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Abstract 

Foodborne bacterial diseases cause considerable morbidity and mortality throughout the 
world. Preventive measures such as good manufacturing practices (GMP), supplemented by 
the hazard analysis critical control point (HACCP) system, have been introduced as a means 
of ensuring the production of safe food. However, their use does not necessarily provide 
quantitative information on the risks associated with the consumption of a particular food 
product. To obtain such information, elements of quantitative risk analysis (QRA) need to 
be used. QRA is defined as a stepwise analysis of the health risks associated with a specific 
type of food product, resulting in an estimation of the probability of occurrence of adverse 
effects on health following consumption of the food in question. It also includes an analysis 
of the nature of the risks. Taking this definition, five successive steps can be recognized: 
hazard identification, exposure assessment, dose response assessment, risk characterization 
and risk management. Food production is a dynamic activity, involving changes in, e.g. the 
composition and microbial quality of raw materials due to seasonal variation. Also, there 
may be continuing changes in processing conditions and in product composition due to 
consumer demands. Therefore, it will be desirable to incorporate QRA in existing safety 

assurance systems. such as HACCP, when sufficient information is available to permit this 
approach. 
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1. Introduction 

The occurrence of foodborne disease is one of the most widespread problems in 
the contemporary world. Sentinel and population studies carried out in The 
Netherlands have revealed that some 300 cases of acute gastro-enteritis per 1000 
individuals occur each year (Notermans and Hoogenboom-Verdegaal, 1992; 
Notermans and Van de Giessen, 1993). At least 40&50% of cases are caused by 
organisms such as Campylobacter, Salmonella and Clostridium perfringens that are 
usually transmitted by food or water. Results of the WHO surveillance programme 
(WHO, 1992) indicate that the number of causative agents of foodborne disease 
continues to increase. For example, toxigenic Escherichia coli of serotype 0157:H7 
and Listeria monoc_vtogerzes may be classified among the ‘newer’ pathogens 
(MacDonalds et al.. 1988; Gellin and Broome, 1989), while S. enteritidis has been 
recognized as a foodborne pathogen for many years, but has only recently given 
rise to a dramatic increase in illness (Madden, 1990). 

In order to reduce foodborne disorders, various control measures have been 
established over the years. Traditional surveillance of end-products may be 
inadequate for detecting unsafe batches. To improve the situation. good 
manufacturing practices (GMP) have been introduced, although GMP merely 
reflect general guidelines instead of providing an objective approach to risk 
assessment. For this reason, the concept has been extended by introducing the 
hazard analysis critical control point (HACCP) system. With HACCP, control 
procedures are directed at specific operations that are crucial to food safety and the 
effects of which on product contamination can be quantified. Control is proactive 
since remedial action is taken in advance. The principles of HACCP have been 
described by the Codex Alimentarius Commission (Codex, 1991). A very important 
part of the system is the specification of control criteria, which are limits for 
characteristics of a physical, chemical or biological nature and must be used to 
ensure that an operation is under control at a particular critical control point 
(CCP). An operation is only under control when the hazard is eliminated or 
reduced to acceptable levels. However, the HACCP system is still being applied in 
a largely qualitative manner. For proper risk management, a more quantitative 
determination of the hazards associated with food consumption is necessary. In 
order to obtain such information, elements of quantitative risk analysis needs to be 
incorporated into HACCP. 

In this paper quantitative risk analysis will be discussed and its introduction into 
HACCP considered. 

2. Quantitative risk analysis 

Quantitative risk analysis (QRA) can be defined as a stepwise analysis of hazards 
that may be associated with a particular type of food product, permitting an 
estimation of the probability of occurrence of adverse effects on health from 
consuming the product in question. It also includes a characterization of unaccept- 
able risks. Starting from this definition, the first step to be taken is to identify the 
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potential hazards. Thus, hazard identification is the first component of QRA. The 
next step is to estimate quantitatively the negative consequences of the hazards. To 
gain information on this point, it will be necessary to know the consumer exposure 
rate to each hazard via the food product under examination. This component is 
referred to as exposure assessment. After the likely exposure to a potential hazard 
has been determined, it must be related to the negative consequences of consuming 
the product. Quantitative information on the adverse health effects of exposure can 
be obtained from the dose response assessment. It is always important to remember 
that QRA aims to provide quantitative information on the likely occurrence of a 
specific hazard at the level of the entire population (or a certain sector of the 
population). It does not aim to predict the risk to any single individual. The 
necessary information will follow from the dose response assessment. However, a 
particular risk may be unacceptable and, to decide whether this is so, the risk in 
question needs to be characterized in detail. A key aspect is to estimate the severity 
of the hazard (on the basis of morbidity and mortality data). Risk characterization 
is, therefore, an additional component of QRA, when applied to safe food 
production. The final step in QRA concerns risk management, which includes all 
activities that are undertaken to render a hazardous product acceptable. 

2.1. Hazard identljication 

Hazard identification gives a qualitative indication of the potential microbial 
hazards arising from the consumption of a particular food product. Information on 
potentially hazardous bacteria can be obtained from, e.g. surveys of the microbial 
composition of raw materials and from epidemiological surveillance of foodborne 
infections and intoxications (Richmond, 1990/l 992; WHO, 1992). Bacteria causing 
foodborne diseases of known aetiology are presented in Table la. These data are 
compiled from surveillance programmes in The Netherlands, Canada and WHO- 
Europe. However, bacteria listed in Table la represent only the predominant 
organisms that have been reported officially to the authorities. A survey of the 
literature, as carried out by Notermans et al., 1994a, reveals some 25 other 
organisms which have caused foodborne disorders in the past (Table lb). 

Recently, a simple procedure for the identification of potentially hazardous 
organisms has been elaborated (Notermans et al., 1994a). A flow sheet of the 
proposed approach is presented in Fig. 1. The first step in this approach is to make 
a list of all bacteria that are known to cause foodborne disease. After producing 
such a list, it is necessary to determine whether or not the organisms are likely to 
be present in the raw materials used for the product in question. Only those 
organisms that have never been found can be deleted. Of the remaining organisms, 
it must be established whether or not they are completely destroyed during 
processing. If so, they, too, can be removed from the list. During processing, and 
even afterwards, re-contamination may occur. If such contamination could involve 
any pathogenic bacteria, then these organisms must be included in the list. The next 
point is whether or not the listed organisms have ever caused a foodborne disease 
involving either an identical or related food product. Where this is not the case, the 
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organism can be deleted from the list. The organisms remaining on the list are now 
separated into two groups: those that are infectious and those capable of forming 
toxins which cause illness when ingested. All infectious bacteria present are re- 
garded as potentially hazardous. For toxinogenic bacteria, growth must occur 
before any toxin is produced, so it must be established whether or not growth in the 
food is possible. If not, the organism is removed from the list. If, however, growth 
can occur, the organism must be regarded as potentially hazardous. This system can 
easily be converted into a computer-assisted expert system. However, it must be 
recognised that our knowledge of foodborne pathogens is still incomplete. In most 
foodborne illnesses the type of food involved is not identified and, in many cases of 
illness, no food poisoning organisms are isolated from the sufferer. As a conse- 
quence not all foodborne pathogens have been identified. Thus, in the course of 
time, ‘new’ organisms will be identified as causative agents. Recent examples are the 
recognition of S. enteritidis and Arcobacter spp. as foodborne infectious organisms 
(Madden, 1990; Stampi et al., 1992). Therefore, the proposed system must be 
continuously updated. Al1 new findings resulting from the analysis of foodborne 
disease should be incorporated into the identification system. 

Table 1 
Bacteria as causative agents of foodborne diseases of known etiology and reported in The Netherlands 
(Notermans and Van de Giessen, 1993) Canada (Todd, 1991) and WHO Surveillance Programme in 
Europe (WHO, 1992) 

(a) Bacteria of known etiology 

Bacillus cereus 
Bacillus subtilis 
Brucella spp. 
Campylobacter spp. 
Clostridium botulinurn 
Clostridium perfringens 
Enterobacter cloacae 
Escherichia cob 
Francisella tularensis 

Klebsiella spp. 
Proteus penneri 
Salmonella spp. 
Shigelia spp. 
Staphylococcus aureus 
Streptococcus spp. 
Vibrio parahaemoliticus 
Yersinia enterocohtica 

(b) Other bacteria reported as agents of foodbome diseases (Notermans et al., 1994a) 

Acetobacter melanogenus 
Aeromonas spp. 
Bacillus anthracis 
Bacillus brevis 

Listeria monocytogenes 
Mycobacterium spp. 
Pasteurella multocida 
Plesiomonas shigelloides 

Bacillus lichentformis 
Citrobacter spp. 
Clostridium bifermentans 
Corynebacterium spp. 
Coxiella burnetii 
Erysipelothrix spp. 
Flavobacterium farinofermentans 
Hafnia alvei 

Proteus spp. 
Providencia spp 
Pseudomonas aeruginosa 
Pseudomonas cocovenans 
Streptobacillus monihformis 
Streptococci of group A 
Vibrio cholerae 
Vibrio spp. 

Leptospira spp. 
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Fig. 1. Hazard identification: identification of ‘potentially hazardous micro-organisms (MO)‘. Adapted 
from Notermans et al. (1994a). 
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After the potential hazards have been identified, human exposure to the poten- 
tially hazardous organisms must be assessed. This is the next step in QRA. 

2.2. Exposure assessment 

Exposure assessment is the quantitative estimation of the dose of potentially 
hazardous organisms to which the consumer is exposed at the time of consumption. 
After identification of the organisms, information is needed on their numbers and 
distribution in (raw) food components that are intended for processing. Such 
information provides the basis for determining the effects of processing, product 
composition, etc. on the level of contamination of the end-product at the time of 
consumption. For this assessment, use can be made of several techniques, such as 
surveillance tests, storage tests and microbiological challenge testing, each with its 
own characteristics and field of application. Also, use can be made of mathematical 
models to predict growth or death of the organisms of interest. Mathematical 
computer models are convenient tools for determining effects of factors that control 
the safety of food products. These include intrinsic factors such as a,, pH, Eh, 
preservatives and extrinsic factors such as storage temperature and time, destruc- 
tion by heat or irradiation. For example, with Food Micro-model, which was 
developed in the U.K. for different pathogenic microorganisms, it is possible to 
predict the effects of some of the above-mentioned factors on microbial growth. As 
far as storage tests and microbiological challenge testing are concerned, these are 
specified in more detail in the papers of Notermans et al. (1994b). 

All these tests and models can provide information on the likely numbers of 
organisms or quantity of toxin present in a food at the point of consumption. In 
Fig. 2, a theoretical example is presented of human exposure to Bacillus cereus as 
a consequence of drinking pasteurised milk. Data presented in this figure were 
obtained by enumerating B. cereus after storing the milk at 7°C until the expiry 
date (Beumer and te Giffel, pers. commun.). 

When the frequence distributions of potentially hazardous organisms in the food 
are known, it is necessary to determine whether or not these levels are acceptable; 
in other words, whether they present a threat to the health of the consumer and, if 
so, to what extent. Such information can be obtained by assessing the dose response 
relationship. 

2.3. Dose response assessment 

This is the process of obtaining information on the adverse effects on human 
health of exposure to potentially hazardous organisms. So far, there is not much 
information on dose response relationships, although some is available from 
analysing foodborne disease outbreaks and from human volunteer studies. In Fig. 
3 the infectivity and probability of disease from Campylobacter jejuni, as determined 
in human volunteer studies, is presented (Black et al., 1988). From these results, it 
can be concluded that even small numbers of C. jejuni may cause infection. In turn, 
infection may result in disease. However, no clear correlation is observed between 
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the occurrence of disease and dose ingested. Table 2 gives the probability of 
foodbome infection from several groups of organisms, largely determined in 
volunteer studies. The disadvantage of volunteer studies is that they do not reflect 
the normal exposure to pathogenic organisms among the general population. 
Therefore, information on naturally occurring foodbome infections should also be 
used. Foodborne disease caused by organisms such as non-host specific Salmonella 
spp., S. typhi, Campylobacter spp., Vibrio spp., Clostridium botulinum (causing 
infant botulism) and Escherichia coli 0157, have been well documented. From the 
data available, dose-response curves can sometimes be constructed. For some 
organisms, the infective dose may be rather low and even a single organism has a 
finite probability of causing an infection (Rose and Gerba, 1991). 

If the results of the exposure assessment are combined with dose response curves 
(as demonstrated in Fig. 4) the probability of disease can be estimated in a 
quantitative manner. It must be recognized, however, that several factors may 
influence not only the probability of infection but also the fatality rate. Factors 
such as the host individual, type of food and the organism itself will exert a 
considerable influence on susceptibility to infection and or disease. More research is 
needed to obtain reliable information on dose-response relationships and the 
factors influencing this relationship. For the time being, a conservative approach is 
necessary. This is based on the application of the dose response relationship in 
relation to infection rather than disease. 
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Fig. 2. Frequency of human exposure to B. cereus after drinking pasteurised milk (exposure curve), 
based on results of Beumer and te Giffel (pers. commun.). 



164 S. Noternuzns, G.C. Mead / ht. J. Food Microbiology 30 (1996) 157-l 73 

0 0 0 

0 
0 infection 

0 

60- 

40- 

0 

0 
0 0 

0 0 

disease 

20- 

. 0 0 l 

I 0 
I I I 

102 
I 

104 106 106 
Dose of Campylobacter 

Fig. 3. Exposure of human volunteers to Campylobacter. Exposure may result in infection; infection may 
result in disease. Results are based on work of Black et al. (1988). 

If the probability of illness caused by a food is unacceptable, then risk character- 
ization should be carried out. 

2.4. Risk characterization 

Risk characterization is defined as the ranking of disorders according to severity, 
perception and economic and social consequences, enabling a decision to be made 
on the acceptance of a particular risk. Risk characterization, however, should also 
include determination of causative factors contributing to the risk from a particular 
food product. This knowledge facilitates the action needed to reduce the risk 
effectively. Such factors can also be recognized in advance and an example, given 
bv Baird-Parker (1994), is presented in Table 3. It concerns the risk of the presence 
of psychrotrophic strains of C. botulinurn in a chilled complete meal. The analysis 
shows that contamination of product ingredients will probably determine the 
contamination level of the end-product. If an unacceptable level of contamination 
is found, attention should be focused primarily on the ingredients used. 

The next step in QRA is risk management. 

2.5. Risk management 

Risk management is the complex of analyses and judgements which aim to 
reduce the probability of occurrence of unacceptable risks. This definition implies 
that attempts to control such risks are carried out in a cost-effective manner. For 
this, it is important that any activity leading to an unacceptable product is 
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identified (risk characterization) and, if possible, the effect quantified. In general, 
various methods are available to convert an unsafe product into a safe one. 
Examples are the use of better quality raw materials, increasing the heating 
temperature, further lowering of the a,, shortening the distribution time. Choosing 
the best method depends on cost-effectiveness. Cost-profit analysis should also be a 
part of this exercise to make an economically sensible decision. 

It should be borne in mind that when a certain risk is accepted, there may still 
be an unnecessarily high degree of product safety. Adjustment might allow a more 
cost-effective production process or an improvement in the quality of the product. 

Risk management should also include a system that guarantees that QRA is 
carried out adequately in a food processing environment. This means that it should 
be incorporated into an accepted food safety control system such as HACCP. 

3. Application of quantitative risk analysis in safe food production 

Food production is a dynamic activity. The composition and microbial quality of 
raw materials may change due to seasonal effects. Product composition may vary 
according to consumer demand. Also, processing conditions will change continu- 
ously. In addition, processing procedures will vary from plant to plant. Therefore, 
it will be necessary to incorporate QRA in existing quality assurance schemes, such 
as the HACCP system. To introduce QRA into HACCP, the following steps should 
be followed. Firstly, potential hazards must be identified. Initially, all are regarded 
as potential until it has been demonstrated (e.g. by quantitative estimation) that the 
risk of occurrence is acceptable. Acceptability depends on the frequency and 

Table 2 
Probability of foodbome infection/illness caused by several groups of micro-organisms (adapted from 
Notermans et al., 1994a) 

A. Infectious organism Average probability of infection from exposure to I 
organism 

Campylobacter 
Salmonella 
Shigella 
Vibrio cholerae classical 
Vibrio cholerae El Tor 
B. Organisms causing toxico-infection 

7.0 x 10-j 
2.3 x lO-3 
1.0 x 10-j 
7.0 x lo-6 
1.5 x low5 
Threshhold (numbers required to cause disease) 

Clostridium perfringens 
Bacillus cereus (diarrhea1 type) 
C. Organisms causing intoxication 

lo5 
105 
Quantity of toxin causing symptoms 

Clostridium botulinum 
Staphylococcus aureus 
Bacillus cereus (vomiting type) 

0.5-5 ng 
0.5-5 ug 
? 
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Fig. 4. Combining the exposure curve with the dose response relationship will give the number of 
individuals becoming ill (the dose response relationship presented is artificial). 
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severity of a hazard, and also on the costs involved in reducing the risk. Estimation 
of frequency can be based on exposure analysis (at the time of consumption) and 
on dose response assessment. 

In the following, the integration of QRA and HACCP is considered. For this, 
each of the seven steps of HACCP (Codex, 1991) will be evaluated from the QRA 
point of view. 

3.1. Hazard analysis 

The first step in the HACCP system is the hazard analysis, in which all potential 
health risks that a particular food may present to the consumer are identified and 
assessed. In most HACCP publications it is stated that expertise in food safety is 
needed to discriminate between those risks that are significant and those that are 
too slight to be included in the HACCP plan. As stated above, the starting point in 
QRA requires that a judgement about the significance of a hazard should be based 
on the probability of occurrence (risk) and should be determined quantitatively. 
Therefore, introduction of QRA into HACCP implies that, as a first step, hazard 
identification is carried out according to the principles of QRA. This means that the 
frequency and severity of the hazard are not assessed in the traditional manner in 
the first step of HACCP. It is more obvious that estimation of the frequency as 
required for QRA, should be part of the third step of HACCP, as discussed below. 

3.2. IdentiJcation of critical control points (CCPs) 

For HACCP purposes, CCPs are defined as points, steps or procedures at which 
control can be applied and a food safety hazard can be prevented, eliminated or 
reduced to acceptable levels (Bryan, 1992). For products such as raw ground beef, 
pathogens cannot be eliminated unless the product is irradiated. In such cases, the 
goal for HACCP is to minimize the possibility of contamination with pathogens 
and the potential for growth of these organisms. In such cases, it is clear that no 
quantitative data on the final presence of pathogenic organisms will be obtained, 
although this is necessary for QRA. Another example is the evisceration stage in 
poultry processing. Of course, contamination of carcasses by intestinal contents is 
a real hazard at this stage and may lead to e.g. an increase in the Salmonella load 

Table 3 
Example of risk characterization for a long-life, ready-to-eat, chill-stored food in relation to the presence 
of psychrotrophic strains of Ciostridium botulinurn (following Baird-Parker, 1994) 

P, = P. + P, + Ppa + P” 
1O-6 = <10-s + <lo-’ + <lOW + 0.8 x 1OW 
P, = probability of contamination with psychrotrophic spores 
P, = probability of contamination from environment 
P, = probability of contamination during assembly 
P = probability of contamination from packaging 
Py = probability of contamination from product ingredients 
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on the carcasses. This hazard can be reduced to some extent by operating the 
equipment properly. Even so, the effect is difficult to quantify, and will never 
reduce the Salmonella hazard to acceptably safe levels. In relation to QRA, CCPs 
are operations (e.g. steps, processes) where risks can be reduced through control of 
procedures, practices, etc. They are only meaningful if they can be managed in such 
a way that the risk is reduced and the reduction can be quantified. In terms of 
QRA, CCPs should be operations (practices, procedures, processes, etc.) at which a 
measurable degree of control can be exercised to achieve a quantifiable reduction in a 
hazard or its stabilization, that leads to an acceptable, safe food product on a 
quantitative basis. CCPs are only meaningful if they can reduce the potential risk to 
a desired degree. Processes, practices etc. which fulfil this criterion are heating, 
drying, storage time and distribution time. In addition the choice of raw materials 
may be crucial to ensure a safe food. The Salmonella hazard in poultry meat 
production could be entirely avoided if it were possible to process only birds 
originating from Salnzonella-free farms. Another possibility for reducing the hazard 
to acceptable and quantifiable levels is to pasteurize the product after processing. 

In a food processing environment there are various activities that are relevant to 
the production of safe food and which do not meet the above mentioned definition 
of a CCP. Examples are correct operation of equipment, cleaning and disinfection 
of the plant, exclusion of infected workers and personal hygiene. These general 
hazards are best controlled by GMP. 

3.3. SpeciJicution of criteria 

Specification of criteria (step 3) is a very important aspect of the HACCP system 
and must ensure that the activities at a particular CCP are under control. A 
criterion is defined as a prescribed limit or tolerance that must be met to ensure that 
a CCP effectively controls a health hazard. However, in most cases criteria are not 
based on sound assessments. 

In terms of QRA the activities at a particular CCP must result in an acceptable 
safe food product at the time of consumption. Acceptability depends on, e.g. the 
calculated probability of causing disorders. An attractive approach that permits 
such a specification is based on the identification of potentially hazardous organ- 
isms (step 1 of HACCP) and information on .numbers present in (raw) food 
materials. Storage tests, microbiological challenge testing and mathematical models 
are tools to predict growth or death of these organisms during processing and 
handling after distribution. They can also provide information on the expected 
bacterial load at the time of consumption. Ultimately, quantitative risk assessment 
can be used to judge acceptance or non-acceptance of the product. If microbial 
levels are acceptable, criteria at specific CCPs can be established. This implies a 
complete description of activities at each CCP and takes account of parameters 
such as temperature, time, a,, etc. 

In short: for the specification of risk-based criteria, exposure assessment followed 
by risk assessement (dose response assessment) should be carried out. In Fig. 5 a 
flow sheet of the approach is presented. This is limited to bacterial hazards 



S. Notemans, G.C. Mead / ht. J. Food Microbiology 30 (1996) 157-t 73 169 

Step 3 of HACCP 
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Fig. 5. Possibilities for setting criteria based on the principles of quantitative risk analysis. 

associated with foodborne disease, and shows the steps involved in setting criteria 
at CCPs. 

3.4. Implementation of a monitoring system 

Once criteria at the CCPs have been established, appropriate monitoring proce- 
dures (step 4) must be chosen. In general, the current monitoring approaches for 
HACCP, as described by, e.g. IAMFES (1991) can be applied. Wherever possible, 
however, monitoring should be based on quantitative determinations instead of the 
usual subjective observations. 
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3.5. Corrective actions 

Appropriate and immediate action is needed if the results of monitoring indicate 
that the criteria are not met at a certain CCP (step 5). In such a case the process 
is out of control and the probability that the product will cause disorders will 
increase. Plans should be prepared on how to handle the situation, if monitoring 
indicates that safety criteria at a particular control point are not being met. For 
quantitative purposes, the expected effect of these plans on the safety of the end 
product should be estimated in advance. 

Revision should also be undertaken if the production process is changed. This 
should also involve updating the HACCP system, and is particularly important when 
‘new’ pathogens are identified or new information, e.g. relating to sensitive groups 
of the population becomes available. 

3.6. Verffication 

Verification of the system (step 6) implies that a careful check is carried out, in 
order to demonstrate that everything is proceeding as planned, according to the 
evidence obtained. Verification should be carried out by quality control staff. The 
task of regulatory agency personnel remains auditing, which is not a part of the 
verification process. 

As well as general verification activities, such as applying test procedures, 
calibration of testing equipment, etc., other more specific measures are needed. These 
are necessary when fresh information becomes available on foodborne disorders and 
on ‘new’ pathogens. It must be remembered that not all foodbome pathogens are 
currently recognised. Also, the characteristics of known pathogens are not always 
described completely. Furthermore, an analysis should be made of reported disor- 
ders, changes in the process and any new information that becomes available. If there 
are any consequences for the safety of the product, the HACCP system should be 
updated. Updating implies verification of the list of potentially hazardous organisms, 
carrying out new storage tests, risk assessment procedures, etc. 

3.7. Documentation 

Documentation is the final item of HACCP (step 7) and involves a description of 
all activities that are undertaken in the framework of HACCP. In general, the system 
in current use is appropriate. 

4. Concluding remarks 

For the production of safe food, the basic rules of GMP should be applied, 
although failure to do so does not necessarily result in an unsafe product. However, 
if critical control points are not under control, the safety of the end-product is at 
risk. 
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The principles of quantitative risk analysis are simple and comprise five, 
succesive, closely related components permitting a quantitative estimation of 
the risks associated with the consumption of a particular food product. Analy- 
sis is possible even before a product has been actually produced. In consequence, 
QRA would allow foods to be designed for safety. QRA is cost-effective since 
risk management activities are based on the scientific approach of calculating 
the probabilities of disorders. As demonstrated, QRA could easily be integra- 
ted in quality assurance systems, such as HACCP. Fig. 6 summarizes the 
integration of QRA into the HACCP system. At present, however, QRA is 
in its infancy for this purpose and a number of uncertainties exist. This applies 
particularly to hazard identification and in determining dose response 
relationships, and includes the problem that some causative agents of food- 
borne disease have yet to be recognised. It is necessary, therefore, to look 
out for new and emerging pathogens and to update the system continuously. 
Dose response relationships are weak points in QRA because reliable data are 
scarce. This is especially true for certain sensitive groups among the human 
population. If, however, the probability of illness is based on a dose-response 
relationship calculated from an analysis of known foodborne disorders, the 
sensitive groups would be included. It is clear that more research is needed, 
especially as far as dose response is concerned. This would include the effect of 
infective dose in relation to the type of food and distribution of pathogens in a 
food product, bearing in mind that there will rarely be an homogenous 
distribution. 

Research is also needed to provide a better understanding of the critical 
assumptions involved in following the distribution and numbers of particular 
pathogens throughout the food production and processing chain. It must be 
remembered that the actual absence criteria for infectious organisms in ready 
to eat food products are not realistic, because an absolute absence is not 
achievable and cannot be demonstrated by normal sampling and testing 
procedures. The principles of QRA clearly demonstrate that absolute safe food 
does not exist. Increasingly, the safety of food will be based on controlling all 
steps in the food production process. However, such control must be carried out 
in the most effective manner which can only be achieved in the long term by 
applying QRA. 

Acknowledgements 

ECCEAMST Utrecht is greatfully acknowledge for its permission to reprint parts 
of our paper published earlier in ECCEAMST Course Proceedings Meat Quality 
and Safety as Affected by Primary Production, Eds. A.J. Moller, A.M. Mielche and 
P. Barton-Gade. Roskilde, 1995. 



S. Notermans, G.C. Mead / ht. J. Food Microbiology 30 (1996) 157-l 73 

distribution Consumer 

HACCP 
- pathogens 
- chemical contaminants 
- foreign materials 

Hazard analysis 
L 

Determination of 
CCPS t 

Specification 
of criteria 

t 

Corrective action 1 

Verification 
t 

I 
I I 

Documentation 
I 

+ Hazard identification 

Operations where a 
+ quantifiable control 

can be exercised 

Exposure 
assessment 

Storage tests 
Challenge testing 
Math. models 

. 

Dose response asessment 

i 

Risk characterization 

c 

Risk management 

New developments 
Revising Foodborne diseases 

Changing product 

Fig. 6. Proposal to introduce quantitative risk analysis into the HACCP concept. 



S. Notermans, G.C. Mead 1 ht. J. Food Microbiology 30 (1996) 157- 173 173 

References 

Baird-Parker, A.C. (1994) Foods and microbiological risks. Microbiology 140, 687-695. 

Black, R.E., Levine, M.M., Clements, M.L., Highes, T.P. and Blaser, M.J. (1988) Experimental 

Cump)llobacter jejuni infections in humans. J. Infect. Dis. 157. 412-479. 

Bryan, F.L. (1992) Hazard analysis critical control point evaluations: a guide to identifying hazards and 

assessing risk associated with food production and storage. WHO, Geneva. 

Codex (1991) Draft principles and application of the Hazard Analysis Critical Control Point (HACCP) 

system. Alinorm 93/13. Appendix VI. FAO/WHO. Rome. 

Gellin. B.G. and Broome, C.V. (1989) Listeriosis. J. Am. Med. Assoc. 261, 131331320. 

IAMFES (1991) Procedures to implement the hazard critical control point system IAMFES document. 

502 E. Lincoln Way, Ames, Iowa 50010-6666, USA. 

MacDonalds, K.L., O’Leary, M.J., Cohen, M.L. et al. (1988) Escherichia coli 0157:H7. an emerging 

gastro-intestinal pathogen: results of a one year prospective population based study. J. Am. Med. 

Assoc. 259. 356773570. 

Madden, J.M. (1990) Salmonella enteritidis contamination of whole chicken eggs. Dairy Food Environ. 

10. 3688270. 

Notermans, S. and Hoogenboom-Verdegaal. A.M.M. (1992) Existing and emerging foodborne diseases. 

Int. J. Food Microbial. 15, 1977205. 

Notermans. S. and Van de Giessen. A. (1993) Foodborne diseases in the 1980s and 1990s. The Dutch 

experience. Food Control 4. 122- 124. 

Notermans. S., Zwietering, M.H. and Mead, G.C. (1994a) The HACCP concept: identification of 

potentially hazardous microorganisms. Food Microbial. 11, 203-212. 

Notermans, S., Gallhoff, G., Zwietering, M. and Mead, G.C. (1994b) The HACCP concept: specification 

of criteria using quantitative risk assessment. Food Microbial. 1 I, 3977408. 

Richmond (1990 and 1992) Microbiological Safety of Food. Part 1 and 2 of Report of the Committee 

on the Microbiological Safety of Food (Chairman: Sir Mark Richmond). HMSO, London. 

Rose, J.B. and Gerba. C.P. (1991) Use of risk assessment for development of microbial standards. Water 

Sci. Technol. 24, 29934. 

Stampi, S., Varoli, 0.. Zanetti. F. and Da Luca, G. (1992) Arcobacter cryaerophilus and thermophylic 

campylobacters in a sewage treatment plant in Italy: two secondary treatments compared. Epidemiol. 

Infect. 110. 6333639. 

Todd. E.C.P. (1991) Foodborne and waterborne diseases in Canada. Annual summaries, 1985 and 1986. 

Foodborne Disease Reporting Centre, Bureau of Microbiological Hazards, Ottawa, Ontario. 

WHO (1992) WHO Surveillance Programme for Control of Foodbome Infections and Intoxications in 

Europe. Fifth Report, (198551989). Inst. Vet. Med. Robert von Ostertag Institute, Berlin. 


