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ABSTRACT

Survival of Escherichia coli O157:H7 in channel catfish (Ictalurus punctatus),
pond, holding tank water, on live catfish and catfish fillet packaged under modified
atmosphere (MA) and overwrapped inoculated at 10°, 10°, and 10’ CFU/ml was
investigated. E. coli O157:H7 were detected by direct plating for 33 d and 69 d in pond
and holding tank water, respectively. A rapid decrease of the pathogen was observed in
the first two weeks to reach 2 log CFU/ml. The pathogen was isolated by enrichment
procedure for approximately another 30 d from pond and holding tank water. The internal
organs and skin scrape had 5.5 log and 2.5 log CFU E. coli O157:H7/ml, respectively.

E. coli O157:H7 survived in overwrapped and MA packaged fillet for 20 d. There
was a significant difference on the survival of the organism between MA and
overwrapped packaging at 0°C and between MA packaged fillets stored at 0° and 10°C. A
0.5 and 1 log reduction of E. coli O157:H7 in MA packaged fillet was observed after 5 d
storage on fillets stored at 10 and 0°C, respectively. There was no significant difference
between the survival of E. coli O157:H7 on fillets with and without skin either in MA or
overwrapped packages. Aerobic bacterial populations at the end of the 20 d storage
increased by 1 and 3 log CFU/g while psychrotropic populations increased by 2 and 3 log
CFU/g for the 0 and 10°C storage, respectively.

E. coli O157:H7 attached to catfish skin mucus as confirmed by confocal
scanning laser microscopy (CSLM) images. E. coli O157:H7 were seen at 15 pm into the
mucus layer. Plate count revealed a half a log decrease in E. coli O157:H7
population/cm” on skin without mucus than on skin with mucus, while a 1-log decrease in
population/cm” was observed on skin without mucus than on skin with mucus by
microscopic count. Approximately 18 and 16% of all the cells observed under CSLM
appeared to be dead cells on skin with or without mucus, respectively.

INDEX WORDS: Channel catfish, Escherichia coli O157:H7, Pond water, Holding tank
water, Modified atmosphere packaging, Overwrapped packaging,
Confocal scanning laser microscopy
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INTRODUCTION

Escherichia coli O157:H7 has been isolated from outbreaks involving lake water
and improperly chlorinated drinking water (Dev et al., 1991; Keene et al., 1994). The
pathogen has also been recovered in cattle farm environments through irrigation water
and manure-fertilized soil and has caused contamination to produce (CDC, 1997).
Several studies have demonstrated the survival of E. coli O157:H7 in water. E. coli
O157:H7 survived in drinking water for weeks depending on temperature (Rice et al.,
1992; Warburton et al., 1998). In an environment similar to a fish pond, Wang and Doyle
(1998) observed the survival of the pathogen in lake water. It was also demonstrated that
temperature played a role in the survival of the pathogen in the water.

The culture of channel catfish consists of earthen ponds fed by nearby streams
and/or rainfall and run off from adjacent farms. As an open culture system, catfish ponds
are subject to contamination from animals both domestic and wild. The risk of
contamination of water supplies is increased by the shedding of pathogens in feces of
farm animals (Porter, 1997). Contamination by farm animals is apparent in developing
countries where fish culture practices usually involve land animals such as pigs and cows
as part of an integrated farming system. In some countries, night soil is also introduced
into the fish pond as fertilizer. These cultural practices may contribute to foodborne

illnesses upon consumption of aquaculture products.



Foodborne outbreaks involving the consumption of seafood, both finfish and
shellfish, have been reported. Certain viruses including hepatitis and Norwalk, and
microbial pathogens such as Salmonella spp., Clostridium botulinum and C. perfringens,
Staphylococcus aureus, Streptococus, Shigella spp., Yersinia spp., Campylobacter spp.,
Listeria monocytogenes, and various vibrios are the microbes of concern associated with
seafood (Anonymous, 1976; Garrett et al., 1997). Outbreaks of E. coli O157:H7 in
seafood have not been reported. However, since the first identified E. coli O157:H7
outbreak was reported in 1982 involving the consumption of undercooked beef products,
this pathogen has been implicated with a variety of foods and water such as apple cider,
raw milk, leaf lettuce, salami, drinking water (Ackers et al., 1998; Besser et al., 1993;
Keene et al. 1994; Rice et al., 1992). Fish products can become contaminated by
pathogenic microorganisms through exposure to feces, pond water, wildlife, domestic
animals, and post-harvest handling. Catfish is available commercially in many forms
from dressed to fillets and consumers in the southeastern states can also purchase live
catfish where they are available at farmers markets.

The effect of E. coli O157:H7 on modified atmosphere (MA) packaged catfish
fillets is investigated in this study. Modified atmosphere packaging has been used to
extend shelf life of fresh perishable food products (Genigeorgis, 1985). The increasing
demand for fresh food prompted the extensive use of MAP. MAP systems can maintain
the quality and safety of the food by retarding the microbial growth.

In order to study the distribution and penetration of E. coli O157:H7 on live
catfish, confocal scanning laser microscope (CSLM) technique was used. CSLM is a

nondestructive microscopy method to observe fluorescent specimens which allows the



observation of hydrated samples in situ without disruption of growth and metabolism
(Blonk and Aalst, 1993). This study was designed to determine the survival of E. coli
O157:H7 in catfish pond water. Its survival prompted us to examine the possibility of
transmission of the pathogen from the water to the fish and potential cross-contamination
of the pathogen from fish to other muscle food, and vice versa at the retail level. The
potential of mucus to serve as a substrate for E. coli O157:H7 contamination is also

investigated.
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LITERATURE REVIEW

Foodborne Pathogens Associated with Seafood

Channel catfish (Ictalurus punctatus)

In the U.S. more than $50 billion is spent annually on a wide variety of seafood
products. Health and nutritional benefits from seafood consumption reflects in rising
sales. Today, Americans consume approximately 15 Ib of seafood each year, a 2.5 1b
increase since 1980 or 5 1b increase since 1960. This strong consumer demand will
continue as Americans become increasingly aware of the benefits (low fat, low calorie,
easily digestible, and a good source of protein, important minerals and vitamins) (NFI,
2002; Silva and White, 1994). It was also noted that demographic trends within the
United States indicated growing number of Asian and Hispanic consumers whose diets
have traditionally favored relatively high levels of fish and seafood (Heil and Peck,
1998).

As the demand for fish as healthy food continues to increase and the natural
fishery resources decline, there is a need to increase the seafood production through
aquaculture. Aquaculture is estimated to supply 29% of global food fish production of
121 million t in 1996 (FAO, 1999). In the U. S., aquaculture is the fastest growing
segment of agriculture. It was estimated that between 1980 and 1998, the value of U.S.
production rose more than 400 percent to nearly $1 billion (NFI, 2002). The trend

towards aquaculture was a significant one, not only because of the growing proportion of



the U.S. supply of fish and seafood that it contributed, but also because it brought
harvesting and processing into closer conjunction and thereby assured a higher and more
consistent quality of product (NFI, 2002).

Channel catfish is one of the important aquaculture species and is processed in the
largest quantity in the U.S. The per capita consumption of channel catfish increased from
0.7 in 1990 to 1.13 1b in 2000. The production of catfish is increasing due to the higher
demand of alternative protein source. In addition to providing white flesh, it supplies a
high-quality source of protein and nutrition. Almost half of all U.S. aquaculture
production comes from catfish farming with the total area encompassing about 180,000
acres. Aquaculture production is concentrated in Mississippi, Alabama, Arkansas, and
Louisiana. Other major species grown in the United States are trout, salmon, tilapia,
hybrid striped bass, sturgeon, walleye, and yellow perch, all of which are freshwater
except salmon, a saltwater species (NFI, 2002).

As farm-raised fish, catfish is consistently high-quality and is available all-year
long with less impact from adverse external environmental conditions. The following is a
glance at the 1995 production and sales figures of the top five U.S. aquacultured species

(Catfish Institute, 2002):

SPECIES POUNDS PRODUCED ESTIMATED SALES
Catfish 447 million pounds $ 351 million

Trout 55 million pounds $ 61 million

Salmon 34 million pounds $ 80-84 million
Tilapia 20 million pounds $ 24-27 million



Fresh catfish are sold as steaks, fillet, skinless and bone-in, whole or head-on and gutted.
Individually quick frozen (IQF) catfish is sold in the same manner, except no whole fish.
Sixty percent of the harvest is frozen. In addition, breaded, smoked, minced and
marinated items are available (Catfish Institute, 2002). Live catfish are also available in
retail farmers markets especially in the southeast of the United States. Catfish are
transported live from the grow-out facility to the market. Consumers then have the

options of purchasing live or dressed catfish.

Safety hazard in seafood

In general food safety hazards of aquaculture products, though vary according to
the culture system, may include foodborne parasitic infections, foodborne disease due to
pathogenic bacteria and viruses, veterinary drug residues, and contamination by
agrochemicals and toxic metals. The sources of human pathogenic bacteria in finfish (and
crustaceans) in aquaculture can be classified into two groups: indigenous bacteria those
naturally present in the aquatic environment including Vibrio cholerae, V.
parahaemolyticus, V. vulnificus, Listeria monocytogenes, Clostridium botulinum, and
Aeromonas hydrophyla, and bacteria that are introduced into the aquatic environment
through contamination by human or animal feces or otherwise such as Salmonella spp.,
pathogenic Escherichia coli, Shigella spp., Campylobacter spp., and Yersinia
enterocolitica. Additional bacterial hazard can also be introduced during processing
through handling Bacillus cereus, L. monocytogenes, and S. aureus (Reilly and

Kaferstein, 1997). The presence of indigenous pathogenic bacteria is usually found at



fairly low levels and food safety hazard is not significant when these products are
properly cooked.

Although most seafood products (with the exception of certain shellfishes) will
undergo some type of heat treatment prior to consumption, improper cooking of fish may
pose health hazards to the consumers as in the case of undercooked ground beef. In
addition, fish and shellfish may be cooked lightly or consumed raw (Dalsgaard, 1998).
The USDA guideline on cooking temperatures states that fin fish is considered cooked

when the fish muscle turns opaque and flakes easily with fork (USDA, 1999).

Bacterial seafoodborne diseases

Foodborne illness is predicted to cause 5,000 deaths and 76 million illnesses per
year (CDC, 2001). Between 1990 and 2001 it was estimated that contaminated seafood
was the vehicle in 340 outbreaks with 5,133 cases of food poisoning (CSPI, 2001).
Seafood was taunted as the leading known cause of foodborne illness outbreaks followed
by eggs, fruits and vegetables, beef and poultry. In comparison, fruits and vegetables
caused 148 outbreaks with 9,413 cases of food poisoning, while beef caused 134
outbreaks with 6,089 cases of foodborne illness and contaminated poultry caused 79
outbreaks with 4,279 cases.

Approximately 20% of the reported seafood outbreaks from 1990-2001 were
bacterial in nature. Food poisoning caused by toxins produced in fish especially fin-fish
prior to consumption, such as scombrotoxin and ciguatoxin, comprised the large portion

of the outbreaks. In contrast, outbreaks involving shellfishes were predominantly caused



by Vibrio spp., followed by Norwalk virus (and/or Norwalk-like viruses) and paralytic
shelfish poisoning (PSP) in equal proportion.

The etiological agents of seafoodborne disease in the U.S. between 1988-1992 are
summarized as follows:
Table 1. Etiology of seafoodborne disease outbreaks in the United States from 1988-1992

(Bean et al. 1996)

Etiology Number of outbreaks (% of total) associated with
Shellfish Fish
Bacterial 12 (35%) 18 (12%)
Biotoxins 5 (5%) 41 (28%)
Scombrotoxin - 74 (51%)
Parasitic 0 0
Viral 1 (3%) 0
Confirmed 18 (53%) 134 (92%)
Unknown 16 (47%) 12 (8%)
Total 34 (100%) 146 (100%)

The bacterial outbreaks shown in the table were attributed to C. botulinum, E. coli,
Salmonella spp., Staphylococcus spp., Vibrio spp., and Bacillus cereus.

Fish and fish products have been associated with several human illnesses
(Ghittino, 1972). A number of reports documented that fish and fish products have been
considered a vehicle of foodborne bacterial infections in human (Brown and Dorn, 1977,

Huss, 1997). Edwardsiella tarda, a human enteric pathogen, has been isolated from the



lesions of diseased channel catfish (Meyer and Bullock, 1973), while Troast (1975)
observed a high serum titers to E. coli and Enterobacter cloacae from brown bullhead
catfish. These catfish were found to inhabit contaminated waters. Salmonella have been
reported at low number in farmed channel catfish (Andrews et al., 1977). Salmonella and
E. coli were observed in tilapia (Youseff et al., 1992), a fresh water species cultured in
the Southeastern U. S., and shrimp (D’Aout et al., 1980). Other human enteric pathogens
were isolated in carp (Lee, 1972), a bottom-feeder scavenger commonly cohabit with
channel catfish.

Contamination with certain viruses including hepatitis, and Norwalk, and
microbial pathogens such as Salmonella spp., C. botulinum and perfringens, S. aureus,
Streptococus, Shigella spp., Yersinia spp., Campylobacter spp., L. monocytogenes, and
various vibrios are the primary microbial concern associated with seafood (Garrett et al.,
1997). E. coli has been isolated in seafood products such as tuna pot pies (Wentz et al.,
1984), dried squids (Bui and Yen, 1992), and ready-to-eat fried fish (Himelbloom, 1991).
It is believed that fish may become carriers of these human pathogens in water
environments polluted by human sewage or diseased animals (Ghittino, 1972).
Salmonella and Shigella food poisoning were usually associated with fish from polluted
water or contaminated during processing (Dalsgaard, 1998). Staphylococcus and
Streptococcus foodborne illnesses are usually due to contamination of fish on a fishing
vessel or in a processing plant (Brown and Dorn, 1977). Increasing evidence suggested
that certain Salmonella types may be part of the microbial flora in tropical aquaculture
(Huss et al., 2000). Salmonella spp. and other human pathogens are believed to be spread

by aquatic birds in the environment (Beveridge, 1988). Several studies have indicated the
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presence of Salmonella spp. in 21 % of Japanese eel culture ponds (Saheki, et al. 1989),
5% of North American catfish ponds (Wyatt et al., 1979) and 22% shrimp ponds
(Lobrerra et al.. 1990). Although Salmonella tend to be linked with intestinal tracts of
warm blooded animals, this pathogen have also been found from the gut of tilapia and
carps raised in waste-fed and non-waste-fed fresh water ponds (Buras, 1993; Iyer et al.,
1989).

Of equal importance in causing foodborne illnesses is E. coli O157:H7, a bacterial
species pathogenic to human. E. coli O157:H7 has been detected in variety of foods from
unpasteurized apple cider, meat product (Doyle, 1991), to salad vegetables (Abdul-Raouf,
1993). Studies showed that E. coli O157:H7 is the third or fourth most common enteric
pathogen recovered from human stool samples (MacDonald et al., 1988). Hemorrhagic
colitis caused by E. coli O157:H7 can be fatal to young children and
immunocompromised individuals.

Channel catfish has never been associated with E. coli O157:H7 outbreak.
However, this pathogenic bacteria may be introduced into a channel catfish rearing
system via animals around the fish ponds. A previous study showed that the pathogen can
survive in the channel catfish pond water for two weeks under controlled conditions
(Suhalim et al., 2000). Live catfish contaminated with E. coli O157:H7 may further
spread the pathogen at the point of sale in the market during processing. Similarly, raw
and processed fish products may also be cross-contaminated by meat and poultry

products processed and prepared at farmers markets.
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Source of contamination

Foods can become contaminated during production either on the farms or in
watercourses. It was believed that E. coli present on raw vegetables may originate from
agronomic systems employing irrigation with contaminated water (Merson et al., 1976).
The point at which contamination occurs will depend on the natural sources of a pathogen
and on the opportunities for transfer at each stage of the food chain. Contamination of
foods with E. coli also is likely to occur during assembling and preparation of the food.
These foods can serve as carriers of the organism. The presence of human enteric
organisms on fish implies that cross contamination from terrestrial source has occurred.
Thus the presence of these bacteria suggests the need for strict hygiene during handling
and processing of fish to prevent transfer of potentially pathogenic bacteria to humans.

Similarly, fish cultured in a system that receives waste/contaminated water supply
may harbor organisms that are present in the water (Dalsgaard, 1998; Fapohunda et al.,
1994; Silvakami et al., 1996). Foodborne illnesses due to E. coli O157:H7 has not been
implicated with the consumption of channel catfish or other freshwater species. However,
enterotoxigenic (ETEC) E. coli, enterophatoghenic (EPEC) E. coli, and shiga-like toxin-
producing E. coli (SLTEC) have been isolated from seafood (Ayulo, et al. 1994;
Samadpour et al., 1994). Studies on the microbiology of channel catfish indicated that
bacteria such as E. coli, total coliform, and S. aureus were observed on the fillets from
several processing plants and their counts vary with seasons (Fernandez et al., 1997a).
Salmonella and Listeria have been isolated from a variety of fish and shellfish products at
processing plant and retail level (Andrews et al., 1977; Hatha and

Lakshmanaperumalsamy, 1997; McCaskey et al. 1999). In addition, Fernandez et al.
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(1997b) also screened fresh channel catfish fillets for E. coli 0157:H7, Campylobacter,
Klebsiella, Vibrio cholerae, and Plesiomonas shigelloides from catfish processors in the
southeastern U. S. during four annual seasons. Only the latter two pathogens were
isolated during the warm weather. A separate study compared the growth of E. coli on
beef and (speckled trout) fish cubes and incubated them at 35°C. It was found that E. coli
grew more slowly on fish Fapohunda et al. (1994). In 1995, 3 cases of E. coli O157:H7
outbreak in Washington state were associated with fish product. However, fish was not
the primary vehicle of the outbreak. E. coli O157:H7 was believed to have been
transferred by food handlers from ground beef to fish (CSPI, 2001).

The highest bacterial concentration in tilapia after experimental exposure of live
fish with E. coli in fish tank water was recovered from the digestive tract at the level
similar to that of the inoculated water, followed by the skin, spleen and liver. Most of the
muscle samples were not contaminated (Fattal et al. 1992). Silvakami et al. (1996) also
reported that bacterial species isolated from fish pond water were similar to those isolated
from the intestinal tract of some fish species. More than 50% of the total bacterial
population were E. coli and P. aeruginosa. Similarly, Leung et al. (1992) observed the
presence of fecal streptococci, and fecal coliform in water and sediments of fish ponds
and also in fish viscera at higher counts. Campylobacter has been isolated from surface
water samples. The most isolated species is C. jejuni although its presence is seasonal
with autumn and winter months as being the most prolific (Koenraad et al. 1994). In
integrated livestock-fish farming system E. coli, Salmonella spp. and Klebsiella spp. were
detected in fish where pig manure was used as fertilizer (Quines, 1988). This type of

farming system has been practiced and is common in developing countries around the
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world, and may pose a potential risk to public health. Shedding of feces containing
pathogen from farm animals will increase the risk of contamination of water supplies
(Porter et al., 1997).

The outbreak of E. coli O157:H7 contamination in seafood product has yet to be
explored. Subsequent reports on E. coli O157:H7 outbreak associated with food and
other media, such as well water (Anonymous, 1992; McGowan et al, 1989), and
improperly chlorinated swimming pool water (Blake, 1998; Brewster et al., 1994;
Friedman et al. 1999; Moore et al., 1993), have prompted us to investigate the possibility
of freshwater fish as carriers of E. coli O157:H7. E. coli O157:H7 has also been reported
to survive in reservoir water for 10 weeks (Wang and Doyle, 1998).

Many of the freshwater fish culture system in the southern U. S. are subject to
contamination by warm blooded animals such as birds, cows, and deer, carriers of E. coli
O157:H7. These aquaculture facilities are usually fed by run off or other water supplies
that may be contaminated by pathogenic organisms. Sources of fecal contamination can
come from farmed and wild animals grazing in water as well as accidental ingress of raw
sewage into water system (Chalmers et al., 2000). Risk of contamination by enteric
organisms is higher for onshore establishments than off shore installations because fecal
material from animals, birds, and human can enter into water bodies directly or from run
off from the land (Howgate, 1998). Additional concern is related to the use of human and
animal excreta as fertilizers in pond aquaculture. Often these systems receive water from

agriculture and wastewater (Howgate, 1998).
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E. coli O157:H7 characteristics

E. coli are gram-negative bacteria commonly found in the intestinal tract of warm
blooded animals and it is used as an indicator of fecal contamination of food and water
(Jay, 1996). There are several groups of E. coli strains that cause diarrheal illness based
on virulence properties, clinical syndromes, mechanisms of pathogenicity, and distinct
O:H serogroups. The categories are enteropathogenic (EPEC), enterotoxigenic (ETEC),
enteroinvasive (EIEC), diffuse-adhering strains (DAEC), enteroaggregative strains
(EaggEC), and enterohemorrhagic strains (EHEC). E. coli serotype O157:H7 was
classified as EHEC and has become an important human pathogen since its first reported
outbreak in 1982 in Oregon and Michigan involving the consumption of undercook
ground beef (Riley et al., 1983). Other stains and serogroups of E. coli including
026:H11, 0103, 0104, O11, and sorbitol fermenting O157:H have been classified as
EHEC (CDC, 1995a; CDC, 1995b).

Although E. coli O157:H7 shares most characteristics of non-pathogenic E. coli,
this pathogenic strain is unable to grow at temperature above 44°C, unable to produce [3-
glucuronidase (lack of 4-methylumbelliferone glucuronide [MUG] hydrolysis) (Doyle
and Schoeni, 1984). E. coli O157:H7 also lacks of sorbitol fermentation within 24 h
(Farmer and Davis 1985), possesses an attaching and effacing gene (eae) (Donnenberg et
al. 1993), produces Shiga toxins (Stxs) that inhibit protein synthesis (O’Brien and
Holmes, 1987), and carries a 60-MDa plasmid (Karch et al. 1987).

E. coli O157:H7 is highly acid resistant in comparison to the non-pathogenic E.
coli and can survive up to 17 d in tryptic soy broth (TSB) acidified with HCI to pH 4 and

has a minimal growth pH of 4.0-4.5 (Glass et al., 1992). In general, E. coli O157:H7
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strains are antibiotic sensitive against antibiotics to gram-negative bacteria (Ratnam et al.,
1988) with the exception of a strain resistant to streptomycin, sulfisoxazole, and
tetracycline isolated from a waterborne outbreak in Missouri (Swerdlow et al., 1992). E.
coli O157:H7 infectious dose is estimated to be of less than 100 organisms. Although
infants, younger children, and elderly individuals are at higher risk of developing illness,

all age groups are prone to E. coli O157:H7 infection (Griffin and Tauxe, 1991).

Prevalence of E. coli O157:H7 in foods and environment

A variety of foods have been implicated as vehicles of E. coli O157:H7 infection.
In addition to raw or undercooked foods of bovine origin, the most common vehicle,
(Nataro and Kaper, 1998), apple cider, lettuce, alfalfa sprouts, salami, turkey sandwiches,
yogurt, and mayonnaise have also been linked to E. coli O157:H7 infection (CDC, 1995c¢;
Morgan et al., 1993; Feng, 1995; Carter et al., 1987; Besser, 1993). Cattle are the most
important reservoir of E. coli O157:H7 (Park, et al. 1999). Subsequent studies indicated
that sheep (Kudva et al, 1996), birds (Wallace et al., 1997, Dell’Omo, 1998), deer (Keene
et al., 1997) and domestic animals including pigs, cats and dogs (Beutin et al., 1993) have
also been identified as carriers. Numerous studies reported that E. coli O157:H7 are
frequently isolated from feces of healthy cattle (Montenegro et al. 1990, Rahn et al.,
1997), and young animals tend to carry the organism more frequently than adults (Zhao
et al., 1995). Transmission of E. coli O157:H7 has been reported to occur from direct
cattle-to-human (Chapman et al., 1997) and person-to-person in day-care centers
(Belongia et al. 1993), nursing homes (Carter et al., 1987), and in households (Ostroff et

al., 1989).
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E. coli O157:H7 in water

Several major human pathogenic bacteria that have been associated with water
include : Aderomonas spp., Campylobacter spp., Listeria monocytogenes, Plesiomonas
shigelloides, E. coli (including O157:H7 strain), Salmonella spp., Shigella spp., Vibrio
spp., Clostridium perfringens, Helicobacter pylori, Legionella spp., Pseudomonas
aeruginosa, and Yersinia enterocolitica (Black and Finch 1993; Rice et al., 1992).

Consumption of contaminated municipal drinking water has in the past led to
outbreaks of E. coli O157:H7. In most cases the municipal water was improperly or not
chlorinated (Dev et al., 1991, Swerdlow et al. 1992). Recently, an outbreak occurred in
Walkerton, Ontario, Canada due to contamination by E. coli O157:H7 of the municipal
water supply resulted in 6 deaths (Anonymous, 2000). In 1991, lake bathers near
Portland, OR, were thought to ingest fecally contaminated lake water and became

infected with E. coli O157:H7. Further investigations suggested that the source of

contamination might include cattle manure slurry and fecal excrement from toddlers who

were not yet toilet trained (Keene et al., 1994). A similar outbreak occurred in a semi-
rural area of southeast Scotland in which a children's paddling pool served as the focal

point in the transmission of infection causing the outbreak (Brewster et al., 1994).

In cattle farm environment, the water trough and feed may play an important role

in the transmission of the E. coli O157:H7. Furthermore, a study indicated that E. coli

O157:H7 can survive in water trough sediments for at least 4 months and multiply (Lynn,

et al. 1998). Hancock et al. (1998) were able to isolate E. coli O157:H7 from feedlot,

trough-water and biofilm, feedlot, and even flies from cattle farms in northwestern states.
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In recent years irrigating pastures with manure slurries have increased. This
agricultural practice has been suggested to create an environment that sustains the
survival of E. coli O157:H7 (Hancock et al., 1994). An association between manure
slurry application to pastures and E. coli O157:H7-carrier herds have been speculated, in
which E. coli O157:H7 can be transmitted from manure to cattle on farms and produce
grown on manure-fertilized soil (Wang et al., 1996). This postulate was previously
confirmed by an outbreak in Montana (Ackers et al., 1995). E. coli O157:H7-
contaminated water was used to irrigate the field where lettuce was grown. Subsequent
investigations have also been documented related to E. coli O157:H7 contamination to
produce (CDC, 1997; Hilborn et al., 1999; Solomon et al., 2002a, 2002b,).

E. coli O157:H7 has been demonstrated to survive in drinking water for several
weeks depending on the temperature (Rice et al., 1992, Warburton et al. 1998), in lake
water (Wang and Doyle, 1998), in river water and soil cores containing rooted grass
(Maule, 2000). In 1992, a large outbreak caused by E. coli O157 occurred in Africa. It
was speculated that drought, carriage of E. coli O157 by cattle, and heavy rains with
contamination of surface water appeared to be important factors contributing to this

outbreak (Effler et al., 2001).

Modified Atmosphere Packaging

“Modified atmosphere” is defined as the storage conditions where the
atmospheric carbon dioxide and oxygen concentrations are altered before storage and
allowed to vary as a function of time, temperature and package transmission (Brody,
1989). Modified atmosphere packaging (MAP) has been recognized to permit storage of

fresh meats for 4-5 weeks since 1882 (Holland, 1980). In over a period of a century later,
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MAP has become an appealing approach to extend shelf life of fresh perishable food
products for fresh meat shipments from continental USA to a variety of places
(Genigeorgis, 1985). Today, MAP has been applied widely for variety of food from
bakery to vegetable products. The increasing demand for fresh food prompted the
extensive use of MAP. MAP system can maintain the quality and safety of the food by
retarding the microbial growth.

The three main parameters of the MAP system are gas mixture, packaging film,
and storage temperature (Reddy et al., 1992). These parameters are regulated by the type
of fish products to be packaged. MAP system employs the use of gasses usually O,, CO,
and N ratio in the package to maintain the quality and safety of the food. The role of
CO3, Oy, and the effects of MAP on foods has been elucidated elsewhere (Brody, 1989;
Robertson, 1993). Barrier films for O,, CO; and N, are usually used to prevent product
moisture loss and to maintain gas composition.

Although MAP of seafoods are widely practiced in European countries,
regulatory agencies, thus seafood processors, in the U.S. are shying away from using
MAP. MAP helps retain seafood quality, however, temperature abuse during storage is a
serious problem. Advantages and disadvantages of this packaging system especially of
fresh fishery products have been identified (Cann, 1988; Yambrach, 1987). One of the
main disadvantages of MAP is that it offers conditions for pathogenic microorganisms
such as the Clostridium botulinum type E to grow and produce toxin.

The use of MAP to extend shelf-life of fishery products started in 1930s (Smith et
al., 1988). The efficiency of MAP system is apparent when coupled with optimum

refrigeration. Inhibition of bacterial growth and extension of shelf-life by MAP have been
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investigated (Brody, 1989; Genigeorgis, 1985; Reddy et al., 1992, Robertson, 1993).
Carbon dioxide at levels above 20% is commonly used in MAP due to its ability to retard
growth of spoilage microorganisms by extending the lag phase. At these levels carbon
dioxide can also reduce oxidate rancidity of fats (Brody, 1989). Stammen et al. (1990)
reported that elevated CO, in MAP has been shown to inhibit the natural spoilage flora of
seafood and double or triple the shelf life. Elevated level of CO, pack also resulted in
longer shelf life and limited the level of lactic acid bacteria in cold-smoked salmon
(Nilsson et al. 1997; Paludan et al., 1998). The effectiveness of gas composition varies
with species of fish. Robertson (1993) suggested that non-fatty fish is packed with 30%
03, 40% CO», and 30% NO,, while packaging for fatty fish the gas composition is
usually 40% CO, and 60% N,. High CO, level may cause the package to collapse,
increase drip, and development of acid flavor due to the CO; in some fish species. At this
condition, seafood can have a shelf life for about 10-14 d but may reach 20 d with strict
temperature control.

Salmonella enteritidis grew rapidly at 10°C in MAP samples compared to the
insignificant growth observed in fresh fish stored at 3°C (Nychas and Tassou, 1996).
Limited growth of Aeromonas and Yersinia enterocolitica was also observed in cod and
trout under MAP (Davies and Slade, 1995). Y. enterocolitica growth was inhibited by
80% CO; for trout and 60% for cod (Davies, 1995). Silva and White (1994) reported that
channel catfish fillets stored in MAP at 2°C extended the shelf life by 3 weeks with the
aerobic plate count of 10'* Salmonella, Listeria monocytogenes, and C. botulinum were

not detected at this storage conditions.
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The use of MAP in bulk shipment of meat and fishery products has been
accepted. However, proper storage temperature is essential to maintain the safety of food
or the benefit of MAP is lost. A major concern that discourages the common practice of
MAP for packaging fishery products is the low assurance that the product can be properly
stored at temperature below 3°C at retail level (Robertson, 1993).

To date, no published report is available regarding the effect of MAP on E. coli

0157:H7 contamination on channel catfish in the U.S.

Possible contamination of channel catfish by E. coli 0157:H7

Previous studies suggested that seafood can serve as carriers of human pathogens.
Only one study investigated the quality of fresh channel catfish fillets from processing
plants for possible contamination with E. coli O157:H7 (Fernandez et al. 1997b).
However, E. coli O157:H7 was not found in the fish fillets. E. coli O157:H7 outbreaks
have been associated with a variety of foods, excluding fish, prompting us to believe that
such an outbreak may occur in freshwater fish. Channel catfish are cultured in areas
where agricultural run off is likely to be found. In addition, importation of fresh water
fish cultured outside the U. S. can also complicate the scenario. Many of the fish culture
facilities outside the U. S. have inadequate water management, and mixing of wastewater

with other uses is likely.

Confocal scanning laser microscopy (CSLM)

The principle of confocal microscope relies on the ability to focus the image of a

light source on a specimen at a precise depth, and the information is projected to a
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detector through a pinhole (Blonk and Aalst, 1993). In essence, a small amount of light
probes a tiny region on the specimen and only light from that region is read by the
detector. The image is developed due to simultaneous scanning of the image through the
focal point and the pinhole of the detector. Computer software aids in the construction of
the image (Pawley, 1995).

CSLM has been used in a variety of food application. Food components such as
proteins and lipids can be labeled selectively before processing of the product to reveal
their microstructure viewed under CSLM. Certain stains such as Nile Blue and sulfonic
acid can be used to show the dispersion of fat globules and protein network in cheese
(Heerje, et al., 1987). Other stains such as FITC and Rhodamine have also been used as
protein stains and Texas Red for lipid (Blonk and van Aalst, 1993). Hassan et al. (2002)
observed structure of feta cheese using CSLM. CSLM technique has also been used to
observe bacterial attachment to food (Prachaiyo and McLandsborough, 2000; Seo and
Frank, 1999; Takeuchi and Frank, 2000). Takeuchi and Frank (2000) employed
propidium iodide to distinguished the red to yellow non-viable cells from the viable green
fluorescent E. coli O157:H7 to study the cell attachment on lettuce. Confocal microscopy
is a nondestructive method that allows visualization of microcolony formation on spoiled
pork muscle (Delaquis et al., 1992). Kim et al. (1996) observed Salmonella attachment

using CSLM.

Channel catfish skin mucus

Fish skin is covered with mucus. The mucus is mainly mucopolysaccharides

consists of epithelial surface cells (a complex of cell protoplasm), sloughed cells, and any
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secreted goblet cell mucus. One of the functions of mucus is the protection against
infection (Takashima and Hibiya, 1995) and acts in conjunction with cellular
proliferation kinetics to continuously remove microorganisms from the surface (Speare
and Mirasalimi, 1992). This type of protection is offered by entraping and continuously
sloughing of the mucus which inhibits the colonization of the cuticle (Roberts, 2001).
However, the immune response of teleost fish are appreciably less complex than those of
higher animals. The efficiency of mucus against microorganism is limited, especially
when the microorganism load is greater than what the host defense system can handle

(Roberts, 2001).
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ABSTRACT

Survival of Escherichia coli O157:H7 in channel catfish (Ictalurus punctatus),
pond and holding tank water was investigated. Water from three channel catfish ponds
was inoculated with ampicillin/nalidixic acid-resistant E. coli O157:H7 transformed with
a plasmid encoding for green fluorescent protein (GFP) at 10°, 10°, and 10’ CFU/ml.
Samples were taken from surface, internal organs, and skin scrape of fish and pond water
for E. coli O157:H7 enumeration on BHI agar containing ampicillin and nalidixic acid.
To determine the survival of E. coli O157:H7 in catfish holding tank water from two
farmers markets the water was inoculated with 10" E. coli O157:H7 CFU/ml.

E. coli O157:H7 were detected by direct plating for 33 d and 69 d in pond and
holding tank water, respectively. A rapid decrease of the pathogen was observed in the
first two weeks to reach 2 log CFU/ml. When E. coli O157:H7 was not recovered by
direct plating, the pathogen was isolated by enrichment in TSB for approximately another
30 d from pond and holding tank water.

The populations of E. coli O157:H7 found in the internal organs and skin scrape
were 5.5 log and 2.5 log CFU/ml, respectively. E. coli O157:H7 from internal organs and
water were recovered for at least 12 d. Results suggest that E. coli O157:H7 can survive
in channel catfish pond and holding tank water and channel catfish may become a

potential carrier of the pathogen.
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INTRODUCTION

Several human pathogenic bacteria have been associated with water outbreaks:
Aeromonas spp., Campylobacter spp., Clostridium perfringens, Listeria monocytogenes,
Salmonella spp., Shigella spp., Vibrio spp., Yersinia enterocolitica, enterococci,
Helicobacter pylori, Legionella spp., Plesiomonas shigelloides, Pseudomonas
aeruginosa, and Escherichia coli O157:H7 (15). Escherichia coli O157:H7 has been
recognized as an important foodborne pathogen causing three principal manifestations of
illness, hemorrhagic colitis, hemolytic uremic syndrome and thrombotic
thrombocytopenic purpura (/6). The pathogen has been detected from cattle, dogs,
sheep, birds, deer, and humans (7), although most of the outbreaks have been primarily
linked to the consumption of undercooked ground beef and raw milk (5).

Investigations have also led to the isolation of E. coli O157:H7 from both
drinking and recreational water (2). Several outbreaks associated with drinking reservoir,
well water and swimming in recreational lakes have been documented (9, 20, 21).
McGowan et al. (/4) first isolated E. coli O157:H7 from a countryside reservoir in 1986.
The largest waterborne outbreak in South Africa suggested that E. coli O157:H7 of
bovine origin may be responsible for the contamination of drinking, recreational, and
irrigation water. Survival of E. coli O157:H7 in lake water was observed up to 4 weeks
21).

The culture system of many freshwater fishes, especially channel catfish
(Ictalurus punctatus), in the southern U.S. depends on water sources including lakes,

reservoirs and water from run-offs. E. coli O157:H7 contamination may be introduced
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into catfish pond water through several routes. Catfish ponds are commonly located
within the proximity of farm/pasture land in which cattle carriers of E. coli O157:H7 may
be present. Occasional flooding following a substantial precipitation, run-off from
irrigation water and application of manure in the farm land could reach into the pond area
where fish for human consumption are commercially raised. Cattle may also directly
introduce E. coli O157:H7 through feces into the pond water by grazing around the pond
and/or wading in the water. Additionally, wildlife and birds may introduce the pathogens
around the farm environment as a result of their feeding habits. Wild birds have been
known as a source of E. coli O157 and other pathogenic organisms (20). Fish from such
contaminated culture system may be harvested for human food where it is sold live at
farmers markets. The objective of this study was to investigate the survival of E. coli

O157:H7 in channel catfish pond water, holding tank water, and channel catfish.

MATERIALS AND METHODS

Inocula

A mixture of five strains of E. coli O157:H7 E0143 (meat isolate), K262 (human
isolate), E0139 (beef jerky isolate), C0083 (cattle isolate), and E318 (ground beef isolate)
was used in this study. All strains were transformed with a plasmid encoding for green
fluorescent protein (GFP) and ampicillin resistant gene (courtesy of Dr. Jinru Chen and
Dr. Mike Doyle). Resistance to nalidixic acid was done through point mutation
technique. Each strain was grown separately in brain heart infusion (BHI) (Difco, Detroit,

MI) broth containing 100 pg/ml ampicillin (Sigma Chemical Co., St. Louis, MO) and 100
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Hg/ml nalidixic acid (Aldrich Chemical Co. Milwaukee, WI) at 37°C for 18 h. Culture
broth was centrifuged and washed twice in 0.1% peptone water (Difco). Inocula were
diluted in 0.1% peptone water before enumeration by surface plating in duplicate on BHI
agar containing the same concentrations of ampicillin and nalidixic acid as the BHI broth.
Plates were incubated at 37°C for 18 h. Fluorescent colonies were observed under long-
wave ultraviolet lamp (320-380 nm) and confirmed with E. coli O157 agglutination test

(Oxoid Limited, Hampshire, England).

Catfish pond water

Surface water was obtained from three channel catfish pond at the University of
Georgia Research Station, Tifton, GA. Water (200 ml) was placed in 500 ml autoclaved
Erlenmeyer flasks and was inoculated with 10° , 106, and 10" CFU/ml of E. coli O157:H7
and held at 28°C. Aeration was applied using home aquarium aerator pump and airstones.
Water was sampled every three days, diluted with 0.1% peptone water and spirally plated
on BHI agar supplemented with 100 pg naladixic acid and 100 pg ampicillin, and
incubated for 48 h at 37°C. When the pathogen was not detectable by direct plating
technique, samples were enriched using Tryptic Soy Broth (TSB, Difco) supplemented
with ampicillin and nalidixic acid followed by plating on BHI agar with naladixic acid
and ampicillin, and incubated for 18-24 h at 37°C. Aerobic plate counts (APCs) were
enumerated on plate count agar (PCA; Difco) incubated for 48 h at 37°C. Fecal coliform
counts were done on mFC agar (Difco) incubated for 24 h at 44°C. Water samples were
analyzed for physical and chemical characteristics by the Chemical Analysis Laboratory

of the University of Georgia (Table 1.1).
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Channel catfish

Channel catfish fingerlings (average 7 cm) were obtained from the University of
Georgia Research Station, Tifton, GA. Fish were placed in a 10-gallon aquarium
equipped with aeration, and fed at a level of 2% body weight. Water was inoculated with
E318 strain E. coli 0157:H7 at 10° CFU/ml. Upon sampling, a net was used to remove
the fish from the tank and the net was shaken to remove excess water. Fish were placed in
stomacher bags and sacrificed by a sharp blow to the cranial region. Fish were weighed
and rinsed in peptone water to give a 1:2 dilution. Skin scrape was obtained using a
sterile surgical blade. Internal organs (kidney, liver, digestive tract, and gills) were
aseptically removed, pooled and homogenized. Serial dilutions were made in 0.1%
peptone water. Water, peptone wash, skin scrape, and internal organ samples were taken
daily and plated on BHI containing naladixic acid and ampicillin. Plates were incubated

as previously mentioned.

Holding tank water

Channel catfish holding tank water from two farmers markets in Atlanta, GA area
was inoculated with 107 cfu/ml of a mixture of five strains E. coli O157:H7 mentioned
earlier. The water profile is shown in Table 1.1 (courtesy of Dekalb County Public
Works-Water and Sewer). Water was aerated and held at 15+2°C (market 1) or 20+2°C
(market 2) according to the holding tank water temperature from the two markets where
the live channel catfish were held. Holding tank water was analyzed for E. coli O157:H7

in the same manner as the pond water sample mentioned in the previous section.
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Statistical analysis

The E. coli O157:H7 values were averaged over the three ponds and regression
analysis was used to regress the average response value as a function of time. Quadratic
regression equations were fit separately for each concentration and the regressions were
compared using tests of homogeneity of parameter estimates. The analyses were
conducted using SAS (SAS Institute, Inc., Cary, NC).

Holding tank water data were analyzed using the SAS General Linear Models
Analysis of variance procedure. Duncan’s multiple range test was used to determine
differences among means when significant effects were observed (P<0.05). All

microbiological tests were replicated three times.

RESULTS

Pond water sample

The physical and chemical properties of the three pond waters are shown in Table
1.1. There was no appreciable difference in water quality between the 3 pond waters that
would significantly influence the survival of E. coli O157:H7. Similar levels of fecal
coliform and total aerobic plate counts were observed in all three pond waters (Table
1.2). Consequently, the E. coli O157:H7 data from the three ponds were averaged at each
inoculation levels.

The shortest E. coli O157:H7 survival was noted in pond water inoculated with

10° CFU/ml where the pathogen was recovered for up to 24 d by direct plating (Figure
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1.1). E. coli O157:H7 survived the longest in pond water inoculated at 10 and 10°
CFU/ml in which the pathogen decreased to an undetectable level by direct plating after
33 d. The rate of E. coli O157:H7 population decline was not significantly different
between the 3 inoculation levels over the study period. An initial significant decline was
observed in pond water inoculated with 10’ CFU/ml compared to the other levels of
inoculation.

In general, a rapid (= 3-4 log) reduction of E. coli O157:H7 was observed for the
first 12 d. Following the 12 days the pathogen population stabilized at <2 log CFU/ml
for approximately 2 more weeks and decreased to an undetectable level by direct plating.
Enrichment of water samples when no colony was detected by direct plating revealed
positive results for several more weeks (Figure 1.1). In contrast to the survival of E. coli
O157:H7, the total aerobic bacteria decreased by an average of only 1-2 log within 21
days (Figure 1.2), while E. coli O157:H7 population was reduced to an undetectable level

within the same time period.

Fish sample

E. coli O157:H7 level recovered from peptone rinses and internal organs
decreased in similar manner to those in pond water (Figure 1.3). E. coli O157:H7 count
decreased to undetectable level by direct plating after 12 d for peptone water rinse and
pond water. A maximum population of 2.5 log CFU/ml of fluorescent E. coli O157:H7
was observed from skin scrape samples. E. coli O157:H7 populations isolated from
internal organs (kidney, liver, and digestive tract) samples reached 5.5 log CFU/ml) after

2 d and were recovered for at least 12 d (Figure 1.3).
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Holding tank water

Water quality results are shown in Table 1.1. The two farmers markets are located
in the same county and received water from the same source (4). Table 1.2 shows the
bacteriological characteristics of holding tank water from the two fish markets in Atlanta,
GA. Water obtained from farmers market #2 had higher fecal coliform and total aerobic
plate count than farmers market 1. E. coli O157:H7 count decreased rapidly for the first 2
weeks of inoculation (Figure 1.4), as also observed in pond water. The pathogen was
detected in water for 70 d from market 1 while it was not detected by direct plating after
30 d in market 2. There was a significant difference (P<0.05) in the survival of E. coli
O157:H7 between the water of the two markets (Figure 1.4). On average, E. coli

O157:H7 in market 1 (held at 15°C) was detected at approximately 1.2 log CFU/ml

higher than those detected in market 2 held at 20°C throughout the sampling period.

DISCUSSION

E. coli O157:H7 was detected in channel catfish pond water up to 2 months. A
rapid die-off of the pathogen was seen for the first 12 d followed by a constant level
(approximately 2 log CFU/ml) in the E. coli O157:H7 count for a maximum of 30 d. This
low (approximately 2 log CFU/ml) level of E. coli O157:H7 observed may represent a
natural level of E. coli O157:H7 contamination in pond water. E. coli O157:H7 was
observed to survive at low levels in pond water detected by direct plating for a period of
time. This study also showed that the rate of E. coli O157:H7 decline was not

significantly affected by the levels of inoculation.
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E. coli O157:H7 continued to be detected by enrichment method for several more
weeks given the right condition for its survival. Outdoor fish ponds are potentially
continually exposed to contamination and pathogens, such as E. coli O157:H7, which
may be introduced daily into the water, thus keeping the pathogen level constant. Daily
fluctuation in temperature and other environmental factors may also influence the
pathogen survival. In a fish pond, E. coli O157:H7 may also enter into the sediment level
at the bottom of the pond and survive. E. coli O157 was isolated from water-trough
sediments in dairy farms in the Northwestern U.S. (8).

The total aerobic plate counts were constantly at a high population (5-6 log
CFU/ml) throughout the period of observation as compared to the E. coli O157:H7
population that was reduced to 1-2 log CFU/ml after the third week (Figure 2). The rapid
reduction of E. coli O157:H7 population may be an indication of the inability of the
pathogen to compete with the resident microflora of the pond water. A previous study
using one strain of E. coli O157:H7 revealed that the pathogen survived for
approximately 2 weeks in pond water (/7). This short survival rate may suggest that the
interaction between strains affords the extended survival of the pathogens observed in the
present study.

The pathogen in fish samples (peptone wash water, internal organ, and skin
scrape) was reduced to low levels at approximately the same time as the pathogen
reduction in the water. The high population recovered from the peptone wash may have
been due to the loosely attached E. coli O157:H7 cells on the surface of the fish skin.
However, E. coli O157:H7 that were still present on the thin layer of water surrounding

the fish upon sampling could not be discounted. The two factors may have contributed to
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the plate counts. The E. coli O157:H7 found on the skin scrape sample may have been
contributed by the firmly attached cells. Continual shedding of mucus could have
explained the low level of E. coli O157:H7 present. Fish continually slough off mucus as
a natural defense mechanism to prevent colonization by microorganisms. The effect of
higher level of E. coli O157:H7 inoculation on live fish skin was not investigated. Data in
Figure 3 showed that the pathogen was internalized by fish shortly after inoculation into
the water. High numbers of E. coli O157:H7 were detected from the internal organs. A
similar pattern was observed earlier on tilapia exposed to polluted water containing E.
coli (6). The high numbers of pathogen in the internal organs can cause a potential hazard.
The pathogen can be spread onto the fish and into the food processing environment either
at the plant or retail level.

There were some differences between the water-only observation and the study
involving fish. Fish introduced in the fish-water study released organic matter as waste
into the water which may have contributed to the increase of the competing aquatic
microflora. Organic matter could also come from the feed. Unlike a more dynamic
natural pond setting, this study was done in a closed system which could have led to a
faster deterioration of water quality. These conditions could have had an adverse effect to
the survival ability of the pathogen.

Data in Figure 4 shows the survival of E. coli O157 for up to 30 d in water from
market 2 while E. coli O157:H7 inoculated in water from farmers market 1 survived for
>50 d. The two markets received water from the same source and although some water
quality data were lacking, the available data were comparable to the pond water. The

ability of E. coli O157 to maintain longer and higher level of survival in water from
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market 1 may have been partly due to the lower holding temperature. Holding tank water
temperature from market 1 was about 5° lower than the water temperature in market 2.
The pathogen isolated from market 1 water was approximately on average 1.2 log higher
than that in market 2 water. A rapid decrease in E. coli O157:H7 population was
observed in lake water incubated at 25°C, while longer survival was maintained at 15°C
(21). In the farmers market, the constant water temperature may provide condition for
prolonged survival of the pathogen as compared to the fluctuation in outdoor pond water.
The shorter E. coli O157:H7 survival in water from market 2 may have also been due to
the competition with background microflora which was at higher level than in market 1.
At low temperature Wang and Doyle (27) observed that E. coli O157:H7 can persist for a
longer period of time in water. It was also indicated that the pathogen survives better in
pure water than in lake or reservoir water with higher microbial counts. The pathogen can
survive in bottled water for up to >300 days (22). Several factors can influence the
survival rate of E. coli O157:H7 in the water. Indigenous microorganisms which act as
competitors in pond water may become a limiting factor that contributes to the rapid
decrease of E. coli O157:H7 in the water. In addition, temperature, high salinity,
compounds found in the agricultural surface water, and presence of chemicals including

fertilizer, pesticides, and herbicides reduced survival of E. coli O157:H7 (10, 19).
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Table 1.1. Physical and chemical characteristics of three channel catfish pond water in

Tifton and municipal water of Dekalb County, GA.

Water source

Assay Municipal>  Pond 1 Pond 2 Pond 3
pH 9.1 8.5 8.1 8.3

Calcium” 24 25.315 31.008 34.335
Sodium® 3.4 8.2043 8.5755 5.2632
Cadmium” <0.001 0.0203 0.0060 0.0269
Aluminum” <0.045 3.7435 1.7197 1.2525
Chromium” <0.025 0.0093 0.0097 <0.000
Iron” <0.010 0.7584 0.3875 0.4730
Potassium” NA® 11.553 8.2024 8.2024
Magnesiurnb 1.5 7.1240 6.9278 6.1263
Silicon” NA 4.8478 2.9355 6.2335
Strontium” NA 0.1311 0.1294 0.1406
Total nitrogen” NA 3.2615 3.7700 2.6676
Total organic carbon® NA 17.303 18.307 14.085
Total inorganic carbon” NA 24.811 27.046 25.154
Ammonia” NA 0.5700 0.5100 0.4500
Nitrite” <0.2 0.0700 0.0100 0.0100
Total phosphate® NA 1.5 1.4 0.8

"Municipal water (from reference 4) (holding tank water from the two farmers markets)
®Parts per million
°NA, not available



Table 1.2. Bacteriological characteristics of holding tank water from two farmers markets

in Atlanta and water of three channel catfish ponds in Tifton, GA.

Assay Farmers Farmers Pond 1 Pond 2 Pond 3
market 1 market 2

Total aerobic count® 7.9x10° 6.2x10* 2.6x10° 2.0x10° 2.2x10°

Total fecal coliform® 2.0x10" 3.2x10! 1.7x10% 2.0x10% 5.0x10?

*CFU/ml, three replications
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E. coli O157:H7 (Log CFU/m]

6 12 18 24 30 36 42 48 54 60 66
Time (days)

Figure 1.1. Survival of E.coli O157:H7 in catfish pond water
inoculated at 10° , 106, and 10’ CFU/ml and held at 28°C.
Arrow: symbols represented on figure corresponding to
arrow location indicate detection by enrichment method
(cells were not enumerated).
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Log CFU/m

—o—E. coli O157:H7 —=— APC

5 10 15 20 25 30

Time (days)
Figure 1.2. Fate of E. coli O157:H7 and total aerobic bacteria
(APC) count in channel catfish pond water held at 28°C. Water

was inoculated with 10° CFU/ml E. coli O157:H7.
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E. coli O157:H7 (LogCFU/ml)

—o— Water —=— Peptone rinse —— Int. organ —A— Scrape

Time (days)

Figure 1.3. E. coli O157:H7 isolated from pond water, peptone
rinse, internal organs, and skin scrape of channel catfish fingerling,
Water was inoculated with 10° CFU/ml E. coli O157:H7 and
held at 25°C.
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—o— Market 1 —=— Market 2

E. coli O157:H7 log CFU/mlI

0 7 14 21 28 35 42 49 56 63 70 77 84 091
Time (days)
Figure 1.4. Survival of E. coli O157:H7 in channel catfish holding tank

water from two farmers markets inoculated at 10" CFU/ml. Water from
markets 1 and 2 were held 15° and 20°C, respectively. Arrow: symbols
represented on figure corresponding to arrow location indicates
detection by enrichment method (cells were not enumerated).
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FATE OF ESCHERICHIA COLI O157:H7 INOCULATED

ON CHANNEL CATFISH FILLETS AS AFFECTED

BY MODIFIED ATMOSPHERE PACKAGING

Suhalim, R., Y. W. Huang. To be submitted to Journal of Food Science
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ABSTRACT

The effects of modified atmosphere (MA, 30% CO,) and overwrapped packaging
on the survival of Escherichia coli O157:H7 on channel catfish (Ictalurus punctatus)
fillets were investigated. Fish and non-fish products from adjacent seafood display from 2
farmers markets were also assayed for with E. coli O157:H7, Salmonella spp.,
Staphylococcus aureus, and Listeria spp. Channel catfish fillets, with and without skin,
were inoculated with 10° CFU/ml E. coli 0157:H7, packaged in MA or overwrapped, and
were stored at 0°C and 10°C for 20 days. Aerobic and psychrotrophic plates were
incubated at 37° and 4°C, respectively.

E. coli O157:H7 survived in overwrapped and MA packaging for 20 d. There was
a significant difference (P<0.05) on the survival of the organism between MA and
overwrapped packaging at 0°C and between MA packaged fillets stored at 0° and 10°C. A
0.5 and 1 log reduction of E. coli O157:H7 in MA was observed after 5 d storage on
fillets stored at 10° and 0°C, respectively. There was no significant difference between the
survival of E. coli O157:H7 on fillets with and without skin either in MA or overwrapped
packages. Aerobic bacterial populations at the end of the 20 d storage increased by 1 and
3 log CFU/g while psychrotropic populations increased by 2 and 3 log CFU/g for the 0
and 10°C storage, respectively.

Low (1-2 log CFU/g) levels of S. aureus were isolated from the farmers markets
samples. Presumptive colonies of Salmonella spp. and Listeria spp. were isolated from
the raw and processed samples ranging from 0-20%. No E. coli O157:H7 was detected in

any sample. Although E. coli O157:H7 was not detected from fish samples, other
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pathogenic bacteria in raw and processed muscle foods from adjacent display cases were

present.
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INTRODUCTION

The microbial profile of aquatic food is reflected by the environmental conditions
and microbiological quality of the water. Enteric bacteria, such as E. coli O157:H7, may
be introduced into aquaculture such as channel catfish ponds by human waste and animal
manure, directly from animal droppings, and/or through application of improperly
composited manure fertilizers in agriculture land. E. coli O157:H7 has been found on raw
vegetables grown in agricultural systems irrigated with contaminated water (Abdul-Raouf
et al., 1993). Although E. coli O157:H7 has not been implicated in catfish, seafoods as
carriers of human pathogens is of concern (Bal’a et al., 1999). Channel catfish as a
possible vehicle of foodborne pathogens has been reported (Andrews et al., 1977; Cotton
and Marshall, 1998; Leung et al. 1982; Meyer and Bullock, 1973). Previous study
indicated that £. coli O157:H7 can survive in the channel catfish pond water for two
weeks under controlled conditions (Suhalim et al., 2000). Live fish may become a vehicle
for E. coli O157:H7 from pond water during production and carry the pathogen to
processing facility and/or retail food outlet. Enterotoxigenic (ETEC) E. coli has been
isolated from seafood (Ayulo et al., 1994). Listeria spp. and Salmonella spp. have also
been isolated in a variety of fish and shellfish at processing plants and retail level
(Andrews et al., 1977; Hatha and Lakshmanaperumalsamy, 1997; McCaskey et al. 1999;
Davies et al., 2000).

In addition to pathogenic Escherichia coli, Salmonella spp., Listeria
monocytogenes, and Staphylococcus aureus have been isolated from various foods

including poultry, meat and fishery products (Andrews et al. 1977; Doyle and Schonei,
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1987; Farber and Peterkin, 1991; Fernandes et al. 1997a; Fernandes et al. 1997b;
Feldhusen, 2000; Leung et al., 1992) and water (Swerdlow et al., 1992; Wang and Doyle,
1998; Warburton et al., 1998). Food can come into contact with these pathogens during
slaughtering, processing, handling, packaging, or cross-contamination from other food.
Raw and processed fish products may be cross-contaminated by other muscle food
products during handling and processing at retail level and/or at home (Fapohunda et al.
1994).

Numerous studies have been done regarding the use of modified atmosphere
packaging (MAP) for seafood products (Cai et al., 1997; Silva and White, 1994; Statham,
1984; Stiles, 1991) and low temperature storage to effectively extend the shelf-life of
food (Ogrydziak and Brown, 1992). Comparison of MAP studies on seafood is hampered
by the variety of gas concentrations and storage conditions used by the researchers.
Proper refrigeration conditions and MAP have prolonged shelf-life of food due to the
elevated level of carbon dioxide that retards microbial growth (Stiles, 1991). Under
proper storage temperatures, MAP has doubled the shelf-life of seafood products (Reddy
et al., 1997; Statham, 1984).

Currently, only a few studies have investigated the effect of MAP on the fate of
pathogens on seafood products, with the exception of Clostridium botulinum. C.
botulinum type E has been the major concern of seafood product under MAP due to the
growth of the pathogen and development of toxin under anaerobic environment without
any significant sensory or visual sign of spoilage (Conner et al., 1989). No studies have
been attempted to investigate the fate of E. coli O157:H7 on channel catfish fillet

packaged under MAP. Previous studies on fish biology indicated the antimicrobial
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activity in the skin of channel catfish (Ourth, 1980; Robinette et al., 1998). Thus, the
current research also attempted to observe the role of skin mucus, if any, against E. coli
O157:H7 on packaged catfish fillet.

The objectives of this study were 1) to investigate the survival of E. coli O157:H7
on channel catfish fillets under MAP and overwrapped packaging conditions and 2) to
isolate E. coli O157:H7 and other foodborne pathogens in catfish and adjacent muscle
food products sold at farmers markets. The latter objective was to observe the possibility
of cross-contamination with E. coli O157:H7, Salmonella spp., Listeria spp., and

Staphylococcus aureus between fishery and non-fishery products at retail level.

MATERIALS AND METHODS

Modified atmosphere packaging and storage of catfish fillet
Inoculum

A ground beef isolate (E318) of E. coli O157:H7 transformed with a plasmid
encoding for green fluorescent protein (GFP) and ampicillin resistant gene (courtesy of
Dr. Jinru Chen) was used in this study. Resistance to nalidixic acid was done through
point mutation technique. Bacteria were grown in brain heart infusion (BHI) (Difco,
Detroit, MI) broth containing 100 pg/ml ampicillin (Sigma Chemical Co., St. Louis, MO)
and 100 pg/ml nalidixic acid (Aldrich Chemical Co. Milwaukee, WI) at 37°C for 18 h.
Culture broth was centrifuged and washed twice in 0.1% peptone water (Difco).

Inoculum was diluted in 0.1% peptone water before enumeration by surface plating in
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duplicate on BHI agar containing the same concentrations of ampicillin and nalidixic acid
as the BHI broth. Plates were incubated at 37°C overnight. Fluorescent colonies were
observed under long-wave ultraviolet lamp (320-380 nm) and selected colonies

confirmed with E. coli O157 agglutination test (Oxoid Limited, Hampshire, England).

Fish packaging

Live channel catfish (1-2 Ib) were purchased from a farmers market in Atlanta,
GA. Fish were transported on ice and filleted at the University of Georgia processing
plant and stored at 4°C until further use within 24 h. Fish fillets were packaged in a gas
mixture of 30% CO, balanced with N, using a Dyno Sealing machine 462 (Schmid
Maschinenbau GmbH, Germany). Expanded polystyrene trays (0.1 cc/tray/24h OTR) and
Saran coated polyester film (12cc/m?/24h) were used (Cryovac, Duncan, SC). Packaged
fillets, with and without skin, were inoculated with 10° CEU/ml E. coli O157:H7 with a
syringe and 16G needle on 5 x 5 cm inoculation area. Inoculation was performed by
puncturing the barrier film and was quickly sealed with vinyl tape. Packaged fillets were
placed in a household cooler filled with ice and stored in a 4°C walk-in incubator to
achieve a 0°C storage temperature. Abused temperature packaged fillets were stored at
10°C. All fillets were stored up to 15 d and representative samples were taken every 5 d.
A Pac Check 650 Oxygen and CarbonDioxide Analyzer (Mocon) was used to measure

CO; and O, concentration. Gas mixture samples were taken by using a 10 ml filtered-

syringe before injecting into the analyzer. Surface pH of fillets was also taken with an

ISFET surface pH meter probe (Beckman Instrument, Inc. Fullerton, CA).
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Overwrap packaging and storage of catfish fillets
Fillets were placed on styrofoam trays (Genpack, SC) and wrapped with Clear

Plastic Wrap (BI-LO, Inc., Mauldin, SC). Packaged fillets were stored at 0°C in the same

manner as the MAP samples.

Microbiological evaluation

Samples were taken at 0, 5, 10, 15, and 20 d following inoculation. The 5 X 5 cm
area was excised and placed in stomacher bag and homogenized in 0.1% peptone water
for 60 s at normal speed (Tekmar Stomacher, Cincinnati, OH). Serial dilutions of bacteria
were prepared in 0.1% peptone water. The samples were spirally plated and enumerated
on brain hearth infusion (BHI) agar supplemented with 100 pg/ml ampicillin and
nalidixic acid. BHI plates were incubated at 37°C for 48 h. Fluorescent E. coli O157:H7
colonies were visualized with a portable ultraviolet light source and selected colonies
were confirmed by O157 agglutination test (Oxoid, UK). Aerobic and psychrotrophic
populations were enumerated on plate count agar (PCA, Difco) and plates were incubated

at 37°C for 24 h and 4°C for 10 d, respectively.

Farmers market samples

Catfish fillets, iced whole catfish, processed fish products (fish balls and fried fish
patties), ground beef, precut chicken, whole uncooked chicken, and rotisserie chicken
were obtained from two farmers markets in Atlanta, GA. All samples were examined
using the enrichment procedures for Salmonella spp., Listeria spp., and E. coli O157:H7.

Isolation of S. aureus was done by direct plating of diluted samples (Donnelly et al.1992;
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Flowers, et al., 1992; Lancette and Tatini, 1992). Sampling of farmers market food items
were done to investigate the hygienic practice of the food handlers in the market.
Improper handling practice between raw and processed food in the same vicinity could

lead to cross-contamination of microorganisms to foods.

Isolation of Salmonella spp., Listeria spp., Staphylococcus aureus, and, E. coli
O157:H7, and Aerobic Plate Counts

Procedures for Salmonella spp. isolation were according to Flowers et al. (1992).
Briefly, samples were pre-enriched in lactose broth (Difco) for 24 h at 37°C followed by
incubation in tetrathionate (TT, Difco) broth and selenite cystine (SC, Difco) broth.
Samples were plated on bismuth sulfite (BS, Difco) and xylose lysine desoxychocolate
citrate (XLD, Difco) agar. Suspected Salmonella spp. colonies were confirmed by
inoculating them in triple sugar iron (TSI, Difco) and lysine iron (LI, Difco) agars.
Incubation was done at 37°C for 24-48 h.

Samples for the detection of Listeria spp. were initially enriched in University of
Vermont (UVM, Oxoid) enrichment broth incubated for 24 h at 30°C. Subcultures were
made into Fraser secondary enrichment broth (Difco) and incubated for another 24 h at
37°C. The incubated samples were then plated on modified Oxford agar (MOX, Oxoid).
Plates were incubated at 37°C for 24-48 h. Suspected Listeria colonies were gram
stained and tested for motility (Donnelly et al., 1992). MR-VP (Difco) media were also
used to test for L. monocytogenes (Hitchins, 1992).

Staphylococcus aureus was isolated and enumerated by direct plating. A 25 g

sample was placed into sterile stomacher bags with 225 ml of 0.1% peptone water and
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was pummeled in a stomacher for 60 s on normal speed. Homogenate was diluted in
0.1% peptone water and plated onto Baird-Parker (BP, Difco) agar. BP agar plates were
incubated at 37°C for 24 h. Colonies typical of S. aureus were isolated and grown in
tubes of tryptic soy broth (TSB, Difco) for 24 h incubation at 37°C. Randomly selected
colonies were confirmed with coagulase plasma test (Lancette and Tatini, 1992).

For the isolation of E. coli O157:H7, 25 g samples were enriched in TSB and
incubated for 24 h at 37°C. The following day, sample mixtures were streaked on
MacConkey sorbitol agar (Oxoid). Sorbitol negative colonies typical of E. coli O157:H7
were confirmed with E. coli O157 (Oxoid) and H7 (Difco) agglutination tests.

Serial dilutions of the samples were prepared using 0.1% peptone water. Total
aerobic and non-pathogenic E. coli populations were determined by plating on aerobic
plate count and E. coli count plate containing Violet Red Bile (VRB, 3M Petrifilm™, St.
Paul, MN), respectively, and incubated at 37°C for 24 h. Blue colonies with gas on
petrifilm agar were counted as E. coli. All samples for microbial analysis were done in

duplicates.

Statistical analysis
Data were analyzed using the SAS General Linear Models procedure. Duncan’s
multiple range test was used to determine differences among means when significant

effects were observed (P<0.05).
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RESULTS

Modified atmosphere packaging of channel catfish fillet

E. coli O157:H7 was detected throughout the 20 d storage from MAP fillets
(Figure 2.1). Approximately 1 and 0.5 log reductions of E. coli O157:H7 populations
were observed over the first 5 d of storage at 0 and 10°C, respectively. E. coli O157:H7
populations continued to decrease but remained at 3.5 and 4.5 log CFU/g at the end of the
20 d storage at 0 and 10°C, respectively. There was a significant (P<0.05) difference in
the survival of the pathogen between 0° and 10°C. The survival of E. coli O157:H7 on
fillets with skin showed no significant difference from those without skin at either storage
temperature. However, in general E. coli O157:H7 populations on fillets with skins were
slightly lower (<1 log) than those without skin. Off odor was noticeable from fillets
stored at 10°C after 5 d.

Aerobic bacteria counts at the end of the 20 d storage increased by 1 and 3 log
CFU/g while psychrotrophic populations grew by 2 and 3 log CFU/g for the 0° and 10°C
storage, respectively (Figures 2.2, 2.3). There was a significant (P<0.05) difference for
the aerobic and psychrotrophic bacterial populations observed between 0° and 10°C
storage. However, no significant (P>0.05) difference was noted between the skin and no
skin at 0° or 10°C storage for their respective aerobic and psychrotrophic populations.
The headspace gas (CO;) concentration ranged between 23 and 25% for the 0°C and 25
and 30 for the 10°C storage (Figure 2.4). The surface pH fluctuated slightly over the 20 d
period with the initial pH of 6.5 and a final value ranging from 6.3-6.4 for MAP fillets,

while surface pH of overwrapped fillets increased from 6.8 to 7.3.
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Overwrapped fillets

Approximately 3 log CFU/g reduction of E. coli O157:H7 population was
observed after 20 d of storage (Figure 2.5). There was a significant (P<0.05) difference in
the survival of E. coli O157:H7 populations between MAP and overwrapped fillets stored
at 0°C. No significant difference was noted in the populations between skin and no-skin
overwrapped fillets. Psychrotrophic and aerobic plate counts on overwrapped fillets
increased by approximately 4 log CFU/g (Figures 2.6 and 2.7). Onset of spoilage of
overwrapped fillets was observed after 5 d of storage. The surface pH increased from 6.8

to 7.3.

Isolation of Pathogens from Meat and Fish Samples

The microbiological profile of the fish and non-fish sample from the two farmers
markets are shown in Table 2.1. Among the fish items, catfish fillets had the highest (6.3
log CFU/g) aerobic bacteria count and chicken rotisserie had the lowest count (1 log
CFU/g). Generic E. coli ranged from 1 log CFU/g (fish cake and chicken rotisserie) to 6
log CFU/g (raw chicken). In general, low (1-2 log CFU/g) levels of S. aureus were found
in all sample. Presumptive colonies of Salmonella spp., and, Listeria spp. were recovered
from up to 20% of the raw and processed samples. Raw and processed fish products were
positive for Salmonella spp. 10-15% and 0-5% of the time, while raw and processed non
fish products were Salmonella spp. positive in 10-20% of the cases, respectively. Listeria
spp. were observed in raw (0-15%) and processed (5%) fish product and in raw (0-10%)

and processed (10%) non-fish products. E. coli O157:H7 was not detected in any sample.
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Although colonies typical of L. monocytogenes grew on the MOX plates, further

biochemical MR-VP test revealed negative results.

DISCUSSION

The combination of CO; and low temperature in MAP results in the reduction in
microbial growth by extending the lag phase (Ogrydziak and Brown, 1992; Silva et al.,
1993). In this study, the survival of E. coli O157:H7 was significantly higher on fillets in
MAP at 10°C than at 0°C. The 30% CO, gas dissolved in the fish tissue at 0°C in MAP
may have an effect on the reduction of the pathogen populations. A slight reduction of
CO, was observed in 0°C MAP fillets, while CO, continued to rise in MAP at 10°C. E.
coli O157:H7 is relatively tolerant to CO,, however inhibition of growth is more effective
at high CO; concentration and pH<6.0 (Sutherland et al. 1997). Inhibition of the
pathogen was more pronounced in ground beef packed in 60% CO,/40% N, (Nissen et
al., 2000).

The survival of the pathogen on the fillets with or without skin was not
significantly different. However, it was noted in this study that E. coli O157:H7
populations on fillets with skins were slightly lower (<1 log) than those without skin, and
it was more obvious on fillets stored at 0°C than at 10°C. This may have been an
indication that mucus offered limited inhibition against the pathogen at lower
temperatures. Previous studies indicated that purified skin mucus extracted from channel

catfish possessed an antimicrobial activity (Ourth, 1980; Robinette et al., 1998). Mucus
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of fish provides protection to the host through the presence of immunoglobulin,
lysozymes, and a number of other nonspecific antimicrobial factors (Roberts, 2001). No
information is currently available regarding the role of intact mucus against foodborne
pathogenic bacteria.

There is an inverse relationship between the aerobic-psychrotrophic population
and E. coli O157:H7. Aerobic and psychrotrophic populations from both packaging types
continued to increase over the 20 d period, while E. coli O157:H7 population declined.
Vold et al. (2000) observed the inhibition of E. coli O157:H7 in inoculated ground beef
spiked with its native background bacteria. Bacterial competition could have contributed
to the greater inhibition of E. coli O157:H7 in overwrapped package stored at 0°C with
higher number of aerobic and psychrotrophic bacteria than on MAP fillets stored at 0°C.

The pH of MAP fillets decreased slightly (approximately 0.2 log) by the end of
the storage. Lower pH in MAP has been attributed to the conversion of CO, to carbonic
acid (Brody, 1989) and formation of lactic acid from lactobacilli (Gray et al., 1983). In
contrast, pH of overwrapped fillets increased from 6.8 to 7.3. The increase of pH may be
attributed to the production of volatile basic compounds such as ammonia by the spoilage
bacteria (Stammen at al., 1990). The surface pH data observed in the present study were
in agreement with previously published data (Reddy, et al., 1997; Silva and White,
1994,). The combination of factors such as temperature, CO, concentration, and
background microflora may have contributed to the reduction of E. coli O157:H7 in MAP
observed in this study.

In this study non-fish and fish products displayed at farmers markets were

analyzed for the presence of pathogenic bacteria, with the focus on contamination to fish
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items. The close proximity of the preparation area may increase the likelihood of cross-
contamination between the muscle foods. Among the food analyzed from the two
markets, none contained E. coli O157:H7. To date, no E. coli O157:H7 fish-related
outbreak has been reported where fish is the primary vehicle. One small E. coli O157:H7
outbreak in Washington state involving fish was documented. However, further
investigation revealed that fish was cross-contaminated with E. coli O157:H7-containing
ground beef product in a food service institution (CSPI, 2001). Other non-O157:H7 E.
coli have been found to be associated with seafood. Enterotoxigenic (ETEC) E. coli,
enterophatoghenic (EPEC) and shiga-like toxin-producing E. coli (SLTEC) have
previously been isolated from a variety of seafood (Ayulo et al., 1994; Sack et al., 1977;
Samadpour et al., 1994; Youssef et al., 1992). Samadpour et al. (1994) also found SLTEC
from fresh meat and poultry samples and suggested that food could have been
contaminated during processing at retail level.

S. aureus were detected at low number from fish and non-fish foods. This
organism is not a natural microflora component of fish. At low levels S. aureus would not
compete well with the high background microflora present on the food. The aerobic
population of the food observed in this study would have caused spoilage on the product
before S. aureus can multiply. S. aureus ranging from 0.1 to 4 log CFU/g have been
isolated from small to large catfish processing plants (Fernandes et al., 1997a). Raw (10-
15%) and processed (0-5%) fish products contained Salmonella spp. from the two
markets. Salmonella from the raw non-fish items displayed adjacent to the fish products
from the same market ranged from 10 to 20%. These raw and processed food items from

both markets were displayed either in the same or different display cases but located next
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to each other. The latter was observed for the ready-to-eat rotisserie chicken displayed
next to raw seafood and raw poultry in one of the farmers markets. In some situations,
food workers handled both raw fish and non-fish items when serving customers.
Observation of food handling practices at these markets was done when purchasing
samples for this study. Cross-contamination could occur through direct handling of the
product or through shared utensils.

In the U.S., raw domestic and imported seafood were found to be Salmonella
positive approximately 10% of the time (Heinitz, et al. 2000) and approximately 6% of
the catfish from processing plants were Sa/monella positive (Andrews et al. 1977). It was
suggested that Salmonella contamination in fish may occur during culture in polluted
water. However, the more likely route of contamination is through improper post harvest
handling and processing (Dalsgaard, 1998; Feldhusen, 2000). In other muscle food,
approximately 28% poultry, 10% pork, and 0.5% cooked meat were positive for
Salmonella spp. from retail markets (Duffy et al. 1999; Harrison et al., 2001). Listeria
spp. was found in 0-15% raw and 5% processed fish items from both farmers markets. L.
monocytogenes and L. innocua are among the 2 most common species associated with
food, with the latter species being more common in seafood (Farber, 1991; Jineman et al.,
1999). L. innocua has been isolated in 46% of seafood, 42% of beef and poultry
(Skovgaard and Morgen, 1988; Weagant et al., 1988). In the U.S., L. monocytogenes was
isolated from approximately 6% of the catfish tested from processing plants (McCaskey
et al., 1999).

Catfish can be contaminated by the pathogen during production, through

farm/wild animals and water, and processing. Increases in contamination levels with the
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progress of processing steps either at the processing plant or retail level have been
documented (Boonmar et al., 1998; lida, 1998; Lawrence and Gilmour, 1995). Microflora
from gut and skin can spread to edible muscle and food contact surface during processing
(Bal’a et al., 1999). The close proximity of or a common processing and display area
could contribute to the cross contamination of the bacteria from seafood to muscle foods
and vice versa. In the event when certain muscle food is contaminated with E. coli
O157:H7, this pathogen can be a potential hazard to nearby food items. A. hydrophila
cross-contamination to beef could be a concern when jointly handled with fish (Ingram
and Simonsen, 1980). Like wise the presence of human enteric organisms on fishery
products implies contamination from a terrestrial source (Fapohunda et al., 1994). In the
present study, cross contamination, abusive storage temperature, and/or excessive
handling may explain the higher aerobic plate counts on fillets or iced fish than live fish
from both markets. It is believed that food is most likely to be cross-contaminated at
retail level during preparation (Duffy et al., 1999; Plummer et al., 1995). Cross
contamination with pathogenic microorganisms was demonstrated to occur from hands,
cutting board, and knives to food products during preparation in the kitchen (Zhao et al.,
1998).

Proper sanitation and/or food preparation procedures should be maintained to
avoid cross-contamination between the raw foods at retail level. This is particularly
important since some species of fish are lightly cooked or consumed raw. In addition, fish
contaminated with pathogens may not necessarily show the typical signs of spoilage on

the product, thus giving a false sense of safety. Prevention of cross contamination by
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proper storage temperature, separation of raw and processed food, sanitation, and

discriminate use of utensils is critical to ensure safe food.
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Table 2.1. Microbial profile of raw and processed poultry, catfish, and meat samples from two farmer markets. Aerobic plate count (APC), E. coli, and S. aureus

(mean (range) (log CFU/g). E. coli O157:H7, Salmonella spp., and Listeria spp. (positive/total).

Sample APC E. coli S. aureus E. coli Salmonella spp." Listeria
0157:H7' spp.
Market 1:
Catfish fillet 6.3 (4.6-7.0) 3.7 (2.6-4.2) 2.9 (1.8-3.5) 0/20 2/20 3/20
Live catfish 3.5(3.1-3.6) 2.7 (1.9-3.0) 2.6 (1.4-2.6) 0/20 2/20 0/20
Chicken rotisserie 3.7(1.0-4.3) 3.1(1.0-3.4) 2.7 (2.0-3.0) 0/10 1/10 1/10
Chicken (raw) 4.9 (3.6-5.3) 3.6 (2.34.1) 1.7 (0.0-2.1) 0/10 2/10 1/10
Market 2:
Processed fish
Fish balls 4.2 (3.3-4.4) 3.6 (3.4-3.7) 2.7 (2.2-3.0) 0/20 1/20 1/20
Fish cake 3.2 (2.5-4.0) 2.8 (1.0-3.6) 1.5 (1.4-2.0) 0/20 0/20 1/20
Live catfish 4.7 (3.3-5.2) 2.8 (2.0-3.0) 4.3 (2.0-4.7) 0/20 3/20 2/20
Iced whole catfish 5.6 (3.4-6.1) 4.6 (3.3-5.0) 32(2.2-34) 0/20 3/20 1/20
Ground beef 5.2 (4.0-5.6) 2.6 (2.3-2.9) 2.5(0.7-2.9) 0/20 2/20 4/20
Chicken
Whole (raw) 4.4 (4.3-6.6) 5.6 (3.0-6.0) 2.6 (1.6-2.9) 0/10 2/10 1/10
Precut (raw) 5.0(3.7-5.4) 4.8 (2.7-5.1) 2.7 (2.5-2.8) 0/10 2/10 0/10

'Positive samples/total
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Figure 2.1. Survival of E. coli O157:H7 inoculated on fillets of
channel catfish with and without skin stored under modified
atmosphere packaging at 0° and 10°C.
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Figure 2.2. Aerobic plate counts of channel catfish fillet with and
without skin noculated with E. coli O157:H7 and stored under
modified atmosphere packaging at 0° and 10°C.
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Figure 2.3. Psychrotrophic counts of channel catfish fillet with
and without skin inoculated with E. coli O157:H7 and stored
under modified atmosphere packaging at 0° and 10°C.
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Figure 2.4. Carbon dioxide concentrations of modified
atmosphere packaged fillets of channel catfish with (SK) and
without (N'S) skin inoculated with £. coli O157:H7 stored at 0°
and 10°C.
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Figure 2.5. Survival of £. coli O157:H7 moculated on fillets of
channel catfish with and without skin stored under overwrapped
packaging at 0°C. Aerobic plate counts were shown for
comparison.
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Figure 2.6 Aerobic counts of channel catfish fillet with and
without skin inoculated with E. coli O157:H7 stored under

overwrapped packaging at 0°C.
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Figure 2.7. Psychrotrophic counts of channel catfish fillet with

and without skin inoculated with £. coli O157:H7 stored under
overwrapped packaging at 0°C.
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PENETRATION OF ESCHERICHIA COLI O157:H7 INTO CHANNEL CATFISH

SKIN MUCUS DETECTED BY CONFOCAL SCANNING LASER

MICROSCOPY AND PLATE COUNT METHODS

Suhalim, R., Y. W. Huang. To be submitted to Journal of Food Safety
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ABSTRACT

Confocal scanning laser microscopy (CSLM) was used to observe the distribution
of Escherichia coli O157:H7 containing green fluorescent protein (GFP) into channel
catfish skin mucus. Bacteria were observed to attach to catfish mucus as confirmed by
CSLM images. E. coli O157:H7 were seen at 15 um into the mucus layer. Propidium
iodide stain distinguished yellow dead cells from the green (GFP) viable cells on catfish
skin. Plate count revealed a half a log decrease in E. coli 0157:H7 population/cm® on
skin without mucus than on skin with mucus, while a 1-log decrease in population/cm®
was observed on skin without mucus than on skin with mucus by microscopic count.
Approximately 18 and 16% of all the cells observed under CSLM appeared to be dead
cells on skin with or without mucus, respectively. Limited E. coli O157:H7 inhibition by
fish mucus was observed as clearing zone with a diameter of approximately 0.7 cm for
the first 12 h.

This study suggests that E. coli O157:H7 attached and was penetrated into skin
mucus of channel catfish. The pathogen was embedded into the skin mucus and may

become a source of contamination during processing.
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INTRODUCTION

Escherichia coli O157:H7 outbreaks have been associated with a variety of foods
and water (Doyle and Schonei, 1987; Swerdlow et al., 1992). Although E. coli O157:H7
has not caused public health concerns on fishery products, seafood can serve as carriers
of human pathogens. Channel catfish (Ictalurus punctatus) as a possible vehicle of
foodborne pathogens has been reported (Andrews et al., 1977; Cotton and Marshall,
1998; Leung et al. 1982; Meyer and Bullock, 1973). Channel catfish may carry
pathogenic bacteria such as E. coli O157:H7 from the growing pond water as a result of
runoff from adjacent agricultural land or droppings from domestic and wild farm animals.
Contamination of catfish by pathogenic microorganisms may also occur during
processing. Steps during catfish processing can spread microorganisms from skin and gut
to the processing environment (Bal’a et al., 1999). Catfish skin is believed to be an
important source of microbial contamination during processing (Kim and Marshall,
2000). Channel catfish is commercially available both in the form of skinless fillets or
whole dressed fish with skin intact.

Fish mucus has the ability to entrap microorganisms and inhibit their colonization
by continuous sloughing (Roberts, 2001). The mucus contains specific immunoglobins
and lysozyme. As part of the defense system of fish, it is believed that these entities have
anti-pathogen activity to remove microorganism from the surface (Speare and
Mirasalimi, 1992). Previous studies indicated that channel catfish mucus contains
substances with antimicrobial activity such as histone-like proteins and lysozyme which

were effective against Aeromonas hydrophila (Robinette et al., 1998) and Salmonella
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parathyphi (Ourth, 1980). To date, reports on the penetration and possibly inhibition of
E. coli O157:H7 on fish mucus is lacking.

Confocal scanning laser microscopy (CSLM) techniques have been used to
observe food structure (Hassan et al., 2002) and bacterial attachment to food (Prachaiyo
and McLandsborough, 2000; Seo and Frank, 1999; Takeuchi and Frank, 2000). This
technique allows observation of specimen in a fully hydrated state (Blonk and van Aalst,
1993). The major advantage of CSLM is its ability to focus within a specific depth by
optically section specimen and construct a three-dimensional image (Amos and Fordham,
1997, Blonk and van Aalst, 1993). CSLM provides info about the location and
distribution of the cells in addition to the ability to quantify the bacteria cells without
extensive preparation and sample fixation. The ability to distinguish cells under CSLM
by using stains is also an advantage.

Skin of live catfish may offer protection against certain microorganisms.
However, not much is known regarding the role of fish skin mucus post-harvest. Fish
skin may become a source of microbial contamination during handling and thus posses a
food safety concern during processing. The objective of this study were to 1) observe the
distribution and degree of penetration of E. coli O157:H7 on channel catfish mucus skin
using CSLM technique, and 2) observe the ability of intact mucus to inhibit . coli

O157:H7.
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MATERIALS AND METHODS

Inoculum

E. coli O157:H7 isolated from ground beef (E318) containing plasmid encoding
for green fluorescent protein (GFP) was used in this study (courtesy of Dr. Jinru Chen,
The University of Georgia). This GFP transformed bacteria has an excitation wavelength
at 488 nm. Bacteria were grown for 18 h at 37°C in brain heart infusion broth (BHI, Difco
Laboratories, Detroit, MI) supplemented with 100 pg/ml of ampicillin (Sigma, St. Loius,
MO) and nalidixic acid (Aldrich Chem Co., Milwaukee, WI). Bacteria were centrifuged
at 5,000 X g for 20 min, and pellet was washed in 0.1% peptone water (Difco). Cultures
were suspended in 0.1% peptone. Serial dilutions of bacteria in 0.1% peptone water were
prepared to reach the desired concentration. GFP colonies were viewed under a long-
wave UV light. Enumeration was done on BHI agar supplemented with 100 pg/ml of

ampicillin and nalidixic acid. BHI agar plates were incubated for 18 h at 37°C.

Channel catfish

Fish were purchased from the farmers market in Atlanta, GA and were
transported live to laboratory. Live fish were maintained in 40 L aquaria until use. On the
day of the experiment, fish were sacrificed and skin was removed with sterile surgical
blade. Mucus was removed by scraping the skin surface with sterile surgical blade to

obtain skin without mucus.
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Sample preparation for E. coli O157:H7 enumeration by direct plate count

A 0.1% peptone water suspension containing approximately 10° CFU E. coli
O157:H7/ml was used to inoculate the catfish skin samples by complete immersion for
20 min at room temperature (RT, 22°C). Following inoculation, skin was rinsed twice by
immersion in sterile distilled water (SDW) at RT for 3 min each. Pieces of skin were
placed in sterile stomacher bags containing 20 ml of 0.1% peptone water. Samples were
pummeled for 2 min at high speed (Tekmar, Cincinnati, OH) and serially diluted in 0.1%
peptone prior to surface plating on BHI agar containing 100 pg ampicillin and nalidixic
acid. Duplicate plates were incubated for 24 h at 37°C and colonies were viewed under
long-wave UV light and counted. Confirmation of selected E. coli O157:H7 was done
using a latex agglutination test (Oxoid Limited, Hampshire, England). Three replicate

samples were done. Enumeration was reported as CFU/cm” of the area of the skin.

Antibacterial activity assay

Approximately 0.1 ml of 10° to 10° CFU E. coli O157:H7/ml was surface plated
with a sterile glass rod on Tryptic Soy Agar (TSA, Difco) plates. After bacteria were
allowed to absorb for 30 min into the agar, catfish skin with and without mucus of
approximately 0.5 cm in diameter was placed mucus-side down on the bacteria lawn on
TSA. Plates were incubated for 24 h at 37°C. The presence of clearing zone around the
skin sample on E. coli O157:H7-inoculated TSA agar indicated antimicrobial activity.

Sterile 0.5 cm discs impregnated with 5% acetic acid were used as a control.
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Sample preparation for E. coli O157:H7 enumeration by CSLM

Catfish skin samples with and without mucus were inoculated by immersion in a
suspension of approximately 10° CFU/ml of E. coli O157:H7 at RT for 20 min. Sample
were rinsed twice by immersion in SDW for 3 min at RT. Following rinsing, samples
were treated by flooding with propidium iodide (PI, Molecular Probes, Inc., Eugene, OR)
for 5 min at RT. The 7.5 uM PI enabled the distinction of dead (red stained) and live
(GFP) cells. Two immersion rinses in SDW were done for 3 min at RT.

Skin samples were placed on cover slips for maximum contact surface and the
latter inverted onto a hanging drop slide. The skin thickness was important to prevent
unnecessary pressure from the cover slip that could damage the mucus layer. Specimen
was viewed with CSLM Leica DM RBE (Leica Microsystems Inc., Exton, PA) with 100x
objective lens. GFP cells were imaged with argon laser at 488 nm ex/543 nm em and PI
was scanned with green neon at 543 nm. Reflectance mode was used to visualize mucus
and skin and to aid in depth determination. Leica confocal software Version 2.0 Build
0770 (Exton, PA) was used for data acquisition and analysis.

E. coli O157:H7 cells were enumerated at various depths along the z axis until no
GFP cells were observed. Optical slices were taken at approximately every 1 um to avoid
repeated counting of the same cell. E. coli O157:H7 counts obtained from CSLM
observation was multiplied by two in order to give a similar counting effect as the two-

sided skin surface done on plate count.
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Statistical analysis
Data were analyzed using the generalized linear model (GLM) of the statistical
analysis software (SAS Institute, Cary, NC). Duncan’s multiple range test was used to

determine significant difference between means.

RESULTS

E. coli O157:H7 cells attached primarily to the area where mucus was present
(Figure 3.1A), while skin without mucus had less number of bacteria (Figure 3.1B).
Viable cells stained green while non-viable cells stained red to yellow under CSLM
(Figures 3.1A and 3.1B). Bacteria were observed as deep as 15 um into the mucus layer
and were decreasing in number at a deeper layer, with majority found embedded within
the first 5 um. Free moving bacteria were observed in greater number on skin without
mucus than on skin with mucus. Approximately 18 and 16% of all the cells observed
under CSLM were dead cells on skin with or without mucus, respectively. Skin without
mucus had less E. coli O157:H7 than skin with mucus both on the plate and direct
microscope counts (Table 3.1) Lower counts were also obtained from CSLM observation.

Approximately 0.7 cm in diameter of clearing zone around the skin samples was
observed on TSA plates inoculated with E. coli O157:H7. However, clearing zone was
only observed for the first 12 h of incubation. By 18 h, the clearing zone was less obvious
due to the overgrown bacteria surrounding the skin sample. The clearing zone due to the

acetic acid control was observed throughout incubation.
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DISCUSSION

CSLM has been used to study the attachment, penetration, and location of E. coli
O157:H7 on apples and lettuce leaf (Burnett et al., 2000; Seo and Frank, 1998; Takeuchi
and Frank, 2000). In the present study we observed the attachment of E. coli O157:H7 on
the skin mucus of catfish by CSLM. Bacterial attachment did not occur randomly but
rather in the area where mucus was abundant and E. coli O157:H7 cells were able to
penetrate into the mucus layer of catfish. In contrast, fish skin without mucus had fewer
bacteria.

Fish skin is covered with mucus that is composed of mucopolysaccharides
(Takashima and Hibiya, 1995) and its continual production facilitates in trapping
microorganisms (Ourth, 1980). Extracellular polymers, such as polysaccharide, were
believed to aid in bacterial adherence (Fletcher and Floodgate, 1973; Marshall et al.,
1971). Bacterial attachment to mucus may be supported by the hydrophilic nature of fish
skin (Haas et al., 2002) and the non-hydrophobic surface of E. coli O157:H7 may also
assist in the attachment (Dewanti and Wong, 1995). Several studies showed attachment
and colonization of bacterial pathogens on mucus surface of mammals (Freter et al.,
1981; Laux et al., 1984) and Sajjan and Forstner (1990) found that E. coli O157:H7
adhered to rat intestine in vitro. In regards to fish, Balebona et al., (1995) suggested that
gilt-head sea bream skin mucus provided an optimal substrate for accumulation of aquatic
bacteria, while Krovacek et al. (1987) observed increase accumulation of Vibrio

anguillarum and A. hydrophyla on fish mucus. However, in live fish, the continual
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sloughing of the mucus helps in the removal of bacteria and may also inhibit colonization
of bacteria on fish skin.

Plate count results suggested that skin without mucus contained a high number of
bacteria. This high count could have been attributed to the bacteria that adhered to the
film layer of water on the skin after rinsing. A large number of free-moving bacteria on
skin without mucus visualized under CSLM may have contributed to the high plate
counts. Although the mucus had been significantly removed, a small amount of mucus
was still present which allowed the bacteria to attach. In contrast, the majority of the
bacteria on the skin with mucus attached to the mucus and penetrated at deeper layer, as
visualized through the scanned images, rather than free-moving on the surface. In both
skin types, plate counts were higher than direct counts. The high values may have been
due to the stomaching of the sample. Stomaching may have dislodged additional bacteria
that attached to the edges of the skin and to the muscle side of the skin which tended to
be irregular in thickness and surface area. In addition, the disruption of cell aggregates on
skin surface during stomaching may have also contributed to the higher number of
microorganisms enumerated by plate counting. Cell enumeration by direct observation
was restrained to counting the cells that were not in clusters.

Higher plate counts may also have been due to the ability of injured cells to grow
on agar media, while the same cell may have appeared dead under CSLM due to
penetration of PI stain that was able to gain access to the leaky cell membrane. The
percentage of dead cells found on skin with and without mucus observed under CSLM

did not suggest antibacterial activity of mucus against E. coli O157:H7.
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The 20 min inoculation period may not be sufficient to observe the mucus antibacterial
activity. Longer time effect on mucus against E. coli O157:H7 was not examined.
Although previous studies demonstrated the active compounds in catfish mucus
against bacteria (Ourth, 1980; Robinette et al., 1998), the nature of bacteriolysis in the
skin mucus of catfish is not known (Ourth, 1980). In this study, some inhibition of E. coli
O157:H7 by catfish mucus was observed for the first 12 h. Bacterial colonies started to
grow around the clearing zone after 18 h incubation. This may have been contributed by
the less susceptible nature of E. coli O157:H7 to mucus or by the insufficient level of
active compound in mucus against the pathogen. The inhibitory level of fish mucus
against the pathogen has not been investigated. Other aquatic bacteria also have varying
susceptibility level against fish mucus as described later in this chapter. The methods
described in previous studies to demonstrate the antibacterial activity in mucus require
extensive extraction and purification procedures which may have limited application in
food safety. Intact skin mucus was used in the present study to observe antibacterial
activity on the skin as fish is being exposed to bacterial contaminants during processing.
The potential of mucus as an agent against bacteria may assist in the reduction of
contamination from pathogenic organisms on fish as a food product. However, mucus
may lose its activity after the fish is slaughtered. Certain inhibitors, such as blood serum,
greatly reduced the antimicrobial activity of fish mucus (Hjelmeland et al., 1983; Smith
and Ramos, 1976). Fish could easily be contaminated with blood during processing.
Boiling the sample is also needed to stabilize the activity of the mucus. It is believed that
proteases present in mucus not receiving heat treatment can inactivate the antibacterial

compound of the mucus (Robinette et al., 1998). Other factors such as temperature abuse,
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bacterial load, and health condition of the fish may affect the mucus effectiveness against
bacteria. No information is available regarding the antibacterial role of intact mucus on
fish against foodborne pathogenic bacteria as fish undergoes food processing scheme.
Fish mucus also shows a varying degree of inactivation against aquatic bacteria.
Mucus extracts from rainbow trout were demonstrated to show antibacterial activity
against Planococcus citreus, a gram positive bacteria, but not Psychrobacter immobilis, a
gram negative bacteria, both of which were isolated from fish (Smith et al., 1999). In
catfish, mucus has been demonstrated to display antibacterial activity against S. paratyphi
(Ourth, 1980) and certain A. hydrophyla isolates (Robinette et al., 1998), but the latter
study did not observe inhibition against S. aureus, Edwardsiella ictaluri and one other
aeromonad isolate tested. With respect to food safety, catfish skin is thought to be an
important source of bacterial contamination (Kim and Marshall, 2000). Firstenberg-Eden
(1980) believed that attachment of bacteria to surfaces is the first step in product
contamination. E. coli O157:H7 contamination on live catfish can be a potential problem
since it can be easily transferred to other food contact surface and muscle during
skinning; increasing food safety hazard to consumers. In addition, since the infectious
dose of E. coli O157:H7 is low (Nataro and Kaper, 1998), the presence of a few viable
cells on fish skin can be a potential hazard. The effectiveness of catfish decontamination
during processing was also affected by the presence of mucus. Studies suggested that
mucus of catfish slightly reduced the effectiveness of lactic acid decontamination
treatment against Salmonella Typhimurium (Kim and Marshall. 2000), Edwardsiella

tarda, and L. monocytogenes (Kim and Marshall, 2001). In these studies they also found
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that the gram negative bacteria more readily attached to catfish skin mucus than did gram

positive bacteria.
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Table 3.1. Enumeration (mean+sd) by plate and direct microscopic count of E. coli
O157:H7 inoculated on catfish skin with and without mucus.

Treatment
Skin with mucus Skin without mucus
Plate count (CFU/cm?) 7.8+0.2a 7.3£0.1b
CSLM (Cell/cm?) 5.5+0.2a 4.5+0.2b

"Means on the same row followed by the same letter are not significantly different.
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Figure 3.1. Attachment of GFP E. coli O157:H7 on channel catfish skin with mucus (A)
and without mucus (B) stained with PI (red dead cell stain) visualized under CSLM.
Images were taken at 10 um (A) and 5 pm (B). Green and yellow arrow heads indicate
live and dead E. coli O157:H7 cells, respectively.
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SUMMARY AND CONCLUSION

Surface water runoff carrying E. coli O157:H7, wildlife and livestock may
introduce contamination to the fish culture system and pose risks to the aquatic food
chain. This study indicated that E. coli O157:H7 can survive in channel catfish pond
water for > 30 d at 25°C. Longer survival rates may be possible at lower temperatures as
indicated in the holding water study. Fish, as carriers of pathogens, may become a
contamination source throughout the food processing scheme as indicated in the E. coli
O157:H7 penetration into channel catfish skin mucus observed in this study. This
condition may cause a health hazard for consumers due to cross-contamination through
handling and preparation of foods. Good agricultural and manufacturing practices should
be in place to prevent/reduce contamination of pathogen into foods in farms and/or in
food processing environment.

Although fishery products are generally safe, as with all foods, there are some
risks. Many of the foodborne pathogens associated with other food muscle can also be
isolated from seafood. This study showed that E. coli O157:H7 survived on catfish fillets
packaged under modified atmosphere packaging (MAP) and overwraped up to 20 d
stored at proper refrigeration temperature. Proper storage (0°C) of fillets inhibits growth
of E. coli O157:H7 population but the risk of cross contamination is still prevalent. The
effectiveness of MAP will depend on initial microbial load, fish species, CO,
concentration, ratio of gas and product volume, and temperature. Higher (>30%) CO,

concentration may be able to retard/eliminate E. coli O157:H7 more effectively.
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Although the sale of MAP fish is not permitted in the U. S. at this time due to the lack of
assurance in storage temperature during distribution, this study illustrates the risk and
survival ability of pathogenic E. coli on catfish fillet in MAP condition.

Although, E. coli O157:H7 was not recovered from fish or non-fish foods
purchased from the farmers markets, the presence of other pathogenic bacteria could be a
potential health hazard. Cross contamination of pathogens that are not native to fish
products can occur in fish due to inappropriate methods of handling during food
processing and preparation. Catfish can be potentially contaminated by E. coli O157:H7
during production and post harvest processing. Good manufacturing practice (GMP) and
proper sanitation standard operating procedure (SSOP) in an effective HACCP program
would result in the reduction of microbial load of food products during processing and
handling and thus producing safer food.

Mucus is a non-specific protective barrier for fish but it is also a suitable media
for microbial attachment once the fish is slaughtered. Cross contamination with
pathogens, such as E. coli O157:H7, from skin to muscle is possible when the pathogen
has previously been introduced in the water during production or post-harvest processing.
Proper skinning of catfish is recommended to reduce the cross contamination and/or

growth of potential foodborne pathogens on mucus.
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