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and/or turkey to which salt, sugar, sodium nitrite, and spices are normally added. When
making frankfurters, the meat/ingredient mixture, commonly referred to as the sausage
emulsion, is stuffed into natural or artificial casings, which are then twisted to form
sausage links. Frankfurters are typically cooked to an internal temperature of = 70 °C to
(a) coagulate protein, (b) fix the cured color, and (c) destroy certain pathogens and bacte-
ria that would cause spoilage. Although not an absolute requirement, frankfurters and other
similar sausages are commonly subjected to natural smoke. Alternatively, a commercially
available liquid smoke solution can be added to the sausage emulsion or atomized onto the
surface of frankfurters before or during heating. After cooking, frankfurters are cooled,
packaged, and refrigerated for shipment to wholesale and retail markets (Figure 16-1).
Skinless frankfurters, which are very popular, are produced in a similar manner, except that
the artificial casing is mechanically peeled from the sausage after cooking.

Cooking renders the sausages free of L. monocytogenes. However, post-processing con-
tamination can occur and in rare instances has led to illness, such as the 1998-1999 mul-
tistate outbreak with 101 confirmed cases, including 15 adult deaths and six miscar-
riages/stillbirths (CDC, 1999). It should be noted that multiplication of L. monocytogenes
on frankfurters is probably necessary for disease to occur, but data on the dose-response
relationship in humans are not available. This and other aspects of the risk analysis of
L. monocytogenes in frankfurters are discussed below. Several reports dealing with risk
assessment and L. monocytogenes have been published and contain additional background
information (Farber ef al., 1996; Hitchins, 1996; Buchanan et al., 1997; Bemrah et al.,
1998; FAO/WHO, 2000; Buchanan & Lindgvist, 2000; Ross ef al., 2000; FDA, 2001).

Figure 16-1 Flow diagram for typical frankfurter operation.
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16.2 RISK EVALUATION

16.2.1 Hazard Identification

Epidemiologic data suggest that most exposures to L. monocytogenes are foodborne
(Ciesielski ef al., 1988; Broome et al., 1990; Farber & Peterkin, 1991; McLauchlin, 1993;
Mead et al., 1999). Although listeriosis occurs infrequently, at somewhere between 2-6
cases annually per million of population, between 20-30% of the cases are fatal
(McLauchlin, 1993; Rocourt, 1996; Mead et al., 1999). Thirteen serotypes of L. monocy-
togenes have been identified, but most illnesses have been associated with only three,
namely serovars 4b, 1/2a, and 1/2b. Serovar 4b accounts for close to half of all the cases
in Europe, while serovars 4b, 1/2a, and 1/2b are more equally represented in North
America (Farber & Peterkin, 1991; McLauchlin, 1993; Rocourt, 1996; Rocourt & Bille,
1997). However, the potential for all serovars to cause human illness cannot be discounted.

All L. monocytogenes serotypes are considered in this risk evaluation. L. monocyto-
genes is a Gram-positive, non-spore-forming rod. It is facultatively anaerobic, growing
at temperatures between —0.4 and 45 °C, pH values 4.39-9.4, a water activity of 0.92 or
higher, and a salt concentration of 10% or less (ICMSEF, 1996). It is catalase positive, oxi-
dase negative and produces B-hemolytic colonies on blood agar. The organism is widely
distributed in nature and can be found on fruits and vegetables, in soil, water, sewage,
silage, slaughterhouse waste, milk from healthy and mastitic cows, as well as human and
animal feces (Farber & Peterkin, 1991, 1999). L. monocytogenes can be found as part of
the normal flora of many animal species and humans, and it has been estimated that
between 2 and 6% of humans and animals are transient carriers of the organism. Fecal
excretion of the organism is not necessarily an indication of disease, and the role of
healthy carriers in the epidemiology of listeriosis is still unclear (Rocourt, 1996).

L. monocytogenes is inactivated by heat treatments of 70 °C or above, used in cooking
or pasteurization. However, products, such as frankfurters, that are purchased as a pre-
cooked sausage are sometimes eaten without further cooking or may be reheated by a
variety of methods (frying pan, grilling, simmering water, microwave). The practice of
reheating in a microwave oven was associated with one sporadic case of listeriosis in an
elderly woman who had cancer (CDC, 1989). Meat products, such as cooked sausages,
can be recontaminated between cooking and packaging in the processing facility. During
extended refrigerated storage (e.g., = 35 days), the organism could multiply to poten-
tially hazardous levels on the surface of the frankfurters and in the exudate, especially if
the product is temperature-abused. The free exudate in the package has a higher concen-
tration of cells than the product itself and may be a source of cross-contamination in
the kitchen.

16.2.2 Hazard Characterization

Human listeriosis is now recognized as a disease primarily caused by ingestion of
L. monocytogenes in food. This also includes secondary transmission between a mother
and her fetus or neonate. Despite its widespread presence in the environment, illness due
to this organism occurs infrequently. The outcome of listeriosis can be severe, with an
estimated case fatality rate of between 20-30% in the segments of the population most
at risk, i.e., immunocompromised individuals, pregnant women, the very young (i.e.,
fetuses and neonates), and the elderly. This spectrum of individuals is estimated to com-
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prise 15-20% of the population (Buchanan et al., 1997) and is expected to increase,
reflecting the trend in longer life expectancy and an overall aging population.

Unlike the symptoms caused by many foodborne pathogens, diarrhea and other gas-
trointestinal symptoms are not common symptoms of listeriosis, although the patient may
experience malaise and a mild fever. In several foodborne listeriosis outbreaks, patients
have exhibited only these mild symptoms (Salamina et al., 1996; Dalton et al., 1997).
However, the majority of reported cases have been the invasive type of listeriosis, symp-
toms of which include meningitis, encephalitis, and septicemia. In pregnant mothers,
unrecognized and untreated listeriosis can lead to abortion of the fetus, stillbirth, or pre-
mature delivery of a sick child. Serious sequelae, such as mental retardation and hydro-
cephalus, also have been reported following cases of foodborne listeriosis (Biila et al.,
1995).

There are no experimental dose-response data available for L. monocytogenes in
humans (i.e., the minimum infectious dose (MID) is uncertain). As with many other
foodborne pathogens, the MID will depend on factors such as the virulence of the strain,
the amount of food consumed, the levels of the organism in the food, and the immune
state of the host. Some animal data are available, mainly using the mouse model
(Audurier et al., 1980; Golnazarian et al., 1989; FAO/WHO, 2000), but extrapolation of
mouse data to the human situation is tenuous at best. While dose-response studies using
human volunteers for certain pathogens have sometimes been conducted, this is not fea-
sible with L. monocytogenes, since the risk of severe morbidity or mortality is too great.
An alternate approach used with RTE foods is to combine epidemiologic data with esti-
mates of the number of organisms present in the incriminated food. However, because
outbreaks are an uncommon occurrence and it is difficult to obtain sufficient material in
most cases, the amount of reliable data is scant and the information insufficient to draw
reliable conclusions. The type of food consumed, perhaps, may influence the dose-
response relationship.

When a risk estimate for L. monocytogenes is being made, it is important to determine
which type of illness is being considered (i.e., mild versus invasive) and for which part
of the population (i.e., “normal” versus “high-risk™). Since frankfurters are consumed by
all segments of the population, different risk estimates ideally should be used for normal
versus high-risk individuals.

Foodborne listeriosis appears generally to follow one of three scenarios. Scenario 1
consists of isolated cases for which information about the food is seldom available.
Scenario 2 consists of an outbreak or cluster of cases involving a single lot of contami-
nated food. Both of these events typically involve errors in food handling that lead to a
single lot of food becoming contaminated and an opportunity for multiplication before the
food is consumed. Once the implicated food is eliminated, further cases cease to occur.

Scenario 3 consists of an outbreak involving anywhere from a few cases to several
hundred cases scattered by time and location. This type of outbreak typically involves an
unusually virulent strain that has become established in the food processing environment
and contaminates multiple lots of food over days or months of production. Experience in
cooked meat and poultry operations indicates that a niche or site within the cooked prod-
uct environment wherein L. monocytogenes becomes established and multiplies is com-
monly involved. The sites may be impossible to reach and clean with normal cleaning and
sanitizing procedures. In fact, the processing environment typically appears visually
clean and acceptable. The sites serve as a reservoir from which the pathogen is dispersed
during a food processing operation, contaminating food contact surfaces and, thereby, the
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food. The niche usually affects only the product being handled (e.g., filled, sliced, con-
veyed, assembled, packaged) along one packaging line and not the product on an adja-
cent line. Microbiological testing is necessary to detect the niche. Examples of niches
include hollow rollers on conveyors, cracked tubular support rods on equipment, the
space between close fitting layers of metal-to-metal or metal-to-plastic, worn or cracked
rubber seals around doors, on-off valves and buttons for equipment, and saturated
insulation.

In all three scenarios, there is an opportunity for L. monocytogenes to multiply in the
food before it is consumed. Food processors should establish systems to prevent scenario
3 events and minimize the risk of scenarios 1 and 2.

16.2.3 Exposure Assessment

L. monocytogenes is found as a frequent contaminant of RTE foods (Farber & Peterkin,
1991, 1999). Many different foods have been involved in both sporadic cases and food-
borne outbreaks, with the approximate levels detected ranging from 100 to 1 X 10° cfu
g~ (Table 16-1). The meat industry has a long history of providing safe food, including
frankfurters, notwithstanding the recent large listeriosis outbreak (CDC, 1999). Qvist &
Liberski (1991) found L. monocytogenes to be present in four of 67 (6%) frankfurter sam-
ples, while Wang & Muriana (1994) detected the organism in seven of 93 (7.5%) packages
of retail frankfurters examined. The US Department of Agriculture (USDA) monitoring
program for RTE meats after packaging at the manufacturing facility found the prevalence
of L. monocytogenes in small-diameter cooked sausages to be 5.3, 4.8, 4.1, 3.7, 3.3, 3.5,
and 1.8% annually from 1993 to 1999, respectively.

Frankfurter processing involves a step-heating schedule to allow for the formation of
the “skin,” for setting of the emulsion, and to allow the curing reaction to occur. This step
also reduces L. monocytogenes numbers. Zaika et al. (1990) prepared frankfurters from
a sausage emulsion inoculated to contain around 10% cfu g™! of L. monocytogenes. After
stuffing, all frankfurters were thermally processed (without smoke) according to a stan-
dard commercial heating schedule. Zaika and colleagues found that L. monocytogenes
decreased approximately 1000-fold in frankfurters heated to an internal temperature of
71.1 °C. Hence, based on those data, cooking frankfurters to an internal temperature of
71.1 °C should eliminate higher levels of L. monocytogenes (~10° cfu g~!) than are likely
to occur in raw frankfurter emulsions. In addition, post-process pasteurization can elim-
inate L. monocytogenes from the surface of frankfurters that have been contaminated
between cooking and packaging. This procedure is currently practiced commercially by
certain manufacturers throughout the world.

The cooking step for frankfurters can be controlled in facilities operating with effec-
tively designed and implemented HACCP plans, but preventing contamination of the
cooked product during cooling and packaging is much more difficult. Data gathered by
the American Meat Institute in 1988 pointed to frankfurters as a likely carrier of L. mono-
cytogenes and suggested that uncontrolled environmental conditions before packaging
may play a major role in contaminating the finished product (Anon., 1989). Environmen-
tal sampling of a turkey frankfurter plant, whose product was linked to a case of listerio-
sis, found that contamination of the majority of frankfurters occurred at a single point dur-
ing the peeling process, just prior to packaging (Wenger et al., 1990). In retrospect, a
properly applied environmental sampling program (see Chapter 10) might have detected
the site and, if corrected, prevented contamination of the final product.
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Glass & Doyle (1989) reported that this pathogen can proliferate on vacuum-packaged,
artificially contaminated (~0.01 L. monocytogenes cfu g™') retail frankfurters during
storage at 4.4 °C; populations increased by 2-5 log;, on samples that were judged
organoleptically acceptable after 4 weeks. In another study, L. monocytogenes increased
in number from 5 X 10? to 2.1 X 10° MPN g~! on vacuum-packed frankfurters stored at
4 °C for 20 days. Interestingly, non-inoculated control products contained 1.2 X 102
MPN g~! after the 20-day storage period, after initially testing negative for the organism
(Buncic, et al., 1991). In a more detailed study of vacuum-packaged all-beef, poultry, or
beef/pork frankfurters stored at 5 °C for up to 28 days, McKellar ez al. (1994) found 40
of 61 (65.6%) frankfurters supported growth of L. monocytogenes, with an average
increase of 1.26 log;, within a 14-day period. Initial lactic acid bacteria concentrations,
as well as phenol and nitrite levels, varied considerably during storage, unlike sodium
chloride levels. In addition, average pH levels decreased significantly during storage by
0.19 pH units. Several statistical models were derived in an attempt to describe ade-
quately the growth and death of the organism in all frankfurter samples. Although no one
model was found to be sufficient, the best model implicated initial and final lactic acid
bacteria counts and initial pH as factors that influence the growth of L. monocytogenes.

16.2.4 Risk Characterization

Cooked sausages, of which the frankfurter is but one example, are consumed in large
quantities throughout the world. It is estimated that 20 billion frankfurters are consumed
each year in the US, for an average of 60 frankfurters per person per year. A retrospec-
tive case-control study conducted in 1986-1987 involving 154 listeriosis patients found
that sporadic cases were significantly more likely to have eaten either frankfurters that
had not been fully reheated or chicken meat that was still pink (Schwartz et al., 1988). It
was estimated that 20% of sporadic cases were linked to the two food products. A sub-
sequent case-control study identified as potential causes Mexican-style and feta cheeses,
foods purchased from the deli section of grocery stores and, again, undercooked chicken,
but not frankfurters (Schuchat ef al., 1992).

The population of the US in 1998 was 270 million. From 1996-1999, the estimated
incidence of listeriosis from the FoodNet system was 5, 5, 6, and 5 cases per million per
year, respectively (CDC, 2000) or about 1,350 cases per year. If it is assumed that 1%
(13.5 cases) of the total listeriosis cases might be due to frankfurters and there are 20 X
10? servings of frankfurters per year, then that equals 13.5 cases for every 20 X 10° serv-
ings among the total population.

Approximately 20% of the US population (54 million) is immunocompromised. If it is
assumed that this high-risk population consumes frankfurters at the same rate as the gen-
eral population (i.e., about 60 frankfurters per year), then the total number of frankfurters
consumed by this subpopulation would be (54 X 10°) X 60 = 3240 X 10°or 3.24 X 10°.
If it is assumed that listeriosis is restricted to this immunocompromised population and
1% (13.5) of the total listeriosis cases might be due to frankfurters, then there would be
13.5 cases for every 3.24 X 10? servings among the high risk population.

The risk associated with frankfurters, however, is likely to be related to growth of
L. monocytogenes and handling/preparation practices. Between 1993-1999, the preva-
lence of L. monocytogenes among the lots sampled by USDA-Food Safety and Inspection
Service declined from 5.3 to 1.8%. Using a single dose approach (Buchanan et al., 1997),
one could assume that all cases of listeriosis are associated with the proportion of frank-
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furters having a high level of L. monocytogenes (e.g., =1 X 10° cfu g~'). Although there
are no data for the proportion of frankfurters that may have this level, it will be assumed
that 5% contain L. monocytogenes but only 10% of those have a high level (i.e., =1 X
10° cfu g7') when purchased. The total number of contaminated frankfurters having a
high level of L. monocytogenes purchased by the high-risk population then would be 3.24
X 10° X 0.05 X 0.10 = 16.2 X 106,

If it is further assumed that the method of handling and reheating is inadequate to elimi-
nate the high level of L. monocytogenes in 10% of the servings, then the frequency of expo-
sure to a high level of L. monocytogenes would be 16.2 X 10% X 0.10 = 1.62 X 10°. If 1%
of all listeriosis is associated with eating franks, then the 13.5 cases would more likely result
from the estimated 1.62 X 10° franks having a high level of L. monocytogenes that are han-
dled and prepared in such a manner that illness can result among susceptible individuals.

Thus, the probability (P) that the high-risk population would acquire listeriosis
from frankfurters containing high levels of L. monocytogenes would be P = 13.5
cases per 1.62 X 10° servings (i.e., approximately one case per 120,000 servings) or
P =83 X 107%

Since numerous assumptions have been made and reliable data are lacking, it is impos-
sible to validate this estimate or to calculate attendant uncertainties. For example, the esti-
mate assumes that all the strains of L. monocytogenes detected on frankfurters are equally
virulent, which is unlikely. The estimate does suggest, however, that the risk of acquiring
listeriosis from frankfurters on a per serving basis is exceptionally low, even among the
high-risk population. Experience indicates that when frankfurters are contaminated with a
highly virulent strain, cases may occur among the high-risk population (CDC, 1999).

The draft risk assessment conducted jointly by the US Food and Drug Administration
and the USDA estimated the median number of cases of listeriosis per serving of frank-
furters to be 3.0 X 107, 5.0 X 1073 and 5.9 X 10~° for the perinatal, elderly, and interme-
diate age-based populations, respectively (FDA, 2001). The perinatal population consisted
of fetuses and neonates (16 weeks after fertilization to 30 days after birth) with exposure
occurring in utero from contaminated food eaten by the pregnant mother. The elderly group
included individuals who were 60 or more years of age. The intermediate age group
included the remaining population, including susceptible individuals not included as peri-
natal or elderly, such as cancer, AIDS, and transplant patients, for whom there was insuffi-
cient data for them to be considered as a separate population.

On a per serving basis, reheated frankfurters were of low risk relative to 19 other cat-
egories of foods studied, ranking 15th out of 20 for the three population groups. Frank-
furters consumed without reheating were of high risk, ranking first or second among the
20 categories for the three population groups, assuming that from 1-14% of frankfurters
are consumed without reheating. Overall, frankfurters ranked number 4 or 5 among the
20 food categories for the three population groups when the median estimates were used
to predict the relative risk for listeriosis on a per annual consumption basis, again assum-
ing that 1-14% of frankfurters are consumed without reheating (FDA, 2001).

16.3 RISK MANAGEMENT

16.3.1 Acceptable Level of Consumer Protection

In most industrialized countries, the annual incidence of listeriosis is between 2—6
cases per million of the population (Rocourt & Bille, 1997). For the risk characterization,
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an estimate of 1% of the total cases of listeriosis was used for the cases that might be
associated with frankfurter consumption, i.e., 13.5 cases. An example of a public health
goal could be to reduce the number of cases attributable to the consumption of frank-
furters by some value (e.g., 50% reduction to no greater than 6.75 cases per million of
the population).

16.3.2 Establishing a Food Safety Objective

Due to its widespread presence in the environment, eradication of L. monocytogenes
from the food supply is impossible. There is general agreement that when the organism
is ingested in low numbers, even susceptible individuals have little chance of developing
listeriosis. A realistic food safety objective (FSO) must therefore be established that
would, as far as possible, recognize that it is not possible with current technology to
eliminate contamination of foods with L. monocytogenes. When total prevention is not
possible, measures must be put into place to control recontamination to an acceptable
level. To achieve these goals, it is essential that GHP and HACCP programs that are spe-
cific to the control of L. monocytogenes be applied at all stages of manufacture, storage,
transport, and retail. In addition, research should continue to develop additional barriers
to control the growth of L. monocytogenes in meat and poultry products. This might
include the addition of food additives and/or the use of a competitive flora (McMullen
& Stiles, 1996).

It is currently recognized that on a daily basis, humans are consuming L. monocyto-
genes in foods at levels of at least 100 cfu g™! and not becoming ill. For example, data
from Denmark show an overall contamination rate for cold-smoked salmon products of
around 25-32%, with 4-5% of those samples containing greater than 100 cfu g™!
(Huss, 1997). Even with the large amounts of Danish cold-smoked salmon being con-
sumed worldwide, there have been no recorded cases of listeriosis due to this product.
In addition, countries such as Canada have established an action level for L. monocyto-
genes of 100 cfu g~' for low risk products and have not seen an increase in the baseline
levels of human listeriosis. This is also consistent with the estimated dose-response
curve for L. monocytogenes from Buchanan ef al. (1997), which includes an estimate
for immunocompromised individuals, is reasonably conservative, and allows for the
possibility of a single cell causing serious illness (Figure 16-2). Finally, epidemiologic
data indicate that foods involved in listeriosis outbreaks are those in which the organ-
ism has multiplied and in general have contained levels well in excess of 100 cfu g™!
(see Table 16-1). Thus, on the basis of epidemiologic and prevalence data, the follow-
ing FSO is proposed:

The concentration of L. monocytogenes in frankfurters should not exceed 100 cfu
g~! at the time of consumption.

This proposal is consistent with an earlier recommendation from the International
Commission on Microbiological Specifications for Foods (ICMSF) (ICMSF, 1994). It
also is compatible with a conclusion of the World Health Organization (WHO)/Food and
Agriculture Organization (FAO) risk assessment for L. monocytogenes in RTE foods that
a more strict tolerance of “not detected in 25 g” does not provide a higher level of pro-
tection (Ross ef al., 2000). Indeed, the incidence rate for listeriosis in the US, which has
maintained the “negative in 25 g” tolerance, is not lower than other industrialized coun-
tries that have applied a tolerance of 100 cfu g~'.
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Figure 16-2 Estimated dose response curve for Listeria monocytogenes.

16.3.3 Control Measures

It is anticipated that industry can easily meet the proposed FSO for the product at the
time of manufacture. However, if frankfurters are recontaminated after the commercial
cooking, by the time they are consumed, there is potential for concentrations to exceed
100 g™, especially with a long refrigerated shelf-life, no additional barriers to growth,
and/or temperature abuse. To reduce the incidence of listeriosis (e.g., to fewer than 5
cases per million population) by specifically reducing the number of cases due to frank-
furters (e.g., from 13.5 to no greater than 6.75 cases), then other risk management options
need be considered.

A flow diagram for a typical frankfurter operation is shown in Figure 16-1. HACCP
systems and GHP procedures must be used to achieve the expected level of control and
meet the FSO. It is important to consider available control measures in the context of the
steps used in manufacture. In this example, controlling L. monocytogenes so the concen-
tration will not exceed 100 cfu g~! when frankfurters are consumed will involve combi-
nations of the following control measures:

* Controlling initial levels in raw materials—Handling raw materials during storage
and preparation to minimize an increase in numbers due to contamination or growth.

* Reducing levels during cooking of frankfurters in the manufacturing process—
Cooking to eliminate L. monocytogenes in the raw meat emulsion. Establishing a
performance criterion for cooking that results in process criteria (i.e., critical limits)
that can be incorporated into the HACCP plan.

* Preventing recontamination between cooking and packaging—Minimizing recon-
tamination between cooking and packaging by adopting GHP measures, e.g., sep-
arating raw from cooked product, and an environmental management and monitor-
ing program.

* Reducing levels in cooked product after packaging (in-pack pasteurization)—
Applying commercially feasible pasteurization processes for pasteurizing the prod-
uct after packaging.

* Preventing increase in levels between packaging and preparation for serving—
Controlling the increase of L. monocytogenes that subsequently may occur with
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recontamination and growth in packaged frankfurters during storage and distribu-
tion. Examples of control measures might include: adding safe, acceptable additives
to control growth of L. monocytogenes on frankfurters, using code-dating practices
and improved chill chain management to preclude an unacceptable increase in L.
monocytogenes, or freezing the product.

* Reducing levels prior to consumption—Improving storage and handling practices
and inactivating L. monocytogenes through effective cooking and reheating prior to
consumption. These outcomes could be achieved as control measures in food ser-
vice operations or through education of consumers, particularly the more suscepti-
ble population and their health care providers.

16.3.4 Performance Criteria

A performance criterion is the required outcome of one or more control measures at a
step or combination of steps applied to achieve an FSO (see Chapter 3). Performance cri-
teria are usually applied at steps where hazards can either be reduced or where hazards
may increase.

To arrive at a performance criterion for the control measures needed to meet an FSO
for frankfurters, the equation from chapter 3 can be used:

Hy, — 2R + 21 = FSO
Hy— 2R+ 31=20

where:
FSO = Food safety objective
H, = Initial level of the hazard
SR = Total (cumulative) reduction of the hazard from processing, etc.
31 = Total (cumulative) increase of the hazard

FSO, Hy, R, and I are expressed in log,, units.

Manufacturers of frankfurters should assume that L. monocytogenes will be present in
all species and types of raw meat and poultry. This is evident from reports in the litera-
ture and results from surveys such as the USDA baseline studies for ground beef, ground
turkey, and ground chicken (Table 16-2) (USDA, 1995a; USDA, 1995b; USDA, 1996).
Data of this nature can be used to establish the initial concentration (H,). Another option
would be to generate similar data from raw emulsions collected at the facility prior to
cooking.

The USDA baseline studies reported the prevalence of L. monocytogenes in ground
beef, chicken, and turkey to be in the range of 18-35% when analyzing 25 g samples.
Further analysis of the positive samples yielded low numbers of L. monocytogenes. It
can be concluded from the data that concentrations of 100 g=! or fewer would be
expected under normal conditions. Further reducing the likelihood of higher concentra-
tions is the effect of blending and emulsification that occurs in the manufacturing
process. These steps disperse the cells more uniformly throughout the meat emulsion and
result in an overall lower number g~ with little likelihood of localized pockets of higher
concentrations.

16.3.4.1 Controlling Initial Levels in Raw Materials

Consideration should be given to multiplication of L. monocytogenes that might occur
as raw meat and poultry is stored and prepared for cooking. It is important to note that
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Table 16-2 USDA Baseline Survey Results for Ground Beef, Ground Turkey, and
Ground Chicken

Ground beef Ground turkey Ground chicken
(563 samples) (165 samples) (162 samples)
Prevalence based on
25 g samples 18% 23% 35%
Geometric mean for
positive samples only 3.9/g 3.8/g 2.24/g
95% confidence level 2.2-7.2/g 0.4-2.9/g 1.06-4.7/g

Samples found positive by the qualitative method were further analyzed to deter-
mine the number of L. monocytogenes g~' of ground meat. The results for the
positive samples were as follows:

Number of Ground beef Ground turkey  Ground chicken
L. monocytogenes/g (99 samples) (52 samples) (59 samples)
< 0.03 45.2 82.5 56.1
0.03-0.29 0.0 0.0 0.0
0.3-2.9 30.2 6.7 29.3
3.0-29.9 15.0 0.0 10.5
30-299.9 9.6 10.9 3.2

300 or higher 3 samples had > 110/g 0.0 0.9

Note: These data indicate, for example, that in the case of ground beef, 563 samples were
analyzed using 25 g each. Only 99 samples were found to contain L. monocytogenes. Upon fur-
ther analysis of the 99 samples, 90.4% had fewer than 30 cfu gram~'. From an overall perspec-
tive, only 3 of the total 563 samples had greater than 110 L. monocytogenes gram™', the upper
limit of detection used for testing.

In the case of ground turkey, 165 samples were analyzed using 25 g each. Only 52 were found
to contain L. monocytogenes. Upon further analysis of the 52 samples, 89.2% had fewer than
30 cfu gram~. From an overall perspective, the highest number detected among the 165 sam-
ples was a sample containing 93 cells gram~".

the samples for the baseline studies were collected, packaged, and shipped in refrigerated
containers to the laboratory. Samples were considered acceptable for analysis if they were
received at the laboratory by the day after collection and with a temperature of 10 °C or
less. Hence, the samples were at least one day older than when collected and some tem-
perature abuse may have occurred.

To further place the possibility of multiplication during preparation into perspective,
the data in Table 16-3, derived from the USDA Pathogen Modeling Program, indicate
that from 4-9 days at 4 °C would be required for L. monocytogenes to increase 10-fold
in meat or poultry with no added salt (0.5%) (Buchanan & Whiting, 1996). Food
MicroModel (Ver 3.02) similarly predicts that it would take around 6 days for a 10-fold
increase of L. monocytogenes (4 °C, 0.5% NaCl, pH 6.5). Longer times would be
required in raw materials containing added salt. For example, the mechanically deboned
poultry meat used for manufacturing frankfurters typically contains added salt and
sodium nitrite and is chilled to well below 4 °C before shipping to the frankfurter manu-
facturing plant. The values in Table 16-3 include the lag phase estimated for each set of
parameters. The length of the lag phase that actually occurs in raw meat under commer-
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Table 16-3 Days for a 1 Log;, (10-Fold) Increase in L. monocytogenes at 4 °C and pH 6.0

Days for 10-fold increase

Anaerobic conditions

Aerobic conditions (e.g., meat below surface
(e.g., meat at top of container) of container)

Sodium No NaNO, 150 pg g’ No NaNO, 150 pg g™’
chloride (%) Added NaNO; added Added NaNO; added
0.5 5.3 8.9 41 8.8
1.0 5.6 9.4 4.5 9.6
1.5 6.0 10.0 4.9 10.5
2.0 6.4 10.6 5.3 11.5
2.5 6.8 114 5.8 124
3.0 7.3 123 6.2 134

cial conditions has not been determined, but the raw meat and/or poultry used for the
manufacture of frankfurters is normally less than 7 days from the date of slaughter.

From the data in Table 16-2 it is evident that the numbers of L. monocytogenes are
very low in raw meat and poultry. Furthermore, the data in Table 163 indicate that sig-
nificant multiplication during preparation is unlikely. For this example, it will be
assumed that the initial concentration may under certain circumstances increase 10-fold
prior to commercial cooking. Thus, in this example, the initial number in the raw mate-
rials prior to cooking is assumed to be no more than 1000 g™* (i.e., Hy = 3).

16.3.4.2 Reducing Levels during Cooking of Frankfurters in the Manufacturing Process

If it is assumed that initial numbers of L. monocytogenes in the raw materials could be
as high as 1000 g! (i.e., Hy, = 3), then a performance criterion for the reduction step (i.e.,
cooking) to meet the FSO would, theoretically, only need to be a 1 log, reduction as
given below and illustrated in Figure 16-3a.

H, — 2R + 31 = FSO
3-3R+0=<20
SR=1

However, if any viable cells remain after cooking, by the time the frankfurters are con-
sumed, there is the potential for concentrations to exceed 100 g™, especially with a long
refrigerated shelf-life, no additional barriers to growth, and/or if temperature abuse
occurs. Therefore, to ensure that survivors do not remain and multiply during distribution
and storage, it is necessary to apply a more stringent cooking process. For this example,
it will be assumed that a 6 log, reduction (R = 6) during cooking will achieve the desired
result, given an initial concentration of no greater than 1000 g~' (H, = 3). Thus, a 6 log;,
reduction would result in a final concentration of = 1 cfu kg™ after cooking. This could
be expressed as a performance criterion:

The concentration of L. monocytogenes after cooking shall be = 1 cfu kg™
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Figure 16-3a Control measure: cooking.

This is demonstrated in the following equation and illustrated in Figure 16-3a.
Hy — 2R + 21 = l/kg (= 107%/g)
3-3R+0=-3
SR=6

If the initial number is less than 1000 g~' through raw material selection and/or pre-
venting any increase during handling and storage (e.g., = 100 g™"), then a 5 log;, reduc-
tion would be adequate to meet the performance criterion of = 1 kg™ '.

16.3.4.3 Prevent Recontamination Following Cooking

L. monocytogenes is a very hardy organism and can be recovered from different loca-
tions in the plant environment, depending on the level of control. In the absence of an
effective control program, the organism can persist for prolonged periods in frankfurter
production environments. During a 1989 investigation, the same strain of L. monocyto-
genes was recovered from a patient, from leftover frankfurters in the patient’s refrigera-
tor, and 4 months later from the frankfurter peeler in the manufacturing facility (Wenger
et al., 1990). In another outbreak in the US associated with frankfurters, it was reported
that removing a refrigeration unit resulted in new or increased contamination of produc-
tion equipment (CDC, 1999). This outbreak involved cases from August 2, 1998 through
January 16, 1999, suggesting that multiple lots of product were implicated. Attempts to
verify that the strain had become established in the environment, however, were unsuc-
cessful. Thus, even if process criteria are met for cooking, recontamination of processed
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product is a possibility unless proper attention has been paid to the GHPs that are tar-
geted toward control of L. monocytogenes.

Certain measures that fall within the realm of GHP have been found to be important
for control of L. monocytogenes in cooked meat and poultry operations. The measures
include plant layout, equipment design, maintaining equipment, cleaning and sanitizing
procedures that are specific to listeriae control, maintaining a clean and dry environment,
use of enclosed steam to sanitize equipment as a scheduled routine procedure, and low
temperature storage (Tompkin ef al., 1999).

Two factors determine the effectiveness of a listeriae control program: routine envi-
ronmental testing and the response to a positive finding. Without an environmental test-
ing program, it is not possible to assess control. Furthermore, in the event a positive prod-
uct contact sample is detected, corrective actions should be initiated to eliminate the
source of contamination, thereby minimizing the risk of product contamination. To ver-
ify control, plants should implement an environmental monitoring program for L. mono-
cytogenes or an indicator, such as L. innocua or Listeria spp. The program must be spe-
cific to each plant and should detail the areas to be sampled, the analytic method to be
used, the frequency of sampling, and the action to be taken when Listeria spp. are
detected (Tompkin ef al., 1992, 1999).

An effective monitoring program to assess control of the cooked product environment
should consider the following strategies:

« preventing the establishment of L. monocytogenes in niches or other sites that can
lead to contamination of RTE foods,

* implementing a sampling program that can assess in a timely manner whether the
environment in which RTE foods are produced is under control,

* responding to each positive product contact surface sample as rapidly and as effec-
tively as possible, and

» verifying that the problem has been corrected and providing data (e.g., tabulated,
trends in graphical form) to facilitate short- and long-term assessment of control.

Experience in frankfurter operations indicates that sites within the cooked product
environment wherein L. monocytogenes becomes established and multiplies (i.e., niches)
are important contributing factors to product contamination. The sites serve as a reser-
voir from which the pathogen is dispersed and contaminates product contact surfaces.
Furthermore, an environmental sampling program, such as described in Chapter 11, is
necessary to assess whether the environment is under control and to detect the presence
of a niche.

Response to a positive product contact sample (e.g., a sponge sample collected from a
conveyor belt used in a frankfurter operation) is best when the following items are con-
sidered. Assuming an effective control program is in place, the primary source of L.
monocytogenes in frankfurter operations is contamination from one or more niches. In
general, contamination flows downstream with the process flow, much like a river. To
regain control, it is necessary to locate the source where growth and contamination are
occurring. This can best be accomplished by creating a map of the cooked product rooms
and the equipment layout (see Chapter 11). The results of samples collected from each
piece of equipment should be recorded on the map, including both positive and negative
results. The layout map should then be reviewed for patterns. Which sites are more fre-
quently positive? Where in the process flow do the first positives occur? It is important
when seeking the source to analyze all the sponge samples separately and not as com-
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posites. In addition, sampling should be aggressive both in terms of location and fre-
quency throughout the period of operation. Unfortunately, niches can rarely be detected
unless the equipment is operating and product is being produced. While pursuing the
source of contamination, consideration must be given to the possibility that a niche may
not be involved (contamination could result, e.g., from someone touching the floor or
other unclean surface and returning to handle exposed product).

When equipment has been identified as the source, the following steps can be effec-
tive. First, dismantle the equipment, collecting samples of suspicious material as this is
being done. Second, replace obvious defective parts (e.g., hollow rollers) and clean and
sanitize the equipment as it is being reassembled. If this procedure fails to eliminate the
cause (or source) of contamination, it may be necessary to remove sensitive electronics,
oil, and grease, and heat the equipment. This can be accomplished by placing the equip-
ment in an oven and heating to an internal temperature of 71 °C with high humidity.
Alternatively, the equipment can be shrouded with a tarp and steam can be injected into
the space until the equipment reaches an internal temperature of 71 °C. Internal temper-
atures can be monitored with strategically placed thermocouples.

In frankfurter operations the following are examples of identified sources of
contamination:

* rubber gaskets around the doors and other openings to the brine chill system
* saturated insulation on pipes carrying refrigerant to the brine chill system

* peelers that remove artificial casings before packaging

* casing removal systems

* hollow rollers on conveyors

» on/off valves and buttons for various equipment

» within complex collating equipment

* hollow support rods on the frames of equipment.

It is difficult to assign a performance criterion to recontamination, as any recontami-
nation has the potential to reach high numbers through growth during the subsequent dis-
tribution and storage.

To ensure that the performance criterion of = 1 kg™! (i.e., = 1073 per g) is not
exceeded due to recontamination, there must be no recontamination and “I” in the fol-
lowing equation must be zero. This is illustrated in Figure 16-3b.

Hy— 3SR+ 3 =1kg ' (=107 perg)
3-6+3=-3
3[=0

16.3.4.4 Reducing Levels in Cooked Product after Packaging (In-Package Pasteurization)

Experience indicates that recontamination after cooking is the most common reason
for the presence of L. monocytogenes in packaged, cooked sausages, such as frankfurters.
If the increase in concentration due to recontamination is assumed to be as high as 10 g7/,
then an in-package pasteurization treatment could be applied as a means to achieve a 4
log reduction and still meet the performance criterion of = 1 kg™! (i.e., 1073 per g). As
demonstrated in the following equation, if cooking provides an initial 6 log reduction and
recontamination results in 10 cfu g™, then an in-package pasteurization treatment could
be used to provide a final 4 log reduction and meet the performance criterion of = 1/kg.

National Beef Ex. 1028
417



302  MICROORGANISMS IN Foops 7

=3
S 9
< 80

-

70

S 20

FSO

|

T Y T 1 Il 1

. . s . . 3 1 L3 1 & '
1/10kg  1/kg 1/100g  1/10g 1g 1049 100/g 10%g 104g 10%g 108ig
Concentration of Hazard

) I — 1 1 1 § I —

Preventing recontamination between cooking and packaging
through effective GHPs and an environmental sampling program

H,— 2R + X1 < Performance criterion (1 kg~! or <1073 per g)
3—6 +21<-3

2I< 0

Figure 16-3b Control measure: preventing recontamination.

Hence, the combined reduction steps for cooking and in-package pasteurization result in
a 10 log reduction (i.e., 2R = 10). This is illustrated in Figure 16-3c.

Hy — 2R + 21 = 1 kg™' (= 1073 per g)
3—-3R+4=-3
3R = 10 (Cooking 6D, In-pack pasteurization 4D)

16.3.4.5 Preventing Increase in Levels between Packaging and Preparation for Serving

In this and the next example, an in-package pasteurization treatment is not applied. If
the increase in concentration due to recontamination is again assumed to be as high as
10 g7! (i.e., a 4 logy increase from 1 kg~') and if the FSO of 100 g~' at time of con-
sumption is to be met, there can be no greater than a 10-fold increase during storage and
distribution before the food is consumed (see also Figure 16-3d).

H, — 2R + 31 = FSO
3—-6+4=<2
SI=1

If recontamination occurs, then an increase of 10-fold or more must be controlled by
adding inhibitory ingredients, freezing the product for distribution, and/or establishing
use by date coding that are within the time for a 10-fold increase.
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and meet the performance criterion of <1 kg™, a 4-log,, reduction step is needed
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SR=4

Figure 16-3c Control measure: reducing levels using in-package pasteurization.

16.3.4.6 Reducing Levels Prior to Consumption

If the product is recontaminated with L. monocytogenes to a level of 10 g7! (I=4) and
growth does occur during subsequent distribution and storage, then the handling and
preparation procedures become very important for susceptible consumers. If it is
assumed that there could be a 5 log;, increase due to growth (I=5) between when the
frankfurters are cooked in the factory and when they are reheated for serving, then the
combined increase after cooking would be 31 = 4 + 5 for a total increase of 9 log,o. At
the time of preparation, the frankfurters would have a level of 10° g!. This could be rep-
resented as follows (see also Figure 16-3e).

H, — 2R + 21 = FSO
3—-6+9=FSO
Hy—2R+2I=6

Therefore, to meet the required FSO of = 100 g™, an additional reduction step during
preparation for serving would be required prior to consumption, as follows.

Hy — 2R + 21 = FSO
3—3R+9=2
SR=10
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Figure 16-3d Control measure: use of inhibitor(s) to prevent growth after packaging.

After taking account of the 6 log,, reduction (i.e., 2R = 6) that occurs when the frank-
furters were cooked during manufacture, the reduction during preparation for serving
must be at least as follows (Figure 16-3e).

SR=4

The final reheating before serving then must reduce the level of L. monocytogenes

by 4 log;, to ensure that the frankfurters will meet the FSO of 100 g™ at the time they
are consumed.

16.4 PROCESS AND PRODUCT CRITERIA

Each manufacturer must determine the parameters for cooking that will provide the
desired product quality and cost, and, in this example, ensure that the performance crite-
rion (i.e., < 1 kg™ ') is met for cooking. The parameters adopted by one manufacturer may
differ from those adopted by others. This is due to differences in equipment, desired prod-
uct quality, type of raw materials (e.g., beef, pork, chicken and/or turkey), type of casing
(e.g., natural, artificial), method of applying smoke (e.g., natural, liquid), fat content, and
other factors. To meet the performance criterion requires knowledge of the heat sensitiv-
ity of L. monocytogenes, particularly in frankfurter emulsions.

Historically, the minimum internal requirement set by USDA for cooked sausage was
64.4 °C. For frankfurters, industry typically applied processes to achieve at least 68.3 °C.
Since about 1980-1985, many processors have increased the temperature to 71 °C, or

National Beef Ex. 1028
420



Listeria monocytogenes in Cooked Sausage (Frankfurters) 305

(=]
O90

c

(4.

(=}
Loy

|

0 e e e e e — o
1/10kg 1/kg 1100g  1/10g 1/g 10/g 100/g 10%g 10%g 10%g 108/g
Concentration of Hazard

1) Cooking
<+ Ho
R=6
2) Assume that if contamination occurs, it could be as as high as 10 g=1 (21 =4)

>
>

TI=4

3) Assume that growth occurs, resulting in a 5 log, increase (X I =5) to 106 g~!
before preparation for serving

v

>XI=5
4) Cooking would need to achieve a 4 log,, reduction (X R = 4) to meet the
FSO =<2 (i.e., 100 g~ ') at the time the franks are consumed

<
¢

2R=4

Figure 16-3e Control measure: reducing levels prior to consumption.

higher, to achieve greater consistency in product quality and refrigerated shelf-life. Even
with the minimum requirement of 64.4 °C, however, there was no evidence that cooked
sausages were implicated as a source of foodborne illness due to survival of enteric
pathogens, probably due to the low concentration of enteric pathogens present initially
and their sensitivity to heat. In the case of L. monocytogenes, the data in Table 16-4 indi-
cate that survival also is unlikely to occur. Even with extensive testing for the pathogen
since 1988, there has been no documented incident in which L. monocytogenes surviving
the heat process was the underlying reason for a contaminated cooked sausage.

The thermal process can be validated by various means. One could be to conduct thermal
destruction tests in the laboratory using frankfurter emulsion inoculated with a mixture of
L. monocytogenes isolates from meat operations. Another may be to perform in-house chal-
lenge experiments with nonpathogenic surrogate organisms, such as L. innocua. Various
items, such as provided in Chapter 3, should be considered when conducting such studies
to validate a thermal process. A third approach to validation is to review the published lit-
erature for data on thermal resistance. For example, numerous studies have been published
that report thermal destruction values for L. monocytogenes in various meat and poultry
products (ICMSE, 1996; Farber & Peterkin, 1999; Zaika et al., 1990; Fain et al., 1991).

The data summarized in Table 164 provide lethality values for L. monocytogenes in
meat, poultry, and seafood cooked to temperatures within the range of 60-65 °C. A num-
ber of factors influence the rate of death, but from the data, it can be concluded that even
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Table 16-4 Reported Thermal Destruction Values for L. monocytogenes in Meat, Poultry, and
Seafood Products

Product Temp (°C) D value* (min.) Reference
Ground meat with cure mix 64 2.28 Farber (1989)
Ground meat 64 <1.01
Beef 65 0.93 Mackey et al. (1990)
Chicken leg 65 0.53
Chicken breast 65 0.52
Buffer 65 0.29 Boyle et al. (1990)
Meat slurry 65 0.75
Lean beef 62.8 0.6 Fain et al. (1991)
Fatty beef 62.8 1.2
Beef steak 63.9 2.2 Gaze et al. (1989)
Chicken breast 63.9 1.6-1.8
Ham—control culture 60 1.8 Carlier et al. (1996)
Ham—heat-shocked

culture 60 3.5
Ham—"resistant” culture 60 1.0
Mussels 62.2 1.85 Bremer & Osborne (1995)
Crabmeat 60 1.3-2.6 Harrison & Huang (1990)
Lobster meat 62.8 1.1 Budu-Amoako et al. (1992)
Salmon 65 0.9-1.2 Embarek & Huss (1993)
Cod 65 0.27-0.28
Cured sausage blend of

66% pork and 33% beef 63.9 3.3 Farber & Brown (1990)
Cured sausage blend of 30 min. at 47.8 °C,

66% pork and 33% beef  then heat to 63.9 °C 4.2
Cured sausage blend of 60 min. at 47.8 °C,

66% pork and 33% beef  then heat to 63.9 °C 47
Cured sausage blend of 120 min. at 47.8 °C,

66% pork and 33% beef then heat to 63.9 °C 8.0

*D value = time in minutes at a specified temperature for a one logy, (i.e., ten-fold) reduction in the num-
ber of L. monocytogenes.

these lower temperatures are effective for killing L. monocytogenes in a wide variety of
foods. Such data can be used to arrive at alternative thermal processes for sausage prod-
ucts, such as frankfurters, and to consider the disposition of products in the event of a
deviation. The adequacy of a thermal process based on an internal temperature of 70 °C
can be determined from the data in Table 16-5.

An example of a default process criterion to achieve a 6 log), reduction for in-pack
pasteurization can be found in the draft Code of Practice developed by a Belgium-Dutch
Chilled Meals Working Group, which recommends an internal heat treatment of 70 °C
for 2 minutes for elimination of L. monocytogenes in chilled, long-life pasteurized foods
(Lund & Notermans, 1993). The advantage in using a performance criterion rather than
a default process criterion is that it allows flexibility in how the performance criterion is
achieved. This would facilitate the development of new technology that may offer novel
ways to achieve the same end result.
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Table 16-5 Reported D values for L. monocytogenes at 70 °C

Product D value (min)* Reference

Beef 0.14 Mackey et al. (1990)
Chicken leg 0.1

Chicken breast 0.13

Meats (predicted value) 0.13

Meat slurry 0.23 Boyle et al. (1990)
Beef slurry (pH 5.9) 0.23

Phosphate buffer (pH 7.2) 0.15

Chicken 0.16, 0.20 Gaze et al. (1989)
Beef steak 0.20, 0.14

Turkey meat emulsion 0.35 Fain et al. (1991)
Salmon, cod 0.13-0.17 Embarek et al. (1993)
Sucrose solution, a,, 0.98 0.15 @ 68.3C Sumner et al. (1991)
Sucrose solution, a,, 0.96 0.30 @ 68.3C

Raw milk 0.05 @ 68.9C Bradshaw et al. (1985)
Raw milk 0.015@ 71.7C

*D value = time in minutes at a specified temperature for a one logy, (i.e., ten-fold) reduc-
tion in the number of L. monocytogenes.

Product criteria that are intended to prevent growth after packaging could be validated
by performing challenge studies using surface-inoculated frankfurters to assess the likely
increase (21) of L. monocytogenes to = 100 g~! before the recommended use-by date.
Challenge studies could involve, for example, using commercial product inoculated and
packaged in a laboratory with a mixture of five isolates of L. monocytogenes and then
stored at temperatures to which the product would be exposed during storage and distri-
bution. Many factors should be considered when conducting such studies (see Chapter
3). Predictive modeling also can provide an estimate of the pathogen’s behavior and pos-
sible growth or inactivation (McKellar et al., 1994; Armitage, 1997; McClure et al.,
1997; McDonald & Sun, 1999; Buchanan & Whiting, 1996).

Examples of additives that have been found effective for inhibiting L. monocytogenes
include sodium lactate, sodium acetate, and sodium diacetate (Schmidt, 1993; Schmidt
& Leistner, 1993; Qvist et al., 1994; Wederquist et al., 1994, 1995; Blom et al., 1997,
Tompkin, 1999; Juncher ef al., 2000; Hoogenkamp & Wales, 2000).

A uniform procedure has not been developed to validate code-dating practices to
ensure the safety of perishable foods with extended shelf-life (e.g., frankfurters and other
cooked meat or poultry products). As discussed in Chapter 3, a number of factors must
be considered when validating the effectiveness of one or more steps along the food
chain. The following factors should be considered when performing a validation study
for code-dating frankfurters:

« physiological state of the inoculum (e.g., 24 h broth culture)
» method of inoculation (surface)

* inoculum level (per package or per g)

* source and number of strains
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» virulence of the strains (outbreak strains should be avoided in most laboratories)
* temperature(s) of storage

* natural competitive flora (commercial v. pilot plant product)

* product formulation (fermentable carbohydrate and rate of acid production).

16.5 GHP AND HACCP

Certain aspects of GHP must be controlled to minimize recontamination of cooked
products, as has been discussed in this chapter and Chapter 11. In this example, a perfor-
mance criterion of = 1 kg~' was established for the cooked product and for in-package
pasteurization to ensure that the FSO of = 100 g™! is met. This led to the establishment
of process criteria that could be adopted as critical limits in the HACCP plan. The criti-
cal limits typically consist of a holding time and internal temperature, their selection
being influenced by the cooking system (e.g., continuous or batch oven). If, for example,
71 °C is adopted, the critical limit for cooking frankfurters during their manufacture
could be stated as “an internal temperature of 71 °C”, a hold time not being necessary.

With a properly designed and implemented HACCP plan, there would be no benefit to
testing the cooked product for further validation of the process or to verify that each lot
has been cooked correctly. If an event occurs requiring such testing, then a sampling plan
of n =5, c = 0, m=0/25 could be used. This would provide 95% confidence of detect-
ing a positive lot if the mean count was 0.03 cfu g! or greater.

16.6 ACCEPTANCE CRITERIA FOR FINAL PRODUCT

16.6.1 Organoleptic

No organoleptic criteria are applicable to assess the likely presence of L. monocyto-
genes in frankfurters.

16.6.2 Chemical and Physical

No chemical or physical criteria are applicable to assess the likely presence of
L. monocytogenes in frankfurters.

16.6.3 Microbiological

When it is known that a product has been pasteurized in the pack, sampling final prod-
uct would provide no added value and is not recommended. Likewise, for those plants
that are using a validated kill step for cooking and where an effective environmental sam-
pling program documents that the risk of recontamination is being controlled, there is lit-
tle value in testing end product. The reason is that a comprehensive management system
can maintain frequencies of contamination to less than 0.5%. Under these circumstances,
the frequency of defective units is too low for detection with any practical sampling plan
(see Chapters 6, 7, and 17).

Where product is crossing international borders and nothing is known about the prod-
uct or the manufacturing process, end-product testing may be appropriate. The ICMSF
has provided guidance on sampling plans for L. monocytogenes in a variety of foods and
conditions (van Schothorst, 1996). For frankfurters that have not been in-pack pasteur-
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ized and, if contaminated, growth could occur (e.g., no added inhibitors), ICMSF sam-
pling case 12 (n = 20, ¢ = 0) would apply. When case 12 is applied and 25 g analytical
units are used in a two-class sampling plan, which would be typical for L. monocyto-
genes, there is 95% probability that a positive lot would be detected when the mean con-
centration is 1 cfu in 186 g or greater. This assumes a log-normal distribution and stan-
dard deviation of 0.8. Thus, the sampling plan performance would be adequate to detect
lots that exceed an FSO of = 100 g~'. If the frankfurters are intended specifically for
highly susceptible individuals (e.g., hospitals), then case 15 would apply (n = 60, ¢ =
0). When case 15 is applied and 25 g analytical units are used, there is a 95% probabil-
ity that a positive lot would be detected when the mean concentration is 1 cfu in 526 g
or greater.
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17.1 INTRODUCTION

This chapter is concerned with Escherichia coli O157:H7 in frozen raw ground beef
patties. The information follows the principles outlined in earlier chapters. The unique
severity of the pathogen and its impact among children under five years of age warrant
special consideration. In this example, the merits of microbiological testing will be
explored as a potential control measure to enhance the safety of ground beef. A signifi-
cant portion of this material was published as a discussion paper (Tompkin & Bodnaruk,
1999). This example draws primarily on data from the US. The information may be
applicable in other countries with similar prevalence rates in ground beef and where
undercooking is a risk factor.

Ground beef is an important raw agricultural commodity. In 1992 in the US, the types
of cattle from which ground beef was derived were steers, 39.1%; heifers, 19.2%; cows,
34%; and bulls, 7.7%. Imported boneless manufacturing beef composed 15% of the total
US ground beef supply. Imports into the US account for almost half of the world trade in
fresh, chilled, and frozen beef. Ninety percent of the beef imported into the US is from
Australia, New Zealand, and Canada. Other sources include Costa Rica, Honduras, and
the Dominican Republic. The annual average quantity of beef imported into the US has
been over 600,000 tons (USDA, 1994). Annual per capita consumption was estimated to
be about 11.8-12.7 kg from 1982-1998 (AMI, 2000). Ground beef is consumed in the
form of hamburger and as a major ingredient in a variety of foods.

E. coli O157:H7 is among the more newly recognized foodborne pathogens, being first
identified during an outbreak in 1982 in which ground beef was implicated. It has since
been a steadily increasing cause of foodborne illness worldwide. It is recognized that there
are numerous serotypes of enterohemorrhagic E. coli (EHEC), some of which may be more
important in certain regions of the world than E. coli O157:H7 (WHO, 1997; Acheson,
2000).

Since 1982, ground beef has become recognized as a major vehicle for transmission of
E. coli O157:H7 in the US. In general, the pathogen is deposited on the surface of beef
carcasses during the slaughtering process. After chilling, the carcasses are cut into large
portions for sale as bone-in or boneless beef cuts (e.g., round, loin, rib, chuck). During this
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process, the larger portions are trimmed of excess fat and other tissue. The trimmings
commonly are used in the manufacture of raw ground beef and a wide variety of ready-
to-eat products (e.g., sausages). The same process of trimming meat and fat occurs at other
steps along the food chain, with much of it being used for ground beef. Wherever it may
occur along the food chain, the process of trimming and subsequent grinding distributes
the pathogen throughout the ground meat. The most common scenario leading to illness
has involved undercooking, survival of the pathogen, and subsequent infection, particu-
larly among the more susceptible consumers. Cross-contamination in kitchens and food
service establishments from ground beef to other ready-to-eat foods also has occurred.

It is extremely difficult to compare data from different countries on incidence and
prevalence due to the use of different methods of sampling/reporting. However, data for
different countries indicate that E. coli O157:H7 is an international concern, with the
prevalence in meat ranging from around 0.1%—5% and prevalence in cattle ranging from
around 1.5%28% (Table 17-1).

17.2 RISK EVALUATION

17.2.1 Hazard Identification

E. coli is a species of Gram-negative, facultatively anaerobic, rod-shaped bacteria com-
monly found in the lower part of the intestine of warm-blooded animals. E. coli O157:H7
is a particular serotype of the group referred to as enterohemorrhagic £. coli (EHEC). This
is a subgroup of the verocytotoxigenic £. coli (VTEC) that has been shown to cause human
illness. VTECs produce verotoxins, or shiga-like toxins, that are closely related to the toxin
produced by Shigella dysenteriae (Cassin et al., 1998). Most EHEC isolates are acid-toler-
ant, capable of surviving in acid foods and during passage through the stomach (Benjamin
& Datta, 1995; Arnold & Kaspar, 1995; Leyer ef al., 1995; Cheville ef al., 1996).

Table 17-1 Incidence of E. coli O157:H7 Infection and Prevalence in Meat and
Cattle in Various Countries

Incidence Prevalence (%) Prevalence

Country HUS/IVTEC* in Meat (%) in Cattle
Argentina HUS 7.8 per 100,000 0.4 bovine meat
Australia HUS 2.79 per 100,000
Canada VTEC 3.0 per 100,000
Denmark VTEC 0.1 per 100,000 0.13 minced beef 1.5
Germany 0.7 beef

5.0 minced beef
Japan 0.3 carcass 1.4
Netherlands 30 per year 0.08 beef/pork 1.1
England and Wales VTEC 1.29 per 100,000 1.5 beef 15.6
us 0.74 per 100,000 1.0 5

28*

*HUS = hemolytic uremic syndrome
'WTEC = verocytotoxigenic £. coli
*using improved isolation methods
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Cattle appear to be the main reservoir of E. coli O157:H7. Contamination of carcasses
during slaughter is the primary route that ultimately leads to contamination of ground
beef. Other foods (e.g., lettuce, sprouts, fruit juices, vegetables, raw milk) and water also
have been implicated as vehicles of transmission. Person-to-person is an important mode
of transmission, particularly in day care centers. Direct contact with animals carrying the
organism is also a recognized source of infection (WHO, 1997).

17.2.2 Hazard Characterization

E. coli O157:H7 infection can result in moderate to severe disease or death, with most
deaths occurring in children under five years of age and in the elderly (AGA, 1994; Tarr,
1994). Studies conducted in FoodNet sites in the US suggest that from 13-27 cases of
infection occur in the community for each confirmed case that is reported (Mead ef al.,
1999). Within the FoodNet sites, the annual laboratory-confirmed case rate per 100,000
population has been from 2.1-2.8 in the four years of 1996-1999 (CDC, 2000).

The time to onset of symptoms following exposure ranges from three to nine days,
with an average of four. The duration of illness ranges from two to nine days; however,
with complications, the illness may last many months and lead to permanent damage or
even death. Symptoms may include hemorrhagic colitis: grossly bloody diarrhea, severe
abdominal pain, vomiting, but no fever; hemolytic uremic syndrome (HUS): prodrome
of bloody diarrhea, acute nephropathy, seizures, coma, and death; and thrombotic throm-
bocytopenic purpura: similar to HUS but also fever and central nervous system disorder
(ICMSE, 1996).

The potent toxins of E. coli O157:H7 can initially cause a particularly severe form of
human disease, hemorrhagic colitis. About 10% of these patients can go on to develop
HUS, characterized by acute renal failure, hemolytic anemia, and thrombocytopenia,
which is particularly serious in young children and elderly people. On average, 2—7% of
patients with HUS die, but in some outbreaks among the elderly, the mortality rate has
been as high as 50% (WHO, 1997). Long-term renal dysfunction occurs in about 10-30%
of survivors of HUS. The estimate for the prevalence of HUS in North America is about
3/100,000 children under five years of age per year (Mahon ef al., 1997).

From outbreak data, it appears that fewer than 100 cells can cause disease among con-
sumers (AGA, 1994), particularly those at greater risk (e.g., less than five years of age)
(Mahon et al., 1997). In the 1993 northwestern US outbreak involving undercooked ham-
burgers, it was estimated that as few as a dozen cells may have caused illness among chil-
dren (Tarr, 1994).

There are estimated to be about 73,480 cases of illness attributed to £. coli O157:H7
per year in the US, of which 85% are estimated to be foodborne. The number of hospi-
talizations and deaths due to foodborne transmission of this pathogen was estimated to
be 1,843 and 52 per year, respectively (Mead et al., 1999). These values differ signifi-
cantly from the earlier estimates of Mahon ef al. (1997). The more recent estimate
revealed more cases, but fewer deaths. The estimated costs of medical treatment and lost
productivity range from $216—580 million/year (AGA, 1994).

17.2.3 Exposure Assessment

The source of E. coli O157:H7 on beef carcasses is the hide and intestines of the cat-
tle being slaughtered. Prevalence among cattle being held for slaughter is similar to or
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slightly higher than the prevalence on the external surface of hides of recently slaugh-
tered animals (Hancock, 1998).

The percent of cattle with E. coli O157:H7 in their feces was initially reported to be
typically less than 5% (Hancock, 1998). A later study involving a more sensitive analyt-
ical method found 28% of the cattle entering slaughtering plants to be actively shedding
E. coli O157:H7 or nonmotile E. coli 0157 in their feces during July and August, the
months of highest prevalence. Eleven percent of the hide surfaces also were positive
(Elder ez al., 2000).

Studies have shown that colonization of cattle is of short duration (1-2 months); long-
term carriers have not been found. The typical pattern of shedding in a herd followed over
time is one of epidemics of shedding interspersed with longer periods with rare or non-
shedding animals. These epidemics occur mainly during warm weather, suggesting that
environmental proliferation may play an important role in the epidemiology of E. coli
0O157:H7 (Hancock, 1998). It is important to note that E. coli O157:H7 does not cause
any adverse effects in cattle. Its presence in a herd or individual animal can be detected
only by microbiological testing.

While some cross-contamination may occur from carcass-to-carcass through contact
with common equipment and workers’ hands, there is no published evidence that E. coli
O157:H7 has ever become established and multiplied in a slaughtering/chilling/fabrica-
tion operation and contaminated subsequent lots of beef.

Technology is currently available that can:

* minimize carcass contamination during the slaughtering process,

* reduce the likelihood of microbial attachment to exposed tissues, and

* decontaminate carcasses, such as with steam, hot water, or organic acid sprays prior
to chilling.

Collectively, the above control measures can significantly reduce, but not eliminate,
the likely presence of enteric pathogens on raw beef. Systems for decontamination will
likely involve multiple control measures during slaughtering, evisceration, and chilling
(Dorsa et al., 1996; Dorsa, 1997; Castillo e al., 1998; Nutsch et al., 1998; Sofos &
Smith, 1998; Sofos et al., 1999; Bacon et al., 2000).

It is reasonable to assume that when present, E. coli O157:H7 is on the surface of car-
casses, not in internal tissues. Rapid chilling of adequately spaced carcasses should retard
E. coli O157:H7 growth on carcass surfaces. Surface dehydration during chilling is an
additional factor that can restrict growth.

After chilling, it is not likely that E. coli O157:H7 will multiply during subsequent fab-
rication because the lower temperature limit for multiplication of E. coli O157:H7 is
7-8 °C (ICMSF, 1996). Furthermore, estimates for growth under optimum laboratory
conditions in broth indicate that:

» at 10 °C, the time to increase 10-fold is estimated to be 73 h, and
* at 15 °C, the time to increase 10-fold is estimated to be 25 h (Buchanan & Whiting,
1996).

Thus, in controlled chilling/fabrication operations, the concentration of E. coli
O157:H7 should not increase. Conversely, in operations that do not address chilling/fab-
rication as important factors requiring control, some degree of multiplication may occur.

Epidemiologic data for outbreaks reported each year by the Centers for Disease
Control and Prevention (CDC) indicate the risk of £. coli O157:H7 from beef continues
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to be associated with consumers who have not changed their handling/cooking habits to
control the risk of the pathogen. These consumers do not understand the risks and/or do
not have the knowledge to deal with a pathogen such as E. coli O157:H7. Some may be
aware of the risk and have chosen to ignore recommendations for proper handling and
cooking of ground beef. A 1996 survey indicated that 19.7% of the population con-
sumed pink (undercooked) hamburger at some time during the previous 12 months
(CDC, 1998a).

In its report of FoodNet for 1997, CDC stated: “In contrast with previous investigations,
hamburgers eaten at fast food restaurants were not associated with infection, suggesting
that recent changes in that industry may have reduced E. coli O157:H7 infections from
that source” (CDC, 1998b). This is a conservative assessment because a review of the out-
breaks reported each year by CDC shows no reported outbreaks from the larger fast food
operations between 1993-2000. This verifies that the control measures adopted in those
operations have been effective in managing the risk of E. coli O157:H7 in ground beef.

The improved controls in fast food operations do not appear to have carried through
to other areas. A case-control study conducted at FoodNet sites has determined that
undercooked ground beef continues to be a principal food source of E. coli O157:H7
infections (CDC, 1998b). Outbreaks have continued to occur in other food service
establishments (e.g., restaurants, schools) and among consumers who prepare ground
beef at home, on camping trips, or in other settings. Ground beef is the primary vehicle,
not roasts, steaks, etc.

This information suggests that a continuing effort should be directed toward educating
food handlers and consumers in proper handling and cooking of ground beef before serv-
ing. A goal should be established to reduce the percentage of consumers who consume
rare ground beef from approximately 20% to some lower value. School systems and other
food service establishments should consider additional training/education and other
options (e.g., precooked beef products).

17.2.3.1 Survey Results from USDA-FSIS

The US Department of Agriculture (USDA)-Food Safety and Inspection Service
(FSIS) established a sampling and testing program for ground beef in 1994 to:

* stimulate industry actions to reduce the presence of £. coli O157:H7 in raw ground
beef (i.e., to encourage industry to institute and maintain effective control mea-
sures),

* encourage industry to sample and test raw ground beef routinely,

+ find and remove from commerce product containing E. coli O157:H7, and

+ expand the agency’s information base and understanding in the control of E. coli
O157:H7 (FSIS, 1994).

Results of the sampling and testing program are summarized in Table 17-2. The meth-
ods of sampling and analysis have been modified since 1995 to increase sensitivity of
detection. During 1995-1997, a single 25 g sample was analyzed. Since the beginning of
fiscal year 1998, five 65 g samples have been analyzed.

During the 1990s, industry implemented new control measures to reduce the occur-
rence of salmonellae and £. coli O157:H7 in ground beef. Due to the increased sensitiv-
ity of the methods used by FSIS, it is not possible to assess the effectiveness of changes
implemented by industry or to determine whether the prevalence of E. coli O157:H7 in
ground beef has, in fact, increased since the inception of the sampling program.
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Table 17-2 Results from the FSIS Sampling Program Beginning with Fiscal Year 1995

Fiscal Year No. Samples No. Positive % Positive
1995* 5291 3 0.057
1996* 5326 4 0.075
1997* 5919 2 0.034
1998* 7529 14 0.19
19991 8710 29 0.33
2000% >4,000 38 0.95

*25 g analytical units; 325 g analytical units, 325 g and improved isolation method (i.e.,
immunomagnetic beads to concentrate cells). The results for FY2000 are through August 11,
2000.

17.2.3.2 Data from Ground Beef Implicated in Iliness and Lots Found Positive
by USDA-FSIS

As ground beef has been implicated in outbreaks, samples from some implicated lots
have been collected and analyzed. The ability to detect additional positive samples from
across implicated lot(s) indicates a relatively high prevalence and concentration. In a
few instances, a quantitative analysis was performed to determine the concentration of
E. coli O157:H7. For example, in the 1993 outbreak that occurred in the northwestern
US, frozen ground beef patties produced at a particular facility on November 19 and 20,
1992 were found positive. Positive samples were found in lots 4 and 9-17 in the pro-
duction of November 19 and in lot 7 in the production of November 20. Quantitative
analysis of some of the positive lots conducted by FSIS and CDC resulted in most prob-
able number values in the range of 1-4 cells g~', with a single high value of 15 g™!
(FSIS, 1993).

Other evidence suggesting a relatively high prevalence and concentration of E. coli
O157:H7 in certain lots of ground beef includes:

* large numbers of cases among consumers,
» multiple outbreaks involving consumers in different locations, and
* ability to detect E. coli O157:H7 with just a single sample from an implicated lot.

Follow-up sampling of positive lots of ground beef detected at retail stores has led to a
positive sample from coarse ground beef used.

Data from the USDA-FSIS and lots implicated in outbreaks suggest that the vast
majority of ground beef has a very low prevalence and concentration of E. coli
O157:H7. In rare instances, a very small proportion of the lots contains a relatively high
prevalence and concentration. It is because of this kind of skewed distribution in the
number of bacteria that a log-normal distribution function is often used in microbiology.
A hypothetical log-normal distribution of counts with a standard deviation would give
the curve shown in Figure 17—1. Baseline studies on the numbers of bacteria in raw meat
and poultry in the US and Canada provide further support to the general applicability of
a log-normal distribution for the microbial population in these foods (FSIS, 1996; CFIA,
2000). When a log-normal distribution is assumed for these data, it is estimated that the
standard deviation would be between 1.3 and 0.55. Figure 17-2 shows an estimated log-
normal distribution (mean = 1.2, sigma =0.8) from counts obtained in the baseline
study of the number of Biotype I E. coli in raw ground beef in the US compared to the
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Figure 17-1 Illustration of the likely distribution in prevalence and concentration of E. coli
0157:H7 in ground beef in North America.

hypothetical distribution for the counts of E. coli O157:H7 in raw ground beef. To con-
sider the uses and limitations of sampling for £. coli O157:H7 in raw ground beef, we
have assumed that the counts for this organism also have a log-normal distribution with
a standard deviation value of 0.8, but a mean concentration < 1.2 g~'. Although hypo-
thetical, such a distribution of counts would be consistent with a prevalence of 1% posi-
tive in 325 g samples taken.

17.2.3.3 Lots with Low Prevalence and Concentration

The vast majority of ground beef has a very low prevalence and, presumably, low con-
centration of £. coli O157:H7. For example, the results of the FSIS sampling program
suggest a background prevalence of about 1% or less when analyzing 325 g. This preva-
lence is likely influenced by the prevalence of E. coli O157:H7 that occurs in cattle at the
time of slaughter and also reflects the level that may be normally achievable from slaugh-

0157:H7 Biotype 1
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Figure 17-2 Comparison of hypothetical distribution in prevalence and concentration of E. coli
0157:H to fitted distribution for E. coli Biotype [ (mean = 1.2, sigma = 0.8) taken from the U.S.
Nationwide Raw Beef Microbiological Survey Aug 1993-Mar 1994.
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ter to the manufacture of ground beef with existing technology. These lots have such a
low prevalence of contamination that defective lots cannot be detected with any degree
of confidence through routine microbiological testing. Possibly, these lots may be
involved in sporadic cases, but seldom with outbreaks.

Considering the low prevalence, it is questionable that the FSIS sampling program alone,
with 5,000-7,000 samples/year, would have a measurable impact on the num-
ber of cases/100,000/year attributable to E. coli O157:H7 in ground beef. While perhaps
ineffective in ensuring consumer protection, the FSIS program does send a strong message
to industry and consumers as to its expectations. This has been one factor that has resulted
in the implementation of improved control measures in slaughtering operations.

It would be impractical to implement a routine sampling plan to detect and reject con-
taminated lots with a = 1% prevalence of contamination. For example, if the prevalence
rate was 0.7%, the number (#2) of samples required to detect the pathogen with a 95%
probability would be 428 units. Even sampling to provide a 90% confidence level would
require 329 sample units. Additional information describing the difficulty of detecting
positive lots with low prevalence of contamination is evident in Table 17-3.

If the defect level is 0.5% and 30 sample units are tested, there is an 86% probability
that all 30 samples will be found negative and the lot will be accepted. Even with 100
sample units, there is a 61% probability that all 100 samples will be found negative and
the lot will be accepted. Clearly, microbiological sampling and testing are very ineffec-
tive for detecting lots with low prevalence of contamination.

17.2.3.4 Lots with Relatively High Prevalence

Experience indicates that a very small proportion of lots of ground beef have a rela-
tively high prevalence (e.g., 5% or higher) and, presumably, higher concentration of
cells (e.g., 1-10 g 1). In these lots, it has been possible to find additional positive sam-
ples when resampled. Published information does not explain how these lots acquire a
higher prevalence or concentration of E. coli O157:H7. It is strongly suspected that con-
tamination results when trimmings from one or a few carcasses are introduced into the
grinding process with other trimmings and cause a “comet-like” effect as described in
Chapter 10 and Figure 10—4c. It is probable that these lots would more likely cause
outbreaks as well as sporadic cases, if the product is undercooked or other foods are
contaminated.

Due to the higher prevalence of contamination in these lots, it may be possible to apply
a statistically valid sampling plan and, to the extent possible, exclude them from the mar-

Table 17-3 Probability of Accepting a Defective Lot with Indicated Proportion of
Defective Sample Units

No. of sample units

% defective 15 30 60 100
0.1 0.99 0.97 0.94 0.90
0.5 0.93 0.86 0.74 0.61
1 0.86 0.74 0.55 0.37
2 0.74 0.55 0.30 0.13
5 0.46 0.21 0.05 0.01
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ket. Since it is not possible to anticipate which lots may be in this category, the intent of
the sampling plan would be to detect them as they are produced.

17.2.4 Risk Characterization

The annual per capita consumption of ground beef in the US was estimated to be
approximately 12 kg from 1982-1998 (AMI, 2000). If it is assumed that all the ground
beef is consumed as hamburger patties weighing 125 g each, this would result in 96 serv-
ings/person/year. Since the total population in the US in 1998 was approximately 270
million, the total number of servings on a national basis would be about 26 X 10° serv-
ings per year. If the USDA survey data for FY 2000 are used, it can be assumed that the
prevalence rate for E. coli O157:H7 in ground beef is about 1%. This prevalence rate was
determined using five analytical units, each weighing 65 g. A positive result for any of
the five analytic units was reported as a positive 325 g.

Data are not available for 125 g samples; however, for this example it will be
assumed that the prevalence rate in 125 g samples is 0.7%. Given that assumption, it
can be estimated that the number of raw hamburger patties containing E. coli O157:H7
each year is 26 X 107 (i.e., 1% of 26 X 10° servings). While a survey indicated that
19.7% of the population had consumed pink (undercooked) ground beef at some time
during the previous 12 months, it is not likely that this occurred with each serving. For
example, individuals purchasing hamburgers in fast food operations would very likely
receive a hamburger that is well done and with no evidence of undercooking. This
would significantly reduce the extent of exposure to undercooked hamburgers contain-
ing E. coli O157:H7. If it is assumed that undercooked hamburgers were consumed 5%
of the time among the respondents of the survey, then, it can be estimated that the num-
ber of undercooked servings that contained E. coli O157:H7 before cooking would be
about 26 X 10° [i.e., 5% X 19.7% X (26 X 107)]. If it is further assumed that the con-
centration of E. coli O157:H7 in the patties before cooking is 1 g~! (Hy), then the num-
ber of cells would be 125/patty and their distribution within the patties would influence
whether they are killed during cooking. It has been reported that an expected D value
for E. coli O157:H7 in ground beef with 30.5% fat is 0.47 min at 62.8 °C (Line et al.,
1991). Cooking beef to this temperature typically yields a medium-rare (i.e., not raw)
appearance. It is not likely that E. coli O157:H7 with an initial level of 1 g~! would sur-
vive in a patty that is cooked to 62.8 °C unless, perhaps, all the cells are at the site of
slowest heating within the patty. Thus, it may be possible for patties to appear under-
cooked (medium-rare), but have no viable cells remaining. As with many of the
assumptions in this example, data are not available for the frequency of undercooking.
Thus, it will be assumed for this example that 10% of the undercooked patties are
insufficiently cooked to kill all the cells that are present. This leads to an estimate of
approximately 26 X 10 patties/year potentially being consumed in the US that contain
viable E. coli O157:H7.

The extent to which these patties would lead to illness would be influenced by many
factors, in particular the susceptibility of the consumer. It is not likely that the most
highly sensitive population, namely children less than five years of age and the elderly,
would consume hamburger at a rate of 96 servings/year. In addition, these estimates
assume that all the ground beef is consumed as patties. These estimates also ignore the
fact that a significant portion of the patties are cooked in USDA inspected facilities and
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in fast food operations that apply control measures to ensure a minimum internal tem-
perature of 70 °C.

17.3 RISK MANAGEMENT

17.3.1 Level of Consumer Protection

The exposure assessment revealed that about 25% of the £. coli O157:H7 outbreaks
during 1982-1997 and 33% of illnesses were attributable to ground beef (FSIS, 1998).
An estimate for sporadic cases is not available. Using those data, and assuming that there
are 62,458 foodborne cases of £. coli O157:H7 per year, then the number of cases attrib-
utable to ground beef would be approximately 20,611 cases/year. An example of a pub-
lic health goal for this food-pathogen combination would be to reduce or eliminate the
number of cases attributable to ground beef. A 25% reduction in the number of cases
attributed to ground beef, for example, would mean a reduction of 5,152 cases/year.

17.3.2 Establishing a Food Safety Objective

In this example, it is difficult to establish a clear relationship between the level of E.
coli O157:H7 consumed and the probability of illness. However, outbreak data (AGA,
1994; Tarr, 1994) and risk estimates (Cassin e al., 1998) suggest that fewer than 100, to
as low as a dozen or so cells, can cause illness among consumers, particularly those at
greater risk. Therefore, to establish a food safety objective (FSO) for this example, it is
important for the value to be necessarily conservative to reflect the degree of uncertainty,
the relatively low infective dose, and the severity of the illness. An example of an FSO
would be:

The concentration of E. coli O157:H7 in raw ground beef shall not exceed 1 cfu 250 g~!.

Since a concentration of 1 cfu 250 g™' also can be expressed as —2.4 log;, cfu g7,
the FSO also could be stated as the concentration of E. coli O157:H7 in raw ground beef
shall not exceed —2.4 log;o cfu g~'. The FSO is equivalent to no greater than 1 cell per
two patties with each weighing 125 g, a common weight for commercially manufactured
ground beef patties.

The proposed FSO should provide a margin of safety considering the thermal destruc-
tion that occurs even in undercooked patties. This FSO is only applicable to ground beef
for sale in retail stores or for use in food service establishments. Ground beef for manu-
facturing products cooked in commercial establishments with Hazard Analysis Critical
Control Point (HACCP) systems need not meet the proposed FSO because the required
cooking processes have been validated to ensure destruction of at least 10° g~! salmo-
nellae or E. coli O157:H7.

17.4 CONTROL MEASURES

17.4.1 Good Hygienic Practices (GHP)/HACCP

A generic model HACCP plan has been developed for teaching the principles of
HACCP to those involved in the manufacture of frozen ground beef patties (Bernard et
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al., 1997). The document discusses the strengths and limitations of GHP and HACCP for
control of enteric pathogens in ground beef and provides guidance that may facilitate
meeting the FSO by manufacturers of ground beef.

17.4.2 Controlling Initial Number (Hy)

The only means to control the concentration of enteric pathogens in raw ground beef
is through raw material selection. The options would be limited to (1) supplier assurance
programs and (2) pretesting trimmings before use. In addition, maintaining an effective
time-temperature control program is needed to prevent growth of £. coli O157:H7 on car-
casses during chilling/cutting and through grinding/freezing the ground beef patties.

17.4.2.1 Control through Supplier Assurance Programs

Control through supplier assurance programs entails selecting suppliers who have
implemented interventions to minimize carcass contamination (e.g., enclosing bung in
plastic bag and tying, an improved method of hoof and hide removal, use of steam vac-
uum on areas likely to be contaminated) during the slaughtering process and/or to decon-
taminate carcasses (e.g., hot water or steam pasteurization, organic acid spray) at strate-
gic steps in the slaughtering process. As described earlier, it is likely that these control
measures can significantly reduce, but will not likely eliminate, the presence of enteric
pathogens (Dorsa et al., 1996; Dorsa, 1997; Castillo et al., 1998; Nutsch et al., 1998;
Sofos & Smith, 1998; Sofos et al., 1999; Bacon e al., 2000).

Suppliers should be audited following the guidelines in Chapter 4 and the results used
as a basis for approval. Familiarity with the current use of interventions and their effec-
tiveness should be incorporated into the audit. In addition, certain interventions (e.g.,
steam pasteurization, hot water sprays) may have been validated to achieve a minimum
level of reduction under specified conditions of operation.

17.4.2.2 Control through an Incoming Raw Materials Screening Program

Control through an incoming raw materials screening program consists of using
microbiological tests of incoming raw materials to identify and select the better, more
reliable suppliers and to eliminate suppliers who exercise less control of microbial qual-
ity (Bernard ef al., 1997; Eisel e al., 1997; Scanga et al., 2000). These tests could
involve indicator microorganisms as a general measure of GHP and good manufactur-
ing practices.

Trimmings to be used for ground beef could be pretested for E. coli 0157:H7 by var-
ious sampling plans (AMSA, 1999; Scanga ef al., 2000). One option would be to have
the supplier sample the trimmings and have them analyzed while the raw materials are
in transit. Slaughtering operations that use their own in-house trimmings to manufacture
frozen ground beef patties could sample the trimmings before grinding.

Producers of ground beef should consider how much reliance to place on the inter-
ventions employed by suppliers and whether it is necessary, or effective, to test for E. coli
OI157:H7. If testing is used as a control measure, then consideration must be given to test-
ing raw materials (i.e., trimmings) or finished product (i.e., frozen patties).

To meet the required FSO through raw material selection, the concentration of E. coli
O157:H7 in the trimmings would have to be controlled so the ground beef will mect the
FSO (i.e., FSO = —2.4 log,, or not exceed 1 per 250 g). This can be expressed in the fol-
lowing simple equation (described fully in Chapter 3).
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H, — 2R + 3I = FSO
Hy—-0+0=-24
Hy=-24

Thus, the initial concentration of E. coli O157:H7 in the frozen ground beef patties
must be —2.4 log,y cfu g~ and, if present, there must be no growth (21 = 0).

There has been only one report of beef with a concentration of E. coli 0157:H7 as high
as 1,000/g. That occurred in a very small operation (i.e., a locker plant) that processed
individual animals for local customers (Todd et al., 1988). Such operations would be less
able to exercise control over the slaughtering/chilling/fabrication process. In larger com-
mercial operations, however, lower numbers of E. coli O157:H7 in trimmings and, ulti-
mately, in ground beef would be expected. This would reflect the fact that few carcasses
would carry the pathogen and some dilution of the pathogen would occur as trimmings
are mixed with the large quantities of negative product. For these reasons, it may be
assumed that the concentration of . coli O157:H7 in trimmings from these operations
would not likely exceed 100 g~'. Even in the outbreak that occurred in the northwestern
US, the highest concentration detected was 15 g~'. Therefore, it is reasonable to assume
that the initial level is unlikely to exceed 100 g™! (i.e., Hy = 2).

17.4.3 Reducing Levels (ZR)

If an initial concentration of 100 g™! is assumed as a worst case, then a performance cri-
terion can be established for the reduction necessary to achieve the FSO of —2.4 log,, cfu
27! (1 cell per 250 g) at the time the patties are consumed. This can be expressed as follows:

Hy, — 3R + 21 = FSO
2-3R+0=-24
SR=44
Thus, the performance standard for cooking the frozen patties could be stated as:
a 4.4D reduction of E. coli O157:H7 in the coldest area of the patty.

If the initial level (H,) can be controlled to a lower level (e.g., Hy = 1), then the per-
formance criterion could be met with a milder cooking process (e.g., 2R = 3.4).

The only means available to the ground beef producer to ensure that the patties will be
cooked sufficiently to meet the FSO in restaurants, institutions, hotels, and other com-
mercial operations would be to provide cooking instructions. This also would be neces-
sary for consumer package labeling, but it is less certain whether consumers follow these
instructions. In some regions of the world, regulations specify minimum cooking tem-
peratures for ground beef. In the US, the Food Code (FDA, 1999) recommends that
ground beef be cooked to an internal temperature of 66 °C for 1 min, 68 °C for 15 s or
70 °C for < 1 s. These time-temperature relationships provide a 6.5D or greater reduc-
tion for salmonellae, a pathogen of comparable heat resistance to E. coli O157:H7. Many
states have adopted these recommendations. Food service operations that comply with
this requirement would be applying a validated cooking process that would exceed the
above performance standard. One reason for the greater thermal destruction required in
the Food Code is that a value of 1000 g~' was assumed for the estimated initial concen-
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tration of Sa/monelia and E. coli O157:H7 in ground beef (H; = 3), and a minimum 6D
reduction was desired (2R = 6).

17.4.4 Options Involving Research and Education

Information from the above risk evaluation could lead to several additional risk man-
agement options. Examples could include:

support research that may lead to on-farm control measures (e.g., competitive exclu-
sion, vaccine, control of water supply for cattle). This option should be viewed as a
long-term endeavor.

support research that may lead to additional in-plant control measures to minimize
contamination during slaughter and/or decontamination of carcasses.

provide education to food handlers, particularly those in higher risk situations (e.g.,
non-fast food service establishments, homes), for proper handling and preparation
of ground beef for serving.

encourage the use of a thermometer and discourage reliance on appearance for esti-
mating doneness when cooking ground beef.

evaluate the barriers to acceptance of irradiation of ground beef and assess how they
may be overcome.

support research on new technologies to reduce the level of E. coli O157:H7 in
ground beef while retaining acceptable quality.

17.5 ACCEPTANCE CRITERIA

17.5.1 Organoleptic Criteria

The presence of E. coli O157:H7 in raw ground beef cannot be assessed by organolep-
tic evaluation and, thus, meaningful organoleptic criteria cannot be established.

17.5.2 Chemical and Physical Criteria

The presence of E. coli O157:H7 in raw ground beef cannot be assessed by chemical
or physical determinations and, thus, meaningful chemical or physical criteria cannot be
established.

17.5.3 Microbiological Criteria

The following considers the merits of testing frozen ground beef patties to verify that
the FSO has been met by the manufacturer.

While it may not be possible to detect with confidence lots with a low prevalence of
contamination, it may be possible to detect some lots of higher prevalence that are more
likely to be associated with outbreaks. Thus, one risk management option may be to
implement a routine sampling program specifically intended to detect those lots of rela-
tively higher prevalence and, perhaps, concentration. Rare as those lots may be, they are
more likely to be associated with illness. It must be emphasized, however, that such a
sampling and testing program cannot guarantee the safety of lots that test negative!

National Beef Ex. 1028
441



326

MICROORGANISMS IN Foops 7

The decision to test the frozen ground beef patties as a risk management option can be
influenced by many factors, such as:

» the potential public health impact, particularly to young children, in the event E. coli
O157:H7 is present.

» the intended customer (e.g., food service or home) and intended use (i.e., likelihood
of undercooking).

+ the effectiveness of product labeling and supporting education to reduce the likeli-
hood of mishandling and undercooking.

* costs associated with illness and liability should product be implicated.

17.5.3.1 Choice of Sampling Plan

The sampling plans recommended in Chapter 8 consider risk to the consumer, includ-
ing the effect certain microbial agents may have on certain sensitive populations. E. coli
O157:H7 has been placed into a classification that requires the most stringent sampling
plans (i.e., cases 13—15) and 15, 30, or 60 sample units from a lot.

The decision to select 15, 30, or 60 samples depends on whether the hazard would be
expected to decrease, not change, or increase between when a food is sampled and when
it is consumed (NAS-NRC, 1969; Foster, 1971; NRC, 1985; ICMSF, 1986).

E. coli O157:H7 cannot multiply in frozen ground beef patties; extended holding times
above 7-8 °C are needed for even a 10-fold increase. Thus, case 15 does not apply.

Since cooking will kill £. coli O157:H7, this suggests that a sampling plan of n = 15,
¢ = 0 (case 13) would be appropriate. However, approximately 20% of consumers con-
tinue to consume rare ground beef. While it would be expected that partial cooking may
reduce the number of E. coli O157:H7, cooking to a rare state cannot be depended on to
eliminate the hazard. This leads to a sampling plan of n = 30, ¢ = 0 (case 14) as being
appropriate for raw ground beef. Recovery of E. coli O157:H7 from frozen ground beef
implicated in outbreaks is evidence that freezing cannot be relied upon to eliminate the
pathogen, further supporting selection of case 14.

It is important to reemphasize the limitations of testing food for the purpose of detect-
ing and eliminating positive lots. For example, even with the proposed sampling plan of
n = 30, ¢ = 0, there is a 21% probability of accepting a lot when the proportion of pos-
itive sample units throughout the lot is 5%. There is a 74% probability of accepting a lot
when the proportion of positive sample units is 1% (see Table 17-3).

17.5.3.2 Lot

The National Academy of Sciences-National Research Council Salmonella Committee
(NAS-NRC, 1969) defined a lot as:

* an identifiable and identified unit of production, distinguishable from other units,
that has been packaged

» within a determined period of time

» without major interruptions of flow, shutdowns, or other changes (such as the use of
different sources of raw materials) that could be expected to cause one portion of
the lot to differ significantly in integrity from another and that is

* complete and

* accessible for inspection and testing.
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The ICMSF has defined a lot as follows:

In the commercial sense, a lot is a quantity of food supposedly produced
under identical conditions, all packages of which would normally bear a lot
number that identifies the production during a particular time interval, and usu-
ally from a particular line, retort, or other critical processing unit. Statistically,
a lot is considered as a collection of units of a product from which a sample is
drawn to determine acceptability of the lot (ICMSE, 1986).

In this example, the maximum size of a lot consists of all the ground beef produced on
common equipment from cleanup to cleanup. Smaller lots could be established (e.g.,
hourly).

17.5.3.3 Sample and Analytical Units

A sample unit is a representative sample collected at random from a lot that is a small-
scale replica of the lot itself and from which a smaller analytical unit may be drawn for
analysis.

* The sample unit is one frozen patty.
* The analytical unit is 25 g.

Ideally, the sample units would be submitted to a certified laboratory and analyzed by
an official method, or its equivalent, for E. coli O157:H7. The method can be adjusted
for analysis of 15 analytical units into a single 375 g composite sample. Research has val-
idated that up to fifteen 25 g analytical units of ground beef or trimmings can be com-
posited without significant loss in E. coli O157:H7 detection sensitivity (Silliker &
Nickelson, 1995). This permits testing at a more reasonable cost and makes it more prac-
tical to screen lots to detect those of higher prevalence. The statistical implications of the
proposed sampling plan are discussed in the following section.

17.5.3.4 Disposition of Positive Lots

The definition of a lot, the amount of product in a lot, and means of disposition are
important considerations in the disposition of a positive lot. In this example, a lot consists
of all product produced on common equipment from cleanup to cleanup, including rework.
Rework consists of deformed, broken, or underweight patties. Rework can be returned to
the grinder or blender on a frequent basis during operation, with the portion remaining at
the end of production being discarded or handled separately. None would be added into the
next day’s production. Possible risk management options for positive lots include diverting
the ground beef for use in products to be cooked in a facility that has an effective control
system (i.e., GHP, HACCP) to ensure proper handling and destruction of the pathogen.
Cooking can provide a substantial margin of safety that E. coli O157:H7 will be killed. It
is recommended, however, that such lots not be used for the manufacture of fermented
meats or in high temperature-short time processes, such as for links, patties, or meatballs.

17.6 STATISTICAL IMPLICATIONS OF THE PROPOSED SAMPLING PLAN

One premise of this example is that sampling can be used to screen out some, but not
all, lots that exceed the FSO. A major weakness in this premise is that contamination is
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more likely to be heterogeneous as illustrated in Figures 10-4b and c. The following dis-
cussion assumes, however, that contamination is randomly distributed (i.e., log-normal
distribution and standard deviation of 0.8).

The proposed sampling plan involves analysis of 25 g from each of 30 sample units
from a lot. A negative result provides 95% confidence that the concentration of E. coli
O157:H7 in the lot is no more than 1 cell per 250 g (NAS-NRC, 1969; Foster, 1971). In
addition, there is a 95% probability that if sampling and testing were extended indefinitely,
the positive units found would not exceed 10%, equivalent to a lot average of fewer than
one cell in 250 g (NAS-NRC, 1969). The underlying principles for relating the perfor-
mance of a given sampling plan are explained in Legan ef a/. (2001) and in Chapter 7.

The sampling plans originally proposed by the NAS (NAS-NRC, 1969) and the
Interagency-Industry Committee (Foster, 1971) were intended to be applied to suspect
lots of food. They were to be used to supplement, not replace, existing routine tests being
performed by companies to assess the acceptability of their products. Some companies,
however, have adopted the sampling plans for end-product testing where the conditions
of operation warranted concern. Similarly, the ICMSF has recommended the use of the
appropriate sampling plans as a means to assess incoming lots of food at port-of-entry
when no history of the conditions of production and storage is known.

Experience with the foregoing sampling plans has been favorable. Rarely has a food
been found to cause foodborne illness, such as salmonellosis, when a lot was sampled
and found acceptable. Conversely, foods implicated in foodborne illness normally have
been found positive with the sampling plans. For about 30 years, sampling plans involv-
ing 15, 30, and 60 sample units from a lot have been accepted and applied by both indus-
try and certain control authorities.

While it may be possible to rationalize the use of 30 sample units for determining the
acceptability of a lot, the definition of a lot and the procedure for how and when samples
should be collected from a lot are more difficult to justify on a statistical basis.
Admittedly, the proposal provides for sampling frequencies that consider the need for
procedures to be reasonable in a commercial operation. Confounding the issue is the
uncertain distribution of E. coli O157:H7 throughout an operating day from cleanup to
cleanup. The following from The Committee on Salmonella provides some guidance
(NAS-NRC, 1969) on this concern.

The matter of Salmonella control is complicated by the question of distribution of sal-
monellae when they do occur in a food product. If this defect is random, it is not con-
trolled by time; i.e., there is an equal opportunity for contamination to occur at any stage
of the operation. If, on the other hand, contamination was limited to a certain segment of
time during processing, then the defect would not be randomly distributed throughout the
lot. If distribution is random, regular sampling procedures will detect the organism; if
nonrandom, there is virtually no assurance of control unless the regulatory nature of time
is known.

As previously indicated, in sampling a lot, random sampling is recommended. A ran-
dom sample is one in which any individual tested is as likely to detect contamination as
any other. This does not mean that onc sample at one given time gives a measure of con-
trol of finished product, but rather that selecting samples at random during processing
gives information on the lot. It is important that the lot be so defined that the foregoing
requirements are met (NAS-NRC, 1969).

In conclusion, the sampling plan proposed above may be useful for screening out lots
with a high prevalence of E. coli 0157:H7 that exceed the FSO (—2.4 log,, cfu g7!). How-
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Table 17-4 The Relationship between the Number of 25 g Samples That Would
Need To Test Negative To Control a Given Concentration (See Also Figure 17-3)

No. of 25 g samples Prevalence (%) needed Log concentration  Concentration

testing negative to detect positives at per 25 g controlled  controlled at
95% probability at 95% probability 95% probability

60 438 -1.33 1/526 g
50 5.8 -1.26 1/455 g
40 7.2 -1.17 1/370 g
30 9.5 -1.05 1278 g
25 1 -0.97 1/233 g
20 14 -0.87 1185 g
15 18 -0.73 1/135¢g
10 26 -0.52 1/83 g

5 45 -0.10 132 g

3 63 -0.27 1713 g

ever, it is also true that the sampling plan will have a relatively poor ability to detect posi-
tive lots where the level of the hazard is not random or is much lower. Another way of
explaining this is to consider the likely defect rates. When the mean count is around
—2.4 logy, cfu g7!, the defect rate would be around 10% (sigma 0.8). The current defect
rate measured in the FSIS sampling program is closer to 1%, which would equate to a mean
count of around —4.5 log,, cfu g™', assuming a similar standard deviation (see Table 174
and Figure 17-3). Hence, it is important to again reemphasize the limitations of testing

60 +

50 +

40 4+

30 +

Prevalence (%)

20 +

10 +

T 600

+ 500

— Prevalence Concentration

+ 400

+ 300

+ 100

Concentration (1 cfu per 0 to 600 g of food)

+ —+ + + + + - + 0
5 10 15 20 25 30 40 50 60
Number of 25 g samples testing negative

Figure 17-3 Relationship between the number of 25 g samples testing negative and the concentration and preva-
lence needed before the lot is rejected with 95% probability (assuming sigma = 0.8).
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food for the purpose of detecting and eliminating positive lots with a low defect rate. Even
with the proposed sampling plan of n = 30, ¢ = 0, there is a 74% probability of accep-
tance when the proportion of positive sample units is 1%.
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Glossary

Acceptance criteria (for a food operation)

Statements of conditions that differentiate acceptable from unacceptable food
operations.

Acceptance criteria (for lot acceptance)

Statements of conditions that differentiate acceptable from unacceptable lots (batches)
of food.

Control (verb)

To take all necessary actions to ensure and maintain compliance with established
criteria.

Control (noun)
The state wherein correct procedures are being followed and criteria are being met.

Control measure

Any action and activity that can be used to prevent or eliminate a food safety hazard or
reduce it to an acceptable level.

Corrective action

Any action to be taken when the results of monitoring at the critical control point
indicate a loss of control.

Critical control point (CCP)

A step at which control can be applied and is essential to prevent or eliminate a food
safety hazard or reduce it to an acceptable level.

Critical limit
A criterion which separates acceptability from unacceptability.

Default criterion

A conservative criterion established to ensure the safety of a food under worst-case
conditions.

Deviation
Failure to meet a critical limit.
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Dose-response assessment

The determination of the relationship between the magnitude of exposure (dose) to a
chemical, biological, or physical agent and the severity and/or frequency of associated
adverse health effects (response).

Expert panel

A group of individuals who collectively have knowledge or experience with a hazard or
food and the conditions that can lead to foodborne illness, and who have the ability to
provide advice based on available scientific information.

Exposure assessment

The qualitative and/or quantitative evaluation of the likely intake of biological, chemical,
and physical agents via food, as well as exposures from other sources if relevant.

Flow diagram

A systematic representation of the sequence of steps or operations used in the produc-
tion or manufacture of a particular food item.

Food operation

A location along the food chain where food is handled or prepared for commercial
reasons.

Food safety objective (FSO)

A statement of the maximum frequency and/or concentration of a microbiological hazard
in a food at the time of consumption that provides the appropriate level of protection.

Hazard Analysis Critical Control Point (HACCP)

A system that identifies, evaluates, and controls hazards which are significant for food
safety.

HACCEP plan

A document prepared in accordance with the principles of HACCP to ensure control of
hazards that are significant for food safety in the segment of the food chain under
consideration.

Hazard

A biological, chemical, or physical agent in, or condition of, food with the potential to
cause an adverse health effect.

Hazard analysis (in HACCP)

The process of collecting and evaluating information on hazards and conditions leading
to their presence to decide which are significant for food safety and therefore should be
addressed in the HACCP plan.

Hazard characterization

The qualitative and/or quantitative evaluation of the nature of the adverse health effects
associated with the hazard. For the purpose of microbiological risk assessment the
concerns relate to microorganisms and their toxins.
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Hazard identification
The identification of biological, chemical, and physical agents capable of causing
adverse health effects and which may be present in a particular food or group of foods.
Monitor
The act of conducting a planned sequence of observations or measurements of control
parameters to assess whether a CCP is under control.
Performance criterion
The required outcome of a step, or combination of steps, that contribute to assuring a
food safety objective is met.
Process criteria
The control parameters of a step, or combination of steps, that can be applied to achieve
a performance criterion.
Product criteria
A parameter of a food that can be used to assess the acceptability of a lot or consignment.

Qualitative risk assessment

A risk assessment based on data which, while forming an inadequate basis for numeri-
cal risk estimations, nonetheless, when conditioned by prior expert knowledge and
identification of attendant uncertainties permits risk ranking or separation into
descriptive categories of risk.

Quantitative risk assessment
A risk assessment that provides numerical expressions of risk and indication of the
attendant uncertainties.
Risk
A function of the probability of an adverse health effect, and the severity of that effect,
consequential to a hazard(s) in food.
Risk analysis
A process consisting of three components: risk assessment, risk management, and risk
communication.
Risk assessment
A scientifically based process consisting of the following steps: (i) hazard identification,
(ii) hazard characterization, (iii) exposure assessment, and (iv) risk characterization.
Risk characterization

The process of determining the qualitative and/or quantitative estimation, including
attendant uncertainties, of the probability of occurrence and severity of known or
potential adverse health effects in a given population based on hazard identification,
hazard characterization, and exposure assessment.

Risk communication

The interactive exchange of information and opinions throughout the risk analysis
process concerning hazards and risks, risk-related factors and risk perceptions, among
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risk assessors, risk managers, consumers, industry, the academic community, and other
interested parties, including the explanation of risk assessment findings and the basis of
risk management decisions.

Risk estimate

Output of risk assessment.

Risk management

The process, distinct from risk assessment, of weighing policy alternatives, in
consultation with all interested parties, considering risk assessment and other factors
relevant for the health protection of consumers and for the promotion of fair trade
practices, and, if needed, selecting appropriate prevention and control options.

Safe food (the Codex document gives this as the definition for food safety — not safe food)

Food that does not cause harm to the consumer when it is prepared and/or eaten
according to its intended use.

Sensitivity analysis
A method used to examine the behavior of a model by measuring the variation in its
outputs resulting from changes in its inputs.

Step

A point, procedure, operation, or stage in the food chain including raw materials, from
primary production to final consumption.

Tolerable level of risk (TLR)

The level of risk proposed following consideration of public health impact, technologi-
cal feasibility, economic implications, and that which society regards as reasonable in
the context of and in comparison with other risks in everyday life.

Transparent

Characteristics of a process where the rationale, the logic of development, constraints,
assumptions, value judgements, decisions, limitations, and uncertainties of the expressed
determination are fully and systematically stated, documented, and accessible for review.

Uncertainty analysis

A method used to estimate the uncertainty associated with model inputs, assumptions
and structure/form.

Validation
Obtaining evidence that the elements of the HACCP plan are effective.

Verification

The application of methods, procedures, tests, and other evaluations, in addition to
monitoring to determine compliance with the HACCP plan.
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Appendix B

Objectives and
Accomplishments of the
International Commission

on Microbiological
Specifications for Foods

HISTORY AND PURPOSE

The International Commission on Microbiological Specifications for Foods (ICMSE,
the Commission) was formed in 1962 through the action of the International Committee
on Food Microbiology and Hygiene, a committee of the International Union of Micro-
biological Societies (IUMS). Through the IUMS, the ICMSF is linked to the Interna-
tional Union of Biological Societies (IUBS) and to the World Health Organization
(WHO) of the United Nations.

In the 1960s, there was growing recognition of foodborne disease and greatly in-
creased microbiological testing of foods. This, in turn, created unforeseen problems in
international trade in foods. Different analytical methods and sampling plans of doubtful
statistical validity were being used. Furthermore, analytical results were interpreted using
different concepts of biological significance and acceptance criteria, creating confusion
and frustration for both the food industry and regulatory agencies.

In this environment, ICMSF was founded to: (1) assemble, correlate, and evaluate evi-
dence about the microbiological safety and quality of foods; (2) consider whether micro-
biological criteria would improve and assure the microbiological safety of particular
foods; (3) propose, where appropriate, such criteria; and (4) recommend methods of sam-
pling and examination.

Thirty years later, the primary role of the Commission remains to give guidance on: (1)
appraising and controlling the microbiological safety of foods and (2) microbiological qual-
ity, since this influences consumer acceptance and losses due to spoilage. Meeting those
objectives assists international trade, national control agencies, the food industry, interna-
tional agencies concerned with humanitarian food distribution, and consumer interests.

FUNCTIONS AND MEMBERSHIP

The ICMSF provides basic scientific information through extensive study and makes
recommendations without prejudice based on that information. Results of the studies are
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published as books, discussion documents, or refereed papers. Major publications of the
Commission are listed in Appendix D.

The ICMSF functions as a working party, not as a forum for the reading of papers.
Meetings consist largely of discussions within subcommittees, debating to achieve con-
sensus, editing draft materials, and planning. Most work is done between meetings by the
Editorial Committee and members, sometimes with the help of nonmember consultants.

Since 1962, 33 meetings have been held in 19 countries (Australia, Brazil, Canada,
Denmark, Dominican Republic, Egypt, England, France, Germany, Italy, Mexico, South
Africa, Spain, Switzerland, The Netherlands, the United States, the former USSR, Venezuela,
and the former Yugoslavia). During its meetings, Commission members frequently partici-
pate in symposia organized by microbiologists or public health officials of the host country.

Currently, the membership consists of 15 food microbiologists from 9 countries, with
combined professional interests in research, public health, official food control, educa-
tion, product and process development, and quality control, from government laborato-
ries in public health, agriculture, and food technology; from universities; and from the
food industry (see Appendix C). The ICMSF is also assisted by consultants, specialists
in particular areas of microbiology who are critical to the success of the Commission (see
Appendix C for lists of the consultants, contributors, and reviewers of this volume). New
members and consultants are selected for their expertise, not as national delegates. All
work is voluntary without fees or honoraria.

Three Subcommissions (Latin American, South-East Asian, and Balkan and Danu-
bian) promote ICMSF’s activities among food microbiologists in their regions and facili-
tate communication worldwide (see Appendix C).

The ICMSEF raises its own funds to support its meetings. Support has been obtained from
government agencies, WHO, IUMS, TUBS, and the food industry (over 80 food companies
and agencies in 13 countries). Grants for specific projects and seminars/conferences have
been provided by a variety of sources. Some funds are received from the sale of its books.

RECENT PROJECTS

Microorganisms in Foods 5: Characteristics of Microbial Pathogens (1996) is a thor-
ough, but concise, review of the literature on growth, survival, and death responses of
foodborne pathogens. It is intended as a quick reference manual to assist in making deci-
sions in support of Hazard Analysis Critical Control Plans (HACCP) and to improve food
safety. (Detailed publication information on the major documents mentioned here is
available in Appendix D.)

Microorganisms in Foods 6: Microbial Ecology of Food Commodities (1998) updates
and extends an earlier volume in the ICMSF series (1980). For 16 commodity areas,
Volume 6 describes the initial microbial flora and the prevalence of pathogens, the micro-
biological consequences of processing, typical spoilage patterns, episodes implicating
those commodities with foodborne illness, and measures to control pathogens.

Discussion Documents Prepared for the Joint Food and Agriculture Organization (FAO)
and World Health Organization (WHO) Food Standards Programme, Codex
Alimentarius Commission

1. Establishment of Sampling Plans for Microbiological Safety Criteria for Foods in
International Trade

National Beef Ex. 1028
454



Appendix B 339

2. Discussion of Sampling Plans for L. monocytogenes, Salmonella, Campylobacter
and Verocytotoxin-Producing £. coli in Foods in International Trade

3. Recommendations for the Future Management of Microbiological Hazards for
Foods in International Trade

4. Principles for the Establishment of Food Safety Objectives and Related Control
Measures

ICMSEF’s recommendations for sampling foods and acceptance criteria for Listeria
monocytogenes were subsequently published as “Sampling plans for Listeria monocyto-
genes” (1994, Int J Food Microbiol 22, 89-96), as was “Establishment of microbiologi-
cal safety criteria for foods in international trade” (1997, World Health Stats Quarterly,
50, 119-123).

At the request of the Secretariat of Codex, the ICMSF developed recommendations for
revision of the document Principles for the Establishment and Application of Micro-
biological Criteria for Foods,originally published in the Procedural Manual of Codex.

Addressing the need for a scientific basis in risk assessment, a working group of the
ICMSF published “Potential application of risk assessment techniques to microbiologi-
cal issues related to international trade in food and food products” (1998, J Food Prot 61,
1075-1086).

PAST AND FUTURE

For almost 25 years, the ICMSF’s major efforts were devoted to methodology. This
resulted in improved comparisons of microbiological methods and better standardization
(17 refereed publications). Among many significant findings, it was established that
when analyzing for salmonellae, analytical samples could be bulked (composited) into a
single test with no loss of sensitivity. This made practical the collection and analysis of
the large number of samples recommended in some sampling plans.

With the rapid development of alternative methods and rapid test kits, and the ever
expanding list of biological agents involved in foodborne illness, the Commission re-
luctantly discontinued its program of comparison and evaluation of methods in 1986,
recognizing that issues of methodology were being addressed effectively by other
organizations.

A long-term objective of the Commission has been to enhance the microbiological
safety of foods in international commerce. This was initially addressed through books
that recommended uniform analytical methods (ICMSF, 1978) and sound sampling plans
and criteria (ICMSF, 1974, 1978, 1986). The Commission then developed a two volume
set on the microbial ecology of foods (ICMSF, 1980a, b) intended to familiarize analysts
with processes used in the food industry and microbiological aspects of foods submitted
to the laboratory. Knowledge of the microbiology of the major food commodities and the
factors affecting the microbial content of these foods helps analysts to interpret analyti-
cal results.

At an early stage, the Commission recognized that no sampling plan can ensure the
absence of a pathogen in food. Testing foods at ports-of-entry or elsewhere in the food
chain cannot guarantee food safety. This led the Commission to explore the potential
value of HACCP for enhancing food safety. A meeting in 1980 with the WHO led to a
report on the use of HACCP for controlling microbiological hazards in food, particularly
in developing countries (ICMSF, 1982). The Commission then developed a book on the
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principles of HACCP and procedures for developing HACCP plans (ICMSF, 1988), cov-
ering the importance of controlling the conditions of producing/harvesting, preparing,
and handling foods. Recommendations were given in that volume for the application of
HACCP from production/harvest to consumption, together with examples of how HACCP
can be applied at each step in the food chain.

The Commission next recognized that a major weakness in the development of
HACKCEP plans is the process of hazard analysis. It has become more difficult to be knowl-
edgable about the many biological agents recognized as responsible for foodborne ill-
ness. ICMSF (1996) summarizes important information about the properties of biologi-
cal agents commonly involved in foodborne illness and serves as a quick reference
manual when making judgments on the growth, survival, or death of pathogens.

Subsequently, the Commission updated its volume on the microbial ecology of food
commodities (ICMSFE, 1998).

The current book, Microorganisms in Foods 7: Microbiological Testing in Food Safety
Management (2001), illustrates how systems such as HACCP and Good Hygienic
Practices (GHP) provide greater assurance of safety than microbiological testing, but also
identifies circumstances in which microbiological testing still plays a useful role.

We believe that the original objectives of the Commission are still relevant today. The
European Union, the many other political changes occurring throughout the world, the
growth of developing countries seeking export markets, and the increased trade in foods
worldwide, as evidenced by the passage of the General Agreement on Tariffs and Trade
(GATT) and the North American Free Trade Agreement (NAFTA) all point to the con-
tinuing need for the independent recommendations on food safety, such as those of the
Commission. It is essential that import/export policies be established as uniformly as
possible and on a sound scientific basis. The Commission’s overall goal will continue to
be to enhance the safety of foods moving in international commerce. The Commission
will continue to strive to meet this goal through a combination of educational materials,
promoting the use of food safety management systems using microbiological food safety
objectives, HACCP, and GHP, and recommending sampling plans and microbiological
criteria where they have been developed according to Codex principles and offer
increased assurance of microbiological safety. The future success of ICMSF will con-
tinue to depend upon the efforts of members, support from consultants who generously
volunteer their time, and those who provide the financial support so essential to the Com-
mission’s activities.
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OFFICERS

Chairman

Secretary

Treasurer

Members

ICMSF Participants™®

Dr. Martin Cole (from 2000), Group Manager, Food Safety & Quality, Food Science
Australia, P.O. Box 52, North Ryde, NSW 1670, Australia

Dr. Terry A. Roberts (1991-2000), Food Safety Consultant, 59 Edenham Crescent, Read-
ing RG1 6HU, UK

Prof. Mike van Schothorst, Vice President. Food Safety Affairs, Nestle, Avenue Nestle
55, CH-1800 Vevey, Switzerland; and Food Safety Microbiology, Wageningen Uni-
versity, P.O. Box 8129, Wageningen 6700 EV, The Netherlands

Dr. Jeffrey M. Farber (from 2000), Health Canada, Food Directorate, Microbiology Re-
search Division, Banting Research Centre, Postal Locator 2204A2, Tunney’s Pasture,
Ottawa, Ontario K1A OL2, Canada

Prof. Frank F. Busta (1998-2000), Department of Food Science and Nutrition, University
of Minnesota, 2168 Ferris Lane, St. Paul, MN 55113-3876, USA

Dr. A. N. Sharpe (1989-1998), Head of Automation Section, Bureau of Microbial Haz-
ards, Health Protection Branch, Health Canada, Tunney’s Pasture, Ottawa, Ontario KIA
0L2, Canada

Dr. A. C. Baird-Parker, Consultant, Food Microbiology, 2 Pagnell Court, Hardingstone,
Northampton NN4 6EF, UK (retired 1999)

Dr. Robert L. Buchanan, U.S. Food and Drug Administration, Centre for Food Safety and
Applied Nutrition, HFS-500, Room 3832, 200 C-Street, SW, Washington, DC 20204,
USA

Dr. Jean-Louis Cordier, Head, Industrial Hygiene, Senior Microbiologist, Food Safety &
Quality Assurance, Nestlé Research Centre, Vers-chez-les-Blanc—P.O. Box 44, CH-
1000 Lausanne 26, Switzerland

Dr. Susanne Dahms, Fachbereich Veterinirmedizin, Institut fiit Biometrie und Infor-
mationsverarbeitung, Freie Universitit Berlin, Oertzenweg 19b, D-14163 Berlin,
Germany

*Titles and locations during preparation of Book 7.
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Prof. M. P. Doyle, Center for Food Safety & Quality Enhancement, University of
Georgia, Georgia Station, Griffin, GA 30223, USA (resigned 1999)

Dr. M. Eyles, CSIRO, Division of Food Science & Technology, P.O. Box 52, North Ryde,
NSW 2113, Australia (resigned 1999)

Prof. J. Farkas, Vice Rector, Department of Refrigeration and Livestock Products Tech-
nology, Faculty of Food Industry, University of Horticulture and Food Industry,
H-1118 Budapest, Menesi ut 45, Hungary (retired 1998)

Dr. R. S. Flowers, Silliker Laboratories, 900 Maple Road, Homewood, IL 80430, USA

Prof. Bernadette D. G. M. Franco, Departamento de Alimentos e Nutricao Experimental,
Faculdade de Ciencias Farmaceuticas, Universidade de Sdo Paulo, Av. Prof. Lineu
Prestes 580, 05508-900, Sao Paulo, SP, Brazil.

Prof. Lone Gram, Danish Institute for Fisheries Research, Department of Seafood Re-
search, Soltafts Plads, Danish Technical University, Bldg 221, DK-2800 Kgs. Lyngby,
Denmark

Dr. E. H. Grau, CSIRO, Division of Food Science & Technology, Brisbane Laboratory,
P.O. Box 3312, Tingalpa DC, QLD 4173, Australia (retired 1999)

Prof. Jean-Louis Jouve, European Commission, DG Health and Consumer Protection,
Rue Belliard, 232-Room 6/14, B-1040 Brussels, Belgium

Dr. Anna M. Lammerding, Food Safety Risk Assessment Unit, Health of Animals
Laboratory, 110 Stone Road West, Guelph, Ontario N1G 3W4, Canada

Dra. Silvia Mendoza, Division of Biological Sciences, Department of Biological and
Biochemical Process Technology, Simon Bolivar University, P.O. Box 89.000, Caracas
1080 A, Venezuela (retired 1998)

Ms. Zahara Merican, Technical Services Centre, Malaysian Agricultural Research &
Development Institute (MARDI), P.O. Box 12301 GPO, 50774 Kuala Lumpur, Malaysia

Dr. John I. Pitt, Chief Research Scientist, Food Science Australia, P.O. Box 52, North
Ryde, NSW 1670, Australia

Prof. Dr. F. Quevedo, Food Quality & Safety Assurance International, F. Villareal National
University, Las Petunias 140, Dpt. 201, Urb. Camacho, Lima 12, Peru (retired 1998)

Dr. Paul Teufel, Director and Professor, Institute for Hygiene and Food Safety, Federal
Dairy Research Centre, Hermann-Weigmann Strasse 1, D-24103 Kiel, Germany

Dr. R. Bruce Tompkin, Vice President Product Safety, ConAgra Refrigerated Prepared
Foods, 3131 Woodcreek Drive, Downers Grove, IL 60515-5429, USA

PAST MEMBERS OF THE ICMSF

NAME COUNTRY MEMBERSHIP
Dr. A. C. Baird-Parker UK 1974-1999
Dr. M. T. Bartram USA 1967-1968
Dr. H. E. Bauman USA 1964-1977
Dr. E L. Bryan USA 1974-1996!
Dr. L. Buchbinder* USA 1962-1965
Prof. F. F. Busta USA 1985-20007
Dr. R. Buttiaux France 1962-1967
Dr. J. H. B. Christian Australia 1971-1991°
Dr. D. S. Clark Canada 1963-1985*
Dr. C. Cominazzini Italy 1962-1983
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Dr. C. E. Dolman* Canada 19621973
Dr. M. P. Doyle USA 1989-1999
Dr. R. P. Elliott* USA 1962-1977
Dr. Otto Emberger former Czechoslovakia 1971-1986
Dr. M. Eyles Australia 1996-1999
Dr. J. Farkas Hungary 1991-1998
Mrs. Mildred Galton*® USA 1962-1968
Dr. E. J. Gangarosa USA 1969-1970
Dr. F. Grau Australia 1985-1999
Dr. J. M. Goepfert Canada 1985-1989°
Dr. H. E. Goresline* USA/Austria 1962-1970
Dr. Betty C. Hobbs* UK 1962-1996
Dr. A. Hurst UK/Canada 1963-1969
Dr. H. lida Japan 19661977
Dr. M. Ingram* UK 1962-1974¢
Dr. M. Kalember-Radosavljevic former Yugoslavia 1983-1992
Dr. K. Lewis* USA 19621982
Dr. John Liston USA 1978-1991
Dr. Holger Lundbeck* Sweden 196219837
Dr. S. Mendoza Venezuela 1992-1998
Dr. G. Mocquot France 1964-1980
Dr. G. K. Morris USA 1971-1974
Dr. D. A. A. Mossel* The Netherlands 1962-1975
Dr. N. P. Nefedjeva USSR 1964-1979
Dr. C. E. Niven, Jr. USA 19741981
Dr. P. M. Nottingham New Zealand 1974-1986
Dr. J. C. Olson, Jr. USA 19681982
Dr. H. Pivnick Canada 1974-1983
Dr. T. A. Roberts UK 1978-20008
Dr. E Quevedo Peru 1965-1998
Dr. A. N. Sharpe Canada 1985-1998°
Dr. J. Silliker USA 1974-1987'°
Mr. Bent Simonsen Denmark 1963-1987
Dr. H. J. Sinell Germany 1971-1992
Dr. G. G. Slocum* USA 1962-1968
Dr. E S. Thatcher* Canada 1962-1973""
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*Founding member

!Secretary, 1981-1991
*Treasurer, 1998-2000
*Chairman, 1980-1991

4Secretary-Treasurer, 19631981 $Chairman, 1991-2000

STreasurer, 1987-1989 “Treasurer, 1989-1998
SEx-officio member, 1962-1968 "Treasurer, 1981-1987
“Chairman, 1973-1980 "'Chairman, 1962-1973
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MEMBERS OF THE LATIN AMERICAN SUBCOMMISSION

Chairperson

Dra. Maria Alina Ratto, General Manager, Microbiol S.A., Joaquin Capello 222, Lima
18, Peru, e-mail:microbl@terra.com.pe

Secretary/Treasurer

Lic. Ricardo A. Sobol, Director Tecnico, Food Control S.A., Santiago del Estero 1154,
1075 Buenos Aires, Argentina, e-mail: 50601 @foodcontrol.com

Honorary Members

Members

Prof. Fernando Quevedo, Food Quality and Safety Assurance International, Buenos Aires
188, Miraflores, Lima 18, Peru, e-mail:fquevedo@amauta.rcp.net.pe

Prof. Sebastido Timo laria, Av. Angelica 2206, apto 141, 01228-200, Sao Paulo, SP,
Brazil, e-mail: stiaria@aol.com.br

Prof. Silvia Mendoza, Conjunto Residencial E1, Av. Washington Torre 1A, piso 12 apto
123, Caracas, Venezuela, e-mail: silmendoza(@cantr.net

Prof. Nenufar Sosa de Caruso, Alimentarius, Tomas de Tezanos 1323, Montevideo,
Uruguay, e-mail: alimenta@adinet.com.uy

Prof. Bernadette D. G. M. Franco, Departamento de Alimentos e Nutricao Experimental,
Faculdade de Ciencias Farmaceuticas, Universidade de Sdo Paulo, Av. Prof. Lineu
Prestes 580, 05508-900, Sao Paulo, SP, Brazil, e-mail: bfranco@usp.br

Dra. Eliana Marambio, Coventry 1046, Depto 405, Nufioa, Santiago, Chile, e-mail:
emarambio@entelchile.net

Profa. Janeth Luna Cortéz, Universidad de Bogota, Carrera 4 No. 22-61 Of 436, Santafé
de Bogotd, DC, Colombia, e-mail: ingeneria.alimentos@utadeo.edu.co

Dra. Dora Martha Gonzalez, Sarmiento 2323, Montevideo, Uruguay, e-mail: dmgonzal@
adinet.com.uy

Profa. Pilar Hernandez S., Universidad Central de Venezuela, Apartado 40109, Caracas
1040-A, Venezuela, e-mail: hernands@camelot.rect.ucv.ve

Former Members of the Latin-American Subcommission

Dra. Ethel G.V. Amato de Lagarde, Argentina

Dr. Rafael Camperchioli, Paraguay

Dr. Cesar Davila Saa, Ecuador

Dr. Mauro Faber de Freitas Leitao, Brazil

Dra. Josefina Gomez-Ruiz, Venezuela (former chairperson)
Dra. Yolanda Ortega de Gutierrez, Mexico

Dr. Hernan Puerta Cardona, Colombia

Dra. Elvira Regus de Pons, Dominican Republic
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MEMBERS OF THE SOUTH-EAST ASIAN SUBCOMMISSION

Chairperson

Dr. Zahara Merican, Food Technology Research Centre, Malaysian Agricultural Research
and Development Institute, P.O. Box 12301, GPO 50774 Kuala Lumpur, Malaysia

Secretary/Treasurer

Members

Dr. Pho Lay Koon, Section Head, Plant Biotechnology & Agrotechnology, Chemical
Process & Biotechnology Dept., Singapore Polytechnic, Dover Road, Singapore 0513.

Dr. Srikandi Fardiaz, Head of Food Microbiology Laboratory, Inter University Centre for
Food & Nutrition, Bogor Agricultural University, PO. Box 220, Bogor, Indonesia
(deceased 2000)

Ms. Quee Lan Yeoh, Food Technology Research Centre, Malaysian Agricultural Research
and Development Institute, PO Box 12301, GPO 50774 Kuala Lumpur, Malaysia

Dr. Reynaldo C. Mabesa, Assoc. Professor, Institute of Food Science and Technology,
University of the Philippines at Los Banos, Los Banos, Laguna 4031, Philippines

Ms. Chakamas Wongkhalaung, Deputy Director, Institute of Food Research and Product
Development (IFRPD), Kasetsart University, PO. Box 1043 Kasetsart, Bangkok 10903,
Thailand

Dr. Lor Kim Loon, Senior Manager, Food Research and Development, SATS Catering
Pte Ltd., SATS Inflight Catering Centre, P.O. Box 3 Singapore Changi Airport, Singa-
pore 918141

MEMBERS OF THE BALKAN-DANUBIAN SUBCOMMISSION

Chairperson

Members

Dr. Hajnalka Domjan Kovacs, Food Bacteriologist, National Food Investigation Institute,
Pf. 1740, H-1465 Budapest 94, Hungary

Secretary/Treasurer

Dr. Vladimir Spelina, CSc. Center of Hygienes of Nutrition, Institute of Hygiene and
Epidemiology, Srobarova 48, CZ-100 42 Praha 10 - Vinohrady, Czech Republic

Dr. Milica Kalember-Radosavljevic, Military Medical Academy, Institute of Hygiene,
Crnotravska 17, 11000 Beograd, Ljermonrova 22, Yugoslavia

Prof. Livio Leali, Professore Associato di Igene del Latte, Universita di Milano, Via
Celoria 10, 1-20133 Milano, Italy

Doz. Dr. vet. Ivan Kaloyanov, Central Veterinary Research Institute, 15 Pencho Slaveikov
Blvd., BG-Sofia 1606, Bulgaria

Former Members of the Balkan-Danubian Subcommission

Dr. Vladimir Bartl, former Czechoslovakia (former chairperson)
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Dr. Zora Bulajic, former Yugoslavia

Dr. Deac Cornel, Romania

Dr. Corneliu Ienistea, Romania

Dr. John Papavassilliou, Greece

Prof. Dr. Oscar Prandl, Austria

Prof. Dr. Mirko Sipkaformer, Yugoslavia (first chairperson)
Dr. H.J. Takacs, Hungary (former chairperson)
Dr. Zenai Muammer Tancman, Turkey

Dr. S. Tzannetis, Greece

Doc. Dr. Muammer Ugar, Turkey

Dr. Fuad Yanc, Turkey

Prof. Dr. Z. Zachariev, Bulgaria
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Consultants

Dr. J. Braeunig, Germany, 2000

Dr. S. Dahms, Germany, 1997, 1998 (member since 1998)

Dr. P. Desmarchelier, Australia, 1999

Dr. J. M. Farber, Canada, 1998 (member since 1998)

Dr. B. D. G. M. Franco, Brazil, 1998, 1999 (member since 2000)
Dr. W. Garthwright, USA, 1999

Dr, L, G, M, Gorris, Netherlands, 2000

Dr. L. Gram, Denmark, 1997, 1998 (member since 1998)

Dr. H. Kruse, Norway, 1999, 2000

Dr. A. M. Lammerding, Canada, 1997, 1998 (member since 1998)
Dr. B. Shay, Australia, 1997, 1999

Dr. K. M. J. Swanson, USA, 2000

Dr. A. von Holy, South Africa, 1997

Contributors to Microorganisms in Food 7

Dr. D. Kilsby (UK), Dr. R. B. Smittle (USA), Dr. J. H. Silliker (USA)

Reviewers

Dr. V. N. Scott (USA), Dr. D. Kilsby (UK), Dr. P. Bodnaruk (USA), Dr. J. N. Sofos
(USA), Dr. W. P. Pruett (USA)
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Publications of the ICMSF

BOOKS

Food and Agriculture Organization & International Atomic Energy Agency/ICMSF
(1970). Microbiological Specifications and Testing Methods for Irradiated Foods.
Technical Report Series No. 104, Vienna: International Atomic Energy Agency.

ICMSF (1978). (Reprinted 1982, 1988 with revisions). Microorganisms in Foods 1. Their
Significance and Methods of Enumeration, 2nd edn. Toronto: University of Toronto
Press. (ISBN 0-8020-2293-6).

ICMSF (1980). Microbial Ecology of Foods. Volume 1. Factors Affecting Life and Death
of Microorganisms, New York: Academic Press. (ISBN 0-12-363501-2).

ICMSF (1980). Microbial Ecology of Foods. Volume 2. Food Commodities, New York:
Academic Press. (ISBN 0-12-363502-0).

ICMSF (1986). Microorganisms in Foods 2. Sampling for Microbiological Analysis:
Principles and Specific Applications, 2nd edn. Toronto: University of Toronto Press.
(ISBN 0-8020-5693-8) (available outside North America from Blackwell Scientific
Publications, Ltd., Osney Mead, Oxford OX2 OEL, UK) (First edition: 1974; revised
with corrections, 1978).

ICMSF (1988). Microorganisms in Foods 4. Application of the Hazard Analysis Critical
Control Point (HACCP) System to Ensure Microbiological Safety and Quality. Oxford:
Blackwell Scientific Publications (ISBN 0-632-02181-0). Also published in paper-
back under the title HACCP in Microbiological Safety and Quality (1988) (ISBN
0-632-02181-0).

ICMSEF (1996). Microorganisms in Foods 5. Characteristics of Microbial Pathogens.
Gaithersburg, MD: Aspen Publishers Inc. (ISBN 0—412-47350-X).

ICMSEF (1998). Microorganisms in Foods 6. Microbial Ecology of Food Commodities.
Gaithersburg, MD: Aspen Publishers Inc. (ISBN 0-8342—-1825-9). Gaithersburg, MD:
Aspen Publishers Inc.

(Aspen Publishers Inc., 200 Orchard Ridge Dr, Suite 200, Gaithersburg MD 20878,
USA, 800-638-8347, http://www.aspenpublishers.com. Outside the USA, contact
Plymbridge Ltd., Plymouth, UK, tel. (44) 1752 202 301.)

WHO PUBLICATIONS

ICMSF (authors: J. H. Silliker, A. C. Baird-Parker, F. L. Bryan, J. C. Olson, Jr., B.
Simonsen, & M. van Schothorst,)/WHO (1982). Report of the WHO/ICMSF meeting
on Hazard Analysis: Critical Control Point System in Food Hygiene. WHO/VPH/
82.37. Geneva: World Health Organization. (also available in French).

Christian, J. H. B. (1983). Microbiological Criteria for Foods. (Summary of recommen-
dations of FAO/WHO expert consultations and working groups 1975-1981). WHO/
VPH/83.54. Geneva: World Health Organization.

ICMSF (authors: B. Simonsen, F. L. Bryan, J. H. B. Christian, T. A. Roberts, J. H. Silliker,
& R. B. Tompkin) (1986). Prevention and Control of Foodborne Salmonellosis through
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Application of the Hazard Analysis Critical Control Point System. Report, Interna-
tional Commission on Microbiological Specifications for Foods (ICMSF). WHO/
CDS/VPH/86.65. Geneva: World Health Organization.

OTHER ICMSF TECHNICAL PAPERS

Thatcher, F. S. (1963). The microbiology of specific frozen foods in relation to public
health: Report of an international committee. J Appl Bacteriol 26, 266-285.

Simonsen, B., Bryan, F. L., Christian, J. H. B., Roberts, T. A., Tompkin, R. B., & Silliker,
J. H. (1987). Report from the International Commission on Microbiological Specifica-
tions for Foods (ICMSF). Prevention and control of foodborne salmonellosis through
application of hazard analysis critical control point (HACCP). Int J Food Microbiol 4,
227-247.

ICMSF (1994). Choice of sampling plan and criteria for Listeria monocytogenes. Int J
Food Microbiol 22, 89-96.

ICMSF (1997). Establishment of microbiological safety criteria for foods in international
trade. World Health Stats Quarterly 50, 119-123.

ICMSF (1998). Potential application of risk assessment techniques to microbiological
issues related to international trade in food and food products. J Food Prot 61,
1075-1086.

ICMSF [M. van Schothorst, Secretary] (1998). Principles for the establishment of micro-
biological food safety objectives and related control measures. Food Control 9, 379-384.

TRANSLATIONS

Thatcher, F. S. & Clark, D. S. (1973). Microorganisms in Foods 1. Their Significance and
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Acceptable level of risk, 25
Acceptance criteria, 79-97
application of, 84-85
definition, 17, 333
equivalence, 80-81
establishment, 81-84
FSO and, 81, 85
guideline, 83
lot acceptance, 87-90
selection and use, 79-96
specification, 83, 84
standard, 83
types of, 82-84
Acceptance of a lot
auditing 90-96
examples, 87-89
parameters to assess, 87
probabilities, 160—161
procedures, 86
role of FSO, 85
supplier approval and, 85
Aflatoxins, 168
in peanuts, 263-270
acceptance criteria, 269-270
control measures, 267-269
food safety objective, 266
GHP, 267
HACCEP, 267
microbiological testing, 270
process criteria, 268
risk assessment, 263265
risk management, 265-266
tolerable level of risk, 266
Appropriate level of protection, definition,
25
Arcobacter spp., 171

Index

357

Attribute charts, in process control, 257
Attributes sampling plans, 123-131
comparison, 134-139, 141-142
selection of, 145-165
three-class, 125-131
construction of, 139-141
two-class, 123-127
variables, 131-134
Auditing lot acceptance, 90-96

Bacillus spp., 172

Baseline
ingredient data, 241
microbiological data, 240
in process control, 240
variability, causes, 242
variability, types, 242

Beef patties, raw ground frozen and E. coli

0O157:H7, 313-330
Biofilms, 209-211
Biogenic amines, 172
Botulinum toxin, 167
Botulism, 10, 11
Bovine spongiform encephalopathy, 168
Brucella spp., 167
Brucellosis, in humans, 49
Burkholderia cocovenenans, 167

c
definition, 123
selecting, 161-162

Campylobacter spp., as cause of illness, 9, 10, 30,

150, 168
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Cases
choice of plan, 153, 157
choosing two-class or three-class plan, 157-158
definition, 152-153
examples, 156-157
selection of, 145-165
susceptibility of consumers influencing, 155
Challenge testing, 62-63
Clostridium botulinum, 150, 169
Clostridium perfringens, as cause of illness, 9, 11,
150, 168, 172
Consumer protection, 26-28
Contamination
environmental examples, 203-204
post-process, 200-202
Control
definition, 333
of environment, 199-220
of food processes, 237-261
baseline establishment, 241
of foodborne diseases, 71-78
of pathogens, 207-210
Control charts
attribute charts, 257
cumulative sum charts, (CUSUM) 248, 258-259
moving range charts, 256
moving sum charts (MOSUM), 248, 258-259
moving window, 260
in process control, 246, 248-259
selecting limits, 254
software, 259
variable, 249
Control measures, 45-68, 71-78
definition, 17
effectiveness, examples, 49-54
establishment, 17
importance, 49
monitoring, 65
verification, 65
Control options, 6668
equivalency, 68
Criteria, see Acceptance criteria, Microbiological
criteria
Critical control point (CCP)
definition, 333
in process control, 244, 246, 247
Cryptosporidium parvum, 169, 171
Cyclospora cayetanensis, 171

Default criterion, 61
definition, 17, 333

Discrimination, sampling plans, 117
Distribution, of microorganisms in a lot,
191-194
heterogeneous, 191-194
homogeneous, 191-194
nonrandom, 192-194
random, 192-194

E

Egg products, microbiological criteria,
examples, 111
Enterobacter sakazakii, 169
Enterohaemorrhagic E. coli, 10, 167
Enteropathogenic E. coli, 168, 172
Enterotoxigenic E. coli, 168, 172
Environment, control, 199-220
environmental contamination, 201
examples, 203-204
in food processing, 202-220
biofilms, 209
niches, 210
plant design, 208
resident microorganisms, 205
sampling, 210
transient microorganisms, 202
post process, 200202
Epidemiological data, 28-31
Equivalence, of processes, 80-81
flow diagram, 82
Escherichia coli
as cause of illness, 10, 150
control options, 66-68
Escherichia coli O157:H7
acceptance criteria, 325-327
control measures, 322-325
exposure assessment, 315-317
food safety objective, 322
GHP. 322
HACCP, 322-325
incidence in meat and cattle, 314-318
level of consumer protection, 322
risk characterization, 321-322
in raw ground beef patties, 313-330
risk evaluation, 314-321
risk management, 322
sampling plans, 326-330
Evaluation of risk, 31-33
Expert panels
definition, 334
for evaluating risk, 32
Exposure assessment, 36
definition, 37-38, 334
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Flow diagram
definition, 334
frankfurter manufacture, 286
Food processes, 51
control, 237-261
Food processing, environment control, 202-220
control measures, 207-210
biofilms and niches, 209-210
GHP, 207-208
plant design, 208-209
resident microorganisms, 205-207
transient microorganisms, 202, 205
sampling, 210-220
investigational sampling, 216-220
protocols, 212-215
zone concept, 211-212
Food safety management system, 4-6
Food safety objective
achievability, 48
for aflatoxins in peanuts, 266
characteristics, 100
concept, 33-34
control measures to meet, 45-68
definition, 25, 334
effectiveness, 14
for Escherichia coli in raw ground beef
patties, 322
establishment of, 35-36
for Listeria monocytogenes in frankfurters,
294
microbiological criteria, as basis for, 99-101
quantitative risk assessment basis, 40-41
risk evaluation and, 33-34
for Salmonella in dried milk, 275
stringency, 41-42
uses of, 15-16, 34-35
value in food safety management, 14-16
Foodborne hazards
control, 7-8, 13, 71-78
surveillance, 12-13
Foodborne illness, 9-13
etiolgic agents or contaminants
bacteria, 9-11
protozoa, 11
seafood toxins, 11-12
toxigenic fungi, 12
viruses, 11
Frankfurters, Listeria monocytogenes and,
285-309
Fumonisin mycotoxins, 171
Fungi, toxigenic, as cause of illness, 12,
167, 171

Index 359

G

Good hygienic practice (GHP), 14, 47
effectiveness, 14
in food processing, 207-208
principles of, 200
and ready-to-eat foods, 199

H

HACCEP, 14, 48
definition, 334
process control and, 237-238, 244, 247
Hazard characterization, 36
curves, 37, 39, 40
definition, 38-39, 334
Hazard groups, foodborne pathogens, toxins,
166-172
Hazard identification, 36
definition, 37, 335
Hazards
control, initial levels, 46
increasing levels, 46
microbial, according to risk, 151-152
moderate, 151-152
serious, 152
severe, 152
reducing levels, 46
Hepatitis A virus, 169171
Hepatitis virus, 264, 265
Heterogeneous distribution, 191-194
Homogeneous distribution, 191-194

1

ICMSE, xi—xiii, 1-4, 337-349
publications of, 347-349
Indicator tests, microbiological criteria and, 146
Indicators, microbial, 108
factors in choosing, 109
Injured cells, recovery of, 232-233

L

Laboratories, accreditation, 233

proficiency testing, 234

validation of methods, 235
Level of protection, appropriate, definition, 25
Listeria monocytogenes

cause of illness, 9, 11, 150, 169, 170

foodborne outbreaks, 290-291

in frankfurters,, 285-309

acceptable level of protection, 293-294
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acceptance criteria, 308-309
control measures, 295-296
flow diagram for manufacture, 286
food safety objective, 294
GHP, 308
HACCP, 308
performance criteria, 296-304
process and product criteria, 304-308
risk characterization, 292-293
risk evaluation, 287-293
risk management, 293-304
hazard characterization, 37
thermal destruction values, 306, 307
Listeriosis, incidence, 24
Lot
definition, 118
distribution of microorganisms in, 191-194
Lot acceptance
auditing, 90
examples, 87-89
microbiological criteria, 99112
parameters to assess, 87
procedures for, 86
role of FSO, 85
supplier approval and, 85
testing to ensure, 89, 91
Lot rejection, disposal of, 110-111

M

M
definition, 127
m
determining values for, 158-159
definition, 123, 125
determining values for 158-159
Microbial hazards, categorizing risk, 151-152,
166-172
Microbial indicators, 108
Microbial populations
charting in process control, 253
selection of limits in process control, 254
Microbiological criteria, 18, 60, 102
application to foods, 101-104
characteristics, 100
components, 106-111
default, 61
definition, 101
examples, 111-112
food safety objectives, comparison, 99-101
indicator tests, 146
for lot acceptance, 99112

pathogen tests, 147

principles for establishment, 104-106

sampling plans for, 109

types, 102

utility tests, 146
Microbiological guidelines, 102
Microbiological limits, 106
Microbiological sampling, 59-62, 123-142
Microbiological specifications, 102
Microbiological standards, 102
Microbiological testing, 18, 19, 145-165
Milk, dried, Salmonella in, 273-282
Mycobacterium bovis, 168
Mycotoxins, aflatoxins, 168

deoxynivalenol, 171

fumonisins, 171

nivalenol, 171

ochratoxin A, 171

T-2 toxin, 171

trichothecenes, 171

zearalenone, 171

n
definition, 123
selecting, 161-162
Niches, 210
Nonrandom distribution, 192-194
Norwalk virus, 172

0

Ochratoxin A mycotoxin, 171
Operating characteristics, curve, 116, 117, 118
function, 115

Pathogen tests
decision tree, 148
epidemiological considerations, 148
factors affecting risks, 147
microbiological criteria and, 147
Pathogenic microorganisms
clinical features, 150
ecology, 149
ranking, 167-172
Peanuts, aflatoxins in, 263-270
Performance criterion, 25, 54-59
control options and, 66
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definition, 16, 335
examples of, 55-59, 60
Population, sampling, 114
Probability, concepts, 113-121
Process control, 237-261
baseline establishment, 240
end product testing, 241
equipment and environmental tests, 241
ingredient data, 241
in-line sampling, 241
shelf-life sampling, 241
capability study, 243
criteria, 244
variability, sources, 244-246
variability, types, 242
control charts, 246, 248-259
critical control points, 244, 246, 247
ecology, 149
in food production, 246-249
in food regulation, 259
HACCEP, 244, 247
options, 66
during production, 246-249
regulatory tool, 259
requirements, 238-240
statistical process control, 244
stringency, 244
systems, 65
Process criterion
definition, 16, 335
examples, 59
Process validation, 61
challenge testing and, 62-63
Process variability, 63, 242
Product criterion, definition, 16, 335
Protozoa, as cause of illness, 11

Q

Qualitative risk assessment, definition, 335
Quantitative risk assessment, 3641
definition, 335

R

Random distribution, 192
Ready-to-eat foods, 199, 201
Representative sample, of a lot, 119-120
Risk, consumer, 117

definition, 335

producer, 117

Index

Risk, tolerable level of, definition, 25
Risk analysis, definition, 335
Risk assessment, quantitative, 36
definition, 335
in food processing environment, 210
Risk characterization, 36
definition, 39-40, 335
Risk communication, definition, 335
Risk estimate, 39
definition, 336
Risk evaluation, 31-33
by quantitative risk assessment, 36
Risk management, definition, 336

S

Safe food, definition, 336
Salmonella
in dried milk, 273-282
acceptable level of protection, 275
acceptance criteria, 281-282
control measures, 276
exposure assessment, 274
food safety objective, 275
GHP, 280
HACCP, 280
hazard characterization, 274-275
hazard identification, 273-274
performance criterion, 277
process criteria, 279-280
risk characterization, 275
risk evaluation, 273-275
risk management, 275-279
incidence in meat, 54
performance standards, 260

361

two-class attributes plans, examples, 186188

Salmonella enteritidis, 53, 170
as cause of illness, 9, 29, 150, 167
Salmonella typhi, 52
Salmonella typhimurium, 150, 170
Salmonellosis
in Germany, 29
in USA, 53
Sample
analysis, 231-232
collection of sample units, 226
event samples, definition, 228
injured cells in, 232-233
representative, of a lot, 119
storage and transportation, 229, 231
Sampling, 173-182, 225-235
food, special considerations, 230
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in food processing environment, 210-220
examples, 214
investigational sampling, 216-220
protocols, 212-215
zone concept, 211-212
principles, 113-121
procedures, 228-229
Sampling plans, 115, 123-142, 162-165
case, definition, 152, 153
choosing two-class or three-class, 157-158
comparison, 134-139, 141-142, 163
interpretation of results, 120
investigational, 173-177
performance, 124
performance and case, 162
reduced, 174, 182
stringency, 117, 152, 180
three-class, 125-131
construction of, 139-141
tightened, 173-180
two-class, 123-127, 186-188
variables, 131-134
Sausage, Listeria monocytogenes in, 285-309
Seafood toxins, as cause of illness, 11
Set point, in food processing, 64
Shigella, as cause of illness, 10, 29, 167, 170
Shigellosis, in US, 53
Special foods, susceptible consumers and, 155
Staphylococcus aureus, as cause of illness, 9, 11,
172
Stringency, of sampling plans, 117
problems in implementation, 188
relation to commercial practice, 189-191

T

Three-class attributes plans, 125-131
Tolerable level of risk
for aflatoxins in peanuts, 266

definition, 25, 26-28, 336
economic impact, 27
epidemiology, 28
Transient microorganisms, 202, 205
Trichinosis in humans, 50
Trichothecene mycotoxins, 171
Two-class attributes plans, 123-127, 183-197
application of 183-197
discrepancies between tests, 191-196
pathogens (Salmonella), 186
relation to commercial practice, 189-191
stringent sampling plans, 188
zero tolerance, 184—185
Typhoid fever, 52

U

Utility tests, microbiological criteria and, 146

\%

Variables, plans, 131-134
Verotoxins, 10
Vibrio cholerae, as cause of illness, 168, 172

Vibrio parahaemolyticus, as cause of illness, 9, 10,

172
Vibrio vulnificus, 169
Viruses, as cause of illness, 11

Y

Yersinia, as cause of illness, 11, 170

Z

Zearalenone mycotoxin, 171
Zero tolerance, 184-185
Zone concept, 211-212
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Screen capture completed by J L Mullins from WorldCat on December 15, 2023 at URL:

https://search.worldcat.org/title/47996226

S WorldCat’ ttems - |

Home Libraries Topics Lists About For Librarians

Microbiological testing in food safety management Y % % % ' 0 reviews
‘oﬂ'gf,ﬁ;s J Authors: International Commission on Microbiological Specifications for Foods, R. B. Tompkin
IN FOQDS,

Summary: Describes the role of microbiological testing in modern food safety management systems. This
title explores how risk assessment and risk management can be used to establish goals for use in

Show more v

@) Springer

i Print Book, English, ©2002
Edition: View all formats and editions

Ef:é‘f Publisher: Kluwer Academic/Plenum Publishers, New York, N.Y., ©2002
[+] “ < Series: Microorganisms in foods, 7
Physical Description: xiii, 362 pages : illustrations ; 27 cm.
ISBN: 9780834219953, 9780306472626, 0834219956,
0306472627
OCLC Number / Unique Identifier: 47996226
Subjects: Aliments Normes

Food Microbiology

Food Microbiology standards
Food Standards

HACCP

Show more v

Contents: Microbiological hazards and their control
Evaluating risks and establishing food safety objectives
Meeting the FSO through control measures
Selection and use of acceptance criteria
Establishment of microbiological criteria for lot

Show more v

More Information: Table of contents
Table of contents
Table of contents
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