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 Food borne illness is a major problem around the world. Recently, more food 

borne outbreaks involve produce as the vehicle and viruses as the source of 

contamination. Norovirus is a common food borne viral pathogen.  Genetic diversity 

among the viruses has made detection difficult.  Due to the difficulties in detection, 

the norovirus is an ideal candidate for having an indicator organism. FRNA 

bacteriophages share several similarities with enteric viruses and would be an ideal 

candidate. In this study, we evaluated reverse transcriptase polymerase chain reaction 

(RT-PCR) detection of norovirus and evaluated using FRNA bacteriophages, E. coli, 

and Enterococcus as indicator organisms for the virus on produce. Of the five RT-

PCR methods tested, only two worked with both controls. Of the 180 produce 

samples tested, 37.2% were positive for FRNA bacteriophage, 17.2% were positive 

for Enterococcus, and 0% were positive for E. coli. We conclude that RT-PCR is not 

an efficient method for screening norovirus on produce and including FRNA 

bacteriophages as indicator organisms for viruses may help decrease outbreaks. 
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Introduction 

 There are an estimated 76 million cases of food borne illness each year 

leading to 325,000 hospitalizations and 5,200 deaths per year (52). There are over 200 

known diseases that can be transmitted through food (9). Diseases caused by food 

borne pathogens can be as mild as a slight case of diarrhea to as severe as death. 

Salmonella, Listeria, and the parasite Toxoplasma are responsible for 80% of 

estimated food-related deaths (52).  

New technologies and food processing techniques have been developed to 

eliminate or reduce food borne disease. For example, proper thermal canning of food 

greatly decreases illnesses caused by Clostridium botulinum (25) and pasteurization 

has made milk and dairy products safer. However, in the last 20 years new pathogens 

have emerged and become a significant cause of disease. Campylobacter jejuni, 

Escherichia coli O157:H7, Listeria monocytogenes, and Cyclospora cayetanensis are 

all pathogens that were not recognized as food borne pathogens years ago. Despite 

technological advances, food borne disease is still a major problem.  

FoodNet is a surveillance program run by the Centers for Disease Control 

(CDC) that quantifies the incidence of food borne disease through surveillance of 

laboratory-diagnosed illnesses (30). The preliminary FoodNet data from 2004 reports 

Salmonella, Campylobacter, Shigella, Cryptosporidium, and Escherichia coli 

O157:H7 as the leading bacterial and parasitic causes of food borne disease (14).  In 

addition, C. botulinum, L. monocytogenes, norovirus, Toxoplasma gondii, Vibrio 

vulnificus, and Staphylococcus aureus are also problematic food borne pathogens 

(23). Salmonella is the most common cause of death from food borne disease; sources  
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include raw or undercooked eggs. Campylobacter is the most common cause of 

bacterial diarrhea in the U.S.; sources are most often raw or undercooked meat and 

poultry. Shigella is often found in salads, milk, and other dairy products. 

Cryptosporidium is a parasite that causes severe diarrheal disease.  E. coli O157:H7 

causes severe gastroenteritis that can lead to Hemolytic Uremic Syndrome (HUS). 

Sources of E .coli O157:H7 include, but are not limited to, undercooked ground beef 

and fresh produce. C. botulinum produces a deadly toxin and its’ source is often 

home-prepared foods. L. monocytogenes is especially dangerous to pregnant women 

and newborns and is often found in ready-to-eat foods such as unpasteurized dairy 

products and meat products. Norovirus is the leading cause of diarrhea in the US; 

sources include shellfish and produce. T. gondii is a parasite found in raw or 

undercooked meats. V. vulnificus causes gastroenteritis and is usually found in raw or 

undercooked seafood. Finally, Staphylococcus aureus produces a heat resistant toxin 

that causes vomiting shortly after consumption of the contaminated food. S. aureus 

can be present in a wide variety of foods.  

In order to better control food borne disease the federal government requires 

food manufacturers and distributors to develop Hazard Analysis and Critical Control 

Points (HACCP) programs (55). HACCP helps manufacturers and food processors 

identify points in their processing method at which contamination could occur and 

how to prevent it from occurring. The main points of HACCP include: to develop a 

HACCP plan to identify and control pathogens in their products, to meet targets for 

the reduction of microbial pathogens, to conduct microbial testing to determine 

compliance with targets, and finally to establish and follow written standard operating 
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procedures. HACCP procedures are in effect for almost all areas of the food industry 

including meat, poultry, seafood, and produce.  

HACCP was mandated in 1996 for large food manufacturers and was 

gradually introduced in to the entire food industry (62). Studies have been done to 

show the impact of HACCP. In one study (62), raw meat and poultry samples were 

taken from federally inspected slaughterhouses and tested for the prevalence of 

Salmonella. Samples were taken from 1998 through 2000, the first few years that 

HACCP was introduced. In most cases the prevalence of Salmonella was lower than 

it was prior to HACPP, however Salmonella was still present. This demonstrates that 

although laws are being established to help decrease food borne pathogens, the 

pathogens still persist.  

Food borne disease has been a problem for a long time and will likely 

continue to be a problem in the future. However, with the introduction of new laws, 

such as HACCP, and the development of new detection methods, the incidence of 

disease may decrease.  In addition, as new pathogens emerge and as foods associated 

with disease change, detection methods for pathogens may need to be revised or 

adapted to fit new needs.  
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Produce related food safety 
 

An increasing amount of fresh fruits and vegetables are associated with food 

borne illnesses each year.  In a study by Sivapalasingham et al that summarized 

outbreak data from 1973 to 1997 (64), there were 190 outbreaks of food borne disease 

associated with fresh produce. As a result of these outbreaks, there were 16,058 

reported illnesses, 598 hospitalizations, and 8 deaths. This study also highlighted the 

increase in outbreaks associated with produce. In the 1970s the median number of 

reported produce-associated outbreaks per year was 2, in the 1980s that number 

increased to 7, and in the 1990s that number more than doubled to 16. The total 

percentage of outbreaks associated with produce in the 1970’s was 0.7%, while in the 

1990’s it was 6.0%. In the 190 produce associated outbreaks, there was an etiologic 

agent identified only 54% (103/190) of the time. Of these, bacteria caused 60%, 

viruses caused 20%, parasites caused 16%, and chemicals or poisons caused 4%. 

Salmonella was the most common bacterial agent and norovirus was the most 

common viral agent found on fresh produce. 

The increase seen in produce-associated outbreaks may be due to several 

reasons. Changes in consumer food choices have likely influenced the increase. As 

more people become conscience of their health, they are changing their diet to include 

more fruits and vegetables. Sivapalasingham et al reported a 24% increase in produce 

consumption from 1970 to 1997 (64). Also, the globalization of the food supply may 

have contributed to the increase (52). Fruits and vegetables are now available year 

round due to imports from other countries.  
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Produce contamination can occur in a number of ways. Pre harvest sources of 

contamination may include animal feces in the field. E .coli O157:H7 has been shown 

to be viable in bovine feces for up to 70 days (69). Irrigation and surface run-off 

waters can also be the cause of contamination in the field (6).  Post harvest 

contamination can occur during processing. For example, if produce is processed in 

open sheds there is potential for small animals or birds to cause contamination (40). 

Post harvest contamination can also occur while the produce is being washed. Studies 

show that if warm produce is soaked in cool water the pressure difference between 

the core and the surrounding water may allow pathogens in the water to enter the core 

of the produce, usually through the stem area (4). Other post harvest sources of 

contamination include contamination by workers and food handlers. Food borne 

pathogens are easily spread via the fecal-oral route, making transmission from the 

food handler likely if the food handler does not practice proper hygiene.  

Several steps can be taken to help prevent food borne disease caused by 

contaminated produce. Stricter regulations on foreign farms could decrease outbreaks. 

In 1996, following an outbreak due to Cyclosporiasis in raspberries imported from 

Guatemala, the FDA banned imports from the country until certain standards were 

met (34). Similarly, in 2000 and 2002 contaminated cantaloupes were imported from 

Mexico and caused widespread outbreaks of Salmonella.  Farms associated in these 

outbreaks were banned from exporting until further investigation occurred (12). 

Additionally, to prevent further outbreaks due to contaminated produce, more 

research needs to be focused on the detection of pathogens on produce. Because there 
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is an increase in produce related outbreaks, detection methods should be adapted to 

work efficiently on produce as well as meat and dairy products.  
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Food borne viruses 
 

More and more reported food borne outbreaks are due to viruses as opposed to 

bacteria (33). Viruses were probably always a cause of food borne disease; however 

with recent developments in detection we are now able to confirm the presence of 

viruses. Previously, those outbreaks may have been recorded as having an unknown 

causative agent.   

Food borne viruses can be divided in to three main categories: 1) viruses that 

cause gastroenteritis, among these are astrovirus, rotavirus, adenovirus, norovirus 

(formally Norwalk-like viruses), and SLV (Sapporo-like viruses). 2) viruses that are 

transmitted through the fecal-oral route, including hepatitis A and hepatitis E. 3) 

viruses that cause other illnesses, including enteroviruses (46). 

There are several differences between food contaminations by a viral 

pathogen as opposed to a bacterial pathogen. When bacteria are present in food they 

have the ability to replicate and increase in numbers if the environmental conditions 

are optimal. Viruses can only replicate in the host and therefore are unable to increase 

in numbers while in the food. Detection of viruses can be more difficult than the 

detection of bacteria because many viruses are either difficult to culture or are unable 

to be cultured in the lab. Also, the number of viral particles present on the food may 

be very low, hindering detection.  

Many foods are at high risk for viral contamination. One group in particular is 

shellfish. Filter-feeding shellfish have the ability to concentrate viral pathogens in 

large number (44). Depuration is a process of self-purification used in shellfish 

production. This process is successful at decreasing the amounts of bacteria present in 

 7 
 



 

shellfish, however the process does not seem to decrease the number of viruses on the 

shellfish (20, 59, 60). Produce is also often implicated in food borne viral outbreaks. 

Between 1973 and 1997 there were at least 21 outbreaks of produce-associated food 

borne viral illness (64). Because a large proportion of produce is eaten raw, there is 

no cooking step to kill any pathogens that may be present.  

Although food borne outbreaks are sometimes seen with rotavirus and 

astrovirus, these viruses typically affect children as opposed to adults (11). The 

viruses at the highest risk for food borne transmission are norovirus and hepatitis A 

virus. The reasons may be due to their extreme stability in the environment and their 

highly infectious nature (46). 

Hepatits A virus is a small, non-enveloped spherical virus that is about 27-

32nm in diameter (57).  Initial clinical symptoms of a hepatitis A infection include 

fever, headache, fatigue, nausea, and abdominal discomfort, followed by symptoms 

and signs of hepatitis (liver inflammation, jaundice) 1-2 weeks later (7). The virus has 

an incubation period from 15-50 days, with the average incubation period being 

around 30 days. This long incubation period can cause many problems with 

transmission. Hepatitis A is often spread when an infected food handler contaminates 

the food source (46,70). With such a long incubation period, the food handler may not 

know he is sick until a month after the infection occurred.  In 2001, a food handler at 

a Massachusetts restaurant likely contaminated the food, which resulted in almost 50 

cases of hepatitis A among people who ate at the restaurant (13). The workers’ 

symptoms were not present until after the contamination occurred.  
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A very large hepatitis A outbreak occurred recently in Pennsylvania (70). 

Over 500 Pennsylvania residents became ill after eating at a restaurant in Beaver 

County. Of the 500 sick, at least 124 were hospitalized and 3 died. After an FDA 

investigation, green onions imported from Mexico were found to be the cause of the 

outbreak. The vegetables were most likely contaminated either before or during 

shipping. This is one of the largest reported outbreaks of hepatitis A in the United 

States. Green onions were a staple ingredient used to make many of the restaurants 

dishes, this likely contributed to the size of the outbreak. Following the investigation, 

an import ban was placed on four farms in northern Mexico where the onions likely 

came from. 

The virus most commonly seen in food borne disease is norovirus. It has been 

estimated, based on surveillance data, that norovirus may account for over 60% of 

food borne illnesses (52).  Norovirus is of fecal origin and many reported outbreaks 

are due to contaminated water (8, 26, 29) or food (5, 35, 49). One way the food or 

water source could initially be contaminated is through the hands of an infected 

person or food handler. Once the initial infection occurs the virus rapidly spreads 

from person to person via direct contact with contaminated surfaces. The virus can 

continue to be shed long after physical signs of the disease have disappeared, which 

further promotes transmission.  In some cases, the virus may be shed for up to three 

weeks, which is long after any physical signs of illness are present in the host (45). 

 Norovirus was first discovered in 1968 in the small town of Norwalk, Ohio 

(42). The virus was the cause of a gastroenteritis outbreak in an elementary school.  

Norovirus is a single stranded RNA virus that can range in size from 27-35 nm. It has 
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a 1-3 day incubation period with clinical symptoms including a low-grade fever, 

vomiting, diarrhea, and headache. The infectious dose of norovirus is very low, as 

low as 10 particles (37). Because the virus is rapidly spread from person-person via 

contaminated surfaces, outbreaks are usually seen in places with close living 

conditions for example; nursing homes, hospitals, hotels, and cruise ships (10, 15, 29, 

35, 51). 

 Norovirus belongs to the family Calicivirdae. Nomenclature and genetic 

classification of the virus has posed to be a problem due to the vast genetic diversity 

of the group. It has been suggested that the genetic diversity may in part be due to 

point mutations created during the error-prone process of RNA replication (24). To 

date, four main “genogroups” of norovirus have been described. A genogroup can be 

defined as “a minimum classification unit consisting of the genetic clusters that 

reproducibly group together on a distinct branch of a phylogenetic tree and are 

sufficiently close in both amino acid and nucleotide sequences to be distinguished 

from genetic clusters falling outside the group” (2). Humans are mainly infected from 

viruses in either genogroup I or genogroup II. Within genogroup I there are at least 

seven distinct gene clusters and within genogroup II there are at least eight distinct 

gene clusters (22).   

Due to the great genetic diversity of the virus, detection is difficult. Norovirus 

was first detected using electron microscopy; however this technology can be quite 

insensitive (2). In recent years, detection has primarily been done using reverse 

transcriptase polymerase chain reaction (RT-PCR). The problem with RT-PCR is due 

to the genetic diverse population of noroviruses there is not one set of primers that 
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can routinely detect the virus. To further complicate detection, norovirus is unable to 

be cultured in the lab. 

With produce being a food group likely to be contaminated with viral 

pathogens and with produce associated outbreaks on the rise, this may be an area of 

food safety to focus on.  Better detection methods could help decrease viral 

contaminants on produce.  
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Indicator organisms 
 

Indicator organisms are commonly used when the pathogen of interest, for 

example norovirus, is either unable to be detected or is difficult to detect. E. coli and 

other fecal coliforms are most commonly used when looking for fecal contamination, 

especially in water sources. The United States Environmental Protection Agency 

(EPA) has set specific guidelines for coliform testing. There are two types of 

coliforms tested for, total coliforms and fecal coliforms. Total coliforms are a related 

group of bacteria that are natural inhabitants of soil, lakes, and rivers. These bacteria 

are typically not found in ground water.  The fecal coliform group is comprised of 

many different species of bacteria including: Escherichia, Enterobacter, Citrobacter, 

and Klebsiella (47). If total coliforms are found in ground water, there is a potential 

risk for fecal contamination, including harmful pathogens. If fecal coliforms are 

detected, that risk is greatly increased (65).  

While E. coli and coliforms have been the standard for determining fecal 

contamination in water, they may not be the best choice when it comes to fresh 

produce. One major reason is that some of the coliform bacteria, for example 

Klebsiella, are commonly found on plants as part of their normal flora and have non-

fecal origins (47). Because this organism is part of the plants normal flora, it would 

not be an ideal indicator for fecal contamination. Also, while E. coli does have an 

exclusive fecal origin, it can be timely and difficult to differentiate E. coli from other 

coliform organisms. Another organism that has been proposed as an indicator is 
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Enterococcus (39, 43). However, like some other coliforms, not all Enterococcus 

have a fecal origin, making it a poor choice for a fecal indicator organism.  

Bacterial indicator organisms are also not an ideal indicator for enteric 

viruses. Bacteria and viruses behave very differently in the environment and have 

different survival mechanisms. While most bacteria would be killed by exposure to 

extreme heat and chlorine, certain viruses would be able to survive these treatments. 

A study using the MS2 bacteriophage, a type of FRNA bacteriophage, as a surrogate 

for norovirus found that the bacteriophage was not effectively removed by chlorine 

washing (17).  

FRNA bacteriophages have been proposed as possible fecal indicator 

organisms. FRNA bacteriophages are viruses that infect and replicate in bacterial 

hosts by attachment to the F+ or sex pili (53). Their ideal bacterial host is E. coli. 

There are many reasons why we should look at potentially using FRNA 

bacteriophages as fecal indicators for enteric viruses, including norovirus, instead of 

the typical fecal coliforms. Mainly, FRNA bacteriophages are similar in size to 

enteric viruses (27-35nm), they are stable in the environment as are enteric viruses, 

and they are both resistant to similar treatment processes (1). Also, because the ideal 

host for the bacteriophage is E.coli, which is found in the digestive tract of warm-

blooded animals, the bacteriophage itself can usually be found in the digestive tract of 

warm-blooded animals, making it an ideal candidate as a fecal indicator organism 

(31).  

The correlation between FRNA bacteriophages and enteric viruses has been 

studied. In 1993, one study looked at the presence of FRNA bacteriophage and 
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enteric viruses in several different sources of fresh water including: river water, lake 

water, and recreational water. Each water source was tested for FRNA 

bacteriophages, thermotolerant coliforms, fecal Streptococci, enteroviruses, and 

enteric viruses. Their overall findings showed there to be a tendency of virus 

concentrations to be correlated to both the FRNA bacteriophages and the fecal 

coliforms (31). They suggest that FRNA bacteriophages are a suitable alternative to 

direct virus detection.  

 Additional research has been done looking at the use of FRNA bacteriophages 

as indicator organisms on specific foods including shellfish (19, 56), meat (36, 53), 

and produce (1, 21). In one study involving shellfish (56), the authors tested oysters 

for E. coli, hepatitis A virus, enterovirus, human adenovirus, and FRNA 

bacteriophages. Their results show that hepatitis A virus, enterovirus, and human 

adenovirus were repeatedly detected in oyster samples absent of E. coli. They 

conclude that a viral parameter should be included when looking at indicators for 

fecal contamination.  Another study involving shellfish also concluded that the 

absence of E. coli does not necessarily indicate an absence of potentially pathogenic 

viruses (19). Similar findings were found in the studies dealing with meat and 

poultry. In the two studies involving fresh produce, FRNA bacteriophage were 

detected on produce samples in relatively large number. One study had a 25.3% 

positive rate (21), while the other reported a 32.5% positive rate (1). Both groups 

proposed using FRNA bacteriophage in addition to E. coli when screening for fecal 

contamination in fresh produce. 
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Goals of study 
 
 Better detection methods may be one way to help reduce food borne disease. 

Current methods for determining fecal contamination are not ideal for produce and 

viral contaminants. These methods need to be adapted or revised to better aid in 

detection. Our study focused on the detection of norovirus and potential indicator 

organisms on fresh produce samples. First, we evaluated the effectiveness of five 

different sets of reverse transcriptase PCR primers from previously published work 

that were designed for norovirus detection. Second, we screened fresh produce 

samples for the presence of E. coli, Enterococcus, and FRNA bacteriophages and 

looked at their potential for being indicator organisms.  
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Materials and Methods 

Reverse transcriptase PCR evaluation:  

 Five primer sets were obtained from previously published work: MON primer 

set (61), SR primer set (2), NVp primer pair (50), NV primer pair (54), and the JV 

primer pair (67) (table 1).  All primers were tested using two positive controls: 

genogroup I and genogroup II. Positive controls were received in the form of stool 

samples from the CDC from patients known to be shedding the virus. RNA was 

extracted from the stool samples for all further analysis. A one-step reverse 

transcriptase PCR protocol was used for all primers. The reaction mixture contained: 

25 ul MasterAmp 2X PCR Premix G (Epicentre Biotechnologies, Madison, WI), 

0.5uM of each primer, 0.5ul Rnase Inhibitor (Roche, Indianapolis, IN), 0.09ul AMV-

RT (Promega, Madison, WI), and 0.25ul Ampli-Taq (Applied Biosystems, Foster 

City, CA).  

 Cycling conditions varied for each primer set depending on their annealing 

temperatures. For the MON, SR and NVp primer sets the conditions were as follows: 

42oC for 60 min, 94oC for 2 min, (94oC 1 min/50oC 1 min 30 sec/60oC 2 min) 40 

cycles, 72oC 7 min. For the NV primer set: 42oC for 60 min, 94oC for 2 min, (94oC 

30sec/42oC 30 sec/72oC 1 min 30 sec) 40 cycles, 72oC for 7 min. Finally, for the JV 

primer set: 42oC for 60 min, 94oC for 2 min, (94oC for 1 min/37oC 1 min 30 sec/74oC 

1 min), 72o C for 7 min.  

 All RT-PCR products were examined by electrophoresis on 2% agarose gels. 

Gels were run at 100 volts for one hour, stained with ethidium bromide, and 

visualized using ultraviolet light. 
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Sample collection and processing:  

 One hundred and eighty fresh produce samples were collected from three 

local grocery stores. The samples were from 6 groups of produce: celery, carrots, 

radish, green onions, lettuce, and packaged salad (packaged salad can be defined as 

any lettuce or vegetables that have been chopped/prepared and sold in plastic bags for 

immediate use). Thirty samples from each group were analyzed, with 10 samples 

taken from each store. These groups of produce were picked for several reasons. 

Mainly, because each of these types of produce are grown either in or closely to the 

ground increasing their chance of fecal contamination from the soil. Also, several of 

these varieties of produce have been identified in previous food borne viral outbreaks 

(46, 64). 

 A produce wash was prepared for each sample.  All produce was purchased 

the same morning it was to be processed to ensure freshness. Once at the lab, 50g of 

sample were placed in a Ziploc bag with 100mL of 0.1% peptone water (Bacto 

Peptone, BD, Franklin Lakes, NJ). The sample was massaged by hand for 5 minutes. 

All further analysis was done using the produce wash.   

FRNA bacteriophage detection:  

 A spot enrichment assay was used for detection of the bacteriophage. 

Although the spot enrichment method cannot quantify how many bacteriophage are 

present on the sample, we chose this method over a quantification method because the 

levels of bacteriophage expected on the samples are quite low. If a quantification 

method was used, there is a chance of not detecting the bacteriophage at all. The 

enrichment step of the spot enrichment method allows for detecting bacteriophages in 
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small amounts quite easily. The protocol followed was obtained from the United 

States EPA (66). Briefly, 100ml of produce wash was incubated overnight at 37oC 

with 5 mL of tryptone enrichment broth (10.0g Bacto peptone, 10.0g yeast extract, 

1.0g glucose, 8.0g NaCl2, and 0.22g CaCl2, per every 100mL of dH20) 1.25mL CaCl2, 

and 4mL of a 4 hour culture of the host bacteria (E. coli Famp). Ampicillin and 

streptomycin were added at 1.5 ug/mL to select for only the host bacteria. E .coli 

Famp carries resistant markers for both ampicillin and streptomycin (17). Following 

incubation, 10ul of the enrichment culture was spotted onto a spot agar dish (1.0g 

Bacto tryptone, 1.0g yeast extract, 0.1g glucose, 0.8g NaCl2, 0.022g CaCl2, and 0.75g 

Bacto agar per every 100mL of dH20. After autoclaving, agar was brought to 45oC in 

a water bath and 2mL of a four-hour culture of E .coli Famp was added for every 

100mL of agar. Finally, 1.5 ug/mL of ampicillin and streptomycin were added). The 

plate was incubated for 24 hours at 37oC (figure 1). After incubation, the plate was 

examined for lyses zones. MS2 coliphage was used as a positive control. 

E. coli detection:  

 Before finalizing the methods for detecting E. coli on the produce samples, we 

performed a method comparison of two different protocols to determine which 

protocol would work best. Protocols were modified from previously published work 

(21, 55). See figure 2 for details of protocols 1 and 2.  In order to compare the 

protocols, we first inoculated two 50g samples of lettuce with two different dilutions 

(10-7 and 10-8) of nalidixic acid resistant E. coli.  By using nalidixic acid resistant 

strains of E .coli we would be able to determine if the E. coli we inoculated the 

lettuce with was in fact recovered by the methods used for isolation. For both 
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protocols, the final plates used for isolation were supplemented with 50 ug/mL of 

nalidixic acid in order to select for the E. coli strain used to inoculate the lettuce.  

 The lettuce samples were washed in a Ziploc bag with 100mL of 0.1% 

peptone water. This wash was used for further analysis in the method comparison.  

Protocols were followed as described in figure 2. After examining the final plates 

used in each protocol, MacKonkey’s plates (Difco, Detroit, MI) for protocol 1 and 

EMB plates  (BBL Microbiological Systems, Cockeysville, MD) for protocol 2, we 

concluded that protocol 2 was more effective at recovering the nalidixic acid resistant 

E. coli from the lettuce samples and would therefore be more beneficial to our study. 

 Protocol 2 was followed for all E. coli detection in our study: 10mL of 

produce wash was incubated with 10mL double strength Lauryl Sulfate Tryptose 

(LST) broth (Difco) at 37oC for 48 hours. Broths showing growth after 48 hours were 

transferred to Brilliant Green Bile (BGB) broth (Difco) and incubated at 37oC for 24 

hours. Finally, positive BGB broths were streaked onto EMB (BBL Microbiological 

Systems) agar for isolation. Up to four presumptive E. coli colonies were selected 

from each plate. Colonies were screened for citrate utilization using Simmons Citrate 

Agar (BBL Microbiological Systems). All colonies negative for citrate utilization 

were confirmed to be E. coli with Biomeriuex API 20 E strips (Biomeriuex, France), 

following manufacturers’ instructions.  
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Enterococcus detection:  

  In order to detect Enterococcus, 10mL of produce wash was incubated in 

10mL double-strength Enterococcosel broth (BBL Microbiological Systems) at 37oC 

for 24 hours. Positive broths were then streaked onto Enterococcosel agar (BBL 

Microbiological Systems) for isolation (39). Presumptive Enterococcus colonies were 

gram stained. 
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Results 

Reverse transcriptase PCR evaluation 

 Detection of norovirus through reverse transcriptase PCR was performed 

using five sets of primers obtained from previously published work. There were 

varying results among primer sets. Each set was run against two positive controls, 

RNA from genogroup I and RNA from genogroup II. Of the five sets tested, only the 

MON primer set and the NV primer set gave a positive result for both control RNA 

samples (figures 3 and 4). The SR primer set had a positive result with only the RNA 

from genogroup I (figure 5). Finally, both the NVp110/NVp36 primer set and the 

JV12/JV13 primer set were negative for both control RNA samples. 

FRNA bacteriophage detection: 

 FRNA bacteriophages were detected on fresh produce samples using the spot 

enrichment method. After incubation on a spot agar dish, the dish was analyzed for 

zones of lyses. A zone of lyses can be described as a clearing in the bacterial lawn 

surrounding the 10ul drop of enrichment culture spotted onto the plate (figure 6). Of 

the 180 samples of produce tested, 37.2% tested positive for FRNA bacteriophage 

(67/180). The two groups of produce showing the highest positive rate were radishes 

and packaged salads; both groups had a 46.6% positive rate (14/30). The group with 

the next highest positive rate was celery with 43.3% of samples positive (13/30), 

followed by green onions with a 40% positive rate (12/30). The group with the lowest 

positive rate was carrots with only 13.3% of samples positive (4/30) (table 2). 

 There was a difference between FRNA bacteriophage positive rates among the 

three stores samples were taken from. Store A had the highest rate of detection with 

 21 
 



 

46.6% of samples testing positive for the bacteriophage. Store B was next with a 45% 

positive rate, followed by store C with only 20% of samples testing positive (figure 

7). 

E.coli detection: 

 All produce samples were screened for the presence of E. coli. Of the 180 

produce samples tested, no samples were positive for E. coli.  

Enterococcus detection: 

 All produce samples were screened for Enterococcus.  Of the 180 samples 

tested, 17.2% tested positive for Enterococcus (31/180). The group of produce with 

the highest prevalence of Enterococcus was radishes with 46.7% positive (14/30). 

Celery had the next highest rate with 20% testing positive (6/30), followed by green 

onions with 16.7% testing positive (5/30). Lettuce and packaged salad both had 10% 

positive (3/30). Finally, no carrots tested positive for Enterococcus (table 2).  
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Discussion 

 Reverse transcriptase PCR (RT-PCR) has commonly been used for detecting 

norovirus. However, as shown in our study, it is difficult to find primers that will 

routinely work. Of the five primer sets tested, only two worked for both of the control 

RNA samples. However, this is not to say the other three primer sets would not work 

on RNA taken from different noroviruses. The genetic diversity among the viruses 

makes it difficult to select primers for RT-PCR. A universal set of primers that has 

the ability to detect all viruses has yet to be developed.  

 The two primer sets that did work, MON and NV, could potentially be used 

for screening for norovirus. However, more samples would need to be tested to better 

determine their sensitivity.  

 Due to the inconsistencies in detection, we did not pursue using RT-PCR 

detection any further in this study.  Similar studies have also found that detection by 

RT- PCR is difficult and can be inconclusive (54). The number of viral particles 

expected on produce is very low, which would make RT-PCR detection difficult even 

if a universal set of primers did exist. An indicator organism, possibly FRNA 

bacteriophage, would be more efficient than RT-PCR in assessing fecal 

contamination on produce.  

 A relatively high number of samples were positive for FRNA bacteriophage, 

37.2% total. These findings are similar to what other studies have found. Allwood et 

al found 32.5% of produce tested positive for the bacteriophage and Endley et al 

found 25.3% of produce tested positive (1, 21).  
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 It is not surprising that packaged salad was among the group with the highest 

detection rate. One possible reason for this is packaged salad is handled more than 

other groups of produce. The chopping/slicing/preparing of the product allows for 

more opportunities for handling and possibly more opportunities for cross-

contamination.  This has also been seen in similar studies (1). In another study (21), 

carrot samples were tested along various steps in harvesting for the presence of 

FRNA bacteriophage. The field, the truck on the way to processing, and the 

processing shed were all tested. The processing shed, where workers repeatedly 

handled the carrots, had the highest number of positive samples compared to the other 

two locations.  

 The results obtained here also demonstrate the ease at which FRNA 

bacteriophage can be detected from produce samples. Even if the bacteriophage is 

present in low levels on the produce, the enrichment step of the detection protocol 

allows for replication. The methods used are quick, require minimum lab equipment, 

and are easy to perform. In contrast, RT-PCR requires expensive thermal cyclers and 

gel electrophoresis equipment. RT-PCR also requires more advanced laboratory skills 

than the FRNA bacteriophage detection methods.   

 E. coli was not detected with the same ease as FRNA bacteriophages. After 

selecting a protocol we thought would be best for detection, E. coli was not found on 

any of the produce samples. Other bacteria were shown to be present, but no E. coli 

was found. As confirmed by Biomeriuex API 20 E strips, bacteria such as Klebsiella, 

Citrobacter, and Enterobacter were found on the samples.   
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 Although we found no E. coli, similar studies have found very low levels 

(1,21). There may be several reasons why E. coli was not detected. First, the levels of 

E. coli present on the produce may have been extremely low, making detection 

difficult. Second, it is possible that the other bacteria present, Klebseilla, Citrobacter, 

and Enterobacter, may have been causing some competition and inhibited the growth 

of E. coli. Finally, some produce washes were frozen at -80oC for several weeks 

before being analyzed for E .coli. While this step was supposed to help preserve the 

bacteria, it may have actually had the opposite affect.  

  Enterococcus was found at a rate of 17.2%, with radishes having the most 

number of positive samples. In a study that looked at the antimicrobial resistance 

patterns of Enterococcus isolated from produce, Enterococcus was isolated from 47% 

of the samples (39). Although the goals of this study were not to look at Enterococcus 

as a fecal indicator, it demonstrates how often this bacterium is isolated from 

produce. Enterococcus does not always have a fecal origin; it is also found as normal 

flora in soil and plants (32). Therefore, detection of Enterococcus on produce does 

not necessarily mean there has been fecal contamination. 

 There was a difference between FRNA bacteriophage positive rates from store 

to store. Stores A and B had relatively the same positive rates with 46.6% and 45%, 

respectively. Store C had only 20% positive. The reason for this may be due to the 

individual stores handling and processing guidelines. It may come down to 

contamination by food handlers.  For FRNA bacteriophage detection within each 

produce group, there did not appear to be a large difference between the numbers of 

positive samples obtained form each store, only that store C generally had the least 
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amount of positives. However, for Enterococcus detection, all 6 positive celery 

samples and all 3 positive lettuce samples were from store B. Because little is known 

about what happens to the produce before it reaches the displays, it is hard to say why 

we see this trend. The most likely cause is contamination from workers or cross-

contamination with other foods.  
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Conclusions 
 
 We conclude that FRNA bacteriophage has the potential at being an ideal 

indicator organism for detecting norovirus and possibly other viruses on fresh 

produce. Traditional indicators such as E.coli and Enterococcus may not be the best 

choice when it comes to produce or viral pathogens. Further work would need to be 

done to better determine the correlation between FRNA bacteriophage and norovirus. 

However, this preliminary data demonstrates the possibility of at least including 

FRNA bacteriophage along with traditional indicator organisms in detecting fecal 

contamination on fresh produce.  
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100 mL produce wash 

5 mL Tryptone 
enrichment broth 1.25 mL CaCl2 solution 

0.5 mL host bacteria 
(E.coli Famp) 

FIGURE 1: Spot enrichment assay for detecting FRNA bacteriophage (66).  

Incubate overnight at 37oC 

Spot 10 ul onto a spot 
enrichment plate 

Analyze spot enrichment 
plate for zones of lysis. 
See Figure 6. 

Incubate overnight at 37oC 
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FIGURE 2: Protocols 1 and 2 for E. coli detection (21,55). 
 
Protocol 1: 
 
10 mL produce wash + 10 mL double strength Lauryl Sulfate Tryptone (LST) broth 

Incubate for 24 hours at 37oC 

 
If LST broth is positive, incubate 1 mL positive LST broth in 5mL EC broth 

 
 
 
 
 

Incubate for 24 hours at 37oC 

Spread 100ul of EC broth onto MacKonkey plate  
 
 
 
 
 

Incubate for 24 hours at 37oC 

Look for presumptive E.coli colonies. 
 
Protocol 2:

 
 

10 mL produce wash + 10 mL double strength Lauryl Sulfate Tryptone (LST) broth 

Incubate for 24 hours at 37oC 

 
If LST broth is positive, incubate 1 mL LST broth in 5mL Brilliant Green Broth 

 

Incubate for 24 hours at 37oC 

Spread 100ul of Brilliant Green Broth into EMB plates 
 
 
 
 
 

Incubate for 24 hours at 37oC 

Look for presumptive E. coli colonies 

 31 
 



 

 

 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 3: Amplification of the genogroup I and genogroup II control RNA using
the MON primer set. Lane 1: 1Kb ladder, Lane 2: genogroup I RNA, Lane 3: 
genogroup II RNA, Lane 4: negative control.  
 

Lane 3

La La Lane 4

ne 2

ne 1
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 Figure 4: Amplification of the genogroup I and genogroup II control RNA 
 using the NV51/NV3 primer pair. Lane 1: 1Kb ladder, Lane 2: genogroup I

RNA, Lane 3: genogroup II RNA, Lane 4: Negative control.  
 
 
 
 
 
 
 
 
 La La La Lane 4 

ne 3 
ne 2 

ne 1 
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Figure 5: Amplification of the genogroup I control RNA using SR primer set. Lane 
1: 1Kb ladder, Lane 2: genogroup I control RNA, Lane 3: genogroup II RNA, Lane 
4: negative control.  

 
 
 La La La Lane 4

ne 3

ne 2

ne 1
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Figure 6: Spot enrichment assay for detecting FRNA bacteriophage. 
Spot agar dish showing lyses zones for a celery and a lettuce sample. 
MS2 used as positive control.  

 
 
 
 
 
 
 
 
 
 
 
 

 
 

Negative Control
Lettuce Sample 
Positive Control
 

Celery Sample 
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Figure 7: Number of produce samples positive for FRNA bacteriophages, 
separated by store.  
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