Part 6.

Key findings and Conclusions

This risk assessment reflects the state of knowledge on listeriosis and on contamination of
foods with L. monocytogenes when the work was undertaken, in 2002. It provides an insight
into some of the issues to be addressed in order to control the problems posed by
L. monocytogenes, and approaches for modelling a system to evaluate potential risk
management options. It addresses the specific questions posed by the CCFH and provides a
valuable resource for risk managers in terms of the issues to be considered when managing
the problems associated with L. monocytogenes, and alternative or additional factors or
means to consider when addressing a problem.

A number of important findings have come out of this work. Firstly, the probability of
illness as a result of consuming a specified number of L. monocytogenes is appropriately
conceptualized by the disease triangle, where the food matrix, the virulence of the strain and
the susceptibility of the consumer are all important factors. However, little information was
found on food matrix effects for L. monocytogenes. In animal studies the impact of strain
variation on virulence has been shown to be large, but it is not currently possible to determine
the human virulence for any individual strain and explicitly include that in the model.
However, the epidemiologically-based models used in the risk assessment implicitly consider
the variation in virulence among strains. Population-based models were developed that
estimate the likelihood of illness for various immunocompromised human populations after
consuming specified numbers of L. monocytogenes. Although the maximum levels of
contamination at consumption are uncertain, different models based on different values all
lead to the same general findings.

An important finding of the risk assessment was that, based on the predictions of the
models developed, nearly all cases of listeriosis result from the consumption of high numbers
of the pathogen. Conversely, the models predict that the consumption of low numbers of
L. monocytogenes has a low probability of causing illness. Old age and pregnancy increase
susceptibility and thus the risk of acquiring listeriosis when exposed to L. monocytogenes.
Likewise, diseases and medical interventions that severely compromise the immune system
greatly increase the risks. The risk of acquiring listeriosis from the consumption of
contaminated food appears to be adequately described by the type of “probabilistic
statement” that underlies the exponential dose-response relationship used in the risk
assessment, namely, that there is a finite, albeit exceedingly small, possibility that a case
could occur if an unusually susceptible consumer ingested low numbers of an unusually
virulent strain

The data used in this risk assessment came from a number of different countries, although
these were predominantly industrialized countries. Based on this available data there is no
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evidence that the risk from consuming a specific number of L. monocytogenes varies from
one country to another for the equivalent population. Differences in manufacturing and
handling practices in various countries may affect the contamination pattern and therefore the
risk per serving for a food. The public health impact of a food can be evaluated by both the
risk per serving (considers the frequency of contamination and the distribution of
contamination levels within that particular food), and the annual number of cases per
population (considers the number of servings of the food consumed by the population and the
size of that population). A food may have a relatively high risk per serving but, if a minor
component of the national diet, it may have a relatively small impact on public health as
defined by the number of cases per year attributable to that food. Conversely, a food that has
a relatively small risk per serving but that is consumed frequently and in large quantities may
account for a greater portion of the cases within a population.

With regard to the outcome of the modelling work undertaken, this risk assessment
indicates that control measures that reduce the frequencies of contamination with
L. monocytogenes bring about proportional reductions in the rates of illness, provided the
proportions of high contaminations are reduced similarly. Control measures that prevent the
occurrence of high levels of contamination at consumption would be expected to have the
greatest impact on reducing the rates of listeriosis. Contamination with high numbers of
L. monocytogenes at manufacturing and retail is rare, and foods such as ice cream and
fermented meat products that do not permit growth during storage have relatively low risks
per serving and low annual risks per population. In foods that permit growth during storage,
particularly if stored at higher temperatures or for longer duration, the low numbers of
L. monocytogenes at manufacture and retail may increase during storage to levels that
represent substantially elevated relative risks of causing listeriosis.

Although high levels of contamination at retail are relatively rare, improved public health
could be achieved by reducing these occurrences at manufacture and retail in foods that do
not permit growth. In foods that permit growth, control measures, such as better temperature
control or limiting the length of storage periods, will reduce the increase in risk that occurs
due to growth of L. monocytogenes. Re-formulating foods so they do not support growth
would be expected to also reduce the occurrence of high doses and thus reduce the risk of
listeriosis.

Finally, based on the risk assessment it is concluded that the vast majority of cases of
listeriosis are associated with the consumption of foods that do not meet current standards for
L. monocytogenes in foods, whether the standard is zero tolerance or 100 CFU/g. Raising a
zero tolerance standard to a higher value (e.g. changing the standard from 1 CFU/25 g to
100/g) would be expected to result in increased incidence of listeriosis. However, if by
relaxing the standard, there was a greater level of compliance with that standard through the
improved adoption of control measures that significantly decreased the incidence of RTE
food servings that exceeded the standard, particularly the number of servings with elevated
levels of L. monocytogenes, then increasing the standard would actually have a positive
impact on public health.

While this risk assessment has documented a number of important findings and addressed
specific risk management questions from Codex it is not without its weaknesses. It is
important that these are recognized, acknowledged and documented. This facilitates better
understanding of the risk assessment as well as its correct interpretation and use.
Transparency in this area can actually help minimize the weaknesses. There are a number of
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limitations and caveats to this current risk assessment that the end user should be aware of so
that he/she can make optimal use of the work in the appropriate manner. These are outlined
below.

e  The risk assessment focuses on four RTE foods and only examines them from retail
to consumption. This limits the application of the risk assessment particularly with
regard to the consideration of risk management options at the primary production and
processing stages.

e  The risk characterization results are subject to uncertainty associated with a modelled
representation of reality involving simplification of the relationships among
prevalence, cell number, growth, consumption characteristics and the adverse
response to consumption of some number of L. monocytogenes cells. However, the
modelling is appropriate to quantitatively describe uncertainty and variability related
to all kinds of factors and attempts to provide estimates of the uncertainty and
variability associated with each of the predicted levels of risk.

e The amount of quantitative data available on L. monocytogenes contamination was
limited and restricted primarily to European foods.

e Data on the prevalence and number of L. monocytogenes in foods came from many
different sources, which adds to uncertainty and variability. Also, assumptions had to
be made with regard to distribution of the pathogen in foods.

e The data used for prevalence and cell numbers may not reflect changes in certain
commodities that have occurred in the food supply chain during the past ten years.

e  The consumption characteristics used in the risk assessment were primarily those for
Canada or the United States of America.

e  The r-values and their distributions were developed using epidemiological data on the
current frequency of L. monocytogenes strain diversity observed, with their
associated virulence. If that distribution of virulence were to change (as reflected by
new epidemiological data), the r-values would have to be re-calculated.

e  There is uncertainty associated with the form of the dose-response function used, and
with the parameterization. Also, the dose-response section of the hazard
characterization is entirely a product of the shape of the distribution of predicted
consumed doses in the exposure assessment component of the Listeria risk
assessment undertaken in the United States of America (FDA/FSIS, 2001).
Therefore its validity is dependant on the validity of the FDA/FSIS exposure
assessment, and changes to that exposure assessment should lead directly to changes
in the parameter, r.

e  Predictive modelling was used to model the growth of L. monocytogenes in RTE
foods, between the point of retail and the point of consumption, and the exposure
assessment was based on information derived from those models. It is known that
models may overestimate growth in food, and so reliance on such a model can result
in an overestimation of the risk.

While the available data were considered adequate for the current purposes, the risk
assessment could be improved with additional data of better quality for every factor in the
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assessment. The uncertainty ranges about the risks per serving and number of cases in a
population indicate the effect of data gaps on the estimates.

Consumption data were usually determined for nutritional purposes and lack critical
information relevant to microbial quality. Contamination data were often neither recent,
systematic, quantitative nor representative for different countries. In particular, the
frequencies of high levels of contamination need to be better known. Additional knowledge
on modelling growth would improve the estimates of the levels of L. monocytogenes
consumed. Specific areas include the maximum levels of growth, interactions with the
indigenous spoilage flora (including the lactic acid bacteria), distributions of storage times,
and interactions of storage times and temperatures with spoilage.

The dose-response models are all based upon pairing population consumption patterns
with epidemiological statistics. Improved investigation of outbreaks to determine the food
involved, the amount of food consumed, number of L. monocytogenes consumed, the number
of people exposed, number of people ill, the immunological status of all exposed people, and
the virulence properties of the causative strain together would eventually lead to more
accurate and specific dose-response models.

New data is constantly becoming available, but in order to complete this work it was not
possible to incorporate the very latest data in the risk assessment. A future iteration of the
work would incorporate such new data

This risk assessment reflects the current state of knowledge about the contamination of
foods with L. monocytogenes and rates of listeriosis. Implementation of systematic surveys
to determine the handling, consumption and contamination of foods would improve future
risk assessments. Research to further the understanding of microbial growth dynamics would
increase the ability to estimate final levels of contamination. More complete investigation of
outbreaks and determination of the virulence characteristics of L. monocytogenes will make
the dose-response relationships more accurate and precise. Nevertheless, the dose-response
models used in the current risk assessment should be applicable to all countries. Conversely,
the exposure assessments are unique to each country and depend upon specific data on the
factors that affect that population’s exposure.

This risk assessment did not attempt to evaluate the factors that lead to the contamination
of a food at retail. Additional product pathway exposure assessments for selected foods
would provide additional understanding of how these foods become contaminated and the
factors that have the greatest impact on preventing or eliminating that contamination.
Creating valid product pathway assessments would then permit testing the impact on the
incidences of listeriosis of various mitigations or postulated effects of regulatory changes.
The critical factor in evaluating the risk from a food is the frequency distribution of the levels
of contamination when that food is consumed. Estimating the actual effect of a proposed
regulatory programme or risk mitigation strategy on this distribution is highly uncertain, yet
determining the resulting change in the distribution is fundamental to reducing the occurrence
of listeriosis.

This risk assessment should improve our overall understanding of the issue
L monocytogenes in foods and associated listeriosis and it is anticipated that it can therefore
pave the way for risk management action to address this problem at the international level.



