
9
XA04NO321

Microbiological Risk Assessment and Public Health
Dr. Roger Skinner

Department of Health

Introduction

Despite the advances made in risk assessment in the past twenty years, in areas as diverse as
toxicology and offshore engineering, the risk assessment approach has made little impact on
those addressing the microbiological aspects of public health. In this paper the advances which
have been made are discussed and the difficulties preventing the wider application of
microbiological risk assessment (MRA) to public health are considered. The term
microbiological risk is used here to mean the probability of contracting a disease caused by a
microorganism.

I intend to demonstrate that the dynamic nature of microorganisms and the unique nature of the
relationship between a pathogen (a microorganism which causes disease) and its host create
special challenges for those involved in MRA. Although these problems are difficult they are not
intractable. Indeed in some cases partial solutions have already been found and applied. It is
hoped that this paper will help stimulate further thought and consideration in a variety of
disciplines so that these challenges can be met, thereby allowing MRA to fulfil its potential.

The Complexity of Pathogenic Microorganisms

There is an enormous range of pathogenic microorganisms. However all pathogenic
microorganisms have certain things in common. They are invisible to the naked eye, they can
reproduce themselves, they can change, they can die and they are biologically adapted to infect
a host or range of hosts. A lay-person's description of microorganisms is beyond te scope of this
paper, but anyone keen to know more may wish to consult a book such as Microbes and Man
(Postgate, 1992).

Some of the complexities peculiar to MRA can be illustrated by considering the possible fate of
a salmonella bacterium in a sandwich. If the sandwich is kept at room temperature the bacterium
multiplies. Being at room temperature (rather than body temperature) is a signal to the bacteria
that they have not been eaten. Consequently they cover themselves with a type of "hair" or
fimbriae which can bind very effectively with some of the sugars that line the oral cavity. When
the sandwich is eaten, the bacteria it contains are ready to colonise the mouth. In response to
the rise in temperature and the drop in pH (the mouth has a pH of about 5.5) the bacteria switch
on special mechanisms which allow them to tolerate the very low pH of the stomach. Thus
prepared the bacteria are able to pass through the stomach and enter the intestine. Once inside
the intestine the salmonella bacteria compete with the indigenous flora. If the host has recently
encountered this strain of bacterium, plentiful and specific antibodies in the intestinal mucus
may prevent the bacteria from attaching to, and penetrating, the cells which line the intestine.

This process describes some of the complexities that we know about. Even though enteric
pathogens of this type are comparatively well characterized, there is still much to learn about
how salmonella organisms initiate an infection.
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We know very much less about most other pathogenic microorganisms. There is also a large
range in host response which is imperfectly understood. The interaction of host and pathogen
is variable and unpredictable and consequently poses a challenge to the development of reliable
and valid MRA.

Successes and Challenges in Microbiological Risk Assessment

Despite the complexity of microorganisms and ost pathogen interactions, a small group of
microbiologists in the USA have developed a methodology for assessing the risk of waterborne
disease (Regli et aL, 1991). The keystone of this work is a number of dose response relationships,
ingeniously deduced from studies with human volunteers. These have enabled researchers to
calculate the probability of infection from a single organism. In order to infer what level of treatment
is required to ensure that a given water source provides drinking water of an acceptable, quality,
these dose response relationships have been combined with assumptions about the distribution
of te pathogen of interest in water, the amount of water consumed and the acceptable level of
waterborne transmission of the organism (Rose et aL, 1991). This approach has had a degree of
success and te US Environmental Protection Agency (EPA) has used it to help formulate their
Surface Water Treatment Rule. It is currently being used in te development of forthcoming EPA
regulations covering groundwater disinfection and disinfection by-products.

It would be wrong to assume that because MRA has been applied to one area, the data and
methodology for widespread and routine MRA are within easy grasp. Those applying the MRA
to drinking water have certain advantages. For example, most people drink some water and
water is a relatively homogenous medium. Consequently, reasonably valid assumptions about
consumption and distribution can be made quite easily. However, the principal advantage in
undertaking a MRA with water is the availability of results of human infectious dose trials
(experiments in which volunteers consume different quantities of a pathogen) for a number of
the relevant micro-organisms. Human trials, the technical limitations of which are discussed
below, were only conceivable because the organisms of interest were not believed to cause serious
illness. The availability of these kind of quantitative data meant that a quantitative risk
assessment was possible. These forms of data will not be readily available for many future
assessments of microbiological risk. This is partly because such trials are inconceivable with any
pathogen which may cause serious adverse effects and partly because of an increasing reluctance
to conduct such experiments under any circumstances. The difficulty of obtaining dose response
data may mean that many future MRAs are more likely to be conducted on a qualitative basis.

In spite of the advantages of conducting MRA in water the waterborne models do have certain
weaknesses. The limitations of the waterborne models include the uncertainties surrounding the
assumptions about the applicability of the data, the consumption of water and the distribution
of pathogens in the water. These problems are common to most considerations of MRA and will
be dealt with below as part of a broader consideration of issues awaiting resolution.

Issues that have yet to be resolved in microbiological risk assessment

To consider and compare the different issues that will need to be resolved in MRA and related
areas it is useful to break down the process into a number of possible steps: hazard identification,
risk characterization, risk estimation, exposure and option evaluation. Issues which cover the
entire process are also discussed. The use of these steps is meant to facilitate discussion rather
than to prescribe a particular sequence for future MRAs.
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Hazard identification

Hazard identification in this context means the identification of a microorganism associated
with a particular disease. Since 1876, when Koch found that a microbe (subsequently named
Bacillus anthracis) caused anthrax, a wide range of diseases has been found to be caused by
microorganisms. It seems likely that many more discoveries have yet to be made. For example,
only about half of the cases of presumed infectious diarrhoea are of known aetiology and it seems
likely that many more pathogens await discovery. Rotaviruses and a type of bacterium called
Campylobacter, both of which were first isolated from humans in the 1970s, may account for as
much as a quarter of all gastrointestinal disease and probably have done so for a long time.
Epidemiology, discoveries in the veterinary world and painstaking laboratory work have all
helped us discover new microbial causes of disease. In the future the pace of discovery may
quicken as novel molecular techniques are applied to this field. These new techniques allow the
detection of the nucleic acid of pathogens that are undetectable by traditional methods. This
may mean that the discovery of microorganisms will be far less reliant on growth of the organism
in the laboratory, a method pioneered by Koch.

Risk characterization

There are special considerations deciding how a microbial risk should be expressed (risk
characterization). Risk managers and assessors must decide which risk to consider as well as
deciding how a risk should be expressed (for an individual, a population and so on). Even if a
person is exposed to a pathogen they may not become infected, if they do become infected they
may not become ill, and if they do become ill they may not die. The choice of endpoint (exposure,
infection, disease or death) can have very important consequences. For example, since infection
usually occurs more frequently than disease, a risk assessment based on the former will be more
conservative (that is, give a higher estimate of risk) than one based on the latter. Risk assessors
and managers must consider which is best for their purposes. In this context it is important to
emphasize the difference between infection and disease. One may become infected, rid oneself
of a microorganism and acquire immunity without ever being aware of one's encounter with a
microbe. This is important since much dose response data from man or animals may measure
infection rather than disease and an assessment based only on infection may cause us to use
resources reducing a risk which has no consequences for our health and well being. However, in
certain circumstances a person who is infected (whether they are ill or not) may spread disease
to others. This is called secondary spread and is an important factor to consider in controlling
infectious disease. The choice of endpoint is to some extent a risk management decision;
however the decision may be guided by a knowledge of the chances of an infected person
becoming ill or infecting another person and the chances of an ill person dying. In certain
circumstances this sort of information may be gleaned from existing public health records and
previous epidemiological studies.

Risk estimation

Estimating the risk is undoubtedly the most problematical area in MRA. Methods available
include epidemiological studies, where the risks are calculated from studying disease in the
population, and dose response studies, where the risks are estimated from trials with animals or
human volunteers.
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Epidemiological studies. Many microbial diseases are relatively common and epidemiology
provides an opportunity to gather data about the likelihood of disease from real population
based events. Factors such as immunity, host variability and pathogen mutability are
automatically taken into account; this can remove at least some of the uncertainty inherent in
making assessments of risks.

Nevertheless, other factors must be considered when using epidemiological studies. The ability
to estimate a risk depends on the frequency of occurrence of the adverse event (that is the risk)
and the ease with which the event can be identified. For example, the risks of botulism are well
known because although the disease is very uncommon it rarely goes undiagnosed. However,
some diseases would require large studies at a cost out of all proportion to the problem in hand.
It should also be remembered that most epidemiological studies will not give the sort of dose
response data required for a quantitative model of the kind used by the EPA to formulate
drinking water regulations.

Much can be done to overcome these difficulties. There are good mechanisms in the UK for
disease surveillance. These mechanisms may be used or adapted to obtain a considerable
amount of information about microbiological risks. Also a number of studies being planned by
the Department of Health and others should give valuable data about microbiological risks
relating to food safety. Possible future developments include the combination of novel
immunological tests with sophisticated methods of data analysis which may make large and
sophisticated surveys possible at a lower cost. It is also possible that, in the future, a more
exhaustive and detailed investigation of outbreaks may give us better dose response data.

Experimental data. These are the kind of data required by the current quantitative model
used in water MRA. Whether the experiments are conducted on animals or humans the data can
be interpreted in one of two ways: either as a dose response relationship, in which it is assumed
that just one organism can initiate an infection and the probability of acquiring an infection rises
with the number of organisms to which one is exposed; or, in terms of a minimum infective dose
(MID) in which it is assumed that a certain minimum number of organisms (usually more than
one) is required to initiate an infection. Given that, by definition, a pathogen must be able to
reproduce itself in its host there would seem to be no reason why only one organism cannot
initiate an infection. The notion of a MID arose from the use of limited numbers of animals or
volunteers in early infectivity studies. As the number of organisms to which the subjects were
exposed was decreased the probability of infection declined. When the number of organisms
used was smaller than the number required to have a reasonable chance of infecting at least one
subject it was concluded that the subjects had not been given "an infective dose". However, it
is quite plausible that if the number of subjects were incr eased one might find that a lower
number of pathogens would initiate an infection in at least one of the subjects. The dose response
curve that usually gives the best fit to experimental data is called the beta distribution, a
distribution which has as its inherent assumption that one microorganism can cause disease
(Haas, 1983).

In interpreting experimental data one must also be aware that the experimental exposure to the
microorganism may not accurately reflect what happens under natural circumstances. For
example, protozoa or bacteria are capable of varying significantly in response to their
environment.
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Human experimental data are available for about 13 enteric pathogens (Rose and Gerba, 1991).
It is these data which have formed the basis of the assessments of the risk of water-borne disease
referred to above. It is unlikely, for the reasons already discussed, that new trials will be
conducted to expand upon this database.

Animal experimental data may also be used in MRA. This form of data can probably only give
an indication of the risk of infection rather than the risk of disease. The validity of animal data
depends on the extent to which the infection in the animal model reflects infection in humans.
Consequently, if animal models are to be used, it will be important to discover as much as
possible about the limitations inherent in the models. Recent advances in our understanding of
the mechanisms underlying pathogenicity may help decision making and aid in formulating
safety margins. However, much work is still required in this area.

Exposure

Data on how frequently an individual or a population is exposed to a risk may seem technically
easy to obtain. However exposure is often intimately related to human behaviour and
consequently very variable. This variability may be accounted for by using "worst case"
assumptions (for example, that we all consume 3 litres of water or two raw eggs a day) but this
may lead to an overestimate of the risk. More accurate and detailed exposure information will
reflect the variation in human behaviour. Such data can be obtained by using the techniques
developed by market researchers. A lot of information is already available for some forms of
exposure; for example, the Dietary and Nutritional Survey of British Adults (Gregory et aL, 1990)
gives a breakdown of food consumption by age, sex and social class. The numbers and
distribution of the pathogen may also be very variable as they are affected by growth and death,
which in turn are dictated by the organism's environment.

Option evaluation

Once an assessment of a risk has been made a decision must be made about what, if anything,
must be done to reduce the risk to an acceptable level. The acceptability of a risk depends on
how the risk is perceived. Although quite a lot of resarch has been published on risk perception
in general, the perception of microbiological risk has not yet been adequately addressed. It is
possible that the "one off" and immediate nature of some microbial infections may mean that
they cause less anxiety than cumulative chemical effects. Nevertheless, the general principles of
risk perception most probably apply. For example, exotic microbial risks often get more
attention and resources than more familiar microbiological problems.

If a number of options are available, or two conflicting risks have to be reconciled, then some
form of comparison must be made. The risks may be compared with other risks, the benefits or
cost. The difficulties of making such comparisons in a reliable and equitable manner are not
peculiar to MRA. However such comparisons can give some interesting insights. For example,
the eradication of smallpox, a triumph of public health, was an extremely effective use of
resources. The entire campaign cost approximately 300 million US dollars, yet the eradication
of smallpox is thought to save billion US dollars each year. Not all cost-benefit analyses are so
clear cut and the moral and practical difficulties of attributing costs in a process as complex as
a microbiological disease are formidable.
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Issues relating to the process overall

Much of what has been considered so far is dauntingly complex. There is therefore a need to
develop procedures to help us accommodate the whole process and to validate the results to find
out if they are at least approximately correct. Computer based decision making systems (expert
systems) should help in the handling of complex decision making processes. Expert systems have
found many uses in other areas of complex decision making such as engineering design, but it
will not be possible to employ them in MRA until appropriate procedures have been developed.

Whatever procedure is used the result of the MRA must not be uncritically accepted. As noted
above, many of the events to which MRA might be applied occur quite frequently. This can be
exploited by, wherever possible, validating the risk assessment by comparing it with reality. The
assessment can then be refined, possibly as part of an iterative process.

Conclusions

From the above it should be clear that a lack of both information and a detailed conceptual
framework are factors inhibiting the widespread use f MRA. The Department of Health has
therefore asked the Government's Advisory Committee on Dangerous Pathogens to address the
issue. It is hoped that the Committee's findings will form a framework within which data may
be collected, processed and implemented with consequent widespread benefit both nationally
and internationally.
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