of little value unless the specific food or significant ingredi-
ent is listed. Furthermore, unless specific foods are identified
as vehicles, contributing factors may be misdiagnosed.
Consequently, control and preventive actions may be inap-
propriate. Data may continually change because new foods
are being introduced and compositions are being modified.
Therefore, comparisons between years may be biased. Some
categories that some agencies use, such as "bakery prod-
ucts" bring up immediate questions whether the food was
prepared in bakeries or whether it refers to baked foods. The
category may consist primarily of cream-filled pastries, but
the title does not specify this.

PLACE OF CONTAMINATION, SURVIVAL AND/OR
PROLIFERATION (OR PLACE WHERE

MISHANDLING AND/OR MISTREATMENT
OF FOODS OCCURRED)

The places where foods are contaminated and where the
contaminant survives processes or proliferates may differ in
anyone incident. Examples of "place of mishandling"
comparisons of etiologic agent are given by Todd and
Harboway (34). A table is devised that indicates the specific

place of contamination, survival, and proliferation. A differ-
ence between these places is partly because of territorial or
jurisdictional limitations of investigators who initiate the
investigation. Lack of coordination of all agencies having
regulatory authority over foods contributes to this situation.
These data differ from data on place of acquisition and
eating foods (i.e., Table I1L5 [19 j). The tabulation suggested
in Table I1L5 is the place (e.g., food processing plant, food
service establishment, home) where either confirmed or
suspected mishandling (i.e., contamination, survival, and
proliferation) occurred that led to the incident. It must be
understood, however, that all contributing factors may not,
necessarily, have occurred in one establishment.

It is generally recognized that raw foods of animal
origin may be contaminated, but the place where this
occurred is usually not considered a part of mishandling if
the food is expected to be cooked (e.g., hamburger); the
place where the insufficient cooking took place is listed
rather than the farm where the contamination occurred. On
the other hand, a shellfish bed is listed if it is polluted and
shellfish are eaten raw. An example of the complexity of
citing the place(s) of contamination, survival, and prolifera-
tion follows: Salmonellae may be in feed that is eaten by
fowl and their feces contaminate their habitat; this spreads
these bacteria to other fowl. Further spread occurs during
processing, and many carcasses processed on a single day
become contaminated. The poultry may be insuffficiently
cooked in food service or home kitchens or cross-
contamination from raw poultry to cooked foods may occur,
resulting in an outbreak of salmonellosis. These latter
situations contributed to the outbreak in the place of food
preparation, but the outbreak would not have occurred if the
fowl were not initially contaminated on the farm and if
contamination were not further spread among carcasses
during processing. Hence, blame must be shared by the
places of production, processing, and preparation as appli-
cable to the situation, but the tabular data often do not show
this. Some of these situations would be confirmed by
laboratory and/or on-site investigations; others would only
be suspected. A few additional examples follow, with
possible classifications as to whether confirmed or sus-
pected. The turkey example just cited: contamination on
farm (suspected); spread in processing plant (either not cited
or suspected); insufficient cooking in food service establish-
ment (confirmed). Eggs: contamination from infected hen
(laboratory-confirmed during traceback), insufficient cook-
ing to internal temperature of 57.2°C (l35°F) in home or
food service establishment (confirmed). Roast beef: contami-
nation on farm (suspected or not cited); insufficient cooking
to internal temperature of 50°C (122°F) in processing plant
(confirmed); holding at room temperature for several hours
in deli (confirmed).

The relative importance of a category of place in regard
to contamination, survival, and propagation can be calcu-
lated by dividing the number of entries under the confirmed
tallies by the total of these in each column (not the totals in
the rows). See the example in Table I1I.5.

Definitions. Most of the places listed in Table I1L5 are
defined as those in Part II in the section on place of acquiring
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TABLE 1II.5. Place of mishandling foods that led to contamination, survival, and/or propagation of etiologic agents of incidents
offoodbome diseasea

Contamination Survival Propagation

Type of place (code) Cb SC Td %Ce Cb SC Td %Ce Cb SC Td %Ce

Example-fictitious data

Farm/Dairy (F/D) [3]e_ 12 15 [7]e-
Aquatic environment (AE) 2 13 15 4
WoodlLand (WfL) I 0 I 2
Processing plant8 (PP) 5 15 20 11
Food service (FS) establishment8 24 5 29 53
Retail food store (RO) 5 5 10 11
Home (H) 2 3 5 4
Transportation (T) 3 2 5 7
Otheri (0) 0 0 0 0
Total [45]e- 55 100

a More than one entry per incident may be recorded because multiple factors can lead to contamination, survival, and/or propagation of
etiologic agents offoodbome disease.

b C = confirmed, which refers to situation where either laboratory data or on-site investigations discovered that the event occurred that most
likely contributed to mishandling or mistreatment that led to contamination, survival, or propagation of confirmed etiologic agents.

c S = suspected, which refers to situation where laboratory confirmation is lacking and on-site investigations suggest that events occurred
that may have contributed to contamination, survival, or propagation of foodbome pathogens.

d T = subtotal of confirmed and suspected entries.
e Calculate percentage by number of confirmed in category (e.g., farm/dairy )/total confirmed under contamination, survival, or propagation.
For example, Farm/Dairy column = 3; Total C column = 45; 3/45 X 100 = 7. This same calculation could be done with total values as
well.

fFor a classification offood processing operations, see Tables Il.5 (19) and IlL7.
8 For a classification of food service establishments, see Table Il.12.
b Cite place of the contamination, survival, and/or growth in the footnotes that fall in the "Other" category.

foods (19), but refer to the place or places where foods were
contaminated and the means by which pathogens survived
processes or propagated and by which they contributed to
the foodbome incident rather than the place of acquiring the
foods. Transportation, however, is not a place of acquiring
foods, but it may be a place of contamination or proliferation
and is defined below.

Transportation. Vehicles used to transport foods, such
as tank trucks, vans, box cars, ship holds or containers.

Confirmed refers to situations where either laboratory
data confirmed or on-site investigations discovered that the
event occurred that likely contributed to mishandling or
mistreatment that led to contamination with, survival, or
propagation of, confirmed etiologic agents.

Suspected refers to situations where laboratory confirma-
tion is lacking and on-site investigations suggest that events
occurred that may have contributed to contamination with,
survival, or growth, of foodbome pathogens.

Value of data. Specific identification of the place where
foods were contaminated and where the contaminant sur-
vived processes and proliferated directs attention to the part
of the food industry that needs attention for control and
preventive actions. Therefore, data on the place of mishan-
dling are useful for risk assessments, but they must be
interpreted based on the degree of completeness of the
investigation reports.

Limitations of data. The place of acquisition and the
place of eating foods are sometimes tabulated (e.g., Table
11.5[19]). These data are, however, ofless value than places

of mishandling because they show nothing about where and
the way the foods were contaminated, or where or the means
by which pathogenic bacteria or molds survived processes or
proliferated. Typically, only one place of mishandling is
tallied, yet contributory events may have occurred in several
places. Most foodbome disease investigations are not thor-
ough enough, however, to detect and trace all such events.
Unless a thorough investigation is conducted, where the
etiologic agent being sought came from may not be known.
These events often result in an "underreporting" of the roles
of production and processing operations in individual out-
breaks or the total data.

METHODS OF FOOD PROCESSING
OR PREPARATION

Foods can be further classified by grouping them into
methods by which they were processed or prepared. An
example is shown in Table III. 6. (See references (27, 32) for
microbiological information about these processes.)

Definitions. Foods are classified by methods of process-
ing and preparation in Table III. 7. The definitions ought to be
obvious from the names of the categories and the examples
given. Nevertheless, likely events leading to contamination,
survival, and growth for the food service categories are
given in the footnotes of the table.

Value of data. These data should be rather accurate,
because the method of processing or preparation can be
determined readily during retrospective investigations. This
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etc.

Method of process or preparation Number Percent Number Percent

FACTORS CONTRIBUTING TO OUTBREAKS

TABLE III.6. Method of processing or preparation that affected
contamination, survival, and/or proliferation

C4 - Addition of excessive quantities of ingredients that
are toxic under these situations. An approved ingredient in a
food can be accidentally added in excessive quantities so as
to make the food unacceptable for consumption. Examples
are too great an amount of nitrites in cured meat or too great
an amount of ginger powder in gingersnaps.

C5 - Toxic container or pipelines. The container or pipe
that had held or conveyed the implicated food is made of
toxic substances. The toxic substance either migrates into
the food or leaches into solution by contact with highly acid
foods. An example of this is a toxic metal (e.g., zinc coated)
container used to store highly acid foods or carbonated water
backflowing into copper pipes.

C6 - Raw product/ingredient contaminated by patho-
gens from animal or environment. The incoming animal to
be processed or the carcass or cut of meat or poultry is
contaminated with pathogens when it enters the processing
or preparation operations. Examples are salmonellae and
campylobacters on poultry carcasses. Although this item
might be deduced from previous research, it is designated
only when there has been laboratory confirmation of the
same marker strain of etiologic agent in the raw food or if a
traceback identifies a flock or herd as the source ..

C7 - Ingestion of contaminated raw products. Contami-
nated products are ingested without being first subjected to
any significant heat processing or cooking. Examples are
raw milk and raw shellfish. This factor also includes foods
that, for culinary purposes, are subjected to mild heat
obviously insufficient to kill any pathogens present. An
example is mildly heated (i.e., heated to time-temperature
exposures insufficient to kill vegetative forms of pathogenic
bacteria or denature proteins) hollandaise sauce containing
raw egg yolk.

C8 - Obtaining foods from polluted sources. Foods
obtained from sources shown to be contaminated, such as
shellfish from sewage-polluted waters or crops recently
fertilized with night soil or irrigated by sewage.

C9 - Cross-contamination from raw ingredient of ani-
mal origin. Foods not subsequently heated are processed on
or in equipment that was previously used for raw foods of
animal origin without intervening cleaning; foods not subse-
quently heat processed are handled by workers who previ-
ously handled raw foods without intervening hand washing;
cloths, sponges, and other cleaning aids are used to clean
equipment previously used for raw foods and, then, are used
to wipe surfaces that contact foods not subsequently heated
without intervening disinfection; or raw foods touch or
fluids from them drip onto foods that are not subsequently
cooked.

CIa - Bare-hand contact by handler/worker/preparer. A
worker handles or otherwise touches with bare hands foods
that are not subsequently cooked. This is a typical situation
that precedes outbreaks caused by staphylococcal enterotox-
IllS.

Cll - Handling by an intestinal carrier of enteric
pathogens. The carrier is colonized by the pathogen and
does not effectively wash hands after defecation and touches
with bare hands the implicated food.

CasesIncidents

Factors that contributed to the causation of outbreaks
are classified according to contamination, survival, and
proliferation in Table 1II.8. The citations have been modified
from reports on factors identified through reviews of re-
ported foodbome disease outbreaks and outbreaks cited in
scientific literature and surveillance data (8, 13, 21, 30, 31,
33,35).

Definitions. Most of the contributory factors listed in
Table I1L8 are defined by the statements, but they are further
defined below for clarity.

Factors that introduce or otherwise permit contamina-
tion:

CI - Natural toxin. A toxic substance found in a plant or
animal, or in some parts of a plant or animal, or in a fungus.
Mushrooms are the most common example.

C2 - Poisonous substance intentionally added. A poison-
ous substance deliberately added to a food in quantities
sufficient to cause serious illness. Poisons added because of
sabotage, mischievous acts, and attempts to cause panic or to
blackmail a company fall into this category.

C3 - Poisonous or physical substance accidentally/
incidentally added. Although there is seldom an attempt to
add poisonous chemicals or sharp or hard objects to foods,
chemicals can reach foods from spillage or indiscriminate
spraying, and the objects can reach foods either from lack of
removal of seeds or other hard particles or from the presence
of objects in the soil. Misreading labels, resulting in either
mistaking poisonous substances for foods or incorporating
them into food mixtures, would also fall into this category.

information can help correct the bias of underreporting for
food processing operations. It also points out the food
service system that includes operations contributing to
contamination with, survival, and/or proliferation of, etio-
logic agents. Review of this information can lead to setting
priorities on the type of processing or food service opera-
tions for which RACCP systems need to be established or
inspection or verification visits intensified.

Limitation of data. These data may, however, be lacking
because investigators who go to the place where the
epidemiologically implicated foods were processed or pre-
pared did not seek information on the processing and
preparation methods. This happens partly because routine
inspections rather than hazard analyses were done during the
on-site investigations, and inspection forms usually do not
include this sort of information.
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TABLE IIL7. Categories of methods offood processing
and preparation with examples for definition purposes

C12 - Inadequate cleaning of processing/preparation
equipment/utensils. Equipment/utensils are either not cleaned
between uses, or the washing, rinsing, and/or disinfection
steps are insufficient to remove contaminants.

C13 - Storage in contaminated environment. This
usually involves storage of dry foods in an environment
where contamination is likely from overhead drippage,
flooding, back siphonage, airborne contamination, access of
insects or rodents, and other situations conducive to contami-
nation.

C14 - Other form of contamination. A form of contami-
nation that does not fit into the above categories; the factor

"Likely event: Contamination from raw product or at point of
preparation. No destruction step during preparation.

h Likely events: Vegetative forms of etiologic agents survive
cooking and/or contamination after cooking.

C Likely events: Vegetative forms of pathogens and spores survive
cooking and/or contamination during holding; growth and per-
haps toxin production during holding.

d Likely events: Vegetative forms of pathogens and spores survive
cooking; growth and perhaps toxin production during insufficient
hot holding.

e Likely events: Vegetative forms of pathogens and spores survive
cooking; growth and perhaps toxin production during refrigerated
storage because of large masses or, in the case of psychrotrophic
pathogens, long durations of storage.

fLikely events: Vegetative forms of pathogens and spores survive
cooking; growth and perhaps toxin production during refrigerated
storage because of large masses or, in the case of psychrotrophic
pathogens, long durations of storage; possible contamination after
cooking; pathogens or toxins survive reheating.

g Likely event: Pathogens survive acidification.
h Cite the methods of processing/preparation in the footnotes that
fall in the "other" category.

Method of process or
preparation (codes)

Processed foods (Ps-)
Harvest (Hr)
Clean/Sort/Wash (C/SfW)

SlaughtertEviscerate/Cut
(StE/C)

Comminute/GrindIBlend
(C/G/B)

Freeze (Fz)
Pasteurize (pz)
Retort (Rt)

Cook (Ck)
Smoked (Sm)
Dry (Dy)
Salted (SI)
Acidify (Ac)
Ferment (Fm)
Salted! Acidified/Fermented

(S/A/Fm)
Cure (Cr)
Chemical inhibition additive

Nitrites (CIA-N)
Vacuum! Anaerobic pack-

aging (V/AP)
MixIBlend multiple ingredi-

ents (M/B)
Press/Bottle (P/B)
Other" (0)

Raw, unaltered foods (RU)
(Eat in raw state without

altering)
Prepared foods (Pr-)

Assemble/Prepare/Serve"
(A-)

(Open can/package)
(OC/P)

(Pour out of container)
(PO)

(Wash/Handle) (WH)

(Peel/Cut) (C/P)
(Cut/Remove seeds) (C/R)
(Cut/Chop/Mix) (C/C/M)

(Chilled/Handle) (C/H)
(Open/Shuck) (O/S)
(Combine and handle

ingredients) (C/H)

(Reconstitution/Mixing)
(RIM)

(Dispense) (Dp)
(Add ice) (AI)

Examples

Shellfish
Fruits, vegetables, rice, fresh

eggs
Meat, poultry, fish

Hamburger, sausage

Ice cream
Milk, eggs, hams
Canned fruits, vegetables,

meats, soups
Roast beef, hot dogs
Fish, meat
Dried eggs, milk, cereals
Fish
Mayonnaise
Genoa salami, yogurt, cheese
Sauerkraut, pickles

Bacon, ham, sausage

Ham, canned meats
Sous vide, modified atmosphere

packaged foods
Baby formula

Apple cider

Fruits

Fruits, juices, cereal, nuts,
candy, syrups, canned ham,
ice cream, mushrooms

Milk, juices

Lettuce, relish tray of raw veg-
etables, berries

Onions, tomatoes, fruits
Melons
Cole slaw, green salad, steak

tartar
Luncheon meat slices, stacks
Raw oysters, nuts
Sandwiches made from cold

ingredients (e.g., luncheon
meats, cheese, lettuce,
tomato), raw salads

Variety of beverages (e.g., rehy-
drated dry mix, rehydrated
fluids)

Beer, soft drinks, milk shakes
Cold beverages, ice tea, soft

drinks

TABLE III.7. (Continued)

Method of process or
preparation (codes)

Cook/Serveb (CS)

Cook/Hold (at ambient tem-
perature)C (C/HA)

Cook/Hold hotd (C/HH)
(Fast foods)
(Buffet hot items)
(Cafeteria hot items)

Cook/Chill/Serve (buffet/
cafeteria)'
Protein salads (C/C)

Cook/Chill/Reheatf (C/C/R)

Acidify/Serveg (A/S)
Otherh (0)

Examples

Hamburgers, steaks, fish, eggs,
chicken, potatoes, lobster,
vegetables, clams, legs,
roast beef, pizza, prepared
meals

Bread, cakes,
fruit pies, pumpkin pies

Hamburgers, chicken
Meats, soup, vegetables
Meats, gravy, vegetables,

recently cooked roast beef

Chicken salad, potato salad, egg
salad, macaroni salad, cold
roast beef sandwich

Lasagna, fried rice, turkey a la
king, refried beans, hot roast
beef (sandwich)

Ceviche
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Category

Contamination

Survival/Lack of inactivation

Proliferation! Amplification

(Code)

(Cl)
(C2)
(C3)
(C4)

(C5)
(C6)

(C7)
(C8)
(C9)
(ClO)
(Cll)
(C12)
(C13)
(C14)
(Sl)
(S2)
(S3)
(S4)
(S5)
(PI)

(P2)
(P3)
(P4)
(P5)
(P6)
(P7)
(P8)
(P9)
(PlO)
(Pll)
(P12)

Factors

Toxic substance part of tissue
Poisonous substance intentionally added
Poisonous or physical substance accidentally/incidentally added
Addition of excessive quantities of ingredients that are toxic

in these situations
Toxic container or pipelines
Raw product/ingredient contaminated by pathogens from animal or

environment
Ingestion of contaminated raw products
Obtaining foods from polluted sources
Cross-contamination from raw ingredient of animal origin
Bare-hand contact by handler/worker/preparer
Handling by intestinal carrier
Inadequate cleaning of processing/preparation equipment/utensils
Storage in contaminated environment
Other source of contaminationc

Insufficient time and/or temperature during cooking/heat processing
Insufficient time and/or temperature during reheating
Inadequate acidification
Insufficient thawing (followed by insufficient cooking)
Other process failuresc

Allowing foods to remain at room or warm outdoor temperature for
several hours

Slow cooling
Inadequate cold-holding temperature
Preparing foods a half day or more before serving
Prolonged cold storage for several weeks
Insufficient time and/or temperature during hot holding
Insufficient acidification
Insufficiently low water activity
Inadequate thawing of frozen products
Anaerobic packaging/Modified atmosphere
Inadequate fermentation
Other situations that promoted or allowed microbial growth or toxic

productionc

Number Percentb

a Consider tabulating these factors for each major etiologic agent, place of mishandling (e.g., food processing, food service, homes) and
total incidents.

b Numbers may exceed 100% because multiple factors frequently occur in anyone outbreak.
c Cite the contributory factors in the footnotes that fall in the "Other" categories.

should be specified in footnotes of the table and/or in related
text.

Factors that allow sUlvival or fail to inactivate the contaminant
S I - Insufficient time and/or temperature during cooking/

heat processing. The time/temperature exposure during
initial heat processing or cooking was inadequate to kill the
pathogen under investigation. This does not include inactiva-
tion of preformed heat-stable toxins. In reference to cooking,
but not retorting, it refers to the destruction of vegetative
forms of bacteria, viruses, and parasites, but not bacterial
spores. If the food under investigation was retorted, then
spore-forming bacteria would be included.

S2 - Insufficient time and/or temperature during reheat-
ing. The time/temperature exposure during reheating or heat
processing of a previously cooked or heated food (which has
often been cooled, frequently, overnight) was inadequate to

kill the pathogen. This does not include inactivation of
preformed heat-stable toxins.

S3 - Inadequate acidification. Either the quantity of
highly acid ingredients or the concentration of marinade
and/or the time of contact was insufficient to kill the
pathogen of concern.

S4 - Insufficient thawing followed by insuffIcient cook-
ing. Frozen foods were insufficiently thawed, resulting in
survival of pathogens during cooking or heat processing.
(This is obviously related to Factor S 1.)

S5 - Other forms of survival. A form of survival that
does not fit into the above categories; the factor should be
specified in footnotes of the table and/or related text.

Factors that allow proliferation of the etiologic agents
PI - Allowing foods to remain at room or warm outdoor

temperatures for several hours. While foods are left at room
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or warm outdoor temperatures for several hours, pathogenic
bacteria and/or molds multiply and generate to populations
sufficient to cause illness or to elaborate toxins if toxigenic.

P2 - Slow cooling. Foods are refrigerated in large
quantities or stored in devices where the temperature is
poorly controlled allowing pathogens to multiply. Several
factors may influence the slow cooling, including large
masses or volumes of foods in large containers, inadequate
air circulation as can occur with tight-fitting lids, stacking of
pans on top of others, and crowded storage. Storing foods in
large containers is the most frequent example of this type of
contributory factor.

P3 - Inadequate cold-holding temperature. Refrigera-
tors malfunction or have excessively high temperature settings.
Note: These three factors (PI-3)-allowing foods to remain at
wann ambient temperatures, slow cooling during refrigeration,
and inadequate cold-holding temperatures--can be combined
into a factor referred to as Inadequate refrigeration.

P4 - Preparing foods a half day or more before serving.
During the interval between preparation and consumption,
there is ample time for pathogenic bacteria to proliferate to
numbers or produce amounts of toxins sufficient to over-
whelm the resistance threshold of healthy adults if this
interval is coupled with temperature abuse. Even much
shorter durations than a half day may lead to this conse-
quence, but precise times of preparation and eating are not
readily obtainable during investigations or from outbreak
reports.

P5 - Prolonged cold storage for several weeks. This
situation is a concern for psychrotrophic pathogenic bacteria
(e.g., Listeria monocytogenes, Clostridium botulinum type
E, Yersinia enterocolitica, Aeromonas hydrophila) that mul-
tiply over sufficient time at ordinary refrigerator tempera-
tures and generate to populations sufficient to cause illness
or elaborate toxins if toxigenic (e.g., C. botulinum).

P6 - Insufficient time and/or temperature during hot
holding. The time-temperature exposure of cooked foods
held warm is insufficient to prevent bacterial growth and
may even be conducive to bacterial growth. Typically, this
occurs during storage in steam tables, bains Marie, thermo-
tainers and other hot-air cabinets.

P7 - Insufficient acidification. The concentration or
quantity of highly acid ingredients, the type of acid, or the
time of marinading was insufficient to prevent multiplication
of pathogens in mildly acidified foods that were either not
refrigerated or inadequately refrigerated. Hence, the food
falls into the potentially hazardous food category although it
may be suspected to have a low pH because of its name or
type of usual ingredients.

P8 - InsufJ'zciently low water activity. Either the concen-
tration or quantity of salts, sugars, or other humectants were
insufficient to prevent multiplication of pathogens in foods
that have not been refrigerated or have been inadequately
refrigerated. Hence, the food falls into the potentially
hazardous food category although it may be suspected to
have a low water activity.

P9 - Inadequate thawing of frozen products. Foods are
thawed in a manner conducive to bacterial growth. The
problem, however, is usually storage of foods at ambient

temperatures for several hours or at refrigerated tempera-
tures for several days after the foods have thawed. When
foods are thawed in stacks of multiple units, the items on the
outside frame will thaw before those in the center and may
be at temperatures conducive to bacterial growth while those
in the interior are still frozen.

PIO -Anaerobic packaging/modified atmosphere. These
factors create conditions conducive to growth of anaerobic
or facultative bacteria in foods held in hermetically sealed
cans or in packages in which vacuums have been pulled or
gases added. All anaerobic bacteria must have a low
oxygen-reduction potential to initiate growth, but this factor
is restricted only to foods that are put into the sealed package
or container.

PII - Inadequate fermentation. Starter culture failure or
improper conditions to promote fermentation can result in a
product (e.g., cheese, salami) containing pathogens or
developing bacterial toxins.

Pl2 - Other factors. A factor that promotes growth,
proliferation, amplification, or concentration of etiologic
agents but that does not fit into any of the other defined
categories; the factor should be specified in footnotes of the
table and/or in related text.

The letters proceeding the factor can be used to code
entries in Table 111.8and the line listing (Table 1.2; [19 J).

Value of data. Analysis of factors that contribute to
foodborne illness are extremely valuable for guidance of
food safety program development and for setting priorities.
These factors have become the bases of the critical-item
inspection approach (1, 18), critical-item citations in food
codes (22), and identification of critical control points in the
HACCP approach to food safety (6, 17). Data on these
factors can be of great importance in summarizing events
that allowed the outbreak to occur and can, therefore,
suggest preventive measures that ought to be practiced. For
example, most analyses have shown that insufficient refrig-
eration was the leading contributing factor (8, 13, 26, 30, 31,
33, 35) and, thus, show a need to improve refrigeration
practices. Data on contributory factors are also of great
importance for assessing risks.

Limitations of data. Many countries do not summarize
information on contributing factors (26), and a much
reduced list has been used by some national surveillance
agencies in their summaries (2, 3, 4). Although of interest,
such listings combine too many malpractices and process
failures into general categories to relate to specific opera-
tions that are used in food processing plants, food service
establishments, or even home kitchens. For example, the
time-temperature failures category could relate to (a) room
temperature storage, (b) slow cooling, (c) inadequate storage
temperatures, (d) storage at low temperatures beyond a
product's shelf life, (e) improper thawing, and (f) improper
hot holding temperatures; which of these occurred cannot,
however, be identified by reviewing such data. "Poor
personal hygiene" is too general a category to be useful; the
problem is not that the worker failed to shower in the
morning or failed to wash hands after using the toilet, but
that he/she touched foods (which were not subsequently
heated) with bare hands. Furthermore, the category, "other,"
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does not cite all of the mishandling and mistreatment
activities covered by Bryan (8, 13), Davey (21), Institute of
Veterinary Medicine (26), Roberts (30, 31), Todd (33), and
Weingold et al. (35). Their compilations are far more useful
in assessing risks and identifying critical control points than
the limited and combined categories listed by Bean et al. (3).
Data on contributory factors have been classified into even
more categories in Israel (26). This system provides interest-
ing data, but many of the entries total only one or two
citations over a duration of 5 years. The approach would be
much more useful if it either covered a long duration or
involved a large data bank.

Contributory factors are often not identified during
investigations because (a) sanitary inspections rather than
hazard analyses are made, (b) the activities were not being
done at the time of the investigations, or (c) the factors were
not documented in reports. Another shortcoming is the
listing of these factors on a form with a "tick off" box beside
each factor. Because guesses are often made without support-
ing documentation, incorrect assumptions are made as to
what the contributory factors were thought to be. Therefore,
the sources of these data and supporting documentation
should be carefully evaluated before assuming that they are
correct. Text in the narrative report should be compared with
factors checked on a report form and evaluated for plausibil-
ity according to the situation described and the etiologic
agent. Determination of contributory factors requires inten-
sive on-site inquiries and, in some cases, measurements
compared with ordinary food sanitation inspections.

CONCLUSION

Existing surveillance reports were critically reviewed
and tables that present the most useful information were
selected for presentation of data. Often, the tables were
modified from surveillance summaries of states/provinces or
nations, or new tables were developed following discussion
and consensus. By using them, descriptive data can be
followed by data about the epidemiologically implicated
foods and the way they were processed or prepared that led
to the outbreak. The latter information guides preventive
actions.

The tables presented represent an ideal situation. Often,
investigation reports are incomplete, or information that is
sought is unavailable. Nevertheless, the information de-
tected should not be discarded. Whatever is available should
be used; otherwise, there may be no analysis possible.
Efforts should be made, however, to improve the quality of
food borne disease investigations and surveillance data banks.

All tabular data can be converted into graphical presen-
tations. This should be done, particularly, for presentations
to policy makers and for training courses and educational
presentations.
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