
International Journal of Food Microbiology 59 (2000) 221–234
www.elsevier.nl / locate / ijfoodmicro

Application of foodborne disease outbreak data in the development
qand maintenance of HACCP systems

a b a , b*Pedro J. Panisello , Roisin Rooney , Peter C. Quantick , Rosalind Stanwell-Smith
aFood Research Centre, School of Biological and Food Science, University of Lincolnshire and Humberside, Nun’s Corner, Grimsby,

North East Lincolnshire DN 34 5AZ, UK
bPublic Health Laboratory Service, Communicable Disease Surveillance Centre, 61 Colindale Avenue, London NW9 5EQ, UK

Received 19 January 2000; received in revised form 22 May 2000; accepted 5 June 2000

Abstract

Five-hundred and thirty general foodborne outbreaks of food poisoning reported in England and Wales between 1992 and
1996 were reviewed to study their application to the development and maintenance of HACCP systems. Retrospective
investigations of foodborne disease outbreaks provided information on aetiological agents, food vehicles and factors that
contributed to the outbreaks. Salmonella spp. and foods of animal origin (red meat, poultry and seafood) were most
frequently associated with outbreaks during this period. Improper cooking, inadequate storage, cross-contamination and use
of raw ingredients in the preparation of food were the most common factors contributing to outbreaks. Classification and
cross tabulation of surveillance information relating to aetiological agents, food vehicles and contributory factors facilitates
hazard analysis. In forming control measures and their corresponding critical limits, this approach focuses monitoring on
those aspects that are critical to the safety of the product. Incorporation of epidemiological data in the documentation of
HACCP systems provides assurance that the system is based on the best scientific information available.  2000 Elsevier
Science B.V. All rights reserved.
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1. Introduction rien et al., 1998). Foodborne disease consumes a
substantial amount of health care resources (Sockett,

Foodborne disease is increasing in England and 1993; Djuretic et al., 1996) and causes considerable
Wales and this suggests that approaches established mortality and morbidity throughout the world (Morse
to control infection have been disappointing (O’B- et al., 1994; WHO, 1998). Improving the mi-

crobiological quality of foods alone is insufficient,
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manufacturing practice (GMP) and stringently im- Weingold et al. (1994) grouped foods according to
plementing hazard analysis critical control point the ‘method of preparation’ and the ‘significant
(HACCP) along the whole food chain. ingredient’ in foods. This classification attempted to

The food industry must employ all available tools incorporate both different ‘methods of preparation’
to manage the safety of food along the whole chain. and ‘significant ingredients’ into the classification.
At present, it is widely acknowledged that the most However, ‘methods of preparation’ were tabled
cost-effective method of controlling food-borne regardless of the specific type of ingredient leading
hazards from ‘farm to fork’ is the HACCP system to an ambiguity. For example, a category of ‘food
(WHO, 1995a). However recent surveys have shown eaten raw’ could include steak tartar, raw eggs or
that HACCP is incompletely implemented or mis- oysters. This categorisation may thus fail to dis-
understood by many food companies (Panisello et tinguish whether the agents implicated in the out-
al., 1999). This justifies the application of instru- break were associated with the ‘method of prepara-
ments to aid the development and maintenance of tion’ or intrinsic to the natural properties of the
HACCP systems. vehicle. In a recent review, Bryan et al. (1997)

Investigation of foodborne disease outbreaks has proposed a standardised system of classification. The
traditionally been developed as a continuous system classification starts with general groups of foods that
of data collation and analysis to gather information are, then, subdivided into subgroups (or types) and,
on the natural history of different pathogens, the then, into categories based on different ways the
vehicles of the infection and the common or novel foods are processed or prepared. Such a listing can
faults that contribute to outbreaks (Wall et al., 1996). be modified over time. The initial number of out-
An alternative approach, first suggested by Bryan breaks reviewed determines the extent of subdivi-
(1974), would be to focus on food safety decisions in sions in such a system.
the epidemiological investigation of outbreaks. Out- Factors that lead to outbreaks have been variously
breaks investigations can indicate critical control interpreted in the literature, partly because a sys-
points (CCPs), which need to be given priority in tematic approach involves producing a more detailed
various processing operations. By identifying the list of contributing factors than in the original
critical points, industries and enforcement authorities surveillance report. Roberts (1982) determined the
have more evidence on which to devise control factors which most frequently contributed to the
measures, train staff and inform consumers. This outbreaks in England and Wales during the years
type of decision-based analysis is easily adapted to 1970–1979. The WHO (1995b) divides factors into
the HACCP approach. four large groups (temperature misuse, raw material,

Bryan (1988) proposed a system to classify food- inadequate handling, environmental factors) depend-
borne disease outbreak information obtained from ing on the main factor thought to contribute to the
national surveillance schemes. The underlying outbreak, incorporating more detailed factors in each
principle was to give the food industry and regula- group, as necessary. American (Bryan, 1974, 1988;
tory authorities information regarding the vehicles, CAST, 1994) and Canadian (Todd, 1983) literature
the causative organisms and the factors contributing has classified factors depending on whether or not
to outbreaks. To be useful for HACCP, information these factors lead to contamination, survival or
contained in surveillance reports requires modifica- multiplication of pathogens. However, in some in-
tion and reorganisation of terms. The most important stances, a single factor, for example, improper
parameters are the implicated food vehicles and the fermentation, can allow both survival and growth.
factors that have contributed to foodborne outbreaks. Subjective decisions are necessary to decide where
Bryan (1988) subdivided general categories of ve- they are considered to have the most common or
hicles into categories, classes and items based upon fundamental contribution. The WHO classification
their ‘source’, ‘biological nature’ and/or ‘preparation gives information on the main cause by which
for use’ as applicable. This represented the first contributing factors can be linked together, but
attempt to classify vehicles in hierarchies, but limited information on the outcome of the factor.
categories did not provide clear information on the This paper presents an analysis of general food-
‘method of preparation’ of different foods. Later, borne disease outbreaks reported in England and
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Wales between 1st January 1992 and 31st December (Bryan, 1988; Weingold et al., 1994; Bryan et al.,
1996. The main objective was to explore the applica- 1997). Division into categories was based on the
tion of foodborne disease outbreak data to the source of the vehicles and their biological nature.
development and maintenance of HACCP systems. Percentages were calculated by computing the num-

ber of outbreaks associated in each food category
over the total number of foodborne outbreaks. The

2. Methods food categories were poultry, red meat, seafood,
vegetables, sauces, desserts, dairy, cereals, eggs,

2.1. Enquiries about general foodborne disease sandwiches and miscellaneous foods.
outbreaks

A basic or minimum set of data is collected on 2.3. Definitions for factors contributing to
general outbreaks of infectious intestinal disease in outbreaks
England and Wales by the PHLS communicable
disease surveillance centre (CDSC). CDSC becomes The list of factors contributing to outbreaks in-
aware of possible general outbreaks from various cluded in the CDSC questionnaire was insufficient
sources, including the national laboratory reporting for the study. The list was extended, as far as
scheme, consultants in communicable disease control possible, to include those contributing factors de-
(CCDCs), environmental health officers (EHOs), scribed in Roberts (1982) work in England and
microbiologists, and others. For this system, a gener- Wales. Because of the epidemiological basis of the
al outbreak is defined as an outbreak that affects Roberts study, a direct comparison was not attempt-
members of more than one private residence, or ed. These factors were further subdivided on the
residents of an institution (Anon, 1994). This defini- basis of the evidence provided in the reports and
tion excludes notifications of sporadic cases of structured into four major groups as proposed by the
infectious intestinal disease, that are defined as a WHO (1995b). The final list of factors contributing
single case which has not apparently been associated to outbreaks was defined as follows:
with other cases, excreters, or carriers in the same
period of time (Cruickshank et al., 1995). A struc- 1. Temperature misuse: main cause attributed to
tured questionnaire is sent to the appropriate CCDC incorrect use of temperature either during cooking
for completion when the outbreak investigation is or cooling, with six subfactors:
finished (Wall et al., 1996). The questionnaire is then 1.1. Improper heating: Time/ temperature condi-
coded and entered into the EPI INFO version 6.04 tions during initial heat processing or cook-
(Dean et al., 1994) software package for data ing were inadequate to kill the pathogen
analysis. Outbreaks reported as ‘mainly foodborne’ under investigation.
were selected for analysis. This excluded outbreaks 1.2. Improper reheating: Time/ temperature con-
where the infection was spread by person-to-person ditions during reheating or heat processing of
or by other modes of transmission (drinking water, a previously cooked food were inadequate to
animal contact, swimming pool) or by unknown kill the pathogen under investigation. This
modes of transmission. factor is often accompanied by long cooling

times, frequently overnight.
2.2. Definitions for food categories 1.3. Improper storage: Including foods either left

at room temperature, or warm outdoor tem-
The data collected by the CDSC national sur- peratures, for several h or refrigerated in

veillance outbreaks scheme were reorganised for the devices with deficient temperature control
study. The first task was to classify vehicles impli- for long periods of time.
cated in the outbreaks into a series of meaningful 1.4. Preparation too far in advance: Foods were
groups that best represented community consuming prepared in advance, improperly stored and/
patterns. Classification into hierarchic food groups or improperly reheated and then consumed
was based on previous methods of tabulating data several h later.
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1.5. Inadequate thawing: Frozen foods were 3. Results
either insufficiently thawed, resulting in sur-
vival or pathogens during cooking or heat From 1 January 1992 to 31 December 1996,
processing or thawed in a manner conducive CDSC identified 684 general foodborne outbreaks of
to bacterial growth. The latter usually in- infectious intestinal disease in England and Wales for
cludes storage of foods at ambient tempera- which a vehicle was identified. In 530/684 (77.5%)
ture. of outbreaks one particular food vehicle was associ-

2. Inadequate handling: Handlers and the equipment, ated with illness, 94 (13.7%) had two vehicles; and a
or utensils used by them, contributed directly or further 60 (8.8.%) had three vehicles implicated.
indirectly to cross-contamination of foods. This Outbreaks that had no vehicles and those having
group includes the following subfactors: multiple vehicles were omitted from the analysis
2.1. Infected food handler: Food handler carrying leaving a total sample size of 530 outbreaks.

pathogens (whether symptomatic or not) did Results were obtained by univariate and bivariate
not effectively wash hands on contact with analysis (cross tabulation) of the data. Univariate
implicated food. Indirect cross-contamination analysis included the computation of numbers of
via ‘hand-to-food’ is the endpoint associated outbreaks by aetiological agents (Table 1), food
with this factor. vehicles (Table 2) and factors contributing to out-

2.2. Cross-contamination: Foods not subsequent- breaks (Table 3). Bivariate analysis comprised cross-
ly heated were put in contact with raw foods. tabulation of numbers of outbreaks by food vehicles
This leads to direct cross-contamination via and aetiological agents (Table 4), contributory fac-
‘food-to-food’. tors and aetiological agents (Table 5) and contribut-

3. Inadequate environment: This included a contami- ory factors and food vehicles (Table 6).
nated environment (equipment and other inani-
mate surfaces and utensils) or the use of devices
with poor control of conditions. This category 3.1. Relationship between foodborne disease
includes two subfactors: outbreaks and aetiological agents
3.1. Insufficient hygiene: Equipment, including

utensils and surfaces, are insufficiently The results in Table 1 show that bacterial agents
cleaned between uses. Normally indirect and their toxins (including scombroid poisoning)
cross-contamination via ‘equipment-to-food’
is the main consequence of insufficient hy-
giene and may include positive environmen- Table 1

Foodborne disease outbreaks by aetiologic agent in England andtal swabs from processing areas.
Wales (1992–1996)3.2. Inadequate facilities or rooms: The use of

domestic facilities when catering for people. Aetiology Outbreaks

Insufficient room in coolers or refrigerators No. %
means that products are cooled down or

Bacillus spp. 22 4.2
stored at room temperature for long periods Campylobacter spp. 10 1.9
of time. Cl. perfringens 65 12.3

4. Raw material: The ingestion of contaminated raw E. coli O157 9 1.7
Salmonella spp. 291 54.9material by the consumer. This group includes the
Shigella spp 3 0.6following subfactors:
Staph. aureus 12 2.3

4.1. Consumption of contaminated raw foods: Astrovirus 1 0.2
Ingestion of contaminated products lacking Rotavirus 1 0.2
significant heat processing or cooking. Ex- SRSV 33 6.2

Scombrotoxin 23 4.3amples include raw milk, and raw shellfish
Cryptosporidium 1 0.2and also mildly heated sauces containing
Other 1 0.2

eggs. Unknown 58 10.9
4.2. Infected animals: Normally restricted to

Total 530 100.0milking cows with mastitis.
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were associated with 435/530 (82%) of outbreaks of 3.3. Relationship between foodborne disease
known aetiology, followed by viruses 35/530 (6.6%) outbreaks and contributory factors
and parasites 1 /530 (0.2%). Over half, 291/530
(54.9%) of outbreaks were associated with Salmonel- More than one factor often contributed to single
la spp. followed by Clostridium perfringens 65/530 outbreaks. Thus, in 530 foodborne outbreaks, the
(12.3%), scombroid poisoning 23/530 (4.3%), review identified 725 contributory factors (Table 3).
Bacillus spp. 22 /530 (4.2%), Staphylococcus aureus Factors relating to temperature misuse contributed to
12/530 (2.3%) and Campylobacter spp. 10/530 420/725 (79%) outbreaks, factors associated with
(1.9%). Small round structured viruses (SRSV) were inadequate handling to 166/725 (31%), factors
also associated with 33/530 (6.2%) of foodborne associated with raw materials to 119/725 (22%) and
outbreaks. those associated with inadequate environmental con-

ditions to 20/725 (3.8%). Within the ‘temperature
misuse’ group, improper heating and inadequate

3.2. Relationship between foodborne disease storage (which implies improper refrigeration) were
outbreaks and vehicles of transmission the most common. Further associations of outbreaks,

etiologic agents and contributing factors were found
In 122 (23%), out of 530 general foodborne by bivariate analysis.

disease outbreaks, vehicles were confirmed by mi-
crobiological evidence; in 165 (31.1%) by statistical 3.4. Relationship between aetiological agents and
associations; in 173 (32.6%) by descriptive epi- vehicles of transmission of foodborne disease
demiology (strong circumstantial evidence). A fur- outbreaks
ther 70 (13.2%) vehicles were not confirmed by any
means. The results in Table 2 show that foods of The results show that Salmonella spp. was pre-
animal origin were the foods most often involved in
341/530 (64.3%) outbreaks. Thus, red meat 99/530

Table 3
(18.7%), poultry 98/530 (18.5%), seafood 83/530 Contributing factors to general foodborne outbreaks in England
(15.7%) are still of great importance in the epi- and Wales 1992–1996
demiology of foodborne disease in England and aContributory factors Outbreaks
Wales and require particular attention. Desserts were

No. (%)associated with 83/530 (15.7%) because many of
Temperature misusethese dishes may have contained eggs that served as
Improper heating 211 39.8the vehicle for the pathogen causing the outbreak.
Improper reheating 14 2.6
Inadequate storage 170 32.1
Preparation to far in advance 15 2.8

Table 2
Inadequate thawing 10 1.9

Foodborne disease outbreaks by vehicle of transmission in Eng-
land and Wales 1992–1996 Total 420 79.2

Vehicle Outbreaks Inadequate handling
Food handler 48 9.1

No. %
Cross-contamination 118 22.3

Poultry 98 18.5
Total 166 31.3

Red meat 99 18.7
Seafood 83 15.7 Inadequate environment
Vegetables 34 6.4 Insufficient hygiene 15 2.8
Sauces 18 3.4 Inadequate facilities 5 0.9
Desserts 83 15.7

Total 20 3.8
Dairy 18 3.4
Cereals 23 4.3 Raw material
Eggs 43 8.1 Raw ingredient 116 21.9
Sandwiches 21 4.0 Infected animals 3 0.6
Miscellaneous 10 1.9

Total 119 22.4
Total 530 100 a Percentages are based on total number of outbreaks (n 5 530).
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dominantly associated with poultry in 66/98 (67.3%) outbreaks. Infected food handlers were mainly asso-
of outbreaks, sauces 11/18 (61.1%), desserts 79/83 ciated with foods that require great amount of
(95.2%), dairy 9 /18 (50%), eggs 42/43 (97.7%), handling with mild or no lethal treatment in their
sandwiches 11/21 (52.4%) and other miscellaneous preparation, such as vegetables and sandwiches.
foods 7/10 (70%) (Table 4). However Cl. perfrin- Cereal-based foods, which had been inadequately
gens was the commonest pathogen in outbreaks stored, caused 15/28 (53.6%) outbreaks associated
associated with red meat 44/99 (44.9%). Scombroid with cereals (Table 6).
poisoning was the principal cause of outbreaks
associated with seafood 22/83 (26.5%) and SRSV
were the commonest cause of outbreaks following 4. Discussion
the consumption of vegetables 10/34 (29.4%).
Bacillus spp. was associated with 14/23 (60.9%) of This study demonstrated the value of retrospective
outbreaks where foods containing cereals served as analysis of foodborne disease outbreaks. In particu-
vehicles of transmission. lar, it showed the wealth of information on risk

factors and potential critical control points that can
3.5. Relationship between contributing factors to be extracted by cross-tabular analysis. While con-
foodborne disease outbreaks and aetiological firming a well established association of Salmonella
agents spp. outbreaks with foods of animal origin, the study

also allowed quantification of the contribution of
The analysis has shown that 212/530 (40%) of improper cooking, inadequate storage, cross contami-

outbreaks were due to improper heating of foods. In nation and the use of raw ingredients to outbreaks.
161/530 (30.3%) of these, Salmonella spp. was the The study also demonstrated the different levels of
implicated agent (Table 5). Inadequate storage was information obtainable by univariate and bivariate
also an important factor contributing to 170/530 analysis. While this analytical technique has been
(32.1%) of the total outbreaks. 100/530 (18.9%) of attempted previously, this study represents a unique
these were associated with Salmonella spp. and 30/ but practical system for linking outbreak data to the
530 (5.7%) were associated with Cl. perfringens development of HACCP systems.
Cross-contamination was reported as a factor in 118/
530 (22.3%) of outbreaks and in 99/530 (18.7%) of 4.1. Univariate analysis: foodborne disease
these, Salmonella spp. was the etiologic agent. outbreaks by aetiologic agents
Consumption of raw contaminated food was associ-
ated with 116/530 (21.8%) of outbreaks and in The first principle of HACCP refers to the purpose
98/530 (18.5%) of these, Salmonella spp. was the of hazard analysis, which is to develop a list of
agent implicated in the outbreak. hazards that are likely to cause injury or illness if not

effectively controlled (NACMCF, 1998). The analy-
3.6. Relationship between contributing factors to sis of organisms by frequency of outbreaks (Table 1)
foodborne disease outbreaks and the vehicles of can be used for that purpose. According to Noter-
transmission mans et al. (1994) identification of potentially

hazardous organisms can be done by elimination,
Improper heating, inadequate storage and cross- from a general list of organisms, those that are not

contamination were the main factors contributing to present in raw materials, destroyed by the production
poultry, meat and seafood borne outbreaks. Out- process or those not involved in foodborne disease.
breaks associated with foods containing raw shell Information in Table 1 represents the starting point
eggs, such as sauces and desserts and other egg- for HACCP Teams to initiate the hazard analysis
containing dishes, were mainly attributed to the process. However, hazard identification based on
consumption of raw contaminated foods or ingredi- outbreak data alone must be regarded as partial,
ents. Consumption of raw seafood, particularly raw since outbreaks reported to CDSC represent a frac-
oysters and other bivalves, and unpasteurised milk tion of the total number of food poisoning cases
was also an important factor in the transmission of notified (Wall et al., 1996; Evans et al., 1998). For
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Table 4
Foodborne disease outbreaks by aetiology and vehicle of transmission in England and Wales 1992–1996

Aetiology Vehicle of transmission

Poultry Red meat Seafood Vegetables Sauces Desserts Dairy Cereals Eggs Sandwich Miscellaneous

No. % No. % No. % No. % No. % No. % No. % No. % No. % No. % No. %

Bacillus spp. 2 2.0 1 2.9 2 11.1 1 1.2 14 60.9 1 2.3 1 10.0

Cl. perfringens 13 13.3 44 44.9 2 2.4 3 16.7 1 4.3 1 4.8 1 10.0

Salmonella spp. 66 67.3 38 38.8 15 18.1 7 20.6 11 61.1 79 95.2 9 50.0 6 26.1 42 97.7 11 52.4 7 70.0

Scombrotoxin 22 26.5 1 4.8

Staph. aureus 5 5.1 4 4.1 1 1.2 1 2.9 1 4.8

Astrovirus 1 1.2

Campylobacter spp. 4 4.1 1 1.0 5 27.8

Cryptosporidium 1 5.6

E. coli O157 5 5.1 1 2.9 2 11.1 1 4.8

Rotavirus 1 1.0

Shigella spp 3 8.8

SRSV 1 1.0 2 2.0 14 16.9 10 29.4 2 2.4 1 5.6 2 9.5 1 10.0

Other 1 2.9

Unknown 6 6.1 5 5.1 28 33.7 10 29.4 2 11.1 1 1.2 2 8.7 4 19.0

aTotal 98 18.5 99 18.7 83 15.7 34 3.8 18 3.4 83 15.7 18 3.4 23 4.3 43 8.1 21 4.0 10 1.9

a Percentages are based on total number of outbreaks (n 5 530).
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Table 5
aGeneral foodborne outbreaks by contributing factor and aetiology in England and Wales 1992–1996

Aetiology Factors contributing to outbreaks

Improper Improper Inadequate Prepared Inadequate Food Cross- Insufficient Inadequate Raw Infected

heating reheating storage far advance thawing handler contamin. hygiene facilites ingredient animals

No. % No. % No. % No. % No. % No. % No. % No. % No. % No. % No. %

Bacillus spp. 3 0.6 1 0.2 11 2.1 1 0.2

Campylobacter spp. 5 0.9 2 0.4 4 0.8

Cl. perfringens 25 4.7 5 0.9 30 5.7 5 0.9 2 0.4 2 0.4 1 0.2 1 0.2

E. coli O157 2 0.4 1 0.2 3 0.6 1 0.2 3 0.6 2 0.4 1 0.2

Salmonella spp. 161 30.3 6 1.1 100 18.9 8 1.5 7 1.3 27 5.1 99 18.7 10 1.9 4 0.8 98 18.5 2 0.4

Shigella spp 1 0.2

Staph. aureus 5 0.9 4 0.8 2 0.4 2 0.4 1 0.2

Astrovirus 1 0.2 1 0.2

SRSV 5 0.9 3 0.6 8 1.5 3 0.6 3 0.6

Scombrotoxin 10 1.9 1 0.2 1 0.2 3 0.6 1 0.2 1 0.2

Cryptosporidium 1 0.2

Unknown 8 1.5 1 0.2 8 1.5 8 1.5 4 0.8 1 0.2 5 0.9

bTotal 211 40.0 14 2.6 170 32.1 15 2.8 10 1.9 48 9.1 118 22.3 15 2.8 5 0.6 116 21.8 3 0.6

a Calculated on basis of outbreaks in which factors reported, multiple factors contribute to single outbreaks.
b Calculated on basis of total number of outbreaks (n 5 530).



P.J.
P

anisello
et

al.
/

International
Journal

of
F

ood
M

icrobiology
59

(2000)
221

–234
229

Table 6
Factors thought to have contributed to outbreaks (n 5 530) by vehicles of transmission in England and Wales (1992–1996)

aContributing factors Vehicles of transmission

Poultry Red meat Seafood Vegetables Sauces Desserts Dairy Cereals Eggs Sandwiches Miscellaneous

No. % No. % No. % No. % No. % No. % No. % No. % No. % No. % No. %

Temperature misuse

Improper heating 47 30.9 35 25.4 14 24.6 3 15.5 10 34.5 58 36.7 6 24.0 6 21.4 27 36.5 6 21.4

Improper reheating 5 3.3 5 3.6 2 7.1 1 1.35

Inadequate storage 43 28.3 43 31.1 14 24.6 5 19.2 3 10.3 24 15.2 2 8.0 15 53.6 12 16.2 7 25.0 2 20.0

Preparation too far in advance 5 3.3 6 4.3 1 1.75 2 7.1 1 1.35

Inadequate thawing 6 3.9 2 1.4 1 1.75 1 3.6

Inadequate handling

Food handler 7 4.6 12 8.7 3 5.3 8 30.7 1 3.4 5 3.2 1 4.0 2 2.7 7 25.0 2 20.0

Cross-contamination 30 19.7 30 21.7 8 14.3 5 19.2 4 13.8 11 7.0 3 12.0 3 10.7 14 19.0 6 21.4 4 40.0

Inadequate environment

Insufficient hygiene 2 1.3 4 2.9 2 3.5 1 3.4 2 1.3 1 4.0 1 3.6 2 20.0

Inadequate facilities 4 2.9 1 0.7

Raw material

Raw ingredient 3 2.0 14 24.6 5 19.2 10 34.5 58 36.7 9 36.0 17 23.0

Infected animals 3 12.0

Total 152 100 138 100 57 100 26 100 29 100 158 100 25 100 28 100 74 100 28 100 10 100

a Multiple factors contribute to single outbreaks.
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example, the low figure observed for Campylobacter frequently linked to outbreaks in vulnerable popula-
spp. is related to the rarity of attributing campylo- tion groups, such as the elderly, infants and people
bacter as the cause of outbreaks in England and who are immunocompromised.
Wales. General outbreaks of campylobacter infection
appear to be unusual and almost all cases are 4.3. Foodborne disease outbreaks by contributory
presently classified as sporadic or linked to small factors
outbreaks within households (Pebody et al., 1997).
Information based on surveillance data of outbreaks The second principle of HACCP refers to the
should be supplemented with other information, such identification of CCPs. This involves identifying the
as data from the investigation of sporadic cases of steps in the process that should be controlled to
food poisoning and special studies, to provide a more prevent or eliminate a food safety hazard, or to
reliable dataset on contributory factors. In other reduce it to an acceptable level (Codex, 1997;
words, for HACCP application, some fine tuning is NACMCF, 1998). Operations that relate to factors
necessary. that lead to outbreaks indicate operations that require

Pathogens that are not commonly linked to food- control. Several published papers considered factors
borne disease outbreaks, such as Campylobacter contributing to outbreaks as CCPs (Bryan, 1974,
spp., present a particular difficulty. Information on 1988; Weingold et al., 1994; Bryan et al., 1997; Todd
risk factors is less helpful for these pathogens et al., 1997). However the list of contributory factors
because the mode of transmission is often not can be quite large (Table 3) and the HACCP team
established. The lack of routine typing for campylo- may end up having a high number of CCPs in a
bacter infection, until recently, has made it difficult given process. An operation controlled with exces-
to recognise outbreaks and identify sources of in- sive number of CCPs can turn HACCP in a ‘heavy’
fection. Most cases are reported as sporadic (Pebody system that is difficult to implement, monitor and
et al., 1997). In order to validate the scientific value document. Whether these points are CCPs or not will
of the HACCP plan, it may be necessary to supple- depend on the CCP definition that the HACCP team
ment these data with other information, for example, wishes to follow.
from food surveillance surveys or other specific By adopting the quantitative CCP definition, sug-
studies. gested by Notermans et al. (1995), a CCP should

only include those operations where control can
4.2. Foodborne disease outbreaks by food vehicles provide a quantifiable reduction in a hazard or its

stabilisation and leads to an acceptable, safe food
The preliminary tasks prior to applying HACCP product. Therefore CCPs are only meaningful if they

principles are description of the food product and the can be managed in such a way that the risk is
final consumer. HACCP team members must accu- reduced and the reduction can be quantified. This
rately describe a product to include all the conditions definition considerably reduces the number of CCPs
and parameters that can either have an impact on that can be abstracted from the list of contributory
safety, or are essential for safe production. The factors presented in Table 3. However, when opera-
epidemiological history of the product contained in tions are not capable of reducing risks quantitatively
outbreak investigations provides information needed they are better managed outside HACCP. This is not
for accurate description. For example, the higher because such operations are unimportant, on the
frequency of poultry and meat in outbreak reports contrary, they are vital for the production of safe
(Table 2) suggests that these are either frequent food and comprise the foundation of HACCP
(high risk) vehicles or that they may be more (NACMCF, 1998). However, because of their quali-
frequently consumed in England and Wales. The tative nature they are best carried out within the
number of outbreaks associated with food ingredients framework of good manufacturing practices GMPs
used in the recipe for a product must also be (Notermans et al., 1995). Modern HACCP ap-
considered by the HACCP teams in the initial proaches (NACMCF, 1998) consider these practices
description of the food. In assessing the risk, the and operations as prerequisite programs to the de-
target consumer must be taken into account. The velopment and implementation of effective HACCP
HACCP team members need to be aware of vehicles plans, hence, limiting the scope of HACCP to ensure
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that food is safe to consume. Information in Table 3 can summarise events that allowed the outbreak to
indicates points or operations at which the safety of occur and can, therefore, suggest control measures
the product can be compromised and therefore (Bryan et al., 1997). For example, it is known that
control must be applied. It is up to the HACCP team Cl. perfringens is a spore forming pathogen present
to decide whether or not this control is considered in both human and animal intestines, and in the soil,
critical. and therefore likely to be present in raw products of

animal and vegetable origin (Eley, 1996; ICMSF,
4.4. Bivariate analysis: foodborne disease 1996). On cooking, oxygen is removed from the
outbreaks by aetiology and food vehicle food creating anaerobic conditions ideal for the

sporulation of the bacteria. Further, warm conditions
In the process of conducting a hazard analysis (slow cooling) after cooking allow rapid multiplica-

(principle 1) there are three distinctive stages, hazard tion of the pathogen (Sprenger, 1995; Eley, 1996).
identification, hazard evaluation and formulation of With such a profile, it is not surprising, that Cl.
controlling measures (NACMCF, 1998). Potential perfringens food poisoning, occurs (Table 5) mainly
hazards associated with particular food vehicles can as a result of inadequate storage (30 outbreaks) and
be directly identified from Table 4. This information improper heating (25). Other factors include food
allows the identification and quantification of differ- prepared too far in advance (5), improper reheating
ent pathogens associated with the various food (5), inadequate thawing (2), cross-contamination (2),
vehicles, put simply, to identify hazards in foods. It insufficient hygiene in processing areas (1), and
focuses hazard analysis and control measures on contaminated raw ingredients (1). Hence temperature
those hazards that are significant to the food of control after and during cooking are two control
interest. For example, 66 /98 (67%) of outbreaks measures that will prevent and reduce survival and
associated with poultry were attributed to Salmonella growth of Cl. perfringens.
spp. followed by Cl. perfringens 13/98 (13%), The HACCP team can complete Table 5 by listing
Staph. aureus 5/98 (5%), Campylobacter spp. 4 /98 control measures for the rest of pathogens significant
(4%), and Bacillus spp. 2 /98 (2%). to the operation being considered. In doing so, the

Hazard evaluation consists of assessing the severi- hazard analysis (principle 1) part of the HACCP can
ty of hazards and their likely occurrence (ICMSF, be concluded. Grouping pathogens associated with
1988, IAMFES, 1991, Codex, 1997, NACMCF, common factors that lead to foodborne outbreaks
1998). The seriousness of the outcome of the hazard reduces the number of control measures that HACCP
(severity) can be evaluated by relating it to indicators teams must consider because more than one hazard
of severity of disease such us hospitalisation rates, may be covered by a specific control measure
death, economic cost of illness etc. This information (NACMCF, 1998). Also it helps to set critical limits
is detailed in surveillance reports (Potter, 1994). The (principle 3), because it will make it easier to relate a
likely occurrence of a hazard can also be assessed by critical limit (e.g. time and temperature during
referring to Table 4. Thus, percentages of aetiologic cooking and cooling) to the microbial performance
agents within each food vehicle provides a means by criterion of reducing the numbers of, for example,
which these agents can be prioritised in terms of Cl. perfringens to an acceptable level (Buchanan,
their likely occurrence. The higher the percentage the 1995).
higher the occurrence of the pathogen. In this
respect, the occurrence of salmonellosis attributed to 4.6. Foodborne disease outbreaks by contributing
poultry should be considered the highest among the factor and food vehicle
pathogens related to poultry (Table 4).

On completion of HACCP principles it is neces-
4.5. Foodborne disease outbreaks by aetiology and sary to establish: monitoring procedures (principle 4)
contributing factors to assess whether a CCP is under control; corrective

actions (principle 5) to prevent deviations from
To conclude principle 1 of the HACCP plan, the established critical limits; and verification (principle

HACCP team should link hazards to malpractices 6) and documentation (principle 7) procedures to
during food preparation. Thus contributory factors check the validity of the HACCP plan and maintain
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records for future use in verification, respectively to hazard identification and evaluation, CCPs de-
(NACMCF, 1998). Factors that have contributed to termination, establishment of critical limits and
outbreaks of food poisoning associated with different monitoring procedures, provides evidence that the
food vehicles (Table 6) can be used to underline: (1) HACCP plan is based on the best scientific data
factors associated with a particular food that allow available. This is known as HACCP plan validation.
the outbreak to occur; (2) deviations from the The rationale for determining hazards, CCPs and the
established food process that may have an effect on establishment of critical limits and monitoring
the safety of foods; (3) monitoring procedures to schedules can be readily validated and documented
ensure that these factors are kept under control. For (principle 7) by including foodborne disease sur-
example, use of a raw ingredient in food preparation veillance data in the records.
is important for desserts, dairy and sauces and so
provides a guide to prioritise areas of concern. 4.7. Limitations on the application of
Cross-contamination is a major concern in poultry, epidemiological enquiries to food safety.
red meat and eggs and this also provides a means for
focusing attention on this factor for these food Information obtained from foodborne disease out-
vehicles (Table 6). break statistics must be interpreted with caution

For poultry products Salmonella spp. is the major owing to inherent limitations of the surveillance
outbreak hazard (Table 4). Also by referring to the scheme. These are:
poultry category in Table 6, improper heating,
inadequate storage and cross-contamination are the • Outbreaks that affect a defined number of people
major factors associated with poultry products and to (at functions or weddings) are more likely to be
a lesser extent infected food handlers, inadequate reported than others that are more dispersed
thawing, improper reheating, preparation too far in among the population (Potter, 1994; Wall et al.,
advance and inadequate facilities. This analysis 1996).
allows attention to be focused on those factors • Questionnaires are completed by different people
frequently associated with poultry-borne outbreaks and are therefore subject to the investigator’s
and the operations than can be considered as candi- subjective perception and judgement (Wall et al.,
dates for CCPs (Guzewich et al., 1997). Expert 1996). For example a ‘tick off’ box beside each
opinion from the HACCP team members will be contributory factor, is used in the questionnaire,
required to eliminate or reconsider some of the CCPs which may select factors that are expected to
in the list of candidates. This will depend on the occur from previous knowledge rather than un-
ability of the CCP to control the hazards and the covering new ones (Bryan et al., 1997; Todd,
possibility of establishing a scientifically based criti- 1995).
cal limit and monitoring schedule. It will also depend • The combination of factors contributing to out-
on whether or not subsequent processing operations breaks into a list of five entries on the standard
nullify the effect of the CCP. Information in Table 6 surveillance questionnaire may conceal many
also anticipates where deviations from established malpractices and process failures. (Bryan et al.,
process are likely to occur, helping in the develop- 1997). A more comprehensive list of factors has
ment of corrective actions to control the process. been described in recent literature (Bryan, 1988;
This will enable the HACCP team to establish CAST, 1994; WHO, 1995b; Bryan et al., 1997)
effective monitoring requirements (principle 4), to which, if implemented, would provide a better
maintain the process under control and to develop understanding of the factors that lead to an
corrective actions, in advance, specifying what is outbreak and hence allow priorities and preven-
done when a deviation occurs (principle 5). tive strategies to be established.

The HACCP system includes a step to establish • Those pathogens causing general foodborne out-
verification procedures (principle 6). Its purpose is to breaks in England and Wales are represented in
assess the efficacy of the HACCP system once this study. This selection excluded outbreaks
defined and implemented (Mayes, 1999). Applica- where the infection was spread by person-to-
tion of an epidemiological data in decisions related person or by other modes of transmission (drink-
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ing water, animal contact, swimming pool) or by system. Data generated during epidemiological in-
unknown modes of transmission. Pathogens vestigations can be effectively classified in tables,
which either rarely cause outbreaks (e.g. Clos- which provide a guide to directly identifying and
tridium botulinum), those associated mainly with evaluating hazards and contributory factors to out-
sporadic cases (e.g. Campylobacter spp.) or those breaks for a selected food. Contributory factors
reported to be mainly transmitted by person-to- reflect a product’s weaknesses, highlighting where
person spread (e.g. SRSV) are less well repre- control is needed, where control is likely to be lost
sented. Hazard analysis based on outbreak data and how control can be monitored. This survey has
should only be used as a guideline to support shown that collation of surveillance data on food-
expert opinion. Other hazards should be added, borne disease can be adapted to food safety manage-
depending on the operation and the microbial ment systems such as HACCP. Regular updating and
profile of the product (Buchanan and Deroever, distribution to those involved in the safety of the
1993; Buchanan, 1995. We need to gain more food chain would make a practical and valuable
understanding of the risk factors associated with contribution to safer food.
sporadic cases or small household outbreaks, such
as those attributed to Campylobacter spp. or
SRSV.
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