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CHAPTER I

INTRODUCTION

Food products associated with Sa/monella contamination include milk, eggs,
poultry, pork and seafood products. On November 20, 2009, a recall was issued due to
possible contaminated cantaloupes by Salmonella (FDA, 2011a). Also on January 23,
2010, Italian sausage was recalled due to possible Sa/monella spp. contamination (FSIS,
2012). In fact Salmonella infections caused 40,000 cases of illness in the U.S. in 2004.
Salmonella is considered a human pathogen (disease causing microorganism) that can be
transmitted by eating contaminated food products from contaminated work surfaces and
contaminated food handlers (Murray et al., 2005).

Salmonella spp. is usually not related to aquaculture products but in reality this
pathogen can colonize the intestine of animals including aquaculture food products.
There is a possibility that aquaculture food products can also be contaminated with this
pathogen due to its adaptability to the environment and contaminated feeds. Lin et al.
(1988) found that Salmonella ser. Typhi was the cause of ten cases of typhoid fever
implicated by a shrimp salad served in a fast food restaurant. Recalls and refusal of
imported seafood products can be found on the U.S. Food and Drug Administration
(FDA) website (www.fda.gov). Reports provided by the FDA list seafood products that
are refused due to possible Salmonella contamination (FDA, 2011b). Refused seafood

products due to possible Sa/monella contamination included frozen baby bonita (Sarda
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CHAPTER II

LITERATURE REVIEW

Salmonella is a pathogen that can cause illness to humans. Salmonella belongs to
the Enterobacteriaceae family, which is a group of microorganisms that share similar
characteristics. The majority of the bacteria that are included in the Enterobacteriaceae
family are natural flora in the gut system of many animals including humans; they also
produce Type I fimbriae (for adhesion to other cells) and can produce endotoxin
(lipopolysaccharide on cell envelope), which is released when the cell wall is destroyed
(phagocytes). Salmonella is classified as a gram-negative microorganism due to a thin
layer of peptidoglycan wall (Figure 2.1). They are facultative anaerobic, oxidative
negative, ferment glucose (with or without production of gas) and only a few can ferment
lactose very slowly Salmonella spp. is divided into two species that include Sal/monella
enterica and Salmonella bongori. Salmonella enterica consists of six known sub-species:
enterica (1), salamae (11), arizonae (111a), diarizonae (111b), houtenae (1V), and indica
(VD). There are a total of 2,557 known Salmonella enterica (1) species and 1,531 belong
to the sub-species enterica (Grimont et al., 2007). Serovars included in Sa/monella
enterica (1) are Salmonella ser. Choleraesuis, Salmonella ser. Dublin, Salmonella ser.
Enteritidis, Salmonella ser. Gallinarum, Salmonella ser. Hadar, Salmonella ser.

Heidelberg, Salmonella ser. Infantis, Salmonella ser. Paratyphi, Salmonella ser. Typhi,



and Salmonella ser. Typhimurium. Of the mentioned Sal/monella serovars, Salmonella

ser. Typhimurium is commonly isolated from humans and animals (Bishop et al., 2003).
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Figure 2.1 A scanning electron microscope image of Salmonella spp.

(Mississippi State University Electron Microscope Center, 2011)

Incidence of Salmonella spp. in aquaculture and related products

Salmonella has been reported as a foodborne pathogen in aquaculture
environments (Kamat et al., 2002; Heinitz et al., 2000). Heinitz et al. (2000) found a
7.2% incidence of Salmonella of imported products mainly in the central Pacific and
Africa versus a 1.3% for domestic seafood. Also, 210 Salmonella enterica ser.
Weltevreden were isolated from seafood samples (fish and shrimp) imported into the U.S.
from Vietnam, Indonesia and Thailand (Ponce et al., 2008.) According to Ponce et al.
(2008) the Salmonella isolates showed 100% similarity in pulse field gel electrophoresis

(PFGE) profiles from the country of origin. Studies conducted in Japan also reported that
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Salmonella enterica ser. Weltevreden isolated from black tiger prawns with a <30 to 40
most probable number (MPN) per 100 g (Asai et al., 2008). The authors concluded there
is a possibility that prawns can contribute foodborne infection to humans. Furthermore,
studies done on oysters in the U.S. showed in a 7.2% contamination of Salmonella of

samples collected during the winter of 2002-2003 (Brands et al., 2008)

Infectious diseases caused by Salmonella spp.

Salmonella is considered a pathogen that can colonize and infect the host. An
outbreak of typhoid fever (Salmonella ser. Typhi) in a restaurant in Maryland was
identified by measurements of serum vi antibodies in a study conducted by Lin et al.
(1988). The authors concluded that one employee was the carrier and contaminated the
food (shrimp salad) in the restaurant. In fact, a multi-drug outbreak attributed to
Salmonella ser. Braenderup was diagnosed in Kansas and linked to 19 other states by
PFGE patterns as reported by Stuever and Banez-Ocfemia (2005). The Centers for
Disease Control and Prevention (CDC, 2007) reported a total of 142 confirmed outbreaks
and 3,515 illnesses caused by Salmonella spp. in the U.S. In 2011, the CDC reported an
increase of Salmonella infections to 8,256 illnesses, 2,900 hospitalizations and 29 deaths
(CDC, 2011). CDC also reported that the most common Salmonella ser. isolates were
Enteritidis, Newport and Typhimurium that accounted for the 7,564 (92%) Salmonella
isolates serotyped. It is common knowledge that Salmonella causes infection known as
Salmonellosis which manifest in most cases as abdominal cramps, fever and diarrhea and
can last as long as 7 days. The most susceptible population in which this disease can be
fatal are to infants and elderly (CDC, 2007). Contaminated sources (food products) with

Salmonella spp. can enter into the human gut system and grow in large numbers causing
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them to migrate from the gut to the blood stream (Figure 2.2). This illness is known as
septicemia in which bacteria are found in the blood stream and can cause septic shock in

untreated people.
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Figure 2.2  Phagocytosis of gram-negative bacteria

(CC-BY-SA-3.0)

Salmonella causes infection to humans due to the lipopolysaccharide (structural
component of cellular envelope) in the cells, a component shared by other gram-negative
bacteria. When Salmonella cells are ingested in large numbers, they travel to the gut
system where they are encapsulated by phagocytes and upon the destruction of the cell
wall and components, the lipopolysaccharides are released and absorbed by the gut

(Figure 2.2). This mechanism action triggers pro-inflammatory cytokines such as tumor
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necrosis factor (TNF) and interleukins (IL-1, IL-6, and IL-8 among others) that,
depending on the quantity, can cause local inflammations, systemic effects or a more life
threatening effect such as septic shock. Septic shock happens when Salmonella spp.
survive the phagocytes and are absorbed by the gut, thus entering, multiplying and
disseminating in the blood vessels. The described mechanism of infection can be applied

to many Sal/monella enterica serotypes.
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Figure 2.3  Transmission electron microscope image of negative stained Salmonella
spp.

(Mississippi State University Electron Microscope Center, 2010)

Source of Salmonella spp. and other microorganisms in food products

Sources of Salmonella spp. vary and depend on intrinsic factors (water activity,
nutrient content, pH, oxidation reduction potential, biological structures and inhibitory
substances) and extrinsic factors (temperature, relative humidity, gaseous environment
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and presence of other microorganisms) (Jay et al., 2005). Presence of wild animals and
reptiles, temperature and atmospheric conditions could be factors that influence the
prevalence of Salmonella spp. and controlling these factors could be difficult in regards
to the food industry. Seafood products in tropical climates have a higher prevalence of
Salmonella than temperate regions (Millard and Rockliff, 2004; Heinitz et al., 2000).
Reports and studies show that Salmonella (Figure 2.3) can contaminate various sources
such as poultry, cattle, lettuce, diced tomatoes and aquaculture products (FDA, 2011b;
King et al., 2008; Weisssinger et al., 2000; Jones et al., 1985). These findings indicate the

possibility of Salmonella to move through the food chain and be a threat to human health.

Source of Salmonella spp. and other microorganisms in catfish

Catfish farms are located in an open environment and factors such as wild
animals, temperature, available nutrition and atmospheric conditions (Wyatt et al., 1979)
may result in the growth of certain types of Salmonella spp. (Salmonella ser.
Typhimurium, Salmonella ser. Arizonae, Salmonella ser. Barranquilla, and Salmonella
ser. Montevideo) that can end up at the end of the food process. A potential source of
Salmonella contamination in catfish farms may be attributed to poor water quality, farm
runoff, fecal contamination, wild animals (reptiles and birds) and poor sanitary conditions
(Pal and Marshall, 2009). Aquaculture products can become contaminated at the
production level with Salmonella spp. through the use of contaminated water, ice
containers and poor sanitary practices (FAO, 2010). Research has shown that many of
these serotypes are natural flora in the gut system of many reptiles and wild animals
(Huss and Gram, 2004; Cone et al., 1990). Snakes are not affected by the pathogenic

properties of Salmonella but they can be asymptomatic (carriers) in swine, turkeys, and
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chickens but can cause infection in humans if contaminated (Filioussis et al., 2008;
Morris and Wells, 1970). In an investigation by Cone et al. (1990), two patients were
infected with Salmonella ser. Arizonae by the ingestion of rattlesnake capsules (common
practice among Mexican-Americans in California). One of the most common known
serotypes of Salmonella is Typhimurium, which has been linked to non-human sources.
Salmonella ser. Typhimurium was isolated (clinical and nonclinical cases) from bovine
(n=264), chicken (n= 18), equine (n= 223), porcine (n= 269), turkey (n= 3) and wild
animals and birds (n= 50) (CDC, 2006).

Other pathogenic microorganisms might be present in catfish ponds and in the
processing plant. Studies on catfish processing equipment have shown that pathogens
such as Aeromonas and Pseudomonas were present (Cotton and Marshall, 1998). The
authors studied two catfish processing plants where they found 57% and 28% of
Aeromonas and Pseudomonas, respectively, in plant 1, and 48% and 17% of
Pseudomonas and Aeromonas in plant 2, respectively. They concluded that the difference

in the distribution was due to the use of sanitizing practices in the plants.

Methods of isolation of Salmonella spp. in catfish

Governmental agencies (FDA and USDA-FSIS) provide methods of isolation of
Salmonella spp. from food samples but differ in incubation periods, selective broth and
agar and final identification (biochemical reactions, agglutination test, etc.). Some
methods are rapid while others can take up to six days to identify the pathogen. FDA and
the USDA-FSIS methods differ in incubation media. The FDA uses lactose broth and the
USDA-FSIS uses 0.1% buffered peptone water. The agencies use similar secondary

enrichment but differ in plating media, bismuth sulfite for the FDA (Andrews et al.,
11



2011) and brilliant green agar for the FSIS method (USDA, 2012). The methods provided
by the FDA and USDA are in use for the majority of food products but are not specific to
certain food products. The aquaculture matrix differs from other animals and some
factors need to be taken into account (size, environment, sample acquisition, etc.) Sample
acquisition may be a critical factor for the isolation of Salmonella spp. Perkins (1995)
reported an isolation method of microorganisms (total aerobic plate counts and coliforms)
from the skin of live catfish through a rinsing technique. In this research, a modified
method was established and used to complement the isolation method provided by the
FDA and USDA in whole live catfish, catfish products and its environments.

Different types of plating media have been developed for rapid differentiation of
Salmonella. Chander et al. (2005) evaluated CHROMagar ™ Salmonella and compared it
to brilliant green agar (BGA), XLD and Salmonella-Shigella (SS) agar on 54 manure
samples. Results showed that without previous enrichment (tetrathionate broth),
CHROMagar™ Salmonella did not work as well as other traditionally used agars (BGA,
XLS and SS). However, when previous enrichment was used, CHROMagar ™
Salmonella showed higher sensitivity for the identification of Salmonella spp. The
authors noted that it was difficult to distinguish the Sa/monella colonies produced by the

agar media due to similar colored colonies.

Addition of the antimicrobial novobiocin to the plating media

It has been suggested that the addition of the antimicrobial novobiocin greatly
improves the isolation of Salmonella on selective media such as XLD (Moats, 1978).
Moats (1978) showed that the addition of 10 mg/mL of novobiocin to the plating media

reduced the presence of Proteus spp. that interferes with Salmonella identification due to
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the production of hydrogen sulfide. Other false positive bacteria on XLD like Citrobacter
that also produces hydrogen sulfide were differentiated successfully on XLD and triptic
soy-xylose-lysine (TSXL). This change in the media protocol can be useful in highly

contaminated samples in which differentiation of Sa/monella spp. can be difficult.

Identification of Salmonella spp. isolates by molecular biology methods

Rapid detection of Sa/monella spp. is crucial in the food industry. Illness caused
by foodborne Salmonella spp. must be identified quickly so that proper tracing of the
source can be done. Baumler et al. (1997) developed a rapid method to identify
Salmonella enterica and differentiate it from other Salmonella subspecies such as
Salmonella bongori by amplifing iroB genes by polymerase chain reaction (PCR). These
findings are useful due to the fact that it identifies Salmonella enterica (Baumler et al.,
1997).

There are different methods to successfully identify Sa/monella spp. by molecular
biology methods. Josefden et al. (2007) optimized the detection of Salmonella spp. in
meat products in 12 h. The use of buffered peptone water as a pre-enrichment for 8 h
yielded the highest numbers for Sa/monella. In addition, the increase from 1 to 5 mL of
buffered peptone water, 10 puL to 25 puL of polymerase and increasing the DNA template
increased detection of Salmonella spp. by PCR. The authors determined there were no
differences between different pre-enrichment broths. Furthermore, the authors discussed
the increased cost of this procedure due to the use of additional amounts of reagents.
These data provided different methodology that was effective to rapidly detecting

Salmonella spp. but it’s not optimized for general use.
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Once Salmonella is isolated and confirmed, PFGE can be applied to further
subtype and differentiate band patterns. PFGE is a tool that is used to identify similar
patterns of DNA fragments among species. It is useful to identify DNA patterns of
microorganisms using PFGE from different locations and seasonal periods. Ribot et al.
(2006) standardized PFGE for subtyping Escherichia coli O157, Salmonella spp. and
Shigella. The authors explained the conditions and specific enzymes used for the
identification and subtyping of these pathogens. These data can be applied to subtype
Salmonella spp. from catfish farms and processing plants.

Martinez et al. (2005) used PFGE to identify Salmonella ser. Senftenberg
persistence in mussel processing facilities. The technique proved useful, and during the
investigation, the authors found that one type of Salmonella was persistent for 5 years in
one plant. PFGE can be useful to identify and determine the persistence of Salmonella in

the aquaculture industry.

Antibiotic resistance of Salmonella spp. in the food industry

Antibiotic resistance of Salmonella spp. to a broad-spectrum of antibiotics is a
growing problem (Streit et al., 2006). Many cases of drug resistant Salmonella have been
reported. Eswarappa et al. (2008) reported that the yejABEF operon gives Salmonella the
resistance against antimicrobials. This was strongly indicated by removing the yejF gene
and infecting macrophages with this mutant Salmonella. The removal of this gene
decreased Salmonella virulence factors. This finding strongly suggests that this operon is
important in the ability of Sa/monella to infect macrophages.

Levings et al. (2006) studied the persistence of Sa/monella of infected individuals

and traced it to their home aquariums. Samples were taken from the gastrointestinal tract
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