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ABSTRACT OF THESIS
LISTERIACONTROL AND SAFE FOOD TRAINING FOR DIETARY MANAGERS

Elderly individuals are a growing sector in the U.S. population. Withnitr@ase,
the need for long-term care facilities (LTCF) is growirsgveell. It is estimated that 5%
of individuals age 65 or older and 20% of individuals age 85 or older live intéony
care facilities. Due to aging, the immune system of the lgld®comes weak, which
increases the vulnerability to foodborne ilinesses. Other factecxiated with aging like
chronic disease, dementia, lack of physical activity and egterirsing homes, can also
contribute to the increased susceptibility to foodborne diseasesth&se reasons,
caregivers of the elderly, including dietary managers whoes&wud to the elderly,
should be aware of factors that can increase the likelihood of cimgranfection.
Listeria monocytogenes a particularly important foodborne pathogen that can cause
severe illnesses or even deaths in populations at higher risk fdbdioe iliness,
including the elderly. Listeria Control and Safe Food Training for Dietary Manager”
was an on-line course developed to provide important information abousathisgen
and suggested control measures. The training module targetedyDMdaagers and
Registered Dietitians who work in LTCF. The module consisted ektsegments and
was 47 minutes long. The module included PowerBailides, recorded audio, written

scripts and reference links. Pre and post questionnaires wereouseggsure the course



outcomes along with course evaluation items. Multiple-choice kngelgdestions were
developed and evaluated for reliability, content validity and difficldyy module
developers. Of 20 questions initially developed from the course camtentested for
reliability, 13 questions were selected as final questionsiciparit recruitment for the
module pilot testing was conducted through winter 2010. Participantsreereted via
state Dietary Manager Associations and state associatiofm&efpstered Dietitians and
Dietetic Technicians. Emails and advertisement fliers weeel for recruiting efforts. Of
211 participants who showed interest in the module, 143 participants Weretoa
complete both the pre and post knowledge questionnaires. Particidamtsompleted
the course received one continuing education credit from their paiassirganization.
The module knowledge scores achieved significant increase (P<0.0@@1)re to post-
guestionnaire. The knowledge score overall increased from 65.7% coedct 8.7%
post. The course evaluation showed that more than 90% agreed or stigregly that
they gained new and useful information from the course and planned tchaise t
information in training others. They also found the web module a comtem@y to earn
continuing education credits. Feedback gained from course pilotngegvaluation will

be considered as a helpful tool in making improvements to future on-line courses.

Hanaa Thigeel
Department of Food Science and Human Nutrition
Colorado State University
Fort Collins, CO 80523
Fall, 2010
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INTRODUCTION

Foodborne diseases are a substantial public health concern in the United States and
worldwide. Both developed and developing world suffer severe foodborne iliness
consequences, but to a variable extent (King et al., 2000). The U.S. Centers fog Diseas
Control and Prevention (CDC) estimate foodborne outbreaks cause 76 milliore#giness
and about 5000 deaths annually in the United States (Mead et al., 1999). Scharff (2010)
provided recent estimates that the cost of foodborne illness in the U.S. accounted for

$152 billion each year.

Foodborne infections can cause severe illnesses in the general populationgncludi
healthy adults. However, older adults (those who are over 60 years old) tend to have
more severe complications to these infections. Also, research has showdétat el
persons are more susceptible to foodborne iliness infections and deaths (Buzby, 2002).
According to Smith (1998), older adults are more likely to experience sevess idind
deaths from gastroenteritis than younger adults. The elderly populatiory is ver
heterogeneous, i.e. it varies in physiological function, health and vulneradilit
infection (Smith, 1998); however, as a population, the elderly exhibit increased
vulnerability to gastroenteritis and foodborne infections due to changes in immune
response (McGlauchlen & Vogel, 2003; Nikolich-Zugich, 2008), gastrointestinal

physiology (Slotwiner-Nie, 2001), use of medications that induce suppression of gastric



acid or the immune system (Gavazzi, 2002; Swaminathan & Gerner-Smidt, 2007), and
comorbid conditions such as arthritis and heart diseases occurring at the same tim

(Gavazzi, 2002).

The U.S. population is aging and the older adults segment of population is growing
rapidly (U.S. Census Bureau, 2005). This indicates that the need for long-term care
settings is continuing to grow, which is creating a significant chadlém¢pealthcare
providers (U.S. Department of Health/U.S. Department of Labor, 2003). Accaoding
Buzby (2002), approximately 5% of individuals age 65 or older and 20% of individuals

age 85 or older live in nursing homes.

Older adults who live at long-term care facilities (LTCF) are aéasad risk of
developing foodborne diseases (Djuretic et al., 1996; Garibaldi, 1999). It was reported in
the United States during the period of 1994-1998 that residents in LTCFs were more
likely to die from gastroenteritis than the general population living in the community
(Frenzen, 2004). According to Frenzen (2004), about 17.5% of deaths involving
gastroenteritis occurred in LTCF. Gerba et al. (1996) estimated théatalty rates
from specific foodborne pathogens and found that these rates were 10-100 times higher in

nursing homes residents than in the general U.S. population.

There are several factors that contribute to the vulnerability of L&§iéfents. These
people tend to have a poor health status (Garibaldi, 1999; Strausbaugh et al., 2003) and a
high prevalence of chronic diseases (Kinsella & He, 2009), which compromise the
immune systems. Additionally, LTCF residents tend to have a greater uséaites

and other medications (Garibaldi, 1999). Another factor that contributes to thesedre
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susceptibility to foodborne illnesses among LTCF residents is the close living
arrangements and contact with visitors and staff which provides a unique environment for
spreading infectious agents (Garibaldi, 1999; Strausbaugh et al., 2003; Gaitiladldi

1981). In addition, food preparation and serving protocols that are centralized can
facilitate the transmission of foodborne pathogens among LTCF resitlenisq et al.,

1991; Nelson et al., 2008).

Although outbreaks in LTCF are frequent, few studies have assessed measures to
prevent foodborne diseases or gastroenteritis. An evaluation of 75 published outbreaks
involving LTCF reported that data was insufficient to provide an assessntegeneral

recommendations were only made (Greig & Lee, 2009).

One problem that can be addressed is the low awareness of foodservice managers
about food safety related issues (Sneed et al., 2004). Improperly preparimgvamgl s
food to the elderly can greatly impact food safety. Sneed et al. (2004) conduetedhes
in assisted living facilities and found several food-handling practicesataired
improvement, including hand washing, ware washing, and cleaning and sanitizing
procedures. Kendall et al. (2008) conducted a web-based survey with dietagyensaio
evaluate their understanding of populations at high risk for foodborne pathogens like
Listeria monocytogene&ven though 95% had received training on food safety, only
21% said they have had received training alh@ieria. Therefore, enhanced training to
foodservice managers is needed to address food safety issues associatedawith ¢
foodborne pathogens that can cause severe illness or deaths to the eldedgusitnf

Listeria monocytogenes.



An attempt was initiated by researchers at Colorado State Unyverdivelop an on-
line training module for dietary managers and other similar profession&isthaa
Control and Safe Food Training for Dietary Managers module was designed to provide a
convenient way for gaining knowledge and earning continuing education credits. The
module focuses ohisteria monocytogeneand why this bacterium can cause severe
iliness or death in the elderly and other susceptible populations. Additionally,itiegtra
module addresses methods to prevent listeriosis or reduce the infection in lomgserm
settings through implementing a HACCP plan. Moreover, the module highlights proper
cleaning and sanitizing protocols to prevent listeriosis, and other foodborne patbbgens

special importance to the elderly.



REVIEW OF LITERATURE

|. Foodborne lliness: an overview

Foodborne diseases have a major impact on health; therefore, food safety is a
worldwide health objective (Velusamy et al., 2010). The World Health Orgamizat
defines foodborne illnesses as diseases, usually either infectious ontoatare, caused
by agents that enter the body through the ingestion of food (WHO, 2007). The current
surveillance system of foodborne and waterborne diseases began in 1966 (CDC, 2006).
The Centers for Disease Control and Prevention (CDC) have maintainedoareatilee
surveillance program for periodic data reporting of foodborne-related outbretdies i
United States since 1973. The CDC foodborne outbreak investigations are based on
collecting reports on the number of ilinesses, hospitalizations and deathgltwcet
agents for illnesses, implicated food vehicles, and other outbreak-assoatesl fa
(Ryser & Marth, 2007). According to the World Health Organization (2007), the
percentage of the population suffering from foodborne diseases in developed sountrie

has been reported to more than 30% each year.

It has been estimated that around 76 million cases of foodborne diseasesgiiesulti
325,000 hospitalizations and 5000 deaths occur each year in the United States (Mead et
al., 1999). Although deaths due to acute foodborne illnesses are relativelysahates

0.1% of all deaths, these deaths are most likely to occur in very young persong, elderl
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persons, or persons with compromised immune systems (Gerba et al., 1996). Currently,
officials in all states report foodborne outbreaks by using a surveillastansgalled the
electronic Foodborne Outbreak Reporting System (eFORS). This systedewsoped

to ensure complete and accurate reports of foodborne illness (Ryser & Marth, 2007).

The population in the United States and internationally is aging. It was estimat
2000 that about 35 million individuals, accounting for 12.4% of the population, were 65
years or older in the United States. It is anticipated that by 2030, 71 millioncamer
(U.S. Census Bureau, 2005) and more than one billion individuals worldwide (Gavazzi et
al., 2004) will be 65 years or older. While many Americans over age 65 enjoyesuffic
health for full physical function, older adults, specifically, those who aye8Es or
older, are at increased risk for both infections and death from infections including
foodborne illnesses (Smith, 1998; Strausbaugh, 2001; Gerba et al., 1996). Thus,
preventing foodborne iliness and death among the elderly presents aaigrdfiallenge

(Buzby, 2002).

There are several factors that contribute to the increased susceptilaihtygeverity
of foodborne pathogens among older adults. The relationship between the diminished
febrile response and increased mortality has been considered a contributintpfdu
increased susceptibility to foodborne illness (Kreger et al., 1980; Weinsteinl£ias).
One important contributing factor to the increased susceptibility of foodb&rasslin
the elderly is the aging immune system. As persons age, they lose adaptives
function naturally (Castle, 2000). The defective constitutive functioning of magegha

and granulocytes and the natural shift to memory T cells with aging reduceachitts’



ability to mount a cell-mediated response to an infection (Castle, 2000; Khanna &
Markham, 1999). In addition, cytokine production decreases with natural agingeand t
IL-2 and IL-8 function is further affected. Therefore, susceptibility to foaakor
infections can increase for elderly persons, especially when they aregxpaosew or

genetically-mutated pathogens (Kendall et al., 2006).

Another factor that contributes to increased susceptibility and sevidotydborne
illness among the elderly is chronic disease. Immune suppression assoittatging,
chronic disease (Gerba et al., 1996) and therapeutic regimens used toessasdiBow,
1998) increase one’s vulnerability to opportunistic infection. Examples of chronic
diseases in the elderly that increase susceptibility to foodborne illnésdeindiabetes
mellitus (Samra et al., 1984), cancer (Louria et al., 1967; Hantel et al., 1989; Kleardor
al., 1989; Jensen et al., 1994; Mora et al., 1998) and acquired immunodeficiency

syndrome (AIDS) (Decker et al., 1991).

Nutritional deficiency, dementia, and lack of physical activity cancstribute to
increased susceptibility and severity of foodborne illness among the elderixdmple,
there is a potential of increased susceptibility to infection due to malnutktigh,

1999). A deficiency of protein, minerals or vitamins can lead to impaired immune
function (Chandra, 1995; Lesourd, 1997). The affect of dementia on malnutrition is not
well recognized. However, some studies reinforce the necessity of prgteagnitively
impaired individuals from foodborne infections (Kendall, et al., 2006). In addition, loss

of mobility in older adults can impair immune function (Kendall, et al., 2006). Kohut and



Senchina (2004) concluded that long-term exercise interventions may improve immune

function in older adults.

Il. Listeria monocytogenes

Listeriamonocytogenewas originally name@acterium monocytogendsis a
Gram-positive pathogen first described in 1926 in Cambridge, United Kingdom, as a
source of infection with monocytosis in laboratory rodents (Murray et al., 1926 In t
following year, Pirie also isolated a Gram-positive bacterium, in thianostfrom
infected wild gerbils in South Africa, and proposed the nhisterellafor the genus in
honor of the surgeon Lord Lister (Pirie, 1927). Murray and Pirie realized thaw#drey
dealing with the same species of bacteria and thus combined the name ltesterella
monocytogenesvhich was later, changed to the current namstéria monocytogenes”

due to taxonomic reasons (Pirie, 1940)

Listeria monocytogenesauses listeriosis, a rare disease, but it is potentially serious
(Allerberger & Wagner, 2010). This disease occurs in various animals, including humans
Organs that may be affected by listeriosis include the uterus duringapi®g the central
nervous system, and the blood stream. Infection Wweteria is life-threatening and most
often recognized in immunocompromized individuals, the elderly, pregnant women and
neonates (Liu, 2008). The average case fatality rate of human listeriosis 0% to
30% (Swaminathan & Gerner-Smidt, 2007).

Listeria monocytogeneazauses two forms of listeriosis: non-invasive gastrointestinal
listeriosis and invasive listeriosis. In immune-competent individuals, non-invasive

listeriosis develops as a typical febrile gastroenteritis. The incubatima pehich is the
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time between the consumption of the contaminated food and the first recognition of
clinical signs, varies between individuals, and may range from one to 90 days (L

2008). For example, the median incubation period in noninvasive listeriosis is one day
with a range of 6 hours to 10 days. The most commonly reported symptoms are fever and
non-bloody stools. In immune-compromised individuals such as the elderly and patients
receiving immunosuppressive agents, listeriosis can manifest as septicemi
meningoencephalitis. Fever is generally present in patients with baictetmer

nonspecific symptoms such as malaise, fatigue and abdominal pain may also occur.
Invasive listeriosis can also be acquired by the fetus from its infected ma@ttibe

placenta (Allerberger & Wagner, 2010).

The incidence of infection increases with advanced age (Liu, 2008), prima&lysieec
older adults are more prone to be infectedLisyeria due to their weakened immune
system. Immune suppression is an important risk factor for both epidemic outhrdaks a
sporadic cases. In recent years, the incidence of listeriosis has beese3/indkon
persons/year (Anonymous, 2007). Among 2,168 foodborne outbreaks with identified
etiology reported to eFORS for the period of 1998 to 2002, 11 were due to the pathogen

Listeria monocytogendg®yser & Marth, 2007).

The major route of infection is the consumption of food contaminated.isttria
monocytogenesiowever, infection can also be transmitted by direct contact with the
environment, infected animals or cross-infection between patients during théaheona
period (McLauchlin & Low, 1994; McLauchlin, 1996). In contrast to the relatively low

incidence of listeriosis, more than 60% of all recall actions in the UniteglsSiatween



1996 and 2000 were launched as a result of detdastgyia monocytogenes

contamination (Wong et al., 2000).

Listeriamonocytogeneis a ubiquitous microorganism. It can be found everywhere in
the environment in soil, water, sewage, silage and fecal materials. Soilrsoodyn
known as a harborage of the bacterium, particularly in silage (Bourry & Poutrel, 1996)
Also, it has been reported that a wide variety of healthy animal speegkisteria in
their feces. The stressful factors that animals encounter during tratspotd slaughter
plants has been reported to increase the sheddirgtefia. In addition, symptomatic

and asymptomatic humans do excrete the bacterium in their feces (Rysatl& 199).

lll. Growth Characteristics of Listeria monocytogenes

Listeriasp., in general, are fairly undemanding bacteria in terms of nutrition. For
optimal growth, these bacteria require vitamins, amino acids, and carbohydratels a
as non-selective microbiological media that support microbial grawgteria sp. can
grow well on several artificial media such as tryptone soy broth, or beairt-imfusion
broth under both aerobic and anaerobic conditions (Liu, 2008). At the optimum
temperature, microorganisms exhibit short initial lag periods, short gemetianes
during the exponential growth and high cell counts or densities at the stationary phase
Listeria monocytogenas commonly a psychrotrophic and mesophilic bacterium. This
bacterium is capable of growing at temperatures below 0°C (32°F) in labyona¢dia
broth (Walker et al., 1990; Bajard et al., 1996). The minimal growth temperature for
Listeria varies between -2 and 4°C (28.4 and 39.2°F), whereas the maximum growth

temperature is 45°C (113°F) (Ryser & Marth, 1991; ICMSF, 1988})eria
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monocytogeneis destroyed when exposed to temperatures of more than 50°C (122°F)
(Ryser & Marth, 2007). Significant growth variation among different straihsstdria,
especially at refrigeration temperatures, was observed by Barbals&1€94). In fact,
Listeria becomes more virulent at low rather than high temperatures. Freezing
temperatures -18°C (0°F) inhibit the growth, but the pathogen is still ablevteesut

was observed by El-Kest et al. (1991) that slow freezing at -18°C was rtiaiedied
injurious to this pathogen than rapid freezing at -198°C (-324isteria exhibits

sensitivity to both lysozyme and lipase, which are naturally present in somedodds
freezing increasdsisteria’s sensitivity to these enzymes. In contrast, the ability of
Listeriato adapt to stressors, such as low pH, ethanol, NaCl, heat shock or starvation
increased.isterias survival during freezing, frozen storage, and freeze/thaw cycles (Lou,

1997).

Growth temperatures can influence the thermotoleranicistefia monocytogenes.
Also, heat shock conditions have been shown to increase the thermotolerance of the
pathogen and possibly increase its virulence. In food processing there are several
conditions that are similar to heat shock. Examples include slow heating, prgheati
cooking, hot water washing, mild thermal processes and holding foods in warm trays

(Ryser & Marth, 1999).

Like many other bacteridjsteriamonocytogenegrows best at a pH close to
neutrality (Ryser & Marth, 2007). Early literature indicated thateriacan only grow at
pH values from 5.6 to 9.6 (Seeliger & Jones, 1986). However, diistéwia outbreaks

linked to consumption of fermented dairy products, the minimum pH requirement has
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been reassessed (Ryser & Marth, 1999). Growthstéria at pH values ranging from

4.0 to 9.6 have been reported (Petran & Zottola, 1989; Phan-Thanh, 1998). Studies also
have shown thdtisteria can grow and multiply in laboratory adjusted media to pH

values lower than those mentioned above. According to George et al. (1988), all 16
strains ofListeria monocytogendssted positive when inoculated into Trypticase Soy
Broth acidified with hydrochloric acid to pH values between 4.39 to 4.63 and incubated
at 20-30°C. Thus, the minimum pH at whidisteria can grow is well below pH 5 (Ryser

& Marth, 1999). In fact, growth dfisteria monocytogenes acid or acidified foods
confirms the findings in laboratory media. Conner et al. (1990) conducted a study
prompted by the listeriosis outbreak in Canada linked to consumption of contaminated
coleslaw. The study showed that the pathogen could tolerate and grow igecabba at

pH values less than 5.6. Koutsoumanis et al. (2004) examined the pH litnkseoia
monocytogenegrowth in broth and agar with the effect of temperature and water activity
by using the growth/no growth model. The researchers observed that the minimum pH
and water activity that allowed the pathogen to grow were 4.45 and 0.90 respetttively
temperature ranged from 15 to 30°C (59 to 86°F). It has not been documented yet that

Listeria monocytogenesan grow at pH values less than 4.0 (Ryser & Marth, 2007).

The moisture requirement for microbial growth is best expressed by wiatity ac
(aw) (Ryser & Marth, 2007).isteria monocytogenagows optimally at @0.97 or higher
(Petran & Zottola, 1989). However, when compared to other foodborne pathogens,
Listeria has a unique ability to multiply af, &alues as low as 0.90. It was observed that
Listeria monocytogeneasan survivan environments of,a< 0.90, particularly under

refrigeration for extended periods (Ryser & Marth, 2007). Moreover, it was obsbhated t
12



Listeria monocytogenesas able to survive for 84 days at 4°C (39.2°F) in fermented hard
salami which hadgbetween 0.79 and 0.86 (Johnson et al., 19BB}eria

monocytogenesas detectable in commercial cheese brine (with salt concentration of
23.8% and pH value of 4.9) inoculated with the pathogen and stored at 4°C for up to 259
days. Low @ (<0.90)is listeriostatic, but rapid growth may resume gmeareases. Thus,
cheese brines should be considered as potential sources for cross-contanhiaegom (

et al., 1999). This also indicates that the bacterium tolerates the eltiggh salt

concentrations of commercial cheese brines (Larson et al., 1999).

Listeriamonocytogenegrows well under aerobic and anaerobic conditions and at
refrigeration temperatures. This property makisteria a potential threat to the safety of
foods packaged under vacuum or modified atmospheres (Church & Parsons, 1995) and
the growth of this pathogen is not inhibited in vacuum packaged food items (Hudson et

al., 1994).

Listeria monocytogeneasn attach to numerous surfaces such as stainless steel, glass,
wood, porcelain, iron, plastic, polyester, propylene, rubber, waxed cardboard, and paper
(Stanfield et al., 1987; Mafu et al., 1990; Krysinski et al., 1992; Mosteller Bopis
1993). Attachment of a bacterium to a solid substrate is usually followed bycoimny
formation that may surround itself with extracellular polysaccharidehnkicalled
glycocalyx or a biofilmListeria biofilms can serve as a physical barrier and can protect
the microcolony within them (Jeyasekaran et al., 2000). As a consequence, equipment
surfaces, conveyer belts, floor sealants, and drains may become potentrainefs

Listeria, and then may cross-contaminate food products (Spurlock & Zottola, 1991). Due

13



to Listeria’s ability to attach to different surfaces, packaging material could bedevadi

a potential source of contamination with this pathogen (Midelet & Carpentier,.2002)
Listeriain a biofilm is harder to remove and inactivate than when it is present as freely
suspended planktonic cells (Ryser & Marth, 2007). Plankiasteria is less resistant to
harsh treatments than is adhereisteria. This bacterium has beéound to be more
resistant to antimicrobial agents at higher inoculum levels (LericHe &089), in older
biofilms (Oh & Marshall, 1996) and at lower environmental temperatures (Palumbo &

Williams, 1991).

The discussion above states thiateria monocytogeneas a hardy bacterium which
has several unique virulence characteristics compared to other foodborne pathogens.
Factors that increadasteria’s virulence are its ability to grow at very low temperatures
and grow at relatively low pHs. This bacterium can tolerate low moistureoenvents,
anaerobic conditions and extremely high salt concentratigsteria can also be found in

a wide variety of foods which makes it a very important foodborne pathogen.

IV. Listeria Contamination of Foods

Within the last 25 years, food has been recognized as a potential mode of transmiss
of Listeria monocytogenes humans (Ryser & Marth, 2007). Murray et al. (1926)
described the potential transmissiorLdteria monocytogendgs humans through foods
when he conducted an experiment in rabbits for a disease caused by a bacterium

subsequently identified dgsteria monocytogenes.
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In good hygiene slaughter houses, the incidentestaria contamination on red meat
carcasses is fairly low. This intermittent low level direct contanmonatould be mainly
from feces. However, this level of contamination is sufficient enough for theribact®
colonize in meat processing environments. Thus, contaminated equipment in this
environment can act as a potential indirect contamination source for furthesgedc
foods. The contamination afsteriato the environment is usually minimal and sporadic;
however, poor hygiene practices on the farm level lead to potential contamioiat

Listeriain food processing environments (Ryser & Marth, 1999).

After harvest, food and food ingredients can become contaminated at anyf stage o
food processing, during retailing, and in consumers’ home environment.LAdtarja
outbreaks point to the importance of contamination from sites within food processing
environmentsListeria monocytogenasan be introduced into the environment of a food
processing plant, especially when sanitation is insufficient. Loss of camspetific
plant areas wheteisteria contamination must be avoided can lead to contamination with
the pathogen (Figure 1). Food production systems are now diverse so they can produce
different types of food and often integrate a high degree of food handling (Liu, 2008).
This increases the risk bfsteria contamination of foods. For instance, studies have
shown that more highly processed meats are more likely to be contaminatédsteitia
than unprocessed meats (Fenlon et al., 1994; Ryser et al., I28@&stingly,
contamination with a single strain lofsteria can affect a single environment for several
years. This is due toisteria's ability to survive in niches within plants where sanitization
is not effective, persist and remain undetectable for a long period of time (Waghe

1996). Studies conducted in fish and dairy plants suggested that the level of
15



contamination increases at later processing steps (e.g. after brimingray ripening). In
fact, contamination of food and food contact surfaces in the processing areadsom sit
and machinery within the food plant is of greater importance than contaminatian of t

raw food components that enter the plant (Liu, 2008).
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(Ryser & Marth, 1999).
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Since the recognition of food as the primary mode of transmission, a wide variety of
food types have been implicated in outbreakisisteria monocytogene3 hese foods are
capable of supporting the growth and multiplicatioisteria. In fact, many of these
foods are cured, pasteurized or cooked in the production process and then exposed to
post-processing contamination from the environment. A common characteristiopf ma
implicated foods is that they are refrigerated Ready-to-Eat (RTt9 means they are
eaten by consumers without cooking or reheating (Ryser & Marth, 2007). Processed
refrigerated RTE foods often have a longer shelf life (Liu, 2008) compared hddids,
which provides ample time fdristeria, a psychotropic bacterium, to grolasteria
grows well in cold environments to levels posing a high risk for human infection and

disease, particularly in susceptible individuals (Ryser & Marth, 2007).

According to the FDA Food Code definition, foods associated with listeriosis are
commonly considered Potentially Hazardous Foods (PHF). The Food Code defines PHF
as natural or synthetic foods that are capable of supporting the growth of patrerge
toxin producing bacteria. Therefore, these foods require temperature con#gl (FD
2001). Recently, the term potentially hazardous foods was changed to Temperature
Control for Safety (TCS), which is used for any food that requires time andrigomee
control to reduce the growth of pathogenic and toxin forming microorganisms (FDA,
2005).

Examples of these foods can include dairy products such as soft unripened cheeses,
raw (fluid) milk, ready-to-eat meat and poultry products like turkey franks agdAigo,
fish and seafood products such as cold smoked fish and crab meat can be implicated with

Listeria. Vegetables like coleslaw have also been associated.isttria outbreaks
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(Schlech et al., 1983).

In 2001, the FDA/Center for Food Safety and Applied Nutrition, USDA/Food Safety
and Inspection Service and Centers for Disease Control and Prevention jointly published
an assessment report for a variety of ready-to-eat foods commonlyatsgadith
Listeria (FDA/USDA/CDC, 2003). Pasteurized fluid milk was categorized in the
moderate risk category for potentially causing listeriosis (FDA/ASRIDC, 2003).

Although the pathogen is inactivated during pasteurization, there is a potentialtfor pos
processing contamination of fluid milk which can result in outbreaks that areadsdoc
with pasteurized milk (FDA/USDA/CDC, 2003). In 1985, health officials linked an
outbreak of serotype 4b infections in Massachusetts to consumption of a specific brand of
2% and whole pasteurized milk (Fleming et al., 1985). Also, there was one outbreak of
listeriosis linked to consumption of contaminated pasteurized milk (Dalton et al., 1997).
Another outbreak of listeriosis linked to pasteurized milk resulted in five casegiate

and three deaths (CDC, 2008). The report identified unpasteurized milk as being a low
predictive relative risk of causing listeriosis. This is mainly due to the lte\ofa
consumption of raw milk in the United States where the Federal law requires
pasteurization of milk sold through interstate commerce. Still, some stalesinS.

allow the purchase of unpasteurized milk. According to a 1995 FDA/CDC survey
conducted in all 50 states, Puerto Rico and the District of Columbia, 28 states (54%)
allowed the sale of raw (unpasteurized) milk (FDA/USDA/CDC, 2003). Moenthg
Behravesh (2010) has reported that while the interstate sale of unpasteutkzisd mil
prohibited by the FDA, about 25 states permitted the sale of unpasteurized nmtk duri

the period of 1993-2006.
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In 1985, listeriosis was brought to attention and became a major public healtim concer
when a large epidemic occurred in Los Angeles County (Linnan et al., 1988). The
number of cases recognized was 142 cases. The predominance of perinataidistas
striking, about 65%, of which 87% occurred among Hispanic women. In addition, 29% of
cases were among non-pregnant Hispanic adults. The outbreak calssteitgwas
due to the consumption of soft, unripened Mexican-Style cheese (Linnan et al., 1988).

Unlike hard or aged cheeses, heat-treated natural and processed cheegska that ha
predicted relative risk of causing listeriosis, fresh soft cheesesgxicdh-Style cheeses
made with raw (unpasteurized) milk like queso fresco were identified asvigibdisigh
predicted relative risk of causing foodborne listeriosis (FDA/USDA/CPBD3). This
type of cheese has relatively high moisture content and pH of 5.6 or higher (Ryser, 1999)
and usually consumed without additional aging, which perfectly supports the growth and
replication ofListeria. In 2003, an outbreak of listeriosis was linked to the consumption
of queso fresco occurred in southern Texas. Among six cases of pregnant women and a
neonate, one resulted in fetal death and one in the neonate death. Investigation conducted
by Texas health officials revealed that five of six women consumed queso dresty
the month before illness. Further investigations indicated that the chasseasgle in
Mexico from unpasteurized milk and sold illegally in the state flea markdtby
unlicensed street vendors (Anonymous, 2003).

Frankfurters were found to be in the relative high risk food category fongausi
listeriosis in the U.S. (FDA/USDA/CDC, 2003). In 1988, a case of invasive disteri
was linked to consumption of contaminated turkey frankfurters. This case wastthe f

laboratory-confirmed association of meat and poultry products with invasiveoksse
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(Anonymous, 1989). During the period of 1998-1999, the largest listeriosis outbreak in
the United States occurred due to the consumption of contaminated frankfurters and deli
meats (Mead et al., 2006).

Smoked seafood also had a high predicted relative risk for causing listeriogdis. Col
smoking of these food products can result in contamination of foodd.istdria as this
process have no significant inactivation of the pathogen (FDA/USDA/CDC, 2003).
Smoked fish and seafood have been linked to several outbreaks in Europe. For instance,
smoked mussels have been linkedl igteria outbreaks in Australia and New Zealand
(Brett et al. 1998), cold smoked rainbow trout have been linked to an outbreak in Sweden
(Ericsson et al., 1997), smoked salmon has been linked to sporadic cases in Australia, and
smoked cod roe has been linked to sporadic cases in Denmark (Ryser, 1999). In contrast,
raw seafood has a low predicted relative risk of causing listeriosis in the U.S.
(FDA/USDA/CDC, 2003).

Vegetables category is difficult to be categorized because it coataide variety of
products, but according to the FDA/USDA/CDC (2003) risk assessment, vegetables had
low predicted relative risk of causing listeriosis in the United States sepeng basis.

The FAO/WHO (2004) risk assessment classified vegetables under modskate ri
category for listeriosis. This classification is mainly based on the higheroh annual
servings and moderate frequency of contaminatiohigtgria monocytogenet spite of
this assessment, vegetables remain infrequently associated with outbréstksiois
(Ryser & Marth, 2007). In 198Bisteria monocytogenegas implicated with a large
coleslaw outbreak that occurred in the Canadian Maritime Provinces (Schléch et a

1983).
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Unreheated deli meats such as meat spreads and paté were categoriped svih f
high predicted relative risk of causing listeriosis. Deli meats can bencioiizzd with
Listeria at retail level and during long period of refrigeration storage. In 2002, a case-
control study was conducted to identify contaminated food source that caused multistate
listeriosis outbreak. 188 patients witlsteria monocytogenasfection were identified in
nine states during the period of July to November, 2002 linked to the consumption of
RTE turkey deli meat. Of these patients, 54 were infected with the outbreakisita
caused 8 deaths and 3 fetal deaths (Gottlieb et al., 2006).

Deli salads such as meat, seafood, egg and pasta salads may contain compbnents tha
inhibit the growth oListeria like acidic components. However, PHF/TCS ingredients
including meat, poultry, and seafood in the salad would allow the growth of pathogen.
According to the FDA/USDA/CDC (2003) report, the meat, seafood, eggs and pasta
salads from this category have not been yet linked to outbreaks of listeriosis.

V. Use of HACCP in the Control ofListeria

According to Puckett (1998), one way to minimize or reduce the risk of foodborne
illnesses is to implement HACCP (Hazard Analysis Critical ContraitBpiThe term
HACCP is an acronym for Hazard Analysis Critical Control Points. Thitesyis a
management tool designed to control biological, chemical and physical hazamsyhat
occur at any point in the flow of food. Use of the tool is mandatory for meat and poultry
industries monitored by the United States Department of Agriculture (USidd)for
seafood and juice industries monitored by the U.S. Food and Drug Administration
(NACMCEF, 1998). HACCP programs can be very important in providing food safety in

foodservice operations that serve food to the elderly. How8twehbehn and colleagues
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(2004) foundno published research regarding the implementation of HACCP plans in

long-term care facilities.

In general, the HACCP system for controlling potential hazards in foodseis tas
seven principles: conducting a hazard analysis, determining the criticedlqorihts
(CCPs), establishing critical limits (CLs), establishing monitoriragedures,
establishing corrective actions, establishing verification procedures, ahtisbéta
record keeping and documentation procedures (NACMCF, 1998). The purpose of
conducting hazard analysis and determining critical control points is maiagsist in
identifying and evaluating potential hazards. Establishing criticaldjrmonitoring, and
corrective actions are used to establish ways of controlling those hazartsasvhe
verification and record keeping procedures are used to help maintain the HAZCP pl
and verify its effectiveness (National Restaurant Association Edudaionadation,

2008).

Hazard analysis is one of the essential principles in developing an effé&G@EP
plan, but this principle is often inadequately developed in many HACCP plans. The
principle is mainly used to determine the potential hazards that are tsdodth a food
or food processing step that most likely introduces a risk to consumers. Hazgsisanal
includes two steps. The first step is called hazard identification, which niaaulges on
determining any potentially hazards food in the menu and the hazards assodlated wi
each process. The second step is hazard evaluation which means evaluating each
potential hazard based on its severity and its likelihood of occurrence (Rysetti& Mar

2007). For example, tHasteria Control and Safe Food Training module for dietary
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mangers emphasized avoiding TCS foods that are usually associatédsteitia
monocytogenesnd may pose a high risk to the elderly, such as soft cheeses made with
raw unpasteurized milk, cold hot dogs and lunch meats, patés, cold smoked fish and raw

milk.

Control can be applied through determining the critical control points to prevent or
eliminate a food safety hazard or reduce it to an acceptable level. Thisidatenm
should be complete and accurate in order to control food safety hazards. Examples of

critical control points include cooking or cooling of a product (Ryser & Marth, 2007).

Each CCP has one or more critical or safety limits and the developed CCPs must be
documented. A critical limit (CL) is defined as the specific catethat determines
between safe and unsafe products. For instance, cooking is the CCP that makes a raw
hamburger patty safe to eat. The critical limit that is associated wstiC@¥ is cooking
that patty to a minimum internal temperature of 160°F for 15 seconds (National

Restaurant Association Educational Foundation, 2008).

To determine whether a CCP is under control and the CLs are met, a planned
sequence of observations or measurements must be conducted which is called monitoring
procedure. Monitoring also provides an accurate record for future use in verification
(Ryser & Marth, 2007). For instance, monitoring of fruit salad may include takidg
recording the internal temperature of the salad, which should be 41°F or below, eve

three hours (National Restaurant Association Educational Foundation, 2008).
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The fifth principle in a HACCP system is to establish corrective actibes & loss of
control occurs at any critical step. This means when a critical limdtisnet and a
deviation occurs (National Restaurant Association Educational Foundation, 2008). The
purpose of establishing corrective actions is to prevent hazardous foods from being
consumed. Corrective actions are needed to determine and correct the cause of
noncompliance, determine the discard of suspect product and record any corrective
actions that are taken (Ryser & Marth, 2007). For instance, if dirt is found on theesurfa
of washed melons, they need to be washed again to remove the dirt before slicing them

(National Restaurant Association Educational Foundation, 2008).

Any HACCP plan needs to be verified on a regular basis to determine if it is working
Verification is an important principle that determines the validity of the @BR@lan.
This means establishing validation that the primary HACCP plan is sound whether
scientifically or technically and that this plan can be implementedtie#écto control

all potential hazards (Ryser & Marth, 2007).

The last principle in a HACCP system is establishing record-keeping and
documentation procedures which are considered an essential part of HACCPR system
Without an effective record-keeping plan, there is no proof that HACCP pesci@re
followed and there is no trace back of the production history of a finished product.
Examples of records that may be used in food service establishments could include
temperature logs, corrective actions records, equipment validation, shettlfies,
invoices, and specifications that are related to working with suppliero(fdati

Restaurant Association Educational Foundation, 2008).
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VI. Cleaning and Sanitizing in the Control ofListeria

Enhanced cleaning and sanitizing protocols can be another way to control pathogenic
bacteria, includindiisteria. Cleaning is the physical removal of grease and dirt or any
extraneous matter (termed as soil) that may be found on a surface. Such soilragay e
and provide nutrients to microbes. Cleaning approaches can be applied to dry and wet
areas. Dry approaches to cleaning include vacuum removal of residues, hrushing
scraping, and damp mopping, whereas cleaning wet processing areas can be
accomplished by appropriate brushing, sweeping and hot water application (Ryser &

Marth, 2007).

Sanitizing reduces any pathogens on the surface to a safe level and is usually
performed in sequence with cleaning by using liquid sanitizing agents. The code of
Federal Regulations specifies concentrations of sanitizers that may be foswsl
processing facilities (FDA, 2004). Literature has shownlifsdéria monocytogenas
sensitive to commonly used sanitizers in food industry. Studies have shown that chlorine-
based, iodine-based, acid anionic and quaternary ammonium-type sanitizers were
effective againstisteria monocytogenashen used at concentrations of 100 ppm, 25-45
ppm, 200 ppm, and 100-200 ppm, respectively (Lopes, 1986; Orth & Mrozek, 1989). A
recent study conducted at Colorado State University showed that a chloricte blea
solution at a concentration of 300 parts per million redlisteria, Escherichia coli
0157:H7 andsalmonellayphimuriumby approximately 5 log CFU/ml after one minute

of exposure at 77°F (Yang et al., 2009).
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VIl.  Other Pathogens of Concern to the Elderly

In addition tdListeria, other foodborne pathogens of particular importance to the

elderly includeSalmonellaspp.,Escherichiacoli O157:H7 and norovirus.

Salmonellaspecies are bacterial agents causative of acute gastroeriajtiaicz et
al. (2010) used Monte Carlo simulation to estimate the global health impact of
nontyphoidal salmonellosis. The scientists found that 93.8 million cases of gasitisent
due toSalmonellasp. occur globally each year with 155,000 deaths. Of all gastroenteritis
cases, 80.3 million cases were foodborne (Majowicz et al., 2010).

Since aging is associated with a decline in immune function, elderly persais ar
high risk ofSalmonellanfections (Ren et al., 2009). Several studies have addressed
Salmonellainfections in nursing home residents (Levine et al., 1991; Mishu et al., 1994,
Ryan et al., 1997). The mortality attributed to gastrointestinal infectionlsec400-fold
higher in older adults compared to younger adults (Schmucker et al., 1996). Data
collected from foodborne outbreaks associated with nursing homes indicated that the
mortality rate due to diseases cause€hynpylobacter, Clostridium perfringens,
Escherichia coliO157:H7,SalmonellaandStaphylococcus aureus higher in older
adults compared to the general population. In fact, infections caussarhgnellaspp.,
specificallySalmonelléEnteritidis, are the most common cause of morbidity and
mortality among nursing home residents (Smith, 1998). Buzby (2002) pointed out the
higher rate oSalmonellasp. incidence among the elderly compared to other foodborne

pathogens because they are more likely to frequently consume undercooked eggs.
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Another pathogen that may cause severe illness in susceptible individuals, including
the elderly, isEscherichiacoli O157:H7. Typical symptoms of this disease include severe
abdominal pain and diarrhea, which is primarily watery and becomes visibly bloody
afterwards. Vomiting may occasionally occur with low grade or absent fever
Hemorrhagic Uremic Syndrome can develop in older adults with neurologic symptoms
including Thrombotic Thrombocytopenic Purpura (TTP). The mortality rate in dee el

due to this disease can be as high as 50% (FDA, 2009).

Norovirus is one of the important identified viruses that cause acute foodborne
gastroenteritis (Dreyfuss, 2009) and cases associated with norovimee gseesitis
exceeded those caused by bacteria (Mead et al., 1999). This virus is hightyozenta
and difficult to eradicate once it spreads (Barker et al., 2004; Isakbady®608). The
mode of transmission for noroviruses is commonly considered to be through the oral-
fecal route (Dreyfuss, 2009). Other routes of transmission can be direct throughtpers
person, or indirect through contaminated food, water, fomites, infected fecal matter, or
vomitus (Kroneman et al., 2008). Norovirus infections are common within closed
environments such as hospitals and nursing homes (Koopmans & Duizer, 2004).

The disease causes long-term diarrhea and dehydration in the eldediglbspe
individuals aged >65; therefore, patients should be hospitalized and monitored frequently

(Mattner et al., 2006).
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VIIl.  Food Safety Education

Improper food handling and preparation is one of the important factors that can lead
to significant foodborne iliness, especially in individuals with weakened immutesrsy/s
(Kendall, et al., 2006). Nonetheless, foodborne infections can be avoided with proper

education methods and safety measures (Archer & Young, 1988).

Due to the aging of the baby-boom generation in the United States, the need-for long
term care settings will continue to grow. Assisted living, for exampleriopthe health
care options available to fairly independent elderly who need assisteatceay not be
available at homeStrohbehn et al., 2004). State officials conduct inspections at least
once per year. Many state officials have employed recommendations vAtfob®
code standards. These recommendations are reviewed every two yearstttheefle
scientific knowledge and identify food safety related issues such as foodnigeanatli
preparation, equipment cleaning and sanitizing, as well as personnel hygiditeprac
(Strohbehn et al., 2004). Because most residents of long-term care faciiteghagh
risk for foodborne illness, state officials perform inspections at least engear.

However, food safety is still a concern in these faciliievine et al. (1991found that
between 1970 and 1984, foodborne illness outbreaks occurring in nursing homes
accounted for only 2% of all reported outbreaks, but resulted in 17% of all reported
deaths from foodborne illnesEherefore, more attention regarding food safety is needed

in these types of facilities.

Dietary managers at long-term care facilities are primariporesble for providing

optimum nutritional care for patients (Dietary Managers Association, 200&jdition,
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a dietary manager may be responsible for food safety, budget management and
compliance with government regulations (Mayne, 2003). Because dietary maregers
responsible for serving food to older adults, they should be well trained on foodborne
pathogens of particular importance to the elderly that can cause seveseilioe even
death. A survey conducted in 2008 by scientists from Ohio State University and Colorado
State University revealed gaps in food safety knowledge among dietary msas@igeng

food to the elderly (Kendall et al., 2008). The survey objective was to estimate the
knowledge level of dietary managers about certain foodborne pathogens, particularly
Listeria monocytogeneQf the 267 dietary managers that participated in the survey, 62%
reported that they had heard little or nothing alhasteria. Up to forty percent of them
ranked their understanding abdusteria as low or very low and 37% of the respondents
did not know that elderly adults are at high risk of this bacterium (Kendall et al.,. 2008)
Thus, dietary managers are in need of convenient learning opportunities about current
food safety related issues to avoid foodborne diseases in their facilities eanceete

their residents.

Continuing education is one of the enduring options available for dietary managers
who are seeking continuing education units to maintain their career. Online continuing
education is now emerging as a practical option among professionals for gaining
knowledge (Brug et al., 2003; Garrison et al., 2000a; Kolasa et al., 2001). Wahher et
(2007) found an online continuing education course to be convenient, timely and
effective in meeting the professional and personal needs of professinalaigding

dietary managers.
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By considering these characteristldsteria Control and Safe Food Training for
Dietary Managers module was developed to provide training for dietary nmaneyz
work at long-term care facilities on foodborne pathogens that are espeujatistant to

the elderly.
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METHODS
I. Course Development:

ListeriaControl and Safe Food Training for Dietary Managers course was desgned a
an online distance-based continuing education course for Certified Diddaggers
(CDM) and Registered Dietitians (RD). Initially, the course objective®Wwsted as

instructor outline statements to provide a summary of important concepts in the module.

Course content was divided into three online modules. Each module was
approximately 16 minutes long, with a total of 47 minutes for the entire coursedliexcl
pre and post exams. The first module focusedisteriamonocytogeneand its health
impact on the elderly with weakened immune systems. The second module addressed
ways to controListeriathrough implementing a HACCP system. The last module
discussed proper cleaning and sanitizing protocols, worker training, and foodiwradia

technology. All three modules were developed at Colorado State University.

The participants were given instruction on how to access the course modules afte
accepting the human subject statement (Appendix A). Course content was prasented
PowerPoint slides with taped audio designed to be played simultaneously with each
slide. A ‘pause’ and ‘play’ button allowed the navigation from one slide to the other by
using Soundslides Plus software. At the end of each module, a navigation button was

provided to allow the participant to move to the next module. Upon finishing module
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three, the participant was instructed to navigate to the course post survey, and then have
access to the printable course certificate of completion. The course augliovesti

reviewed carefully by the advisor; changes and adjustments were madecbyride
developer. Audio was taped at the CSU Extension office. Audio recordingsditréd

and final revisions were added to each module. Two resource pages were provided in
addition to the three modules. The first resource page included pdf files of a HACCP
booklet developed by the author (Appendix B), course script and slides, references page,
and the module developers’ biosketches. The second resource page included a printable
certificate of completion, survey test answers in pdf and the same pdistiéesih the

first resource page. The second resource page was obtainable only upon armgaticipa
completion of the post-questionnaire. The Colorado State University technology staff
helped in the process of publishing the course on-line on the home page of the

Department of Food Science and Human Nutrition.

During module development, the project coordinator submitted the course materials to
the Certifying Board of Dietary Managers (CBDM) and the Coloradtebee
Association (CDA) for approval of Continuing Education Units (Appendices C & D).
The course was granted one hour of continuing education through Adgastd by the
two organizations. Since this training course is a research project, the course was
reviewed and received Human Subjects approval by the Research Integrity and

Compliance Review Office (RICRO) at Colorado State University (Appeagix

The course was beta-tested by the development team to ensure a quality product.

Initially, Visual Communicator software was used, but the final slide qualsynet
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good. Thus, we used the Soundslides Plus software instead which was much better and

more user friendly.

Il. Participant Recruitment

The course pilot test recruiting was conducted throughout winter 2010. The initial
participant recruitment attempts involved searching the National Riktanager
Association (DMA) website to obtain contact information for each affiliatat-svide
DMA chapter. Contacts by emails accompanied by one-page recruitraeiiére
made to DMA chapters in 44 states and one territory. Agreement wagerefreim 26
states and one territory to advertise the continuing education opportunity through a
combination of sending the module advertisement via listserv distribution, and/or posting
the recruitment fliers to their chapter website or electronic netesslét addition, 14
states chapters distributed printed fliers at their annual spring assoameetings held
between March and May, 2010. The project coordinator mailed over 1,000 fliers to

chapter presidents with large memberships to assist in the distribution effort

In addition to the Dietary Managers Association, efforts were taken to brboaden t
target audience to include registered dietitians and dietetic technidiansere
employed as dietary managers or food service directors in long termAlbE® state
affiliations of the American Dietetic Association were contactedrbgil. Return emails
were received from 21 state chapter presidents. Among these states, the module
advertisement was distributed via listserv (15 states), posted to chaptee \(ebtates),

or distributed via electronic newsletter (2 states).

33



In addition, contact was made to the Dietetic Practice Groups (DPGajpthan
long term care including Dietitians in Health Care Communities (DHMHRG), Healthy
Aging DPG, Food and Nutrition Systems DPG, and the Dietetic Technician DIPG. O
these, only the Dietitians in Health Care Communities DPG posted the moduleron thei

website.

lll. Knowledge Questionnaire Development

Knowledge questionnaires were used as a tool to evaluate the course. Twenty
guestions were initially developed directly from the content of the modulesasunee
the knowledge gained about the most important issues discussed in the couesali(App
F). Three to six answer choices were written for each question including “ebasua
last choice for each question to discourage random guessing. The same questions were
used for both the pre- and post-questionnaire. The pre- and post-questionnaires were

approved by the Human Subjects Committee at Colorado State University.

The test-retest method was used to test the reliability of the knowleddg®anaire.
Thirty students (n=30) were recruited from the Department of Food Science artghiNut
to take the test. Tests were distributed in hard copies given to the instructor and the
survey was conducted in class. The test was retaken by the same stusevés idays
without any training on the topics covered. The percentage of agreemeeébaést and
retest answers for each question was assessed. The mean scanie itenean the test
was also considered as a measure of difficulty according to Parmeniafaadie (2000)

recommendations. As a result, seven questions were subjected for removal and the
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remaining 13 questions were edited to improve clarity (Appendix G) and demographic

guestions were also added to the pre-questionnaire (Appendix H)

V. Course Evaluation Instrument

The course evaluation instrument was developed at Colorado State University and
approved by the advisor. The purpose of designing this piece was to gain attitude
assessment and feedback from pilot test participants about specific afeasairse.

The attitude assessment included six attitude statements with responsg ichaiSe

point Likert scale format: strongly agree, agree, neutral, disagree, anglgtlisagree.
These individual attitude statements were designed to focus on the module usefulnes
efficacy, level of difficulty and plan to use the information in the module to tthers
(Appendix 1). Also, the course evaluation was patterned after an ass¢ss®e by

Wallner et al. (2007).

V. Statistical Analysis

The SASf Windows software (release 9.2) was used for analysis of pilot testing
results. Significance level of P<0.05 was used for all statistidal fBse grades included
the pre and post questionnaire scores report and the participant responses todhe cours

evaluation items report. The FREQ procedure for the SAS system was used to run

standard deviations were also computed. The type of profession was also evaluated

through comparing Certified Dietary Managers with Registered id&chnicians and
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Registered Dietitians. The FREQ procedure and McNemar’s test westéaisompare

the least square means of both the pre and the post test.

The GLM procedure ran analysis of variance (ANOVA) to compare pre and post
knowledge scores across six demographic factors: years of employmestany di
services for elderly (0-5, 6-15, 16-25, 25+); type of facility (skilled nursegior living,
senior center, hospital, other); profession (CDM, DTR & RD); ServSafdicatitn
(Yes, No); job responsibility including supervisory or managerial role (Ye},ahd
education (HS &GED or less, 1-2 yr college, 4 yr college). The sanuesingraphic
factors design was run for an analysis of covariance for post knowledge using pre

knowledge as the covariate.

36



RESULTS AND DISCUSSION

l. Reliability Testing

The sample size (n=30) for the test-retest included participants who weete abl
complete both tests. Participants were coded as 101 through 130 for the test and 201
through 230 for the retest. Correct answers were computed for the test only and were
coded as “1” and incorrect answers were coded as “0”. The change in thesaoister
test and retest was determined and coded as “0” for no change and "1” fae.Cheaivlg
1 presents the primary test-retest question results. The project teandde@tminate
guestions that were too easy and showed unreliable responses from test hasetésn
Parmenter and Wardle (2000) guidelines. These guidelines suggested thahguesti
should not be too easy or too difficult. If a question is too easy or too difficult) naotil
differentiate among respondents’ answers (Parmenter & Wardle, 2000). Iyeifera
20% or less answered the question correctly on the first try, it was consuledtficult
and if 80% or higher got it right, it was considered too easy. By reviawendifficulty
index, questions 1, 5, 10, 18 and 19 were eliminated because they were too easy. The

primary test —retest questions did not include questions that were considereddaalb. diff

The no change scores were also considered to determine the reliabittyar la
change from test to retest based on Parmenter and Wardle (2000) guidelinest-The t

retest reliability includes submitting the same measure to the sapwndents under
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same circumstances. If the no change percem(%o, a question will be considered
reliable and if the no change score is <70% then a question will be considered non-
reliable (Parmenter & Wardle, 2000). Question 12 was eliminated using tkrsocri
Questions 6, 7, 11 and parts of 13 also fell below the change score criterion. These
guestions were reworded to improve clarity and left in because they coverethimpor
information presented in the module. Question 16 was also reworded to bettétheflec

information covered in the module.
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Table 1. Test-retest questions evaluation (n=30).

Question Topic % Correct % No %
(Test) change Change
(testto (testto
retest) retest)

1. At high risk populations of foodborne iliness 93 87 13

2. Listeriagrowth at refrigeration temperature 63 70 30

3. Listeriabiofilms a7 73 27

4. Listeriaharborage sites a7 70 30

5. Cleaning and sanitizing of mixers, slicers and food 83 90 10
processors

6. Why refrigerated RTE food products are implicated 47 50 50
with Listeria

7. Facts aboutisteria 33 50 50

8. The recommended safe storage time for refrigerated 40 80 20
RTE foods

9. Factors contribute thisteria contamination 87 90 10

10.The first principle of HACCP 87 100 0

11.The highest acceptable receiving temperature for fluié0 63 37
milk

12.The warmest acceptable receiving temperature for fr&sh 50 50

cut tomatoes and cut melons
13. Factors increase a food safety hazard in the menu:

a. Food is cooked then cooled before serving 63 73 27
b. Food is handled by several workers 83 83 17
c. Food is purchased RTE and does not require 57 67 33
refrigeration
d. Food is purchased as RTE item 60 80 20
e. Food that requires multi-preparation steps 73 63 37
f. Not sure 97 100 0
14. Temperature of reheating cold hot dogs 63 70 30
15. Listeria can be prevented through 73 80 20
16.Cleaning and sanitizing equipment in constant use 73 77 23
17. Listeria can grow on spills in the refrigerator 80 83 17
18. Proper handwashing time 80 93 7
19. Other foodborne pathogens of particular importance t®7 87 13
the elderly
20. Facts about food irradiation 77 77 23
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Il. Participant Demographics

The project team was able to publish the module on-line late in January 2010. The date
of the module closure was May 2010. Of 211 participants that initiated attempts to
complete the pre-questionnaire, 143 participants were able to complete both tie pre a
post questionnaires. Therefore, the sample size that was subjected tostieastati
analysis was n=143. Table 2 shows the demographic distribution of participyearby
in profession, type of facility, job responsibilities, and education with an option “I ehoos
not to answer this question.” As shown in Table 2, participants were well repasent
across the years in profession. More participants worked at a skilledgitebiab
facility (38.5%) or a hospital (29.4%) respectively, than any other ppkilities. In
terms of job responsibility that includes a supervisory or manageridbradepervising
the daily operation of dietary services, most participants (75.5%) had superoigsry
and only (24.5%) did not have supervisory roles. Also, the majority of participants had

finished either 1-2 years (41.9%) or 4 years (37.8%) of college.

40



Table 2. Demographic distribution for pilot test participants (n=143)

Category Frequency (%)
Yrs. in Prof.

0-5 40 28.0
6-15 46 32.1
16-25 31 21.7
25+ 23 16.1
No answer 3 2.1

Type of Facility

Skilled Nursing or Rehab facility 55 38.5
Senior Living 15 10.5
Senior Center 2 1.4
Hospital 42 29.4
Other 24 16.8
No answer 5 3.5

Job Responsibilities include
Supervisory or Managerial Role

No 35 24.5
Yes 108 75.5
No answer 0 0
Education

Some HS 2 1.4
HS/GED 24 16.8
1-2 Yrs. College 60 41.9
4 Yrs. College 54 37.8
Other 3 2.1
No answer 0 0

Participants were grouped by their profession into three categoried: Gerified
Dietary Manager (CDM), Registered Dietary Technician (DTR), argisReed
Dietitians (RD). A few participants had multiple certifications (EaB). Because the
initial recruitment attempts targeted members of the National ipibtanager

Association, the majority of participants (66%) were Board Certifiedady Managers.
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The second major category was the Registered Dietitians (28%), waaegeuited later

to broaden the target audience of the module.

Table 3. Demographic distribution of pilot test participants by profession (n=143).

Profession CDM DTR RD CDM/DTR CDM/RD DTR/RD Other

Frequencies 83 2 34 11 1 5 8
(%) 58.0 1.4 238 7.7 0.07 4.0 5.6

Demographic information also included lists of certificates that a partiaipay have
completed. Sixty seven participants had completed any of listed ceidifi€a
Certifications included: ServS&f€ood Protection Manager Certification-National
Restaurant Association, Certified Professional-Food Safety (CBge&sored by
National Environmental Health Association (NEHA), Professional Food Manage
Certification-National Registry of Food Safety ProfessiohafervSafé Starters
Employee Training-National Restaurant Association, and other safe foo@&haautling

as shown in Table 4.
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Table 4.Demographic distribution of pilot test participants by certification congpiet

(n=143).
Certification Frequency (%)
ServSaf® Food Protection Manager Certification- 52 36.4

National Restaurant Association

Certified Professional-Food Safety (CP-FS) 0 0
sponsored by National Environmental Health

Association (NEHA)

Professional Food Manager Certification-National 3 2.0
Registry of Food Safety Professiorfals

ServSaf& Starters Employee Training 8 5.6

Other Safe Food Handler 4 2.8

Of these listed certifications, the most common certifications we@ettvSaf& Food
Protection Manager Certification (36.4%) and ServS&trters Employee Training
(5.6%). Table 5 shows the demographic distribution of these two certifications by
profession. As shown in Table 5, nearly 40% of both the Board Certified Dietary
Managers and Registered Dietitians had completed the Sef\FRafe Protection
Manager Certification. Persons in the “Other” category in Table 5 alsolikely to
have completed the ServSé&fer the ServSafé Starters Employee Training

Certifications.
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Table 5.Demographic distribution of pilot test participants by Servafed ServSafe

Starter§ completion (n=143).

Profession Certification
ServSafé ServSaftarters

Frequency (%) Frequency (%)
CDM (n=83) 33 39.8 2 2.4
DTR (n=2) 0 0 0 0
RD (n=34) 13 38.2 3 8.8
CDM/DTR (n=11) 1 9.1 0 0
CDM/RD (n=1) 1 100 0 0
DTR/RD (n=5) 0 0 0 0
Other (n=8) 4 50.0 3 375

[ll. Knowledge Scores

Upon completing the post survey, participants were able to download theaterbfic
completion. No passing score was required. Overall, mean score increasechsityif
(P<0.0001) from pre (65.7%) to post (88.7%) questionnaire (Table 6). Also, there were
significant increases (P<0.0001) in knowledge scores from pre to post for eactiuadivi
guestion except for two questions (No. 9 and 11) as shown in Table 6. Participants did
well post training for all questions except for question nine, indicating that ts&ajue
may have not been well covered in the module. The question listed multiple factors that
could possibly increase the risklasteria and ask which factor did. Obviously, most
participants were not able to differentiate between the factors that worddseahe risk
and the ones that would not. According to Parmenter and Wardle (2000) guidelines on
evaluation and designing knowledge measures, common problems that cause inaccurate
assessment of knowledge are ambiguous wording and unclear format. Thace was
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significant difference observed in question 11 from pre 94% to post 98%, as this question
did not leave sufficient space for improvement, indicating that the question dgvious

was too easy. The question listed several ways that can be employed to lpstgaat
contamination. This question was tested for reliability and the score of 0.78tedltbat

the question was relatively easy according to the difficulty index ierfearmenter &

Wardle, 2000). The largest change in score (0.5) occurred for question 5 indicating

the content in the module regarding this part was adequately presented. THe overal
significant increase in knowledge score (P<0.0001) is an indication that the training

course was effective and knowledge about the topics presented was gained.
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Table 6. Comparison of pre and post knowledge scores with (x SD) and score changes by

each question for all participants (n=143).

Question Topic Pre Post Score  P-value
(Mean (Meanz Change (preto
+ SD) SD) post)
1. Listeriagrowth at refrigeration 0.734 0.951 0.216  <0.0001
temperature (x0.443) (£0.216)
2. Listeriabiofilms 0.559  0.895 0.335 <0.0001

(+0.498) (+0.307)

3. Listeriaharborage sites 0.685 0.923 0.237  <0.0001
(£0.466) (+0.267)

4. Why refrigerated RTE food products ar6.580 0.797 0.216  <0.0001

implicated withListeria (x0.495) (x0.403)
5. Facts about.isteria 0.258 0.755 0.496  <0.0001
(£0.439) (x0.431)
6. Listeriacan grow on spills in the 0.867 1.000 0.132 <0.0001
refrigerator (x0.340) (x0.000)

7. The recommended safe storage time fd@.706 0.986 0.279  <0.0001
refrigerated RTE foods (x0.457) (x0.117)

8. The warmest acceptable receiving 0.769 0.944 0.174  <0.0001
temperature for fluid milk (x0.422) (£0.230)

9. Factors that increase a food safety  0.538 0.608 0.069 0.17
hazard in the menu (x0.500) (x0.489)

10. Temperature of reheating cold hot dogs 0.6920.902 0.209 <0.0001
(£0.463) (£0.298)

11.Listeria can be prevented through 0.937 0.979 0.041 0.06
(£0.243) (x0.143)

12.Factors impact the effectiveness of  0.566 0.874 0.307 <0.0001
sanitizers (x0.497) (x0.332)

13.Facts about food irradiation 0.601 0.895 0.293 <0.0001
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(£0.491) (+0.307)

Overall 0.653 0.885 0.230 <0.0001

125 observations were used to run the ANOVA test with the Least Squares Means
(LSM). This procedure was used to determine differences in post scoraseaitihi of
the six main demographic factors listed in Table 7, using pre scores agiateol/ae
first factor evaluated was number of years employed in dietary sepapaag an elderly
population. Table 7 shows that participant scores did not differ (p=0.16) by years of
employment. The second factor used was type of facility in which paritsipaere
employed. As shown in Table 7, the lowest pre score was observed among people who
work at the hospital (59.5%), which may not be surprising because of their lower
exposure to food safety issues compared to participants in other typesitidégacil
However, the post score for hospital workers (88.5%) was similar to thoseeat iy
other groups, indicating that knowledge was gained for hospital group about topics
covered in the module. As a result, post scores across type of facility weigmfitant
(p=0.99).

The third factor used showed the categories of profession for participastsvis

in Table 7, although the Certified Dietary Mangers (CDM) (n=93) did sdraehetter
than the Registered Dietitians on the pre test, both groups achieved high passscore
that no difference in post score was seen, even with adjustment for pre score (p=0.54).
This indicates that both groups had improvement in their knowledge in food safesy issue
Difference in post test score by completion of Serv&adetification was the fourth

demographic factor assessed. A comparison between participants who corhgleted t
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ServSafé certification and those who did not is shown in Table 7. There was greater
increase in scores for ServSaggoup compared with no ServS3f¢he difference was
significant (P=0.048). This indicates that completing the SerV8aféfication had an
impact on the performance of groups that have completed it. The fifth factbias
whether or not a participant had job responsibilities that included a supervisory or
managerial role in dietary services. Interestingly, the LSMqxtare revealed no
significant difference (P>0.05) in change scores for those who had supenrisory
managerial roles in their job and those who did not. No interactions between the two
groups were seen. The last factor analyzed was the level of educatiortitopgoais. As
shown in Table 7, participants who had a 4 year college degree or higher had éisé high
scores in both the pre (71%) and post knowledge (91%) tests. However, there was no
significant difference (p=0.37) in post scores across the education level. Thatesdi

comparable knowledge gain across all educational levels.
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Table 7. Comparison of pre and post scores by demographic factors (n=125).

Category n Pre score Post score  P-Value*
Yrs. in Profession 0.16
0-5 40 64.0 88.6

6-15 46 66.5 88.5

16-25 31 62.6 92.6

25+ 23 65.7 84.7

Type of Facility 0.99
Skilled Nursing 55 64.4 88.3

Senior Living/Senior Center 17 68.2 88.5

Hospital 42 59.5 88.5

Other 24 66.8 89.0

Profession 0.54
CDM 93 68.5 87.7

DTR/RD 57 61.0 89.5

Certification 0.048
No ServSafé 89 65.8 86.4

ServSafé 52 63.6 90.8

Job Responsibility includes Supervisory 0.76
or Managerial Role

No 35 65.7 88.2

Yes 108 63.8 88.9

Education 0.37
HS/GED 24 60.7 85.2

1-2 Yr College 60 62.5 89.4

4 Yr College 54 71.0 91.0

*P-value = difference in post scores within a demographic factor wetkqores as a covariate
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V. Course Evaluation

The Likert scale format with five responses ranging from strongbeagrstrongly
disagree was used to evaluate participants’ opinions of the usefulness, vallaignoif c
the module. As shown in Table 8, the majority of participants either stronglgdagr
(SA) or agreed (A) with the evaluation statements. The value factiveddbe highest
positive responses. For example, 70.6% strongly agreed with the value staberhent t
“Participating in this web module was a convenient wagarn continuing education
credits.” In addition, 60% of participants chose to strongly agree with the fotjowi
statement “I would recommend this training module to others.” Wallner et al.)(2007
showed similar findings where the course evaluation items for usefulnessiaad va
received the higher scores. In her study, none of the participants straagyedid about
the usefulness and value of the modules which indicates that participantsatisied
with the content and convenience of the training module for their professional needs
(Wallner et al., 2007). In the current study, there was only one strongly disagpease
on the course clarity, but this is a marginal percentage (0.7%). Generglbnses to the
course evaluation items were considered positive and suggest that participttiag
course was worthwhile and the effort was reasonable for earning one continuing

education credit.
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Table 8.Responses to course evaluation questions (n=143).

Scale-Based Item Frequency (%)

Usefulness SA A N D SD

| gained new and useful information from 71 66 5 1 0
taking this course. (49.7%) (46.2%) (3.5%) (0.7%) (0%)
As a result of viewing this web module, | an66 64 10 3 0

better able to recognize food safety risks  (46.2%) (44.8%) (7.0%) (2.1%) (0%)
affecting the frail elderly.

| plan to use this information in training 74 60 5 4 0
others. (51.8%) (42.0%) (3.5%) (2.8%) (0%)
Value

Participating in this web module was a 101 39 2 1 0

convenient way to earn continuing educatiofy0.6%) (27.3%) (1.4%) (0.7%) (0%)
credits.

| would recommend this training module to 86 55 1 1 0
others. (60.1%) (38.5%) (0.7%) (0.7%) (0%)
Clarity

The level of difficulty was appropriate for a 71 61 9 1 1

professional continuing education course. (49.7%) (42.7%) (6.3%) (0.7%) (0.7%)

SA'Rated on a five point scale of strongly agree to strongly disagree.

There are several tools that should be considered when developing on-line training
courses. For a training course to be successful, professional needs ofatesltarg
audience should be evaluated before designing any on-line courses (&adlmmgman,
2004). Parmenter and Wardle (2000) stress the importance of testing tredienal
instrument for reliability, clarity, content validity and difficulty. lddition, a study
conducted by Jurczyk et al. (2004) to examine the perceptions of students pengicipat
a distance learning program revealed that pilot testing of on-line coutpssrhe
developing future distance learning tools.
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With the rapid change that is happening in the world, it seems there is an emerging
need to acquire knowledge in a more effective way (Gabriel & Longman,.Zl0t&luse
of the Internet to deliver education has been employed since 1997 (Sandon, 2007). It was
suggested that E-learning is an example of using technology to deliver, ioteract
facilitate information (Gabriel & Longman, 2004). Gabriel & Longman (2@léfine E-
learning as a new venue in designing and delivering education to fuffiéssional
needs for different organizations including health care organizations. Wadlkler e
(2007) found that online continuing education can be a useful tool for providing the
required profession development. Sandon (2007) recommended web-based learning for
health care professionals as a way to enhance cognitive skills and knowledge. Thes
researchers concluded that on-line continuing education is an effective eskraflogy
to provide convenience where learner can receive education at the tiréstingnd is
ready to learn as well as individual or self-paced type of learning (Sandon VZaliier
et al., 2007). However, the E-learning can be very challenging. Sandon (20€%) li
issues related to on-line education such as variable technological tools and cost

effectiveness of applying these tools.

Several characteristics have been identified for adult learners to beagoathtes
for an on-line learning. These characteristics include participanfarpnee for
problem-centered learning and managing their own learning. Also, a partisiymarhd
have a desire in different learning styles that can be manageatieifarea of interest.
In addition, it is preferred that a participant be a lifelong learner witHife&xperience
(Sandon, 2007). All obstacles associated with an on-line education programs must be

listed and resolved to ensure the efficacy of training programs (Gabriel &raomg
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2004). Overall, due to the increased popularity of the Internet, on-line coursestappear
be a convenient way to earn continuing education units (Garrison et al., 2000b; Beffa-
Negrini et al., 2002; Santerre, 2005; Brug et al., 2003; Schmitt, 2004). Santerre (2005)
concluded that features of on-line education represented by convenienceneffand

affordability are appealing factors to attract educators.

Our findings in this study showed a positive attitude of participants to the course
usefulness, value and clarity which are an obvious indication that the on-linegraini
module was effective. However, the negative feedback represented byealmsagre
strongly disagree responses should also be considered to provide betteestfategi

delivering effective and flaw-free on-line training programs in the future
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CONCLUSION

Recently, distance education and on-line training courses have become agupular
convenient way to obtain continuing education units for many professional needs. The
“Listeria Control and Safe Food Training for Dietary Managers” pilot testing helps in the
process of evaluating on-line continuing education for dietary managersvalaat si
professions. The improvement of overall scores from pre to post-questionnaire attempt
was noticeable which reflects that knowledge was gained and the courseceassfully
capable of delivering the information about certain issues related to foog #afet
appears that participants were self-motivated about finishing the cowrsauaning the
continuing education units. Participants were interested in the course netdrfally
understood the content as indicated by the improvement in the post survey scores. In
addition, the course evaluation part provided useful information about the course
usefulness, value and clarity which can help in improving future on-line courses.
Participants satisfaction was clearly understood by the responseeddoe the scale-

based items which were mostly strongly agree or agree responses.
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APPENDIX A
Online Consent Form



Listeria Control and Safe Food Training
Welcome Dietary Managers!

Thank you for taking time to participate in pilesting the web moduleisteria Control and Safe Food
Training for Dietary Managers, developed by Colorado State University reseasctmethe Department

of Food Science & Human Nutrition as part of a gfaoject to provide food safety training to thageo
work with elderly populations at increased riskaddborne iliness. This course has been approveteyy
Certifying Board of Dietary Managers (CBDM) and thelorado Dietetic Association (CDA) for one unit
of continuing education credit through August 11@0

Because this is a research project, you are fitgtcito give informed consent (below) to particpétext
will be a pre-questionnaire, followed by a web pagh downloadable resource materials, instructions
and the three part training module (47 minuted)to@nce you complete the training module, you will
take a post-questionnaire, then be able to prird ortificate of completion. The total procesewdt

take approximately one hour.

To begin, please read the "Human Subject Statengeelw) and clickagree." Acceptance will be
taken as implied consent to participate in thistgiroject. Your answers and comments will be kept
confidential as your privacy is very important @ An ID number will be used in place of any names
personal identity for your responses to the questires. Individual responses will not be available
anyone outside the research team. Only group datadividual responses) will be used in any report
written as a result of this research. It is notsiae to identify all potential risks in researategedures,
but the researchers have taken the precautionstmire any potential risks.

Benefits: Board Certified Dietary Managers will eae 1 CEU approved through the Certifying Board of
Dietary Managers (CBDM) for completing the moder those who are not members, we hope that you
find the presentation, resource and education mad&tqrovided useful. You may withdraw your consent
by exiting the module at any time. You may prirttogy of this consent for your records.

If you have any questions concerning your seleatiotneatment as a research participant, you may
contact the CSU Research Integrity and Compliareeeiv Office (RICRO) at 970-491-1655. For
questions regarding the study, please contact Iahyoeder, project coordinator at
mary.schroeder@colostate.edu; (970) 491-7335 eicRaKendall, project director at
patricia.kendall@colostate.edu; (970) 491-7334.Adfee you find this module to be a convenient way to
earn continuing education credit.

Sincerely,

Far Ko wded?

Patricia Kendall, Ph.D., R.D.

Professor and Extension Specialist-food safety
Dept. Food Science & Human Nutrition
Colorado State University

Fort Collins, CO 80523-1571

HUMAN SUBJECT STATEMENT

| AM AT LEAST 18 YEARS OF AGE, AND AM VOLUNTARILY PARTICIPATING IN THE PILOT
TEST OF THIS WEB MODULE BY COMPLETING THE PRE- ANPOST- QUESTIONNAIRES
AND VIEWING A TWO-HOUR WEB MODULE. | UNDERSTAND THA" MY ANSWERS MAY BE
INCLUDED AS GROUP DATA IN RESEARCH REPORTS WRITTEAS A RESULT OF THIS
PROJECT.

AGREE DISAGREE
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A HACCP Plan to Control Listeria monocytogenes and
Other Foodborne Pathogens in Long-Term Care
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Introduction

Listeria monocytogendas a pathogen of particular importance to the elderly. This
bacterium causes a disease called listeriosis. Listemaigist cause mild symptoms in
healthy individuals, but in the elderly or individuals with compromisechiine systems,
this disease can be fatal. Fatality rate reaches 10-20% in elderl§Gyears old.

Listeria monocytogenesin be found nearly everywhere in the environment, including
in air, soil, water, plants and animals. It can also be found barkb&n places such as
drains, grease traps, meat and cheese slicers, and crackparapoa tables.Listeria
can grow over a fairly wide temperature range, from 29°F t6FL13This means the
bacterium is capable of growing and multiplying at refrigeratemperatures (40°F). It
does not grow, but can survive at freezing temperatures (0°F), i\l®lerates acidic
environments when kept at low temperaturesteria resists drying and high salt
concentrations. In additiohjsteria can grow in vacuum packaged food products during
long-term refrigerated storage.

Listeriais able to produce biofilms that make it more virulent. In facsdHsofiims
can protect the bacterium from sanitizers, biocides or antibibyicshielding it. Bacteria
then can break off and be transferred to foods or food contact suridues,Listeria
biofilms increase the risk of contamination of food and food contafdcas. They also
are hard to remove once formed, which makes cleaning and sanitizing a hard task.

Listeria monocytogeneis often associated with refrigerated Ready-to-Eat (RTE)
foods such as luncheon meats, hot dogs, cold pates and cold meat spreads. Raw
(unpasteurized) milk and soft cheeses made with raw milk su€lamembert, brie, feta
and Mexican-style cheeses are other common sourddstefia. Raw meat and poultry
have also been implicated withsteria.

From the previously mentioned factors, it can be implied thsteria is a hardy
bacterium; howevell,isteria monocytogenesan easily be destroyed by proper cooking
of foods. In additionl.isteriacan be prevented through proper reheating of RTE meats to
165°F or until steaming hot. Proper cleaning and sanitizing protocolbecan efficient
way to control the prevalence of the pathogen in food operation arées. f@odborne
pathogens such &almonella, E. colD157:H7 Clostridiumperfringens Campylobacter
species andacillus cereusan also be of particular concern to the elderly in long-term
care facilities.
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The HACCP System

HACCP is an abbreviation for Hazard Analysis Critical Contra@inB. It is a
prevention-based safety approach that identifies and monitors any food safety tinat
may occur during the processing of food. This system will give gotidence that food
safety is being managed effectively. Moreover, HACCP ensurepéisonnel are well
trained and able to make necessary decisions. However, if HAGCRpplied
improperly, it may result in an ineffective control system. irhproper application of
HACCP may be due to several factors, but the most importardr fectinadequate
personnel training.

Why use HACCP?

The main reasons for using HACCP is to implement food safety
management and prevent food safety hazards, which means that sgmethi -
has gone wrong with a food product. By identifying where hazardsase "
likely to occur in the operation it will be much easier to pupliace the
measures needed to prevent those hazards. In addition, food saidnis,
such as the peanut butter outbreak duBaimonellaand the Mexican style
cheese due tdhisteria monocytogenesan be prevented by an effectiv
HACCP system.

Types of Hazards

A hazard is a biological, chemical or physical property ana@f food that renders it
unsafe for consumption, if uncontrolled. The purpose of HACCP is to cah&dactors
that lead to loss of control of any of these hazaBusogical hazardscould be bacteria
and their toxins, parasites and viruses. One or more biologicardsazould be
introduced into food during processinghysical hazards include such things as
bandages, jewelry, stones, glass, bone and/or metal fragmenpaeiabing materials
that inadvertently end up in food. Physical hazards are acthallmost common type of
hazard.Chemical hazardsinclude natural plant and animal toxins, unlabeled allergens
(allergen-causing proteins), nonfood-grade lubricants, cleammiompounds, food
additives, hormones and insecticides.

HACCP Principles

There are seven HACCP principles. These principles outline (v@stablish, implement
and maintain a HACCP plan in your operation. To ensure a sound HACCIh @aw
facility, these seven principles should be employed:

1. Hazard analysis
2. Critical control points (CCP)
3. Critical limits (CLSs)
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Monitoring procedures
Corrective actions
Verification procedures
Record keeping procedures

1.

Conduct a hazard analysis:

Conducting a hazard analysis is the first step in developindh@Q

plan. This includes collecting and evaluating information on all hazards
and circumstances leading to their presence in food at all steps
processing up to consumption. To do this, you may need to prepare a list
of all steps in the process. Then, identify where significantrdazzould

occur and describe their control measures.

Determine critical control points (CCPSs):

This determination is done after identifying all hazards and twaitrol
measures. A critical control point (CCP) is a point where édssontrol

will lead to a significant hazard. In other words, any control oreas
required to prevent the introduction of a hazard. Cooking and chilling are
two examples of CCPs because these steps are intended to feeluce t
existence of a hazard.

Establish critical limits (CLSs):

Critical limits are measurable parameters or safetytdithat are set for
each CCP. They actually describe the difference betweerasdfansafe
products. For example, the safe holding temperature for foodsteam

holding is 135°F. This temperature (135°F) is the critical limitfdrheld

foods.

Establish monitoring procedures:

You need to establish a system to monitor control of the CCPs and CLs
Monitoring is achieved by ongoing observations during the operation. F
instance, monitoring can be done through regular checking of the
temperature of hot held foods.

Identify corrective actions:

When monitoring indicates that a particular CCP is not under coriteni, t
you need to take a corrective action to bring the process back unde
control. For example, if food has dropped below the safe hot holding
temperature of 135°F, then the corrective action is either to disicar
food or reheat it to 165°F for 15 seconds.

Verification procedures:

Establish procedures in your facility to verify and confirm thas¢ t
HACCP system is working correctly. All records such as hazaadysis,
monitoring procedures, and any corrective actions needed should be
reviewed.
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7. Record keeping procedures:
The last component of your HACCP plan is establishing your record
keeping procedures to document that you have conducted your hazard
analysis, established the critical control points and crilicads, and have
the monitoring procedures in place to trigger any needed dugect
actions. All documentations and records created in terms of monitoring
activities, taking any corrective actions, validating equipment anéing
with suppliers need to be maintained and reviewed on a regularidisis,
adjustments made as needed to ensure a safe food system.

Terms related to HACCP

Control point: Any step at which biological, chemical or physical hazards can
be controlled, like refrigeration of perishable foods to slow pathogantiy. A
critical control point is a control point that is essential to @néwr eliminate a
food safety hazard or reduce it to an acceptable level. Cookmgdée internal
temperature is an example of a critical control point.

Control measure: Any action or activity that can be used to prevent, eliminate or
reduce a significant hazard. Control measures are appliediedlardntrol points

in the flow of food and determined to be essential for food safetyeXample,
wearing gloves during handling RTE foods will prevent cross congtion or
bacteria transfer from hands to the food and this is a control measure.

Acceptable level: The highest level allowed for a food safety hazard in a food
product that will not cause an illness or injury. Egteria monocytogeneshe
U.S. Department of Agriculture Food Safety Inspection Services AJSEIS)

has a zero-tolerance policy in RTE meat and poultry. The a@hce policy
states that the organism musit be detectable in a 25-gram food sample. If
Listeriais found, the food is considered adulterated.

Prerequisite Programs (PPs)This term refers to steps that can be applied or put
in place before or during implementing the HACCP plan. Prerequusigrams

are the foundation of a successful food safety management planafehsteps or
procedures that are applied to control the environmental and operational
conditions in a food service operation to produce a safe food. Examplédsbeo
purchasing requirements, product receiving and storage, pest contremsog
employee training or standard operating procedures.

Standard Operating Procedures (SOPs):SOPs are written practices and
procedures that are carried out by foodservice employees on a ramihe
repetitive basis. In other words, SOPs are specific job instrugtich&ling what
the job is, when, what, who, how this job should be conducted. They alsdenc
instructions about what to do if the job fails. For example, SOP mende
temperature measurement or thermometer calibration. These pexeare
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essential to produce safe food. It is very essential to train foodsetaff on the
importance of following these procedures. SOPs also include irdeamnd
sanitizing food contact surfaces, cooking and cooling potentially th@zarfoods,
controlling time and temperature during preparation, date markingrafhable
RTE and potentially hazardous foods and reheating potentially hazardous foods.

(0]

Sanitation Standard Operating Procedures (SSOPs)SSOPs are written
procedures that a foodservice establishment may develop and implément
prevent direct contamination. SSOPs include maintaining the saodadjtions

of the foodservice environment or cleaning and sanitizing of food contact
surfaces.

Preparing for HACCP

To implement a HACCP plan you need to select a HACCP teat) s HACCP is
carried out by people. In long term care facilities, the HRGE€m might be limited to a
dietary manager or two, registered dietitian or two, cook and gmismor incoming
goods inspectors. Implementing a HACCP plan for each food item nsighin
impractical because food that is served in long term carktitacivaries in quality and
the way it is made. But, the good news is that HACCP prirgiptevide a common
sense approach to identifying and controlling the problem. Also,atieetdiversity of
operations, HACCP principles can be implemented in more than omectcavay.
Besides, the regulatory inspection programs must be flexible enougidéostand this
complexity. Risk factors could be any poor conditions, procedures, orcpsatitat result
in out-of-control food safety hazards. These factors include:

e Foods from unapproved sources
e Poor personal hygiene

e Contaminated equipment

e Cross-contamination

¢ Inadequate cooking

e Improper holding temperature

Carrying out the Hazard Analysis

¢

Conducting a hazard analysis is one of the most important stegs i
HACCP plan, as this is where the team ensures that all potestards

have been identified and considered. The hazard analysis involves
collection and evaluation of information on hazards and circumstances
that lead to their presence (brainstorm hazards and their potential
sources). This helps to decide which hazards are significant and of
concern to food safety and thus should be addressed in the HACCP
plan. Keep in mind the meaning of the word “hazard”, which includes
any condition that potentially makes food unsafe for consumption.

76



High

Hazard
Severity

Low

A

Significant
The figure shows that a significant

hazard is one with a high likelihood
of occurrence and severe outcome. In
long term care facilities (LTCFs),
menu reviewing is the best way to
conduct the hazard analysis.
Reviewing the menu helps to identify
high risk foods and high risk food
preparation processes as well as
i it "y identify ~ the  operational  steps
requiring further inquiry such as
receiving, preparation, cooking, and cooling. High risk or potentialhatius foods,
such as raw chicken that naturally carry a heavy load of patlwbacteria, are those
that will most likely cause foodborne illness if uncontrolled. Hgoet should pay
attention to practices that may or may not cause cross contaminalso, you need to
pay attention to the proper cooking temperature that can destioygpaic bacteria in
the meat. Additionally, a dietary manager is responsible fovitges that occur in the
facility on a regular-basis such as receiving shipments, food ratepaand handling,
cooking, cooling, and/or reheating.

__________________________________________________________

As mentioned earlier, conducting a hazard analysis on each inditiaaaitem is time
and labor intensive and is sometimes unnecessary. Thereforgjuitasconvenient to
conduct a hazard analysis on each preparation process. Usuaky atkethree food
preparing processes that are followed in foodservice operations:

1. Food Preparation with No Cook Step:in this type of process food is received,
stored, prepared, held and served without cooking.

2. Preparation for Same Day Servicein this case the food is cooked, held and
then served. There is only one trip through the temperatureedaoge (41-
135°F).

3. Complex Food Preparation:in this process, food is cooked, cooled, reheated,
hot-held and served. There are two or more complete trips thrbegtanger
zone.
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This classification of processes shows that the risk of contdion or recontamination
can occur. Also, trips through the temperature danger zone hetathére is a potential
chance for bacteria to grow and multiply in food. The key het®ws to reduce these
hazards to a safe level.

Practical Application of Food Preparation Steps:
Let us discuss in detail how to conduct a hazard analysis of each food prepéegation s

1. Food Preparation with No Cook Step

kill step. In other words, there is no procedure, like cooking, tbrales
bacteria. There are several safety measures you can lalkereceiving
the product:

e Make sure the product is obtained from approved sources and is recei@ed in
good condition.

e Make sure the food is handled carefully to reduce or prevent further
contamination.

e Make sure your employees are following good hygienic practices.

e Keep foods that are RTE separate from those that are rawevenprcross
contamination.

e Store perishable RTE foods at low refrigeration temperaturés @¥lbelow) and
for a short period of time (4 days maximum).

This chart helps you to determine what control measure shouldkér fiar certain
hazards in this process.
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Table 1a. Process #1 - Food Preparation with No Cook Step

[FOOD/MENU ITEMS:

CRITICAL
CONTROL POINTS
(List Only the CRITICAL LIMITS | MONITORING
Operational Steps
that are CCPs)

CORRECTIVE

ACTIONS VERIFICATION | RECORDS

HAZARD(S)

PREREQUISITE
PROGRAMS

2. Preparation for Same Day Service

Food in this process (e.g. baked chicken or meatloaf) is eitherccaokk
served right away or held hot until served. Therefore, it passasgtinthe
temperature danger zone, but only one time. The temperature danger zg
is the temperature at which bacteria grow rapidly. Controlsorea may
involve proper cooking and holding. These control measures will en
safety of all foods in this category even though each tydecal has its
individual hazards. Let's take a closer look at hazards that mioubd in
baked chicken and meat lo&almonellaBacillus cereusand Clostridium

Table 2a. Process #2 - Preparation for Same Day Service

FOOD/MENU ITEMS:

CRITICAL
CONTROL
POINTS CORRECTIVE
HAZARD(S) (List Only the CRITICAL LIMITS | MONITORING ACTIONS VERIFICATION| RECORDS
Operational Steps
that are CCPs)

PREREQUISITE
PROGRAMS

perfringensare significant biological hazards in both foods. Howe@ampylobacteis
mainly associated with chicken alid coli O157:H7 is associated with meatloaf (see
table  below). But, proper cooking destroys all these pathogens.
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Below is an example that shows how to fill in the above chart.

Process 2: Preparation for Same Day Service

Example Products

Baked Meatloaf

Baked Chicken

Example Biological Hazards

Salmonella

Salmonella

E. coli O157:H7

Campylobacter

Clostridium perfringens

Clostridium perfringens

Bacillus cereus

Bacillus cereus

Various fecal-oral route

Various fecal-oral route

pathogens pathogens
Example Control Measures Refrigeration 41 °F or below Refrigeration 41 °F or below
(there may be others) Cooking at 155 °F for 15 Cooking at 165 °F for 15
seconds seconds

Hot Holding at 135 °F or above
OR Time Control for 4 hours or
less

Hot Holding at 135 °F or above
OR Time Control for 4 hours or
less

No bare hand contact with RTE
food, proper handwashing,
exclusion/restriction of ill
employees

No bare hand contact with RTE
food, proper handwashing,
exclusion/restriction of ill
employees

3. Complex Food Preparation

This includes foods prepared in large volumes or in advance for
next day service. This type of food may pass through
temperature danger zone multiple times. Food preparing in th
process includes cooking, cooling, reheating, hot holding,
serving. Any loss of control in each of these processesaliaiv
bacteria to grow and multiply.

It is essential to know that these food preparation processestare
the same in every food service facility. Each food establishmen
may have its own food preparation process. For example, chicken

@\\i"'\‘\\%?jl?

\\—-,-T.—————-

salad sandwich may be created using several components thdtenproduced using
more than one process. Despite the variation of three food prepgradicesses, the
control measures applied based on the number of times food goes threugh th
temperature danger zone are basically the same.
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Table 3a. Process #3 — Complex Food Preparation

FOOD/MENU ITEMS:

HAZARD(S)

CRITICAL
CONTROL POINTS
(List Only the
Operational Steps
that are CCPs)

CRITICAL LIMITS

MONITORING

CORRECTIVE
ACTIONS

VERIFICATION

RECORDS

PREREQUISITE
PROGRAMS

Notice that prerequisite programs in the three above tablesl @sbd be control
measures listed in page 9.
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The following diagram summarizes these three processes, @h&re€ and 3 mean the
number of trips to the danger zone.

Complete Trips Through the Danger Zone

1+
’
2 I
o) 1 I 3
A R ¥
41°F I

No Cook Same Day Complex

Danger Zone Diagram

Control measuresmust be monitored in the facility by a foodservice manager, imgudi
personal hygiene practices, cross contamination prevention, and paagengc and
holding of foods. The following are some examples of control measures:

A
E Not handling RTE with bare hands (use clean gloves or utensils instead
F Proper handwashing

E Prevention of cross-contamination of RTE food or clean and sanitized
contact surfaces with soiled cutting boards, utensils, aprons, cnmaval
foods.

F Restriction or exclusion of ill employees

Personnel Training

This concept is very important in terms of controlling foodborne patmgoarticularly
Listeria monocytogenedn fact, humans may be a source of this pathogen because it is
known that humans can carbysteria in their gut. Therefore, poor personal hygiene
practices such as improper handwashing or dirty uniforms carideghé contamination

of food and equipment with.isteria monocytogenes As a manager, it is your
responsibility to ensure that employees have the knowledge andngatied to handle
food safely in your establishment. Employees should receiwenigaon proper cleaning

and sanitizing practices, safe chemical handling, and pest prevenison ti#ey need to

be trained periodically and be updated on new procedures for food safetizgxa
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In summary, the comprehensive implementation of control measurdsefdinree food

preparation processes by a dietary manager ensures tha af risodborne illness

hazards will be prevented or reduced. It is essential to know thatlinfaiodservice

facilities apply formal HACCP plans. However, they must adtléave active managerial
control. This can be carried out by training programs, managesigheror standard
operating procedures.

The food code has set critical limits (which are specificsuesble criteria) to prevent,
eliminate or reduce hazards in foods. For each critical control {h&rg is one or more
critical limits and vice versa. Common examples of these coultinb®temperature
standards or no bare hand control with RTE foods. Monitoring hereyiscrigcal step
that is done by a dietary manager to make sure that these ¢éimititeria are met. If a
deviation occurs and these criteria are not met, then you néakkta corrective action.
A simple example on corrective actions would be cooking food unééaitires the proper
internal temperature or throwing food that had been stored for a Ipeged of time
(exceeded the recommended storage time) in the refrigerator.

A voluntarily implemented food safety management system using GRA@rinciples
needs to be validated. You may use observations, measurements aatiagataken in
the establishment as well as scientific studies or food code standardsaviteicting the
validation procedure. It is important to keep records related to valdat verification
procedures as well as any records that are necessary foHARKEP plan, e.g.
temperature logs, receiving logs and corrective action logs. @ocevalidate your
HACCP or food safety plan you then need to update it regularly on a scheduled basis.
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APPENDIX D
Colorado Dietetic AssociationApproval
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Research Integrity and Compliance Review Office Approval



Colo c}g
Integrity & Compliance Review Office

University Office of the Vice President for Research

Knowledge to Go Places 321 General Services Building - Campus Delive_ry 2011
Fort Collins, CO

TEL:#(970) 491-1553

FAX:#(970) 491-2293

NOTICE OF APPROVAL FOR HUMAN RESEARCH

DATE: May 04, 2009

TO:

Swiss, Evelyn, RICRO, Sofos, John, Animal Science, Schroeder, Mary, Food Sci. & Human Nutrition, Kendall, Patricia ,
Food Sci. & Human Nutrition, Wailes, William , Animal Science, Geornaras, Gina, Animal Science

FROM: Janell Barker, CSU IRB 1

PROTOCOL TITLE:

Understanding and Controlling of Listeria monocytogenes transmission through ready-to-eat meat products from
Processing plant to consumer

FUNDING SOURCE: USDA-CSREES

PROTOCOL NUMBER: 09-999H

APPROVAL PERIOD: Approval Date: May 04, 2009 Expiration Date: June 15, 2009

The CSU Institutional Review Board (IRB) for the protection of human subjects has reviewed the protocol entitled:
Understanding and Controlling of

Listeria monocytogenes transmission through ready-to-eat meat products from processing plant to consumer. The project
has been approved for the

procedures and subjects described in the protocol. This protocol must be reviewed for renewal on a yearly basis for as
long as the research remains

active. Should the protocol not be renewed before expiration, all activities must cease until the protocol has been re-
reviewed.

If approval did not accompany a proposal when it was submitted to a sponsor, it is the PI's responsibility to provide the
sponsor with the approval notice.

This approval is issued under Colorado State University's Federal Wide Assurance 00000647 with the Office for Human
Research Protections (OHRP).

If you have any questions regarding your obligations under CSU's Assurance, please do not hesitate to contact us.
Please direct any questions about the IRB's actions on this project to:

Janell Barker, Senior IRB Coordinator - (970) 491-1655 Janell.Barker@Research.Colostate.edu

Evelyn Swiss, IRB Coordinator - (970) 491-1381 Evelyn.Swiss@Research.Colostate.edu

Janell Barker
Includes: Amendment is to implement Objective 3.2c & 3.2d using the new documents to recruit dietary managers & food
service staff: recruitment, electronic cover letter for dietary managers, pre- and post evaluation and instructor outline.

Approval Period: May 04, 2009 through June 15, 2009
Review Type: EXPEDITED

IRB Number: 00000202

Funding: USDA-CSREES

Research Integrity & Compliance Review Office

Office of the Vice President for Research

321 General Services Building - Campus Delivery 2011
Fort Collins, CO

TEL:#(970) 491-1553

FAX:#(970) 491-2293
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APPENDIX F
Test-retest Questionnaire



Thanks for participating in the evaluation of these survey questions. Pleas&cle
oneresponse (except as noted).

First two letters of mother’s first name
Year of your birth

1. Who is at high risk of foodborne illness?
a. Elderly
b. Pregnant women
c. Cancer patients
d. All the above
e. Not sure
2. Listeriamonocytogenesan grow and multiply in refrigeration temperature
(40°F).
a. True
b. False
c. Not sure
3. Listeria biofilms:
a. Protect the bacterium from sanitizers
b. Cannot be seen by the naked eye
c. Can transfer bacteria into food and food contact surfaces
d. All the above
e. Not sure
4. Listeriamay be found in:
a. Soil, air, water, plants and animals
Drains, grease traps, meat slicers
Refrigerated ready-to-eat (RTE) foods
All the above
a&bonly
f. Not sure
5. Mixers, slicers and food processors should be cleaned and sanitized:
a. After each use or beten each food item change
b. Once a week
c. Never
d. Botha &b
e. Not sure
6. Refrigerated ready-to-eat food products are most likely implicated.vetéria
monocytogenelsecause:

®caoo
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Listeriacan contaminate these foods during post-cooking handling
Listeria can grow and multiply in foods during refrigeration storage
Some refrigerated foods may not require further heating before serving
All the above
Onlya &c

f. Not sure
7. Which statement is incorreaboutListeria?

a. Listeriacan survive but not grow at freezing temperature (0°F)

® QO oY

b. Listeriacan tolerate acidic environments when kept at low temperatures
c. Proper cooking destroyssteria
d. Vacuum packaging allows the growthlosteria
e. WhenListeria produces biofilms the risk of contamination decreases
f. Not sure
8. The recommended safe storage time for opened packages of lunch meat is:
a. <4days
b. 7 days
c. 14 days
d. Not sure

9. Factor(s) that contribute tasteria contamination is-(are):
a. Cross-contamination
Improper time and temperature control
Improper cleaning and sanitizing
All the above
a & b above
f. Not sure
10.The first principle of HACCP is conducting a hazard analysis.
a. True
b. False
c. Not sure

®caoo

11.What is the highesicceptable receiving temperature for fluid milk?
a. 32°F
b. 55°F
c. 41°F
d. 45°F
e. Not sure
12.What is the warmestcceptable receiving temperature for fresh cut tomatoes and
cut melons?
a. 32°F
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41°F
45°F
50°F
e. Not sure
13.Which of the following factors increases the likelihood that a menu item has a
food safety hazard that must be controllgdizcle all that apply)
a. Food is cooked, then cooled before serving
Food is handled by several workers
Food is purchased ready-to-eat and does not require refrigeration
Food is purchased as a refrigerated ready-to-eat item
Food that requires multi-preparation steps
f. Not sure
14.Cold hot dogshould be reheated to what temperature to be considered safe for
elderly to eat?
a. 135°F for 15 seconds
145°F for 15 seconds
155°F for 15 seconds
165°F for 15 seconds
180°F for 15 seconds
f. Not sure
15. Listeria can be prevented through:
a. Purchasing foods from reputable suppliers
Heating luncheon meat and hot dogs to 165°F or until steaming hot
Monitoring the storage time and temperature of refrigerated RTE foods
Preventing cross-contamination
All the above
f. Not sure
16. Equipment and utensils that are in constant use should be cleaned and sanitized:
a. Every 4 hours
b. Once per shift
c. Once per day
d. Every 8 hours
e. Not sure
17.Listeria can grow on spills in the refrigerator.
a. True
b. False
c. Not sure

®oo00CT oo o

®aoo

®oo o

18.How long should foodhandlers scrub their hands to ensure proper washing?
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e.

2-3 seconds
5-10 seconds
10-15 seconds
15-20 seconds
Not sure

19. Other foodborne pathogen(s) of particular importance to elderly is (are):

Salmonellaspp.
E. coli O157 :H7
Noroviruses

. Onlyaé&c

All of the above

20.Which statement is incorreabout food irradiation:

a.

©ooo

Irradiation makes foods radioactive

Foods approved for irradiation are poultry, red meat, spinach and spices
The energy source of irradiation is usually gamma rays or electron beam
Irradiation Kills bacteria liké.isteria, SalmonellaandE. coliO157:H7
Irradiation causes a small loss in nutritional value of foods

Thank you!
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1. So that no personal names will be used, please create your own identifioat
code following the instructions below. For example, if your mother’'s names
Emily and you were born on August 24, your ID code would be EM-08-24.

Enter the first two letters of your MOTHER'S first name:
Enter the month you were born:
Enter the day of your birth:

2. Listeria monocytogenes can grow and multiply at refrigeration temperature
(<40°F).
a. True
b. False
c. Not sure
3. Listeria biofilms:
Protect the bacterium from sanitizers
Cannot be seen by the naked eye
Can break off and transfer bacteria to food and food contact surfaces
All the above
Only a & b above
Not sure

=

4. Listeria may be found in:

Soil, water, plants and animals
Drains, grease traps, meat slicers
Refrigerated ready-to-eat foods
All the above

Not sure

e

5. Refrigerated ready-to-eat food products are most likely to be implicad with
Listeria monocytogenes because:
a. Listeriacan contaminate these foods during post-cooking handling
b. Listeriacan grow and multiply in foods during refrigeration storage
c. Some refrigerated ready-to-eat foods may not require further heating
before serving
d. All the above
e. Only a & c above
f. Not sure

6. Which statement is incorrectabout Listeria?
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a. Listeriacan survive but not grow at freezing temperature (0°F)

b. Listeriacan tolerate acidic environments when kept at low temperatures
c. Proper cooking destroyssteria
d. Vacuum packaging allows the growthlogteria in long term refrigeration

storage
e. When Listeria produces biofilms the risk of contamination decreases
f. Not sure

7. Listeria can grow on food spills in the refrigerator, causing potential cross-
contamination to other foods.
a. True
b. False
c. Not sure

8. The recommended safe refrigerated storage time for opened packages of hot
dogs and lunch meat served to the elderly is:
a. 4 days orless
b. 7 days
c. 14 days
d. Not sure

9. What is the warmestacceptable receiving temperature for fluid milk?
a. 32°F

55°F

41°F

45°F

Not sure

®aoo

10.Which of the following factors does not increaséhe likelihood that a menu item
has a food safety hazard that must be controlled:
a. Food is cooked, then cooled before serving
Food is purchased ready-to-eat and does not require refrigeration
Food is prepared in advance, then stored in the refrigerator
Food requires several preparation steps prior to serving
All the above
Not sure

-0 a00o
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11.Cold hot dogs should be reheated to what temperature for 15 seconds to be
considered safe for the elderly to eat?

~0o Q0o

135°F
145°F
155°F
165°F
180°F
Not sure

12.Listeria can be prevented through:

-0 o0 o

Purchasing foods from reputable suppliers

Frequent cleaning and sanitizing

Monitoring the storage time and temperature of refrigerated RTE foods
Preventing cross-contamination

All the above

Not sure

13.Which of the following factors impact the effectiveness of sanitize?

a.

-0 Qo0o

Temperature of the solvent

pH of the water

Concentration of the sanitizing solution
All the above

Only a & c above

Not sure

14.Which statement is incorrectabout food irradiation?

a.
b.

~® oo

Irradiation makes foods radioactive

Foods approved for irradiation include poultry, red meat, spinach and
spices

The energy source of irradiation is usually gamma rays or electron beams
Irradiation kills bacteria liké.isteria, SalmonellaandE. coli O157:H7
Irradiation causes a small loss in nutritional value of foods

Not sure
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Now we would like you to answer a few questions to help us better derstand our
participants for reporting purposes.

1. Number of years employed in dietary services serving an elderly population?
0-5 years
6-15 years
16-25 years
25+ years
| choose not to answer this question

2. Type of facility in which you are employed:
Skilled Nursing or Rehab Facility
Senior Living Community (Assisted and independent living)
Senior Center/ Congregate meal site
Hospital
Other (please list)
| choose not to answer this question

3. Please check any of the following certifications you have completed:
Board-Certified Dietary Manager (CDM, CFPP)
Registered Dietary Technician (DTR)
Registered Dietitian (RD)
ServSafeFood Protection Manager Certification- National Restaurant
Association
Certified Professional-Food Safety (CP-FS) sponsored by National
Environmental Health Association (NEHA)
Professional Food Manager Certification-National Registry of FoetySaf
Professionaf$
ServSafeStarters Employee Training- National Restaurant Association
Other safe food handler training: list:
| choose not to answer this question

4. Do your job responsibilities include a supervisory or managerial role
(responsible for supervising the daily operation of dietary services)?
_____No

Yes

| choose not to answer this question

5. What is the highest level of education you have received?
Some high school
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______High school graduate or GED

_____1-2 years college and/or technical school
4 year college degree (bachelor) or higher
______ Other (please list)

| choose not to answer this question

Thank you!
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Now please circle the response that best describes your opinion to thght of each

guestion below.

Strongly  Agree

Agree

15. I gained new and useful

Disagree Strongly

Disagree

information from taking this course.

16. As a result of viewing this web

module, | am better able to recognize
food safety risks affecting the frail
elderly.

17. Participating in this web module

was a convenient way to earn
continuing education credits.

18. The level of difficulty was

appropriate for a professional
continuing education course.

19. I plan to use this information in

training others.
20. | would recommend this training

module to others.
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CSU Extension Food Safety Fact Sheet

Listeriosis
by H. Thigeel, P. Kendall and M. Bunnihg

Quick Facts...

> Listeriosis is a life-threatening disease for individuals with comprahimenune
systems.

> Listerianot only survives but can grow at refrigeration temperatures.

> Refrigerated ready-to-eat (RTE) foods are commonly linked to listeriosi
outbreaks.

> Proper storage and handling of refrigerated RTE foods is one way to control
Listeria.

What is Listeriosis?

Listeria monocytogenesauses listeriosis, a rare disease but one with serious
consequences. This disease occurs in a variety of animals, including humansti@gans
may be affected by listeriosis include the uterus during pregnancy, thel cemtrous
system, and the blood stream. Infection wuis$teria is life-threatening and primarily
affects newborn infants, pregnant women, the elderly and those with comgtomise
immune systems. The death rate among these individuals from listeriosis, i&dmg

20% to 30%.

Disease Characteristics

Listeria monocytogeneasuses two forms of listeriosis: non-invasive gastrointestinal
listeriosis and invasive listeriosis. In immune-competent individuals, non-invasive
listeriosis develops as a typical gastrointestinal illness with favemrhune-

compromised individuals such as the elderly and patients receiving immunosuppressive
drugs, listeriosis can cause septicemia or meningoencephalitis. Fgeaerslly present

in patients with bacteremia. Other nonspecific flu-like symptoms such asefatig
abdominal pain, and nausea may also occur. Invasive listeriosis can also be agquired b
the fetus from its infected mother via the placenta.

Organism Characteristics

Listeria monocytogenas a hardy bacterium which has several unique survival
characteristics compared to other microorganisms that cause foodborse dis¢zria
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is widely distributed in nature and can be found in/on soil, stale water suppligs, sila
dust, plants and animals.

Factors that increadasteria’s threat to human health are its ability to:

> Grow at refrigeration temperatures, 32°F and above.
» Grow in an acidic (as low as 4.4 pH) or basic (as high as pH 9.6) environment.

» Tolerate low moisture environments; it has been detected in hard fermented
salami.

» Grow under anaerobic conditions at refrigeration temperatures. This property
makesListeria a potential threat to the safety of foods packaged under vacuum or
modified atmospheres as the growth of this microorganism is not inhibited in
vacuum packaged food items.

» Grow at extremely high salt concentrations, especially at refrigerator
temperatures. It has been detected in commercial cheese brines. Tass, che
brines should be considered as potential sources for cross-contamination.

» Attach to a wide variety of surfaces, including stainless steel, glassl, w
porcelain, iron, plastic, polyester, propylene, rubber, waxed cardboard, and paper.
Attachment oListeriato a solid surface may be followed by the formation of
extracellular polysaccharide layers, called biofilms, which serve asqathy
barriers to protect the bacteria within theusteria biofilms cannot be seen with
the naked eye. Once they are formed, they can be very difficult to remove. Due to
Listeria's ability to attach to different surfaces, packaging materials can be a
potential source of contamination.

Foodborne Listeriosis

Within the last 25 years, food has been recognized as a primary mode of tsarsofis
Listeria monocytogenas humans. Several foodborne illness outbreaks associated with
Listeria monocytogendsave been attributed to the consumption of perishable foods that
require refrigeration. These foods are often referred tefagerated ready-to-edbods
because they are designed to be eaten without cooking, like deli salads, luncheon meats
and hot dogs. As one example, in 1985, listeriosis was brought to public attention and
became a major health concern when an outbreak of 142 cases occurred in California
The majority of cases (65%) involved pregnant women or their offspring, nodstly
Hispanic descent. Among the 49 nonpregnant adults infected, nearly all had a known
predisposing condition that compromised their immune system. The outbreak was caused
by consumption of soft, unripened Mexican-style cheese made with unpasteutkzed mi

Listeriais destroyed during the pasteurization process; however, there is potential for
post-processing contamination of milk wittsteriathrough contact with unpasteurized
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(raw) milk or contaminated equipment. Although there is a low rate of consumption of
raw milk in the United States where the Federal law requires pasteuriaatnilk sold
through interstate commerce, some states allow the purchase of unpasteilkized m

Uncooked or undercooked frankfurters have been the cause of many casesosidister
the U.S. In 1988, invasive listeriosis was linked to consumption of contaminated turkey
frankfurters. This was the first laboratory-confirmed association of amehpoultry

products with invasive listeriosis. The largest listeriosis outbreak in thedJstates
occurred in 1998-1999 due to the consumption of contaminated frankfurters and deli
meats. In 2008, deli meats were again implicated in a large outbreak obsistami

Canada.

Smoked seafood products also have been associated with listeriosis. Cold smoking of fis
and other seafood can result in contamination ligteria as this process has no

significant inactivation of the bacteria. Smoked fish and seafood have been linked to
several outbreaks, involving such foods as smoked mussels, rainbow trout, smoked
salmon, and smoked cod roe.

Vegetables have the potential for contamination wisteria from their growing
environment. However, there have been relatively few listeriosis outbresiadaed
with vegetables. In 1983steria monocytogenegas implicated in a large coleslaw
outbreak that occurred in the Canadian Maritime Provinces.

Control and Prevention of Listeria

Since the recognition of food as the primary mode of transmission, a wide drietg
types have been implicated in outbreakgisteria monocytogene¥hese foods are
capable of supporting the growth and multiplicatioisteria. In fact, many of these

foods are cured, pasteurized or cooked in the production process and then exposed to
post-processing contamination from the environment. A common characteristioypf ma
implicated foods is that they are refrigerated Ready-to-Eat. Tahblewisdypes of foods
that are commonly associated witisteria and safety measures consumers should follow
to help controListeria.

When purchasing and storing foods, it is important to keep ready-to-eat itemegtesepa

from uncooked meats and unwashed produce. Read and follow label instructions to "keep
refrigerated” and "use by" a certain date. The temperature of yagerator should be
between 35°F-40°F.

Washing hands well before working with food can help prekstéria as well as other
diseases. Risk of exposureltigteria monocytogendsom cross contamination can also
be prevented by thorough cleaning and sanitizing of cutting boards and other kitchen
surfaces. Chlorine bleach is a commonly used sanitizer that can be effgaing a
Listeria monocytogened)se 1 scant teaspoon of chlorine bleach per quart of water to
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sanitize cleaned surfaces. Two other household products that can be effeatise aga
Listeriaon food contact surfaces are hydrogen peroxide (available in 3% concentration)
and white vinegar (available in 5% concentration).

Cooking foods thoroughly destroissteria. Pregnant women should heat lunch meats
and deli meats to steaming hot before eating. This includes packaged lunch meats and
those purchased at the deli. You can use a microwave, oven or grill. If you prefer lunch
meats cold, they can be heated and then cooled before eating.

Table 1.Food safety tips for preventing listeriosis among high risk individuals.

Food

To reduce risk:

Meats, lunch meats
and hot dogs

Heat hot dogs to 165°F or until steaming hot

At risk consumers should not eat fresh paté or fresh meat spr
canned paté or meat spreads are safer.

Wrap food well and date packages. Refrigerate meat product
soon as possible after purchasing.

Freeze meats, lunch meats and hot dogs that you are not pla
to consume within 4 days of purchase or preparation.

If opened food can’t be frozen or reheated before eating, disc
after 4 days in the refrigerator.

nning

ard

Fish and seafood

Do not eat cold smoked fish or raw or undercooked seafood.
Instead choose canned fish or fish heated to steaming hot.

Dairy foods

Do not drink raw milk or eat soft cheeses made with raw milk
such as queso fresco, Feta, Brie, Camembert and blue-veine
cheese. Cream cheese, cottage cheese, and aged cheeses,
cheddar or Swiss are safe to eat.

d
like

Deli-style salads

Salads from deli counters are considered risky if made with

potentially hazardous ingredients like smoked seafood. Storer

bought mayonnaise is safe to use in making salads if properly
handled and refrigerated. When buying sliced meats from a d
(such as bologna, roast beef, turkey or ham), ask what the d3
on the original packaging before you purchase.

eli
teis

Fruits &
Vegetables

Wash all fresh produce well with cold running water before
eating.

Avoid eating raw sprouts, like alfalfa and radish sprouts.
Avoid drinking unpasteurized fruit juices, like raw apple cider.

Leftovers

Refrigerate or freeze cooked leftovers in small, covered shall

DW

containers (2 inches deep or less) within two hours after cook

ing.
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Use cooked leftovers within 4 days. Don't taste to determine
safety. If in doubt, throw it out.
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