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ABSTRACT 

The purpose of this study was to develop data on the risk of listeriosis to support a xience-based strategy for addressing 
Listeria rnonocytogenes in foods in the United States. Eight categories of ready-to-eat foods were collected over 14 to 23 
months from retail markets at Maryland and northern California FoodNet sites. The roduct categories included luncheon 
meats, deli salads, fresh soft “Hispanic-style” cheeses, bagged salads, blue-veined ani soft mold-ripened cheeses, smoked 
seafood, and seafood salads. The presence and levels of L. monocytogenes in the saml les were determined by rapid DNA-
based assays in combination with culture methods. Of 31,705 samples tested, 577 were positive. The overall prevalence was 
1.82%, with prevalences ranging from 0.17 to 4.7% among the product categories. L. nonocytogenes levels in the positive 
samples varied from <0.3 MPN (most probable number) per g to 1.5 X lo5 CFU/g, wi i 402 samples having levels of <0.3 
MPN/g, 21 samples having levels of >lo2 CFU/g, and the rest of the samples having ii termediate levels. No obvious trends 
with respect to seasonality were observed. Significant differences ( P  < 0.05) between the sampling sites were found, with 
higher prevalences for threes categories in northern California and for two categories i n  Maryland. Significantly ( P  < 0.001) 
higher prevalences were found for in-store-packaged samples than for manufacturer-pacl aged samples of luncheon meats, deli 
salads, and seafood salads, while 16 of the 21 samples with higher counts were manufal turer packaged. The data collected in 
this study help to fill gaps in the knowledge about the occurrence of L. monocytogenc i in foods, and this new information 
should be useful in the assessment of the risk posed by L. monocytogenes to consumer:. 

Listeria monocytogenes has been recognized as a hu­
man pathogen for >70 years. Only within the past 2 de­
cades, however, has L. monocytogenes been associated with 
food and classified as a foodborne pathogen. The Centers 
for Disease Control and Prevention (CDC) have estimated 
that up to 2,500 cases of listeriosis, resulting in 500 deaths 
(17), occur each year in the United States. Several large 
outbreaks in the early 1980s prompted the U.S. Food and 
Drug Administration (FDA) and the U.S. Department of 
Agriculture (USDA) Food Safety and Inspection Service 
(FSIS) to  establish a policy under which ready-to-eat foods 
contaminated with L. monocvtogenes at a detectable level 
are deemed adulterated. This “zero tolerance” policy was 
established on the basis of very few data concerning the 
prevalence and control of the organism in food and repre­
sented a conservative approach based on the limited infor­
mation available at the time. According to the policy, which 
assumes that all L. monocytogenes strains are pathogenic, 
the presence of the organism at a detectable level (e.g.. 0.04 
CFU/g) in a ready-to-eat (RTE) food renders that product 
adulterated (23). Since the establishment of the policy, 
more information about the prevalence of the organism in 
food-manufacturing plants and in foods has become avail-
able. Also, there exists a better understanding about which 
types of foods are more likely to be involved in illnesses, 
which foods support the growth of the organism, and what 

* Author for correcpondence. Tel: 202-639-5978: Fax: 202-639-5991 ; 
E-mail: dgombas@nfpa-food.org. 

t Present address: Silliker Laboratories, 900 Maple Road, Homewood, IL 
60430, USA. 

segments of the poi dation are likely to be adversely af­
fected by the consul iption of food containing L. monocy­
togenes. 

Despite efforts :o eradicate the organism from RTE 
foods (25, 26), L. m mocytogenes contamination continues 
to occur. Surveillanc :and monitoring activities of the FDA 
and the USDA have indicated that as much as 5% of some 
RTE foods, such as prepared deli-style salads and sliced 
luncheon meats, cor tain L. monocytogenes (11, 15). Such 
a prevalence of the I rganism in these frequently consumed 
products implies thz . consumers are exposed to detectable 
levels of L. monocyt )genes billions of times each year. This 
finding appears inco isistent with the relatively low level of 
listeriosis cases rep xted by the CDC. There are several 
possible explanatior i for the discrepancy: (i) only some of 
the population are s mitive to L. nzonocytogenes; (ii) only 
exposure to high le (els of L. monocytogenes causes liste­
riosis. and/or (iii) 0 1  ly some subtypes of L. nzonocytogenes 
cause listeriosis. We know that the first hypothesis provides 
a partial explanatio ; listeriosis occurs most frequently in 
immunocompromisc cl individuals, pregnant women, neo­
nates, and elderly ieople. However, this factor does not 
account for all of he discrepancy. A risk assessment is 
needed to reveal an 1 rank the factors contributing to liste­
riosis. 

In a risk assess] lent, one typically characterizes risk by 
correlating an expc iure assessment for the hazard with a 
dose-response mod :I (13, 18). A risk assessment for L. 
monocytogenes pre: x t s  some difficulties. First, an accurate 
exposure assessmer 1 is unavailable. The FDA, the USDA, 
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where n is the number of positive samples, P is the actual value soft Hispanic-style chee: :s) were not available were omitted from 
of the proportion or percentage positive for the population, d is the sampling list. 
the desired upper bound on the absolute error (Le., margin of 
error), and z = 1.96, corresponding to a 95% confidence level for 
the probability that the estimate is within ?d of the population 
value (9).For a fixed value of d, the sample size is at its maximum 
when P = 0.5 (50%).To be conservative, and since we did not 
know the values of the percentages to be estimated. we assumed 
that P = 50%. For this approach, n values of 125, 250, and 500 
correspond to upper absolute error bounds of 8.8. 6.2, and 4.496, 
respectively. Assuming that 5 %  of the total samples tested would 
be positive for L. monocytogrnes, the corresponding total sample 
sizes required would be 2,500, 5,000, and 10,000, respectively. 
On the basis of this analysis, we decided to collect 2.500 samples 
of each of two types of products, luncheon meats and deli salads, 
at each of two FoodNet sites (see “Sampling Site Selection” sec­
tion). for a total of 5,000 samples per food type, or 10,000 sam­
ples. In the course of the study. we found that prevalence levels 
for L. monocytogenes in luncheon meats and deli salads were con­
siderably lower than had been expected, and thus we decided to 
double the total number of luncheon meat and deli salad samples 
collected. For the other product categories, we targeted 2,500 to 
3,000 samples per food type. 

For luncheon meats and deli salads, we weighted the number 
of samples by consumption of the product. For example, with 
luncheon meats, the proportions of ham, bologna, and chicken-
turkey samples were based on the frequency of consumption of 
these meats in the geographical area involved (West for California 
and South for Maryland) according to the CSFII. Thus, for Mary-
land, 50% of the luncheon meat samples were ham, 30% were 
bologna, and 20% were turkey-chicken; for California, 43% of the 
samples were ham, 30% were bologna, and 27% were turkey-
chicken. Owing to the diverse nature of the additional product 
categories. there was no weighting within those categories. 

Sampling site selection. The CDC conduct active surveil-
lance for listeriosis at nine FoodNet sites (2), and this surveillance 
provides the most accurate estimate of listeriosis possible. In ad­
dition, while the present study was in progress, the CDC per-
formed case-control studies for listeriosis at these sites, which 
provided a potential opportunity to obtain L. manocytogenes iso­
lates from listeriosis patients and compare them with isolates from 
foods in the same geographical area. Thus, in order to relate ex­
posure data and food isolates to illness, food samples were col­
lected at the northern California and Maryland FoodNet sites. The 
rationale for selecting these sites was as follows. Although 
FoodNet data indicated that the incidence of listeriosis was similar 
for all sites (approximately 0.5 cases per 100,000 people), the 
1997 FoodNet final report (2) indicated a slightly higher rate at 
the northern California site (0.7 cases per 100,000 people). The 
potential for a larger number of cases of listeriosis. and therefore 
more isolates for comparison with food isolates, at the northern 
California site was one factor in the selection of this site as one 
of our sampling sites. In addition, the limited geographical area 
(Alameda and San Francisco counties) simplified the sampling 
procedure (compared with a sampling area encompassing an entire 
state, such as Minnesota or Georgia). We selected Maryland be-
cause its FoodNet site was relatively small (comprising five coun­
ties plus Baltimore City) and because it was geographically far 
removed from the northern California site. However, in Maryland, 
listeriosis data for FoodNet are collected statewide, so we elected 
to sample all counties containing more than 2% of the population 
( I O  counties) plus Baltimore City, covering 87.5% of the popu­
lation. Counties in which products to be investigated (e.g., fresh 

Selection of sampl ng locations within the FoodNet sites. 
Sampling within the site I was weighted by the populations in the 
counties involved ( I  Jul I 1998 estimate from www.census.gov). 
For example, since it w: s determined that approximately 65% of 
the population resided i 1 Alameda County and 35% resided in 
San Francisco County, tl e study was designed so that 65% of the 
samples would be collei ted in Alameda County and 3.5% would 
be collected in San Frar zisco County. The sampling strategy for 
fresh soft Hispanic-style cheeses was based on the Hispanic pop­
ulation in the sampling a ea. In order to simplify sample collection 
and minimize travel co ts, samples were generally collected in 
only one county on eac 1 sampling day. The order in which the 
counties were sampled J ithin a site was determined with the use 
of a random number tal: e (12). 

Selection of colle tion sites within counties. Given the 
ubiquitous nature of thi organism, foods may be contaminated 
with L. monocytogenes it food service establishments or in the 
home, but we focused ( n evaluating levels of L. monocytogenes 
in foods purchased at r tail stores. Purchasing products at retail 
stores allowed us to sa nple a variety of products (brand-name 
products and unbranded products) representative of what the con­
sumer would purchase ind consume in the areas of the study. 
Logistically. it was easi :r to sample at retail stores than at food 
service establishments o to obtain foods from consumers’ homes, 
and the packages and c mtainers for the samples obtained made 
these samples easier to hip to the laboratories than, for example, 
food service meals WOL d have been. Furthermore, by collecting 
retail samples. we avoi’ ed the potential for cross-contamination 
via handling by consum :rs. 

Lists of large and : mall retail markets were created with the 
use of current telephor :directories accessed at the Library of 
Congress. For each cou .ty, the list of stores was divided into list 
A (major supermarkets) and list B (other grocers). It was assumed 
that list A stores would zarry luncheon meats and deli salads. All 
list B stores were cont cted by telephone to determine whether 
they carried the specific product to be sampled and to verify their 
addresses; stores were d Aeted from the list if they did not respond 
to three phone calls dur ng business hours, if their phone number 
was incorrect, or if the! did not carry the product to be sampled. 
For the additional prodi ct categories, list A stores were also con­
tacted to verify produci availability. The stores on the lists were 
numbered. and the ranc 3m number table (12)  was used to select 
stores for each collect m week (5  major supermarkets and I O  
other grocers). It was umed (on the basis of our experiences 
and the experiences of ithers in the retail industry) that 75% of 
shopping is done at m; lor supermarket chains and 25% is done 
at other grocers, and tt :number of samples from lists A and B 
were weighted accordin cly. Supplementary lists of stores reported 
to have specific produc ts (smoked seafood, seafood salads, soft 
cheeses, and bagged sz ads) were provided for use as needed to 
obtain the selected nun Ders of samples for these products. 

Collection of san ples. The NFPA RF contracted with an 
independent third party to collect samples of all products except 
fresh soft Hispanic-sty1 :cheese at retail markets; fresh soft His-
panic-style cheese sam des were collected by a second indepen­
dent third party. 

Collectionof sam des: luncheon meats and deli salads. For 
luncheon meats and dc li salads, 120 samples were collected in 
northern California a n .  Maryland for approximately 90 weeks 
(each week. in alternati ig weeks) over 23 months. The NFPA RF 
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FOOD ITEM 
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FIGURE 1. Detection and enumeration of L. monocytogenes in RTE food samples. 

meats and deli salads, I00 samples were selected for testing. For 
the other product categories, 50 samples were selected for the first 
several weeks of sampling, and 25 samples were selected each 
week thereafter for testing. In a week when <100 or <25 samples 
were purchased (owing to product shortages in the stores), all 
acceptable samples were tested. 

Samples were assigned codes, and the following product in-
formation was recorded for the luncheon meats and deli salad 
samples: sampling location (northern California or Maryland), 
date of receipt at the laboratory, and whether the sample appeared 
to be packaged in-store or in the original manufacturer’s packag­
ing. Additional product information was recorded for the other 
product categories; depending on the product, information includ­
ed type of ingredient, whether pasteurized milk was listed as an 
ingredient, whether the product was domestic or imported, wheth­
er or not the product was vacuum packaged, and the use-by or 
sell-by date code, if present. 

The laboratories were instructed to transfer samples asepti­
cally into individual sterile plastic bags and discard the original 
retail packages. For Maryland samples, the selection of the 100 
or 25 samples to be tested occurred after all samples had been 
transferred into plastic bags. For northern California samples, the 
selection occurred prior to the transfer of the samples. The se­
lected samples were stored at 2 2 2°C until they were used. Sam­
ple testing was initiated within 24 h of the receipt of samples. 

Testing procedures. The general scheme for sample testing 
is shown in Figure 1. Four combinations of testing procedures 
were used to screen the samples for L. monocytogenes. The choice 
of screening procedure was based on product type and which lab-
oratory performed the testing (see below). Samples were screened 

by recognized methoc s typically used by the laboratory for the 
detection and enumer, tion of L. monocytogenes. The Gene-Trak 
assay (Neogen, Lans ig, Mich.) and the BAX assay (DuPont 
Qualicon, Wilmingtor Del.) were used to screen samples col­
lected in Maryland a id northern California, respectively. In a 
prestudy evaluation o the laboratories, both DNA-based assays 
generated comparable results for the detection of L, monocyto­
genes in samples prov ded by the NFPA (data not shown). USDA 
or FDA testing proce hres for L. monocytogenes were modified 
for use in enumeration and isolation. Methods described in chapter 
8 of the revised Mic -0biologica1 Laboratoty Guide (27) were 
adapted for meat pro( ucts, and those in the Bacteriological An­
alytical Manual (30) , /ere adapted for nonmeat products. 

Sample screenir g. Each sample was divided into two por­
tions for screening an( enumeration. For screening, approximately 
half (up to 100 g) of a sample was aseptically transferred to a 
sterile stomacher bag and blended with an equal amount of en­
richment broth. For daryland samples, University of Vermont 
broth 2 (UVM-2 bro h) was used as the enrichment broth for 
luncheon meats, smok :d seafood, and seafood salads; phosphate-
buffered Listeria enric hment broth was used for the other product 
types. For northern lalifornia samples, demi-Fraser broth was 
used as the enrichmet t broth for all products. After blending, 50 
g of the homogenate was added to 200 ml of enrichment broth 
and stomached for 1 nin. This procedure resulted in a detection 
sensitivity equivalent to that of the current regulatory methods 
(Le., 1 CFU/25 g). Thi initial sample-blending step was performed 
to account for the pot :ntial heterogeneous distribution of L. mon­
ocytogenes in the san ple. The 250-ml enrichment was incubated 
at 35°C for 24 ? 2 h 
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step was confirmed to be an L. monocytogenes colony, the isolate 
was retained. When no isolate for a sample was obtained from the 
MPN or the direct plating step, the MOX or OXA agar plate held 
from the screening step was used to recover an L. monocytogenes 
isolate. 

The agar plate was examined for suspected L. monocytogenes 
colonies (on a MOX agar plate, distinctive 1- to 2-mm round 
colonies surrounded by darkened zones of esculin hydrolysis; on 
an OXA plate, distinctive 1- to 2-mm round colonies surrounded 
by a black halo) at 24 h and then at 48 h. If suspected colonies 
were present on a plate obtained from the MPN step or the screen­
ing step, up to 20 colonies were picked (by running a loop through 
them), and streaked onto a horse blood agar plate. Suspected col­
onies on a plate from the direct plating step were individually 
picked and point transferred onto a horse blood agar plate. This 
plate was incubated at 35 t 2 "C for 19 t 3 h and examined for 
the presence of translucent colonies surrounded by a small zone 
of beta hemolysis. When necessary, colonies from the horse blood 
plate were restreaked onto a second horse blood plate to obtain 
isolated colonies. A clearly isolated beta-hemolytic colony, if 
present, was subjected to further biochemical confirmation. If it 
was confirmed to be an L. monocytogenes colony, all of the beta­
hemolytic colonies were considered L. monocytogenes colonies. 
If it was confirmed not to be an L monocpgenes colony, up to 
two more beta-hemolytic colonies were subjected to biochemical 
confirmation analysis. If all three colonies were confirmed not to 
be L. monocytogenes colonies, none of the beta-hemolytic colo­
nies were considered L. monocytogenes colonies. 

Biochemical confirmation was carried out with the use of the 
API Listeria ID strip (bioMCrieux, Inc., Hazelwood, Mo.) or the 
Micro ID Listeria kit (Organon Teknica Corp., Durham, N.C.) 
according to the manufacturer's procedures. Northern California 
samples collected prior to October 2000 were confirmed by the 
Micro ID method, and all other samples were confirmed by the 
API method. Confirmed isolates were retained on Trypticase soy 
agar with yeast extract slants and sent to the NFPA laboratory in 
Washington, D.C., for archiving. 

Statistical analysis. Contingency table analysis (15, 22) was 
used to determine whether L. monocyrogenes prevalence levels for 
the eight product categories differed significantly. The contingen­
cy table analysis was based on the chi-square distribution and 
tested the null hypothesis that percentages of positive samples did 
not differ significantly among the product categories. For lun­
cheon meat, deli salad, and seafood salad samples, we used a 
similar approach, the chi-square test for homogeneity, to test the 
null hypothesis that prevalence did not differ between samples 
packaged by manufacturers and those packaged in-store. This 
analysis was performed for percentages for combined Maryland 
and northern California samples. Chi-square tests were also per-
formed for each of the eight product types to compare prevalence 
levels for Maryland samples with those for northern California 
samples. The x2 statistic for the 3%level of significance was 
used for the tests. 

RESULTS AND DISCUSSION 

Sample collection and temperature control. Deli sal­
ad and luncheon meat samples were collected over 23 
months, whereas samples of the other products were col­
lected over 14 months. A total of 31,705 product samples 
were tested for L. monocytogenes. The desired numbers of 
seafood salad and smoked-seafood samples were not al­
ways available, reflecting the small market for these prod-
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ucts in the sampling egions. Consequently, fewer samples 
of these products thai planned were collected for the study. 
Data on blue-veined nd soft mold-ripened cheese samples, 
which were collectec as a single category, were tabulated 
and analyzed separat ly because the two cheeses have dif­
ferent characteristics that could have effects on L. mono­
cytogenes. 

Temperatures ex )erienced by the samples during col­
lection and transpon to the laboratories were within the 
expected range and #ere, to a certain degree, consistent 
with what products 1 light experience during a consumer's 
grocery-shopping tri v .  Typical temperatures during trans­
portation and temper itures recorded at the laboratory were 
<5"C. During the fir! t few hours of sample collection, tem­
peratures recorded b j  the logger were typically <10°C. Oc­
casionally, the logge . indicated that the cooler's environ­
ment was at 10 to 15 'C for a period (less than a few hours, 
mostly during shopp ng) but then cooled to <5"C during 
transport. Such circu istances applied to samples that tested 
negative as well as t 1 those that tested positive. In the few 
events in which the emperature exceeded lO"C, the expo-
sure time and the tei iperature were not likely to allow the 
growth of more thar one generation of L. monocytogenes 
in the products, ever if the organism had been present and 
in a physiological sta e beyond the lag phase (5, 28). There-
fore, the numbers re] orted here are likely to be equal to or 
lower than those e perienced by consumers, given the 
home refrigerator te nperatures reported in a 1999 Audits 
International surve (http://www.foodriskclearinghouse. 
umd.edu/). 

Prevalence. Of he 31,705 samples analyzed, 577 test­
ed positive (a 1.82' 6 prevalence rate). Table 1 shows a 
breakdown of positi Je samples by product and sampling 
region. The highest I ites of positive samples were those for 
seafood salads (4.7'b) and smoked seafood (4.3%). The 
prevalence rate for s noked-seafood samples was similar to 
that reported by Lo] carevic et al. (16), who found that 4 
of 92 smoked-fish 5 3mples tested positive. Higher preva­
lence rates have be n reported for smoked fish obtained 
from processing plar ts (7.3% (19) and 79% (6) in the Unit­
ed States, 34 to 609 ' in Denmark (14), and about 20% in 
Italy (4 ) ) .A prevale ce  rate of about 22% was reported for 
smoked fish from re ail outlets in Spain (33).For seafood 
salads, a prevalence rate of 16% was reported for samples 
from markets in Ice and (IO),and a rate of 27% was re-
ported for samples 1 'om supermarkets in Belgium (31).In 
these studies, fewei samples (about 50 to 400 samples) 
were analyzed. In ac lition to the fact that the RTE products 
in our study and th products used in these studies were 
collected from diffe ent regions and at different times, dif­
ferences in food prc luction and handling practices as well 
as differences in de ection methods may also account for 
some of the differer ces in prevalence rates. 

The lowest pre alence rates were those for fresh soft 
cheese (0.17%) and bagged salads (0.74%). Percentages of 
L. 	 monocytogenes- )ositive samples of deli salads and 
sliced luncheon me its were considerably lower than ex­
pected, at 2.4% an I 0.89%, respectively. This compares 
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numbers of positive samples with levels of >lo2 CFU/g 
were those for luncheon meats and smoked seafood (eight 
and nine samples, respectively). The deli salads, seafood 
salads, and bagged salads accounted for four more positive 
samples with levels of >lo2 CFU/g. Of the 21 samples 
with concentrations of >lo2 CFU/g, 10 were from northern 
California and 1 1  were from Maryland. Only 2 of the 
31,705 samples, one smoked-seafood sample from Mary-
land and one smoked-seafood sample from northern Cali­
fornia. had levels of > IO4 CFU/g. 

In previously published studies, most often only prev­
alence levels have been reported. For studies in which enu­
meration was carried out, Uyttendaele et al. (31) reported 
that L. monocytogenes was generally detected in small 
numbers (<lo CFU/g) for processed meat products, while 
larger numbers of L. monocytogenes (>I0 CFU/g) were 
reported for fish and shrimp salads from supermarkets in 
Belgium. Levels of > l o 2  CFU/g were reported for 14 of 
199 L. mortocytoRer?es-positive RTE products from retail 
displays in Northern Ireland (32). For several studies, levels 
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I IGURE 2. Prevalence of L. monocyto-
E x e s  in deli salads (A) and luncheon 
r eats (Bj  by month. In both panels, solid 
L ad open symbols represent samples col-
1 rted from the Maryland and northem 

0 I ( hlifornia FoodNet sites, respectively. 
. .. .  

B 

of contamination u (der various storage conditions have 
been reported. In a study on ready-to-use vegetables ob­
tained from a procc ssor in Canada (21), levels of > l o 2  
CFU/g were found f ir 8 of 120 samples stored at 10°C for 
up to 11 days, while 5 of these samples had levels of <lo2 
CFU/g. In the same study, none of 175 samples stored at 
4°C after 7 days cor ained levels of > l o 2  CFU/g. Contam­
ination levels of > I  l3 CFU/g were reported for vegetables 
stored at 10°C (21) and levels of >lo4 CFU/g were re-
ported for cooked n eat products (32). JQrgensen and Huss 
(14) reported that a .  76 positive smoked-fish samples, 12 
contained IO2 to 10 CFU/g and 4 contained >1O3 CFU/g 
after 14 days of stoi ige at 5°C. L. monocytogenes levels as 
high as lo5 CFU/g k we been reported for smoked fish (16). 

Seasonality. TI e present study provided an opportu­
nity to examine hoi I seasonality affects the occurrence of 
L. monocytogenes i I RTE foods. Figure 2 shows a break-
down of L. monoc; togenes prevalence in deli salads and 
luncheon meats by nonth. No obvious seasonality was ob-
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ABSTRACT 

Because of the public health significance of L. monocytogenes, U.S. regulatory i zencies established a policy whereby 
ready-to-eat foods contaminated with the organism at a detectable level are deemed ad^ terated. This “zero tolerance” policy, 
however, makes no distinction between foods contaminated at high and low levels. We lave reported elsewhere that a survey 
of over 31.000 ready-to-eat retail food samples, representing eight product categories, showed an overall prevalence rate of 
1.82% for these foods. In this study, we used the food survey data in combination wii i concurrent data regarding illness in 
the population consuming the foods. together with other variable factors, to derive a lose-response model. The confidence 
interval for prevalence was 1.68 to 1.97%. L. monocytogenes levels, which ranged fron -2 to 6 log CFU/g, were adequately 
described by the distribution beta (0.29. 2.68, - 1.69, 6.1). An exponential dose-responsl model was obtained, with an R value 
(essentially the probability of a single cell causing illness) of 1.76 X IO-“’  for the pop‘ lation at the highest risk. A microbial 
risk assessment based on the model shows that an alternative to the zero tolerance stratei y has a greater risk reduction potential 
and suggests that a management strategy focusing on the concentration of L. rnonncy ‘)genes rather than its presence alone 
may have a greater impact on the improvement of public health by facilitating the dev ,lopment of control measures to limit 
the maximum levels of L. monocytogenes in foods. 

Listeriosis, an infection caused by Listeria monocyto­
genes, occurs relatively infrequently. The Centers for Dis­
ease Control and Prevention (CDC) have estimated that 
2,500 cases occur each year (5  cases per million people), 
compared with, for example, 1,400,000cases of salmonel­
losis (28). More recently, on the basis of data from the 
FoodNet active surveillance program, the CDC reported a 
listeriosis frequency of 3 cases per million people for 2000 
and 2001 (7-9). However, although the incidence of liste­
riosis cases is comparatively low, the listeriosis case fatality 
rate of 20% is one of the highest for a foodborne illness 
(28); thus, i t  is clearly important to develop appropriate risk 
management strategies for L. morzocpgenes. 

Almost all listeriosis is foodborne (281. One of the fac­
tors that makes L. rizonocyto,qenes particularly difficult to 
control in foods is that. unlike most foodborne pathogens, 
it can grow at refrigeration temperatures. L. rizoriocytogenes 
is considered ubiquitous in the environment and has been 
isolated from a wide variety of foods. including dairy prod­
ucts, meat and poultry products. vegetables. seafood, and 
other products (32,  39). This organism has been isolated 
from food-processing environments (2, /4 ,  / 7). from retail 
products (16, 331, and from conwmers’ homes (3. / / ) .  L. 
~ i z o r i o c : \ ‘ t o g ~ r i ~ ’ . ~has also been isolated from the intestinal 
tracts of normal. healthy humans (34). Although listeriosis 
can occur in apparently healthy individual\, i t  i \  primarily 
pregnant women and their neonates. elderly people. and 
immunocompr(~iiiisedindividual\ who ;ire considered to be 
at the highest risk (331. 

Because of the iublic health significance of L. mono­
c.ytogene.s, U.S. reg ilatory agencies established a policy 
whereby ready-to-e; t (RTE) foods contaminated with the 
organism at a detect: ble level are deemed adulterated. Since 
the establishment o this “zero tolerance” policy in the 
1980s, the food incistry has made major changes in an 
effort to eradicate i le organism from RTE products and 
processing environr ents (35, 36). The prevalence of L. 
monocytogenes in C I  rtain products has been reduced (26). 
However, data sugp :st that L. moizocytogeties cannot be 
eliminated from the mvironment or from all food products, 
and it continues to ( ontaminate RTE products periodically 
despite the impleme itation of extensive control measures 
(35). The negative mpact of a zero tolerance policy on 
efforts to control L. riiorzoc’\.togrries has recently been de-
scribed (35). 

One of the goal of the Healthy People 2010 initiative 
(38) is to reduce ill1 esses caused by L. nioizoc‘!‘to,~eriesby 
50%. The regulatot y approach currently being taken to 
meet this goal concc ntrates on further reducing the preva­
lence of L. riioriocytc , g o i r ~ sin RTE foods and continues the 
zero tolerance stand rd for all RTE foods. Here. we report 
tindings from a tnic d i a l  ri\k assessment that suggest that 
an alternativc t o  tl- s management strategy may have a 
greater impact o n  th : improvement of public hcalth by fa­
cilitating the dewlo  iinent of more effective control mea­
sitre\ to achie\e the thjective. 

RIATEI:IAI,SAND METHODS 
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fectious dose required to cause illness in humans. An infectious 
dose is typically determined by feeding studies, Le., feeding 
known quantities of a microorganism to a subject to determine 
the level required to cause illness (20). Owing to the high case 
fatality rate for listeriosis, human feeding trials carry an unac­
ceptably high risk. Therefore, direct measurement of the infectious 
dose of L. monocytogenes for humans has not been undertaken. 
As a result, some dose-response assessments have relied on animal 
data (6, 20). The combination of contamination levels determined 
in food surveys and data on illnesses determined in epidemiolog­
ical investigations provides an alternative derivation of a dose-
response relationship based on data that are more directly relevant 
to humans. 

In theory, it is conceivable that any dose level can cause 
illness in the susceptible population. Assuming that a single in­
gested L. monocytogenes cell is capable of causing infection and 
that when N organisms are consumed each of them has the same 
probability of causing illness results in an exponential dose-re­
sponse model (5, 6, 18, 19): 

P ( [ )  = 1 - e-RN (1) 

where P(l) is the probability of listeriosis at dose N ,  and R is the 
model parameter specific to the pathogen of concern. According 
to equation 1, the probability of acquiring listeriosis increases ex­
ponentially as the number of cells consumed increases. When a 
single organism's probability of causing infection is small, this 
probability is approximately equal to the value of the model pa­
rameter, R. As described below, the model parameter is estimated 
so as to provide a purposely conservative model (5, 6), thereby 
resulting in an overall conservative assessment of risk in our 
study. 

The model parameter was derived on the basis of the levels 
of L. monocytogenes contamination in foods, the number of lis­
teriosis cases in the population consuming the foods, the size of 
the population (only individuals at higher risk were considered), 
the number of servings consumed, and the serving size. The pa­
rameter R was determined according to the approach described by 
Buchanan et al. (6). The prevalence of L. monocytogenes in the 
foods consumed and the shape of the concentration distribution 
defined the fractions of servings that were contaminated at various 
levels. In deriving the R value with the use of a spreadsheet in 
Excel (Microsoft Corp., Redmond, Wash.), calculations were re­
peated until the actual number of listeriosis cases was predicted 
on the basis of all other input variables, including prevalence and 
concentration distribution. 

Data used in the assessment. Since almost all listeriosis is 
foodborne (28), we made the conservative assumption that RTE 
foods are a primary source of consumer exposure to L. monocy­
togenes. The levels of L. monocytogenes contamination in foods 
were obtained from a food survey reported elsewhere (16).Food 
samples collected in that survey represented eight RTE product 
categories: luncheon meats, deli salads, fresh soft cheeses, bagged 
leafy vegetable salads, blue-veined cheeses, soft mold-ripened 
cheeses, smoked seafood, and seafood salads. The data from the 
food survey were used to quantify the prevalence and concentra­
tion distribution of L. rnonocytogenes in the foods consumed. 

The number of listeriosis cases was obtained from the CDC 
(1). In order to relate listeriosis to L. monocytogenes exposure. 
we used illness data from the Maryland and northern California 
FoodNet sites at which the food survey was conducted (16). The 
food survey was carried out over 2 years (2000 and 2001) when 
the CDC were conducting a listeriosis case-control study at the 
FoodNet sites. There were 53 listeriosis cases reported for the 

L. MONOCYTOGENES: LOP'" VELS EQUAL LOW RISK 57 1 

FoodNet sites in 2000 a d 2001, which would result in an esti­
mated 106 cases for the !-year sampling period given a twofold 
multiplier for underrepor ing (28). 

According to CensL i 2000 (37), the size of the population 
of the United States was 288,800,000, and the sizes of the pop­
ulations for the Marylanc and California sampling sites where the 
food survey was conduc ted were 4,620,000 and 2,220,000, re­
spectively. Therefore, 2.: 7% of the U.S. population resided in the 
sampling regions. The si :e of the higher-risk population was es­
timated to be 25% of thl U.S. population (15, 291, a percentage 
that also applied to the )opulations in the regions in which the 
food survey was conduc .ed and in which illness data were ob­
tained. 

The number of ser. ings consumed by the higher-risk U.S. 
population was estimate' to be 1.11 X 1O'O per annum for the 
eight product categories ncluded in the food survey on the basis 
of national consumption data used in the U.S. Food and Drug 
Administration-Food Si fety and Inspection Service draft L. 
monocytogenes risk asse sment (39). These data were adjusted to 
reflect the actual populat in in 2000. The number of servings con­
sumed by the higher-risk population in the sampling regions over 
the 2-year sampling per od was calculated as (1.1 1 X 1O1O) X 

2.37% X 2 = 5.26 X 11 8. Serving size was given a value of SO 
g on the basis of the weii hted median serving size calculated from 
the fraction of servings md the median serving size for each of 
the eight RTE product c tegories (data not shown). 

Assumptions. The ieoretical assumption underlying the ex­
ponential model is that i single L. monocytogenes cell is capable 
of causing infection (Le. listeriosis) in a consumer upon ingestion 
given that the cell is pi .hogenic and the host is susceptible (6, 
40). This assumption al: o underlies another nonthreshold model 
established to describe tk :dose-response relationship for L. mono­
cytogenes (13). The ex� mential model is also based on the as­
sumptions that each mi mber of the susceptible population re­
sponds the same and ths the effect of each organism is indepen­
dent of that of others. P lthough the exponential model is an ex­
pression of the binomi 11 probability of illness, the model is 
inherently limited in thai no experimental data involving L. mono­
cytogenes in humans we .e used in its selection. Unlike non-life-
threatening foodborne p, thogens, L. monocytogenes has not been 
subjected to human volt nteer feeding studies because of its high 
hospitalization and case 'atality rates (6, 28). While the exponen­
tial model is one of the #ell-recognized models, when the math­
ematical relationship (e( uation I )  is extrapolated to describe the 
probability that illness v ill be caused by low dose levels. consis­
tency between theory i nd reality has not been experimentally 
proven. 

For this study, we 1 irther assumed that all L. rnonocytogenes 
organisms in foods are )athogenic, consistent with current regu­
latory policy. We made the conservative assumption that all lis­
teriosis cases at the M; ryland and California FoodNet sites re­
sulted from the consun ition of the eight product categories by 
the higher-risk populatil n. Some factors that may influence risk 
that were not explicitly modeled in our risk assessment include 
variability in virulence among L. rnonocytogenes subtypes (41) 
and food matrix effect. 

Determination of wevalence uncertainty and concentra­
tion distribution. The ,. monocytogenes prevalence used in the 
risk assessment was the werall observed prevalence and the 2.Sth 
and 97.Sth percentiles a ' the prevalence uncertainty distributions. 
Data used for calculatir g prevalence uncertainty levels were the 
total number of sample (n) and the number of positive samples 
(s) obtained in the food ;urvey (16).The uncertainty distributions 
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FIGURE 1. Distribution of L. monocytogenes concentrations in 
samples of readyto-eat foods in which the organism was detected. 
(A) Numbers above bars are the numbers of samples in each con­
centration range (totaling 577 positive samples). ( B )  Open circles 
represent observed cumulative ,frequencies at or below the con­
centration indicated. ( C )  Open circles represent observed fre­
quencies in each of the I-log concentration ranges. In panels B 
and C, solid and dashed lines represent the probability distribu­
tion ,functions beta (0.29, 2.68, -1.69, 6.1) and gamma (0.33, 
2.96) -1.70, respectively. 
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FIGURE 2 .  Exponentic ' dose-response models derived from con-
current food survej ar i illness data collected at Maryland and 
northern Califnrnia Fo )dNet sites. (A) The models dejined by the 
respective R values: I .  6 X (solid curve, based on the beta 
concentration model) L zd 7.80 X (dashed curve, based on 
the gamma concentrati in model). ( B )  Extrapolation of the dose-
response models to IOM concentration levels by the plotting of log 
probability versus log 'FU. Solid and dashed lines represent the 
models with R values c f 1.76 X and 7.80 X respec­
tively. 

served maximum lei el (5.18 log CFU/g (16)).The maxi-
mum concentration esulting from the gamma distribution 
was, in truncation, 7. 10 log CFU/g. We chose the beta mod-
el to represent the ( istribution of L. monocytogenes con­
centrations in contai iinated RTE foods in the subsequent 
analyses. The 95th-p xcentile concentration level represent­
ed by the beta distri jution (1.67 log CFU/g) was used for 
the analysis underta .en to derive an exponential dose-re­
sponse model. 

Dose-response malysis. With the use of the dose-re­
sponse analysis appr lath described by Buchanan et al. (5), 
a median prevalencf of 1.82'36, and the concentration dis­
tribution represented by the beta model, our data produced 
an R value of 1.76 : : lo-'(). If we used the gamma model 
instead to represent tl e concentration distribution for L. mon­
ocytogenes in the fo ids, we obtained an R value of 7.80 X 
lo-'*. The dose-res jonse curves are shown in Figure 2. 
Although the beta di tribution provided the best fit, analysis 
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TABLE 1. Contributions of RTE food servings contaminated at 
or below various levels to listeriosis cases at two FoodNet sitesa 

L. 	 monocytogenes level Contribution of servings to 
(logCFU/g) in servings listeriosis (cases/year)h 

0.0 0.0063 
1.o 0.034 
2.0 0.22 
3.0 1.3 
4.0 7.5 
5.0 29 

6.03 (maximum) 106 

a A total of 53 cases were reported in Maryland and northern 
California in 2000 and 2001. The number was doubled to 106 
to account for potential underreporting as per Mead et al. (28). 
Cumulative number of cases for servings contaminated at or 
below the indicated level, based on a median 1.82% prevalence, 
the baseline concentration distribution, and the exponential dose-
response curve with an R value of 1.76 X IO-'O. 

basis of the beta model for concentration distribution, the 
lower bound and upper bound prevalences would predict 
that 0.191 and 0.225% of the cases, respectively, would 
result from the consumption of servings contaminated at 
concentrations of 5 lo2 CFU/g (Table 2). 

Preliminary data from the CDC (1)  indicate that the 
frequency of listeriosis cases in the regions comprising the 
FoodNet sites and during the 2 years of our food survey 
(16) was consistent with a national estimate of 1,700 to 
2,500 cases per annum. With the use of the dose-response 
analysis approach, an estimate of 1,700 cases per annum, a 
national consumption estimate of 1.11 X 1 O 1 O  servings for 
the eight product categories, and the beta concentration 
model to represent L. monocytogenes concentrations, we 
obtained an R value of 1.34 X If we used an estimate 
of 2,500 cases per annum instead, we obtained an R value 
of 1.97 X 10-'O. On a national scale, the relative contri­
bution to illness by food servings contaminated at concen­
trations of 5 lo2 CFU/g was similar to that obtained for the 
two FoodNet sites (i.e., 0.19 to 0.22% of the cases occur-
ring each year in the United States would be attributed to 
such levels of exposure [data not shown]). 

It is clear that the most effective efforts to reduce the 
risk of listeriosis in RTE foods will involve targeting the 
food servings that are heavily contaminated, even though 
the fraction of those servings is very small. For example, 
on the basis of a 1.82% overall prevalence, 0.09 1LTC of the 
servings (1.82% X (1 - 0.95)) would be contaminated at 
a concentration above the 95th-percentile level (estimated 
to be 1.67 +- 0.26 log CFU/g), and an even more minute 
fraction would be contaminated at higher concentrations 
(Fig. IB). 

Taking the analysis one step further, we assessed the 
level of risk reduction that would result from the applica­
tion of various risk management approaches. The zero tol­
erance strategy is in essence a prevalence-oriented approach 
that does not distinguish foods contaminated at high con­
centrations from those contaminated at low concentrations. 
With the concentration distribution unchanged, a 50% re-
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TABLE 2. Influence o, prevalence uncertainty on estimated lis­
teriosis cases resultingj -om the consumption of RTE food sewings 
contaminated with L. r onocytogenes at or below I @  CFWg at 
two FoodNet sites 
~~ -. ~ 

Prevalence (70) Number ('3%) of cases ( n  = 106) 

1.68 (lower bound) 0.202 (0.191) 
1.82 (median) 0.219 (0.207) 
1.97 (upper bound) 0.238 (0.225) 

duction in prevalencc would result in a 50% risk reduction, 
e.g., from 106 to 53 ases (Table 3). Alternatively, with the 
prevalence unchangc 1, a control strategy that stipulates a 
maximum L. monoc 'togenes concentration of 10'' CFU/g 
for all servings wou 3 reduce risk by 89%, e.g., from 106 
to <I 2  cases, on the basis of the beta concentration distri­
bution and the associ ited exponential model parameter. The 
targeting of a maxi num concentration at a lower level 
would achieve an e\ :n higher level of risk reduction than 
a 50% reduction in xevalence would. A control strategy 
that stipulates a max mum L. monocytogenes concentration 
of lo2 CFU/g for all servings would result in a 99.5% risk 
reduction, e.g., from 106 cases to < 1  case (Table 3). With 
the food survey data being extrapolated to a national scale, 
on the basis of 1,7C 1 cases per annum and the L. mono­
cytogenes concentra ions represented by the beta distribu­
tion, the stipulation if a maximum L. rnonocytogenes con­
centration of lo2 CE U/g for all servings consumed by the 
higher-risk U.S. pop dation would also result in a risk re­
duction of 99.595, frc m 1,700 to <9 cases (data not shown). 
Clearly, a risk maria< ement approach that actively manages 
the levels of L. mor xytogenes can have a greater impact 
on the reduction of ( ases of listeriosis than sole reliance on 
the reduction of the organism's prevalence (i.e., zero tol-

TABLE 3. Predicted i xrnbers of cases for all servings under var­
ious scenarios 

~- ~ . _ _ _ _ _ ~~~ ~~ ~ 

Prevalence" 
~~~~~ 

Decreased lncreased 
L. monocytogenes cor :n" Baseline' by 50% by 100% 

_____ ~_____ ~- ~~~ ~_____  

Baseline (beta distribu ion) 106 53 212 
Decreased to a maxim im of 

104 C F U / ~  11.9 - -
Decreased to a maxirr rm of 

IO2  CFU/g 0.55 - 1.10 
_~ ~ ~ _ _ _ _____ ~~ _ ~ ~~ ~ ~ ~~~~ - ~ ~ ~ 

('	Concentrations are 1 vels given by the baseline distribution or 
by the same distribi tion truncated at the set maximum level, 
e.&.. lo2 CFU/g. 
Prevalence baseline i the observed frequency, which is allocated 
across the concentrat on spectrum of the beta distribution (shown 
in Fig. IB). When a maximum concentration is set, the fraction 
representing serving contaminated at a higher level is added to 
the fraction at the se level, e.&., IO2  CFU/g. A total of 53 cases 
were reported at two U.S. FoodNet sites (Maryland and northern 
California) in 2000 nd 2001. The number was doubled to 106 
to account for poten ial underreporting as per Mead et al. (28). 
-, not calculated. 
Overall prevalence r te, 1.82%. 
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