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may be as low as 18 viruses (Teunis et al., 2008). For other hazards a larger dose is
required to cause 50 percent illness, as is the likely case with L. monocytogenes in
the general population (FAO and WHO, 2004; Buchanan et al., 2017).

It should be recognized that for many organisms a very low dose may cause illness,
even though the probability of this happening may be very low. However, often
the exposure distributions, i.e. distribution of doses, is highly right-skewed and
s0 most exposures occur at (very) low doses. As a result, these low doses, together
with a small probability of illness may still represent a large number of illnesses in
a population; such exposures are consistent with the concept of sporadic illness.

6.3 QUANTIFYING THE DOSE-RESPONSE RELATIONSHIP

Illness can be the result of intoxication, toxico-infection or infection. In the first
case the illness is the result of ingestion of toxins which are preformed in the food.
The health risks of certain toxins, e.g. cyanobacterial toxins in water or aflatoxins
in foods, usually relate to repeated exposures and hence tend to be chronic; these
require another approach, which resembles hazard characterization of chemicals.
Other toxins have more acute effects like botulinum toxin, S. aureus enterotoxin
or Bacillus cereus cereulide. In toxico-infection organisms produce toxins in the
intestines that either produce adverse effects there, or are transported and create
effects in other places in the human body. For infections the organisms invade
human cells, either in the intestine or elsewhere in the human body.

To determine the probability of adverse effects, a dose-response relation is needed
to translate the doses resulting from exposure assessment. For this, a mathematical
model is needed, as well as the value(s) of its parameter(s), including variability
and uncertainty where possible. Attention should be paid to the following aspects.

o The dose ingested is characterized by the multiplication of the concentration
and the amount of food (or water) ingested (that are both variable).

o The definition of the response(s), e.g. infection, disease, sequelae.

o The specific model used, e.g. exponential, Beta-Poisson.

o The set of parameters, including their variability and uncertainty, potentially
relevant for a specific population group and/or food commodity and/or
organism subgroup.
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BOX 1

The Minimal Infective Dose model posits that there is a dose below which there is
no infection and hence no risk, and above which infection always occurs. However,
such models are now considered invalid. Microbial dose-response models today are
based on the single-hit assumption, i.e. each individual cell has a discrete, nonzero
probability of establishing infection. Models based on this assumption can be found
in numerous peer-reviewed papers and are also recommended in the WHO/FAO
Guidelines for Hazard Characterization of Pathogens in Water and Food (FAO and
WHO, 2003). Therefore, the Minimal Infective Dose concept, the phrases “minimal
infective dose,” “infectious dose,” or statements like “the dose-response is
between 10* and 10° cells” should not be used. It is appropriate to use an infectious
dose for a certain (quantitative) response like ID., or ID, , representing the dose at
which 50 or 10 percent, respectively, of those exposed get infected. This concept
holds true for toxico-infectious and infectious organisms. Sometimes the ID, is
used or interpreted as a threshold of infection; however, such an interpretation is
incorrect and should be avoided. A minimal toxic dose might exist for illness cause
by food containing preformed toxins (e.g. staphylococcal enterotoxins), where
there is a level below which there is no observable response.

Plots of empirical datasets relating the response of a group of exposed individuals
to the dose (often expressed on a logarithmic scale) frequently show a sigmoid
shape (Figure 8, left) and a large number of mathematical functions can be used
to model such dose-response relationship (Haas, Rose and Gerba, 2014; Teunis,
1997). 1t is important to also investigate this curve on the log-log scales, since the
“low exposure” (X-axis) and “low probability” (Y-axis) part of the relationship
(Figure 8, right) is often particularly relevant (Williams, Ebel and Vose, 2011a)
as explained at the end of Section 6.2.5. It should be noted that the uncertainty
bounds appear different in width when viewed on the log-log scale compared with
the linear scale, though this is simply the result of the mathematical transforma-
tion. When extrapolating outside the region of observed data, different models
may predict widely differing results (Coleman and Marks, 1998; Holcomb et al.,
1999). It is therefore necessary to select between the many possible dose-response
functions and justify the decision. In setting out to generate a dose-response mod-
el, the biological aspects of the hazard-host-matrix interaction should be consid-
ered carefully (Teunis, 1997).

For some dose-response models, some of the well-established modelsand parameter
values may be appropriate (see Table 7). In those cases, relevant assumptions need
to be evaluated. It could also be decided to extend the dose-response relation with
additional data or derive a fully new dose-response model. Guidance is provided
in Chapter 13 for deriving new or updating existing dose-response models.

MICROBIOLOGICAL RISK ASSESSMENT GUIDANCE FOR FOOD
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FIGURE 8. Example Salmonella dose-response model, including expected response (solid
line), approximate 2.5th and 97.5th uncertainty percentile lines (dashed) and upper and
lower uncertainty bounds (dotted) (FAO and WHO, 2002a p. 87) on linear-log scale (left) and

on log-log scale (right)

TABLE 7. Dose-response models and parameter estimates commonly used in QMRA

Organism Reference Model Parameters Lower bound Upper bound
(Percentile) (Percentile)
Salmonella spp. FAO/WHO Beta- a=0.1324 0.0940 (2.5th) 0.1817 (97.5th)
(2002a) Poisson B=51.43 43.75 (2.5th) 56.39 (97.5th)
Listeria FAO/WHO Exponential  r=1.06x10" 2.47x10" 9.32x1072 (95th)
monocytogenes® (2004) (susceptible) r=2.37x10™  (5th) 2.70x107 (95th)
Exponential 3.55x10" (5th)
(healthy)
Campylobacter FAO/WHO Beta- a=0.21
spp.? (2009d) Poisson 3=59.95
Shigella Cassinet Beta- a=0.267
dysenteriae/ al. (1998)  binomial B=Lognormal
E. coli 0157 (5.435, 2.47%)
Vibrio vulnificus FAO/WHO a=9.3x10°
(2005) 3=110 000

2For L. monocytogenes, newer animal model data (Roulo et al., 2014; Smith et al., 2003, 2008; Williams et al., 2007, 2009) and outbreak data
(Pouillot et al., 2016) suggest much higher r-values and hence lower ID,, values than predicted by this model which was based on the method
of Buchanan et al. (1997) of matching expected loads of L. monocytogenes across the food supply to the total annual cases in a community, and

which relies on many untested assumptions.

b The dose-response relation is for infection. The conditional probability of disease following infection was 33 percent (29/89) and can be

described by a beta(30,61) distribution.
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