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SUMMARY 
 
 A major portion of foodborne 

disease cases originate at home, but 
research examining the home 
environment as a source of pathogens, 
such as Listeria monocytogenes, is 
limited. It would be useful to evaluate 
differences in pathogen prevalence 
between homes with and without 
ruminants, since ruminants may be L. 
monocytogenes carriers. Such 
knowledge could be used to provide 
consumers with recommendations for 
proper cleaning and food handling. 
The objective of this study was to 
determine L. monocytogenes incidence 
in household environments of 
residents with/without direct contact 
with ruminants or their environment, 
and to correlate its presence with 
household type and environmental 
variables. Fifty-four Colorado 
households (27 each with and without 
ruminants) were visited every 3-4 
weeks in January-June 2006 (four 
visits each). During the first visit, 
observations of kitchen and 
refrigerator cleanliness were recorded, 
and participants were surveyed about 
eating and food handling habits. At 
each visit, environmental (refrigerator, 
kitchen sink and countertop, washing 
machine, and shoes), food, and fecal 
samples (from ruminants and 
household members) were collected 
and analyzed for Listeria  presence, 
using the U.S. Department of 
Agriculture Food Safety and 
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Inspection Service procedure (one 
sample/type/visit). Statistical analysis 
was done using SPSS® software to 
calculate frequencies. Eighty-five 
percent of participants reported having 
some knowledge about Listeria. 
However, a high proportion of them 
do not know how to control 
contamination with the pathogen. 
Overall  L. monocytogenes incidence 
in food and ruminant fecal samples 
was 1.6% and 1.9%, respectively. 
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INTRODUCTION 
 
 Listeria monocytogenes is a 

Gram-positive, motile, rod-shaped 
bacterium which is pathogenic to 
animals and humans, causing the 
zoonotic disease known as listeriosis, 
a commonly fatal infection of the 
bloodstream and central nervous 
system (Low and Donachie, 1997; 
Acheson, 2000; Schelech et al., 2005). 
The organism is widespread in the 
environment and has been recovered 
from vegetation, soils, animal feces, 
silage, water, dust, meat and meat 
products, sauces, vegetables, dairy 
products, fish and fish products and 
environmental samples from food 
processing plants (Colburn et al., 
1990. MacGowan et al., 1994) and 
farms (Fenlon et al. 1996). Its 
ubiquitous characteristic makes all 
environments a potential source for 
contamination. 

Food safety must be addressed 
along the food chain, from the farm to 
the consumer. Use of safe food 
handling practices at home and 
awareness of consumers about 
foodborne pathogens could reduce the 
number of foodborne illnesses 
(Albrecht, 1995; Chung-Tung et al., 
2005). Food preparation processes and 
safe food handling practices by the 
consumer in the domestic kitchen is 
considered to be “the final line of 
defense” (Redmond and Griffith, 
2003). Over the past decade, up to 
87% of reported foodborne disease 
outbreaks in Europe, Australia, New 

Zealand, the United States, and 
Canada have been associated with 
food prepared or consumed in the 
home (Redmond and Griffith, 2003). 
This shows that the household 
environment should be taken into 
account when considering strategies 
for prevention and control of 
foodborne illnesses. Most consumers, 
however, think that food safety is the 
responsibility of some other entities. 
According to a survey by Cates et al. 
(2006), 75% of respondents believed 
that food manufacturers and 
restaurants have a lot of responsibility 
for ensuring the safety of the U.S. 
food supply.  

Even when the consumer 
behavior at home has been recognized 
as very important regarding food 
safety, they remain the least studied 
link in the food chain. A considerable 
amount of food preparation and 
handling occurs in the domestic 
environment, so research and 
consumer education regarding the risk 
of unsafe food-handling practices is an 
essential element of prevention of 
foodborne disease. The home 
environment constitutes a potential 
source of bacterial contamination, 
particularly the kitchen and the 
bathroom, which may serve as 
reservoirs of  large numbers of 
microorganisms. It has been suggested 
that once pathogens which cause 
intestinal disease enter the domestic 
environment, they can be transmitted 
between surfaces, people and their 
food supply (Curtis et al., 2003). 
Duggan and Phillips (1998), suggested 
that contamination with L. 
monocytogenes can be disseminated 
widely in kitchens, but the primary 
source of contamination was 
unknown.  

Listeria monocytogenes has been 
identified as a major infectious agent 
causing neurological syndromes and 
uterine infections in bovine, sheep and 
goats. This microorganism can cause 
encephalitis, which was first described 
as “circling disease”. Animals 
carrying L. monocytogenes can lead to 
direct contamination of milk as a 
consequence of listeric mastitis, 
encephalitis, or Listeria-related 



abortion (García et al., 1996). Animal 
feces and the farm environment are 
important sources of raw milk 
contamination by L. monocytogenes 
(Nightingale et al., 2005). The 
objective of this study was to compare 
the incidence of Listeria between 
households with and without 
ruminants. 

 
 

MATERIALS AND METHODS 
 

Fifty-four rural Colorado 
households were recruited, 27 with 
and 27 without ruminant animals. 
Three household visits were 
conducted, with a 3-4 week interval. 
During the first visit, information was 
collected about food safety and 
hygiene practices. During each visit, 3 
food samples, 5 environmental 
samples and, in the case of ruminant 
households, a ruminant fecal sample 
were collected. In addition, during 
visits 2, 3 and 4, one stool sample 
from any member of the family was 
collected. Food samples included, 
leftovers, dairy products, deli meats, 
cut fruit and/or vegetables. 
Environmental samples for non-farm 
households were: refrigerator, kitchen 
sink, washing machine, shoes and 
kitchen countertop or sink next to 
washing machine. For households 
without ruminants, environmental 
samples were refrigerator, kitchen 
sink, washing machine, shoes soles 
and kitchen countertop or sink next to 
washing machine or gloves used to 
work with the animals. Food samples 
were collected with a sterilized metal 
spoon and placed in sterile Whirl-pack 
bags. Environmental samples were 
collected with a damp sponge (10ml 
of 1% peptone water) by swabbing. 
Ruminant fecal samples were 
collected with a sterilized tongue 
depressor. All samples were 
transported to the laboratory in coolers 
with ice packs, and were analyzed 
within 24 hours of collection. 

The microbiological analysis 
included two enrichment steps. First, 
Universal Preenrichment Broth (UPB) 
was used (1:10 dilution) and then 
Fraser Broth (FB). UPB was incubated 

at 95oF for 22-24 hrs. Then, 1ml of 
UPB was transfer to 9ml Fraser broth 
(FB), and incubated at 35oC for 22-
24hrs. After incubation, FB was 
streaked on PALCAM agar and triptic 
soy + 0.6% yeast extract agar 
(TSAYE) plates, and incubated at 
86oF for 48hrs. Suspect colonies were 
selected and transfer to TSBYE, and 
allowed to grow for 22-24hrs. After 
incubation, 1ml of this culture was 
frozen at -94oF, with 20% glycerol. 
Biochemical analysis for confirmation 
of L. monocytogenes followed, 
according to USDA-FSIS 
Microbiology Laboratory Guidebook 
(2005). 

 
 

RESULTS AND DISCUSSION 
 

 Overall, 85.2% of participants 
reported some knowledge about 
Listeria. However, only 13.0% of 
them could relate deli meats with a 
possible vehicle for the pathogen, and 
61.1% were not sure about possible 
sources for contamination. 
Interestingly eggs were pointed out as 
a possible source of contamination by 
20.4% of respondents. These results 
show that even when consumers may 
have heard of this pathogen (possible 
due to high publicized outbreaks in 
recent years) they do not have enough 
knowledge about the vehicles of 
transmission of Listeria to effectively 
control the pathogen at home. This is 
also reflected by the fact that less than 
10% of participants considered proper 
food storage, refrigeration and 
avoidance of high risk foods as 
possible ways to prevent 
contamination with Listeria. 
Moreover, about half of the consumers 
interviewed were not sure of how to 
prevent contamination with the 
pathogen. Regarding high risk 
practices, a small percentage of 
participants reported eating hot dogs 
without reheating them. However, 
most participants said that they did not 
reheat deli meats. This behavior, in 
addition to long storage periods for 
opened hotdogs and deli meats 
packages represent a risky practice, 
especially for individuals in the high 

risk groups. One fifth of participants 
reported that they kept opened 
packages of hotdogs and deli meats in 
the refrigerator for 2 weeks or longer. 
During such periods of time, Listeria 
can grow on hotdogs and deli meats to 
very high numbers. Consumers should 
be provided with information about 
foodborne pathogens, and in the 
practices they should follow in order 
to prevent contamination. It is also 
important for them to understand the 
possible consequences associated with 
not following recommendations. 
There was no significant difference 
(P>0.01) in the level of knowledge 
between households with and without 
ruminants.  

Listeria spp. was isolated from all 
types of samples except human stools 
(13 food samples, 7 refrigerators, 4 
kitchen sinks, 2 washing machines, 2 
shoes and 1 kitchen countertop). Only 
two different species of Listeria were 
isolated, L. monocytogenes and L. 
innocua. Forty-four percent (12/27) of 
non-ruminant households had at least 
one Listeria spp. positive sample 
compared to 37% (10/27) of ruminant 
households. No difference (P>0.01) 
was found between ruminant and non-
ruminant households, and one 
household of each type had positive 
samples for L. monocytogenes on 
multiple visits. Overall L. 
monocytogenes incidence in food and 
ruminant fecal samples was 1.6% 
(10/642) and 1.9% (2/108), 
respectively. 

Results pointed to possible 
crosscontamination. In four different 
households (two with and two without 
ruminants), at least one surface and at 
least one food sample tested positive 
for Listeria in the same visit. In one 
case the washing machine, the kitchen 
countertop and a food sample were 
positive. In the other three households 
either kitchen sink,  kitchen 
countertop or refrigerator and one or 
two food samples were positive. 

 
IMPLICATIONS 

 
Even when a relatively high 

percentage of participants reported 
some knowledge about Listeria, only a 



low percentage of them are aware of 
animals as a potential source for 
contamination with this organism. In 
addition, some practices reported by 
participants represent a risk for 
contamination of the household 
environment with Listeria. Consumers 
should be educated on food safety 
practices, such as proper refrigeration 
temperature and storage for RTE 
meats. Also, they need to know and 
follow proper hygienic practices to 
prevent crosscontamination within the 
household, such as hand washing, 
changing clothes after handling farm 
animals and cleaning and sanitation of 
food preparation surfaces. 
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