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1. Introduction

Salmonelas are rod-shaped, non-spore-forming Gram-negative facultative anaerobes
measuring 0.7-1.5 by 2-5 um. With the exception of the serovars Gallinarum and Pullorum,
salmonelas are motile organisms. They are classified according to morphology and staining
pattern and are divided into serotypes and serovars based on their reaction to somatic (O)
and flagellar (H) antigens (Bremer et al., 2003). According to Kumar et al.(2003), the genus
Salmonella has over 2,000 serovars. Two of these—Saintpaul and Newport—have been
isolated from seafood (Ponce et al., 2008).

The prevalence of specific Salmonella serovars is related to food type. Thus, the serovars
Weltevreden and Rissen are predominant in seafoods, as shown by Kumar et al. (2009) in a
study on the distribution and phenotypical characterization of Salmonella serovars isolated
from samples of fish, crustaceans and mollusks from India.

High incidences of Salmonella in seafoods have been reported worldwide (Kumar et al., 2010;
Asai et al., 2008) in association with outbreaks of fever, nausea, vomiting and diarrhea (Ling
et al., 2002). Since Salmonella inhabits the intestinal tract of warm-blooded animals, its
presence in aquaculture livestock is most likely due to the introduction of fecal bacteria into
culture ponds (Koonse et al., 2005). In fact, in a study on Salmonella in shrimp, Shabarinath et
al. (2007) concluded this pathogen is generally found in rivers and marine/estuarine
sediments exposed to fecal contamination.

The quality of aquaculture products may be compromised by exposure to pathogens and
biological or chemical contaminants. The latter include chemical agents commonly used in
aquaculture, such as veterinary antibiotics, antiseptics and anesthetics. Few antibiotics have
been adapted to or developed specifically for use in aquatic organisms. Thus, in Europe
several classes of antibiotics may be used in aquaculture, including sulfonamides,
quinolones, macrolides, tetracyclines and emamectin. This, however, poses a considerable
risk of release of antimicrobials into the environment and eventually of the development of
resistance in pathogenic bacteria (Fauconneau, 2002).
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196 Salmonella — A Diversified Superbug

The second half of the 20th century saw two major events in the epidemiology of
salmonellosis: the appearance of human infections caused by food-borne S. enteritidis and by
Salmonella strains with multiple resistance (Velge et al., 2005). In fact, Angulo et al. (2000)
suggested that the factors determining resistance to multiple antibiotics in strains of S.
Typhimurium DT104 may first have developed in bacteria in the aquaculture environment,
possibly as the result of the regular use of antibiotics in fodder.

The present study is a review of the literature on resistant Salmonella strains in aquaculture
and an assessment of the risk this represents for human health. In addition, information was
collected on the incidence of resistant Salmonella strains isolated from shrimp farm
environments in Northeastern Brazil.

2. Methods of isolation, identification and evaluation of antibacterial
susceptibility in Salmonella

2.1 Isolation and identification of Salmonella

Salmonella may be detected in samples from aquaculture environments using the traditional
method described by Andrews and Hammack (2011). The method includes pre-enrichment
of 25-g aliquots in lactose broth, selective enrichment in broth (eg, tetrathionate and
Rappaport-Vassiliadis or tetrathionate and selenite cystine) and selective plating on
MacConkey and Hektoen enteric agar. Typical Salmonella colonies grown during the
selective enrichment stage are screened biochemically with triple sugar iron agar (TSI),
lysine iron agar (LIA) or sulfide indole motility agar (SIM). Serotyping is done with
commercially available antisera (Koonse et al., 2005), O:H polyvalent antiserum (Carvalho et
al., 2009) or somatic (O), flagellar (H) and capsular (Vi) antisera (Kumar et al, 2009).

In addition, molecular biology techniques may be used for rapid detection of Salmonella in
foods: TagMan PCR (Kimura et al., 1999), PCR amplification of a 152-bp segment of the gene
hns (Kumar et al., 2003), real-time PCR (Malorny et al., 2004), PCR, dot blot hybridization,
RAPD and ERIC-PCR (Shabarinath et al., 2007), PCR amplification of the gene invA
(Upadhyay et al., 2010) and uniplex and multiplex PCR (Raj et al., 2011).

2.2 Antibiogram, MIC and plasmid curing

The phenotypical susceptibility of Salmonella to antibiotics may be determined by the
method of disk diffusion on Muller-Hinton agar (Kha et al., 2006). When testing salmonellas
from aquaculture environments, the selection of antibiotics depends on the origin of the
isolates, but usually covers a range of families, including the tetracyclines, sulfonamides,
quinolones, macrolides and aminoglycosides (Ponce et al., 2008; Carvalho et al., 2009). The
classification of bacteria according to susceptibility or resistance to antibiotics is based on
the criteria of the Clinical and Laboratory Standards Institute (CLSI, 2009). The antibacterial
resistance index (ARI) may be calculated following the recommendations of Jones et al.
(1986). Multiple antibacterial resistance (MAR) may be calculated using the methodology
described in Krumperman (1983).

Antibacterial susceptibility may also be estimated by determining the minimum inhibitory
concentration (MIC) based on macrodilution of Mueller-Hinton broth (CLSI, 2009).
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Salmonella strains with phenotypical profile of antibacterial resistance may be submitted to
plasmid curing in Luria-Bertani broth supplemented with acridine orange dye at 100 pg mL.
The method makes it possible to determine whether resistance stems from chromosomal or
plasmidial elements (Molina-Aja et al., 2002).

2.3 Determination of resistance genes and plasmid profile

Polymerase chain reaction (PCR) has been used to detect genes encoding resistance to
tetracycline in Salmonella strains from fish farms. Restriction enzymes used in PCR include
Smal (for detecting the gene tetA), Sall (for tetC), Sphl (for tetB, tetD and tetY), EcoRI (for G)
and Ndell (for tetE, tetH and tetl) (Furushita et al., 2003).

The extraction of plasmidial DNA from salmonelas is usually done by alkaline lysis, as
proposed by Birnboim and Doly (1979), with or without modification, or with acidic phenol,
as described by Wang and Rossman (1994). For small plasmids, the extraction product may
be submitted to electrophoresis in 1% agarose gel following the protocol of Akiyama et al.
(2011). The protocol for electrophoresis of mega-plasmid DNA molecules in 1% agarose gel
is described in Ponce et al. (2008).

3. Results
3.1 Salmonella in tropical aquaculture

Salmonelas are recognized worldwide as one of the main etiological agents of gastroenteritis
in humans. Despite variations in the regulation of microbiological quality of foods around
the world, the largest importers of seafoods only buy products completely free from
Salmonella, based on the claim that salmonelas are not part of the indigenous microbiota of
aquatic environments and that, therefore, the presence of salmonelas in aquatic organisms is
associated with poor sanitation and inadequate hygiene practices (Dalsgaard, 1998).

Several studies published in the 1990s reported Salmonella in shrimp farming environments
in tropical countries. Reilly and Twiddy (1992) found Salmonella in 16% of their shrimp
samples and 22.1% of their pond water and sediment samples collected on farms in
Southeast Asia. Weltevreden was the most abundant Salmonella serovar identified, followed
by Anatum, Wandsworth and Potsdam. According to the authors, the incidence of
Salmonella was higher in ponds located near urban areas and, not surprisingly, the bacterial
load increased during the rainy season. Bhaskar et al. (1995) detected Salmonella in 37.5%,
28.6% and 37.4% of shrimp, sediment and water samples, respectively, collected from semi-
intensive grow-out ponds in India.

In contrast, despite detecting high indices of thermotolerant and total coliforms, Dalsgaard
et al. (1995) found no Salmonella in water, sediment and shrimp samples from sixteen
different penaeid shrimp farms in Thailand.

Hatha and Rao (1998) reported only one Salmonella-positive sample out of 1,264 raw shrimp.
They believed the presence of the bacteria was due to pond contamination from different
sources, including the use of untreated fertilizer of animal origin. Likewise, Hatha et al. (2003)
found the incidence of Salmonella to be low in shrimp farm products exported by India.

Koonse et al. (2005) investigated the prevalence of Salmonella in six major shrimp-producing
countries in Southeast Asia (n=2), Central Asia (n=1), Central America (n=1), North America
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(n=1) and the Pacific (n=1). In four of these countries, Salmonella was detected in 1.6% of
shrimp samples, and two serovars were identified (Paratyphi B var. Java and Weltevreden
76). The authors highlighted the need to control or eliminate potential sources of fecal
matter polluting the water bodies adjacent to the grow-out ponds.

In Brazil, the microbiological quality of shrimp (Litopenaeus vannamei) farmed in Ceara was
evaluated by Parente et al. (2011) and Carvalho et al. (2009), both of whom detected
Salmonella in shrimp and water samples (Table 1). The authors associated the presence of
salmonelas with discharge of fecal matter into the respective estuaries where the farms are
located. The detection of Salmonella in estuaries in Ceara is not an isolated finding. Farias et
al. (2010) found salmonelas in samples of the bivalve Tagelus plebeius collected in the estuary
of the Ceara river and identified the serovars Bredeny, London and Muechen. Similar
findings were reported by Silva et al. (2003) in a study on Salmonella in the oyster Crassostrea
rhizophorae obtained from natural oyster grounds in the estuary of the Coc6 river, on the
outskirts of Fortaleza, Ceara.

Country Sample N° Sorovars Source
. Water and . Parente et al.
Brazil Shrimp 3 S. ser. Saintpaul e S. ser. Newport (2011)

S. ser. Agona, S. ser. Albany, S. ser.
Anatum, S. ser. Brandenburg, S. ser.
Bredeney, S. ser. Cerro, S. ser.
Enteretidis, S. ser. Havana, S. ser.
Brazil Fish 30 Infantis, S. ser. Livingstone, S.
ser.London, S. ser. Mbandaka, S. ser.
Muenchen, S. ser. Newport, S. ser.
Saintpaul, S. ser. Thompson, S. ser.
O4,5:1:-, S. ser. 04,5:-:11,7, S. O:17
Water, S. ser. Anatum,
Brazil Sedimentand 23 S. ser. Newport, S. ser. Soahanina e S.
Shrimp ser. Albany
S. ser. Bovismorbificans, S. ser.
Derby, S. ser. Dessau, S. ser.
Lexington, S. ser. Schleissheim, S. ser. Ogasawara
Tennessee, S. ser. Thompson, S. ser. et al. (2008)
Virchow, S. ser. Weltevreden, S. ser.
II heilbron
S. ser. Bareilly, S. ser. Braenderup, S.
ser. Brancaster, S. ser. Derby, S. ser.
Kottbus, S. ser. Lindenburg, S. ser.
India Shrimp 54 Mbandaka, S. ser. Oslo, S. ser. Rissen,
S. ser. Takoradi, S. ser. Typhi, S. ser.
Typhimurium, S. ser. Weltevreden,
Salmonella V1

Ribeiro et al.,
2010

Carvalho et al.
(2009)

Vietnam Shrimp 29

Kumar et al.
(2009)

*N° number of positive samples.

Table 1. Salmonella in tropical seafood.
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Thus, Shabarinath et al. (2007), who also detected Salmonella in shrimp, concluded that since
salmonelas inhabit the intestinal tract of warm-blooded animals, their presence in rivers and
in marine/estuarine sediments exposed to fecal contamination is not surprising.

Tropical fish species may also be infected with salmonelas (Ponce et al., 2008; Heinitz et al.,
2000; Ogbondeminu, 1993); in fact, microorganisms of this genus have recently been
associated with farmed catfish (McCoy et al., 2011).

3.2 Antimicrobial susceptibility profile of Salmonella

The use of antibiotics for prophylaxis in aquaculture not only favors the selection of
resistant bacteria in the pond environment, thereby changing the natural microbiota of pond
water and sediments, but also increases the risk of transferring resistance genes to
pathogens infecting humans and terrestrial animals (Cabello, 2006). Thus, Le and Munekage
(2005) reported high levels of drug residues (sulfamethoxazole, trimetoprim, norfloxacin
and oxolinic acid) in pond water and sediments from tiger prawn farms in Northern and
Southern Vietnam due to indiscriminate use of antibiotics.

According to Seyfried et al. (2010), autochthonous communities in aquatic environments
may serve as a reservoir for elements of antibacterial resistance. However, the contribution
of anthropic activities to the development of such reserves has not been fully clarified.

Holmstrom et al. (2003) reported the use, often indiscriminate, of large amounts of
antibiotics on shrimp farms in Thailand, and concluded that at a regional scale human
health and the environmental balance may be influenced by such practices. Adding to the
impact, many of the antibiotics used for prophylaxis in shrimp farming are very persistent
and toxic.

Heuer et al. (2009) presented a list of the major antibacterials used in aquaculture and
their respective routes of administration: amoxicillin (oral), ampicillin (oral),
chloramphenicol (oral, bath, injection), florfenicol (oral), erythromycin (oral, bath,
injection), streptomycin (bath), neomycin (bath), furazolidone (oral, bath), nitrofurantoin
(oral), oxolinic acid (oral), enrofloxacin (oral, bath), flumequine (oral), oxytetracycline
(oral, bath, injection), chlortetracycline (oral, bath, injection), tetracycline (oral, bath,
injection) and sulfonamides (oral).

Current aquaculture practices can potentially impact human health in variable, far-
reaching and geographically specific ways. On the other hand, the increasing flow of
aquaculture products traded on the global market exposes consumers to contaminants,
some of which from production areas (Sapkota et al., 2008).

Antibacterial susceptibility in microorganisms associated with aquaculture livestock is an
increasingly frequent topic in the specialized literature (Molina-Aja et al., 2002; Peirano et
al., 2006; Akinbowale et al., 2006; Costa et al., 2008; Newaja-Fyzul et al., 2008; Dang et al.,
2009; Del Cerro et al., 2010; Fernandez-Alarcon et al., 2010; Patra et al., 2010; Vieira et al.,
2010; Tamminem et al., 2011; Lagana et al., 2011; Millanao et al., 2011; Rebougas et al., 2011;
Dang et al., 2011).

In this respect, salmonelas are one of the most extensively investigated groups of intestinal
bacteria. Thus, in China salmonelas isolated from fish ponds were resistant to ampicillin
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(20%), erythromycin (100%), cotrimoxazole (20%), gentamicin (20%), nalidixic acid (40%),
penicillin  (100%), streptomycin (20%), sulfanomides (40%), tetracycline (40%) and
trimethoprim (20%) (Broughton and Walker, 2009).

Ubeyratne et al. (2008) detected Salmonella resistant to erythromycin, amoxicillin and
sulfonamides in shrimp (Penaeus monodon) farmed in Sri Lanka. Likewise, Ogasawara et
al. (2008) found salmonelas resistant to oxytetracycline and chloramphenicol in
Vietnamese shrimp samples but concluded ARI values were not as high as in neighboring
or developing countries.

Low ARI values were also reported by Boinapally and Jiang (2007) who in a single sample of
shrimp imported to the US detected Salmonella resistant to ampicillin, ceftriaxone,
gentamicin, streptomycin and trimethoprim. This is in accordance with published findings
for shrimp in tropical regions, where the major exporters of farmed shrimp are located.

Zhao et al. (2003) evaluated the profile of antibacterial resistance in salmonelas isolated from
seafood from different countries and found that most of the resistant bacteria came from
Southeast Asia. The authors believe the use of antibiotics in aquaculture, especially in
Southeast Asia, favors the selection of resistant Salmonella strains which may find their way
into the US market of imported foods.

In Brazil, Ribeiro et al. (2010) reported an antibacterial resistance index of 15.1% among
salmonelas isolated from an aquaculture system. The Salmonella serovars Mbandaka (n=1)
and Agona (n=2) were resistant to tetracycline, Albany (n=1) was resistant to
sulfamethoxazole-trimethoprim, and London (n=2) was resistant to chloramphenicol. In
addition, Carvalho et al. (2009) collected samples from three penaeid shrimp farms in Ceard
(Northeastern Brazil) and found Salmonella serovars Newport and Anatum to be resistant to
tetracycline and nalidixic acid. Water and sediment samples collected in the vicinity of the
three farms contained the Salmonella serovars Newport, Soahanina, Albany and Anatum,
which were likewise resistant to tetracycline and nalidixic acid, suggesting the ponds were
contaminated by water drawn from the estuaries.

Bacterial resistance in Salmonella may be of either chromosomal or plasmidial nature (Frech
e Schwarz, 1999; Mirza et al., 2000; Govender et al., 2009; Tamang et al., 2011; Glenn et al.,
2011). In bacteria, the acquisition and diffusion of resistance genes may be influenced by
exchanges of DNA mediated by conjugative plasmids and by the integration of resistance
genes into specialized genetic elements (Carattoli et al., 2003).

Evidence of plasmidial mediation of antibacterial resistance in Salmonella has been
available since the 1970s and 1980s (Anderson e Threlfall, 1974; Frost et al., 1982). Thus,
Anderson et al. (1977) detected three types of resistance plasmids in Salmonella strains
from different countries. According to the authors, plasmids of the Fy,. type confer
resistance to penicillin, ampicillin and streptomycin, whereas, for example, resistance to
furazolidone in all Salmonella isolates from Israel was considered to be chromosomal.
Mohan et al. (1995) determined the plasmid profile of Salmonella strains isolated from
different regions in India and found a large diversity of small plasmids (2.7 to 8.3 kb) in
strains resistant to ampicillin, chloramphenicol, kanamycin, streptomycin,
sulphamethoxazole, tetracycline and trimethoprim.
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In one study, salmonelas isolated from food animals were found to carry CMY-2, a plasmid-
mediated AmpC-like B-lactamase (Winokur et al., 2001). Doublet et al. (2004) found florR (a
florfenicol resistance gene) and blacmy-2 plasmids to be responsible for resistance to wide-
spectrum cephalosporines in salmonelas isolated from clinical samples, animals and foods
in the US. The authors added that the use of phenicols in animal farming environments may
place a selective pressure on organisms and favor the dissemination of blacmy-2 plasmids. In
addition, florR is known to confer cross-resistance to chloramphenicol.

Kumar et al. (2010) found evidence that tropical seafood can serve as vehicle for resistant
salmonela strains, some of which resistant to as many as four antibiotics (sulfamethizole,
carbenicillin, oxytetracycline and nalidixic acid). The authors also identified low-molecular-
weight plasmids in the Salmonella serovars Braenderup, Lindenburg and Mbandaka.

Six isolates of Salmonella serovar Saintpaul from samples of shrimp and fish from India,
Vietnam and Saudi Arabia presented one or more resistance plasmids of varying size (2.9 to
86 kb). One of these carried a Incll plasmid (Akiyama et al., 2011).

As discussed above, the indiscriminate use of antibiotics in aquaculture is one of the major
causes of the emergence of resistant bacteria in the environment. Several of the mechanisms
of resistance in Salmonella have been investigated, especially with regard to beta-lactams
(Alcaine et al., 2007) and quinolones (Piddock et al., 1998; Piddock, 2002)—two families of
antibiotics widely used in aquaculture.

4. Conclusion

The growing incidence of Salmonella in tropical aquaculture environments is a worldwide
concern which may have local impacts (in the culture area) or global impacts (considering
the dynamics of the international seafood market). Human health and environmental
balance are further threatened by the emergence of salmonelas resistant to antibiotics
employed in farming, in some cases mediated by mobile genetic elements. The elimination
of sources of fecal pollution from tropical areas used for aquaculture seems to be the main
strategy for minimizing the risk of transference of salmonelas to foods destined for human
consumption. As a final consideration, studies should be encouraged on the presence,
antibacterial susceptibility and mechanisms of resistance in salmonelas occurring in tropical
areas destined for culture of fish, crustaceans and mollusks.

5. References

Akinbowale OL, Peng H, Barton MD. Antimicrobial resistance in bacteria isolated from
aquaculture sources in Australia. Journal of Applied Microbiology, v. 100, p. 1103-
1113, 2006.

Akiyama T, Khan AA, Cheng CM, Stefanova R. Molecular characterization of Salmonella
enteric serovar Saintpaul isolated from imported seafood, pepper, environmental
and clinical samples. Food Microbiology, v. 28, p. 1124-1128, 2011.

Alcaine SD, Warnick LD, Martin W. Antimicrobial Resistance in Nontyphoidal Salmonella.
Journal of Food Protection, v. 70, n. 3, p. 780-790, 2007.

Anderson ES, Threlfall EJ, Carr JM, Mcconnell MM, Smith HR. Clonal distribution of
resistance plasmid-carrying Salmonella typhimurium, mainly in the Middle East.
Journal of Hygiene, v. 79, p. 425-448, 1977.

www.intechopen.com



202 Salmonella — A Diversified Superbug

Anderson ES, Threlfall EJ. The characterization of plasmids in the enterobacteria. Journal of
Hygiene, v. 72, p. 471-87, 1974.

Andrews WH, Hammack T. Salmonella. In: Bacteriological Analytical Manual. U.S. Food and
Drug Administration. 2011. Available in: http://www.fda.gov/Food/Science
Research/LaboratoryMethods/Bacteriological AnalyticalManualBAM/ default.htm.

Angulo FJ, Griffin PM. Changes in antimicrobial resistance in Salmonella enterica serovar
Typhimurium. Emerging Infectious Diseases, v. 6, n. 4, p. 436-437, 2000.

Asai Y, Kaneko M, Ohtsuka K, Morita Y, Kaneko S, Noda H, Furukawa I, Takatori K, Hara-
kudo Y. Samonella prevalence in seafood imported into Japan. Journal of Food
Protection, v. 71, n. 7, p. 1460-1464, 2008.

Bhaskar N, Setty TMR, Reddy GVS, Manoj YB, Anantha CS, Raghunath BS, Antony JM.
Incidence of Salmonella in cultured shrimp Penaeus monodon. Aquaculture, v. 138, p.
257-266, 1995.

Bhaskar N, Setty TMR, Mondal S, Joseph MA, Raju CV, Raghunath BS, Anantha CS.
Prevalence of bacteria of public health significance in the cultured shrimp Penaeus
monodon. Food Microbiology, v. 15, p. 511-519, 1998.

Birnboim HC, Doly J. A rapid alkaline extraction procedure for screening recombinant
plasmid DNA. Nucleic Acids Research, v. 7, n. 6, p. 1513-1523, 1979.

Boinapally K, Jiang X. Comparing antibiotic resistance in commensal and pathogenic
bacteria isolated from wild-caught South Carolina shrimps vs. farm-raised
imported shrimps. Canadian Journal of Microbiology, v. 53, n. 7, p. 919-924, 2007.

Bremer PJ, Fletcher GC, Osborne C. Salmonella in seafood. New Zealand Institute for Crop &
Food Research Limited, 2003.

Broughton EI, Walker DG. Prevalence of antibiotic-resistant Salmonella in fish in
Guangdong, China. Foodborne pathogens and disease, v. 6, n. 4, p. 519-521, 2009.

Cabello FC. Heavy use of prophylactic antibiotics in aquaculture: a growing problem for
human and animal health and for the environment. Environmental Microbiology,
v. 8, p. 1137-1144, 2006.

Carattoli A. Plasmid-mediated antimicrobial resistance in Salmonella enterica. Current Issues
in Molecular Biology, v. 5, p. 113-122, 2003.

Carvalho FCT, Barreto NSE, Reis CMF, Hofer E, Vieira RHSF. Susceptibilidade
antimicrobiana de Salmonella spp. Isoladas de fazendas de carciniculturas no
Estado do Ceara. Revista Ciéncia Agronomica, v. 40, n. 4, p. 549-556, 2009.

CLSI. Clinical and Laboratory Standards Institute. Performance Standards for Antimicrobial
Susceptibility Testing; Twentieth Informational Supplement: Supplement M100-
S19, Wayne, PA, USA, 2009.

Costa RA, Vieira GHF, Silva GC, Vieira RHSF, Sampaio SS. Susceptibilidade "in vitro" a
antimicrobianos de estirpes de Vibrio spp isoladas de camardes (Litopenaeus
vannamei) e de agua de criacdo destes animais provenientes de uma fazenda de
camardes no Ceara - Nota prévia. Brazilian Journal of Veterinary Research and
Animal Science, v. 45, n. 6, p. 458-462, 2008.

Dang H, Zhao J, Song L, Chen M, Chang Y. Molecular characterizations of chloramphenicol-
and oxytetracycline-resistant bacteria and resistance genes in mariculture waters of
China. Marine Pollution Bulletin, v. 58, n. 7, p. 987-994, 20009.

Dang ST, Petersen A, Van Truong D, Chu HT, Dalsgaard A. Impact of medicated feed on the
development of antimicrobial resistance in bacteria at integrated pig-fish farms in
Vietnam. Applied and Environmental Microbiology, v. 77, n. 13, p. 4494-4498, 2011.

Dalsgaard A. The occurrence of human pathogenic Vibrio spp. and Salmonella in aquaculture.
International Journal of Food Science and Technology, v. 33, p. 127-138, 1998.

www.intechopen.com



Antibiotic Resistance in Salmonella: A Risk for Tropical Aquaculture 203

Dalsgaard A, Huss HH, H-Kittikun A, Larsen JL. Prevalence of Vibrio cholerae and Salmonella
in a major shrimp production area in Thailand. International Journal of Food
Protection, v. 28, p. 101-113, 1995.

Del Cerro A, Marquez I, Prieto JM. Genetic diversity and antimicrobial resistance of
Flavobacterium psychrophilum isolated from cultured rainbow trout, Onchorynchus
mykiss (Walbaum), in Spain. Journal of Fish Diseases, v. 33, n. 4, p. 285-291, 2010.

Doublet B, Carattoli A, Whichard JM, White DG, Baucheron S, Chaslus Dancla E, Cloeckaert
A. Plasmid-mediated florfenicol and ceftriaxone resistance encoded by the floR and
blacmy-2 genes in Salmonella enterica serovars Typhimurium and Newport isolated
in the United States. FEMS Microbiology Letters, v. 233, n. 2, p. 301-305, 2004.

Fauconneau B. Health value and safety quality of aquaculture products. Revue de Médecine
Vétérinaire, v. 153, n. 5, p. 331-336, 2002.

Farias MF, Rocha-Barreira CA, Carvalho FCT, Silva CM, Reis EMF, Costa RA, Vieira RHSF.
Condigdes microbiolégicas de Tagelus plebeius (Lightfoot 1786) (Mollusca: Bivalvia:
Solecurtidae) e da dgua no estuario do rio Ceard, em Fortaleza-CE. Boletim do
Instituto de Pesca, v. 36, n. 2, p. 135-142, 2010.

Fernandez-Alarcén C, Miranda CD, Singer RS, Léopez Y, Rojas R, Bello H, Dominguez M,
Gonzalez-Rocha G. Detection of the floR gene in a diversity of florfenicol resistant
Gram-negative bacilli from freshwater salmon farms in Chile. Zoonoses and Public
Health, v. 57, n. 3, p.181-188, 2010.

Frech G, Schwarz S. Plasmid-encoded tetracycline resistance in Salmonella enteric subsp.
enterica serovars choleraesuis and typhimurium: identification of complete and
truncated Tn1721 elements. FEMS Microbiology Letters, v. 176, p. 97-103, 1999.

Frost JA, Rowe B, Ward LR, Threlfall EJ. Characterization of resistance plasmids and carried
phages in an epidemic clone of multi-resistant Salmonella typhimurium in India.
Journal of Hygiene, v. 88, p. 193-204, 1982.

Furushita M, Shiba T, Maeda T, Yahata M, Kaneoka A, Takahashi Y, Torii K, Hasegawa T,
Ohta M. Similarity of tetracycline resistance genes isolated from fish farm bacteria
to those from clinical isolates. Applied and Environmental Microbiology, v. 69, n. 9,
p. 5336-5342, 2003.

Glenn LM, Lindsey RL, Frank JF, Meinersmann R]J, Englen MD, Fedorka-Cray PJ, Frye JG.
Analysis of antimicrobial resistance genes detected in multidrug-resistant
Salmonella enterica serovar Typhimurium isolated from food animals. Microbial
Drug Resistance, 2011. DOI:10.1089/mdr.2010.0189.

Govender N, Smith AM, Karstaedt AS, Keddy KH. Plasmid-mediated quinolone resistance
in Salmonella from South Africa. Journal of Medical Microbiology, v. 58, p. 1393-
1394, 2009.

Hatha AAM, Rao NPB. Bacteriological quality of individually quick-frozen (IQF) raw and
cooked ready-to-eat shrimp produced from farm raised black tiger shrimp (Penaeus
monodon). Food Microbiology, v. 15, p. 177-183, 1998.

Hatha AAM, Magbool TK, Kumar SS. Microbial quality of shrimp products of export trade
produced from aquacultured shrimp. International Journal of Food Microbiology,
v. 82, p. 213-221, 2003.

Heinitz ML, Ruble RD, Wagner DE, Tatini SR. Incidence of Salmonella in fish and seafood.
Journal of Food Protection, v. 63, n. 5, p. 579-592, 2000.

Heuer OE, Kruse H, Grave K, Collignon P, Karunasagar I, Angulo FJ. Human health
consequences of use of antimicrobial agents in aquaculture. Clinical Infectious
Diseases, v. 49, p. 1248-1253, 2009.

www.intechopen.com



204 Salmonella — A Diversified Superbug

Holmstrom K, Graslund S, Wahlstrom A, Poungshompoo S, Bengtsson BE, Kautsky N.
Antibiotic use in shrimp farming and implications for environmental impacts and
human health. International Journal of Food Science and Technology, v. 38, p. 255-
266, 2003.

Jones JG, Gardener S, Simon BM, Pickup RW. Factors affecting the measurement of
antibiotic resistance in bacteria isolated from lake water. Journal of Applied
Microbiology, v. 60, n. 5, p. 455-462, 1986.

Khan AA, Cheng CM, Khanh TV, Summage-West C, Nawaz MS, Khan SA. Characterization
of class 1 integron resistance gene cassettes in Salmonella enteric serovars Oslo and
Bareily from imported seafood. Journal of Antimicrobial and Chemotherapy, v. 58,
p. 1308-1310, 2006.

Kimura B, Kawasaki S, Fujii T, Kusunoki J, Ithoh T, Flood SJ. Evaluation of TagMan PCR
assay for detecting Salmonella in raw meat and shrimp. Journal of food protection,
v. 62, n. 4, p. 329-335, 1999.

Koonse B, Burkhardt III W, Chirtel S, Hoskin GP. Salmonella and the sanitary quality of
aquacultured shrimp. Journal of Food Protection, v. 68, n. 12, p. 2527-2532, 2005.

Krumperman PH. Multiple antibiotic resistance indexing of Escherichia coli to indentify high-
risk sources of fecal contamination of foods. Applied and Environmental
Microbiology, v. 46, p. 165-170, 1983.

Kumar HS, Sunil R, Venugopal MN, Karunasagar I, Karunasagar I. Detection of Salmonella
spp. in tropical seafood by polymerase chain reaction. International Journal of
Food Microbiology, v. 88, p. 91-95, 2003.

Kumar R, Surendran PK, Thampuran N. Analysis of antimicrobial resistance and plasmid
profiles in Salmonella serovars associated with tropical seafood of India. Foodborne
Pathogens and Disease, v. 6, n. 5, p. 621-625, 2009.

Kumar R, Surendran PK, Thampuran N. Distribuition and genotypic characterization of
Salmonella serovars isolated from tropical seafood of Cochin, India. Journal of
Applied Microbiology, v. 106, p. 515-524, 2009.

Kumar R, Surendran PK, Thampuran N. Rapid quantification of Salmonella in seafood using
real-time PCR assay. Journal of Microbiology and Biotechnology, v. 20, n. 3, p. 569-
573, 2010.

Le TX, Munekage Y, Kato S. Antibiotic resistance in bacteria from shrimp farming in
mangrove areas. The Science of the Total Environment, v. 349, p. 96-105, 2005.

Lagana P, Caruso G, Minutoli E, Zaccone R, Santi D. Susceptibility to antibiotics of Vibrio
spp. and Photobacterium damsela ssp. piscicida strains isolated from Italian
aquaculture farms. The New Microbiologica, v. 34, n. 1, p. 53-63, 2011.

Ling ML, Goh KT, Wang GCY, Neo KS, Chua T. An outbreak of multidrug-resistant
Salmonella enterica subsp. enterica serotype Typhimurium, DT104L linked to dried
anchovy in Singapore. Epidemiology and Infection, v. 128, p. 1-5, 2002.

Malorny B, Paccassoni E, Fach P, Bunge C, Martin A, Helmuth R. Diagnostic Real-Time PCR
for Detection of Salmonella in Food. Applied and Environmental Microbiology, v.
70, n. 12, p. 7046-7052, 2004.

McCoy E, Morrison J, Cook V, Johnston ], Eblen D, Guo C. Foodborne agents associated
with the consumption of aquaculture catfish. Journal of Food Protection, v. 74, n. 3,
p. 500-516, 2011.

Millanao AB, Barrientos MH, Gémez GC, Tomova A, Buschmann A, Dolz H, Cabello FC.
Uso inadecuado y excesivo de antibidticos: Salud publica y salmonicultura em
Chile. Revista Médica de Chile, v. 139, p. 107-118, 2011.

www.intechopen.com



Antibiotic Resistance in Salmonella: A Risk for Tropical Aquaculture 205

Mirza S, Kariuki S, Mamun KZ, Beeching NJ, Hart CA. Analysis of plasmid and
chromosomal DNA of multidrug-resistant Salmonella enterica Serovar Typhi from
Asia. Journal of Clinical Microbiology, v. 38, n. 4, p. 1449-1452 2000.

Molina-Aja A, Garcia-Gasca A, Abreu-Grobois A, Bolan-Mejia C, Roque A, Gomez-Gil B.
Plasmid profiling and antibiotic resistance of Vibrio strains isolated from cultured
penaeid shrimp. FEMS Microbiology Letters, v. 213, p. 7-12, 2002.

Mohan VP, Sharma KB, Agarwal DS, Purnima G, Pillai PR. Plasmid profile and phage type of
Salmonella typhimurium strains encountered in different regions of India. Comparative
Immunology, Microbiology and Infectious Diseases, v. 18, n. 4, p. 283-290, 1995.

Newaj-Fyzul A, Mutani A, Ramsubhag A, Adesiyun A. Prevalence of bacterial pathogens
and their anti-microbial resistance in Tilapia and their pond water in Trinidad.
Zoonoses and Public Health, v. 55, n. 4, p. 206-213.

Ogasawara N, Tran TP, Ly TLK, Nguyen TT, Iwata T, Okatani AT, Watanabi M, Taniguchi
T, Hirota Y, Hayashidani H. Antimicrobial susceptibilities of Salmonella from
domestic animals, food and human in the Mekong delta, Vietnam. The Journal of
veterinary medical science, v. 70, n. 11, p. 1159-1164, 2008.

Ogbondeminu FS. The occurrence and distribution of enteric bacteria in fish and water of
tropical aquaculture ponds in Nigeria. Journal of Aquaculture in the Tropics, v. 8,
n. 1, p. 61-66. 1993.

Parente LS, Costa RA, Vieira GHF, Reis EMF, Hofer E, Fonteles AA, Vieira RHSF. Bactérias
entéricas presentes em amostras de dgua e camarao marinho Litopenaeus vannamei
oriundos de fazendas de cultivo no Estado do Cear4, Brasil. Brazilian Journal of
Veterinary Research and Animal Science, v. 48, n. 1, p. 46-53, 2011.

Patra S, Das TK, Gosh SCh, Sarkar D, Jana BB. Cadmium tolerance and antibiotic resistance
of Pseudomonas sp. isolated from water, sludge and fish raised in wastewater-fed
tropical ponds. Indian Journal of Experimental Biology, v. 48, n. 4, p. 383-393, 2010.

Peirano G, Agerso Y, Aarestrup FM, Reis EMF, Rodrigues DP. Occurrence of integrons and
antimicrobial resistance genes among Salmonella enterica from Brazil. Journal of
Antimicrobial Chemotherapy, v. 58, p. 305-309, 2006.

Piddock L]V, Ricci V, McLaren I, Griggs DJ. Role of mutations in the gyrA and parC genes of
nalidixic-acid-resistant Salmonella serotypes isolated from animals in the United
Kingdom. The Journal of antimicrobial chemotherapy, v. 41, n. 6, p. 635-642, 1998.

Piddock LJV. Fluoroquinolone resistance in Salmonella serovars isolated from humans and
food animals. FEMS Microbiology Reviews, v. 26, n. 1, p. 3-16, 2002.

Ponce E, Khan AA, Cheng C-M, Summage-West C, Cerniglia CE. Prevalence and
characterization of Salmonella enteric serovar Weltevreden from imported seafood.
Food Microbiology, v. 25, p. 29-35, 2008.

Raj KT, Jeyasekaran G, Shakila R], Thangarani AJ, Sukumar D. Multiplex polymerase chain
reaction assay for the detection of Salmonella enteric serovars in shrimp in 4 h.
Journal of Bacteriology Research, v. 3, n. 3, p. 56-62, 2011.

Reboucas RH, Sousa OV, Lima AS, Vasconcelos FR, Carvalho PB, Vieira RHSF.
Antimicrobial resistance profile of Vibrio species isolated from marine shrimp
farming environments (Litopenaeus vannamei) at Ceard, Brazil. Environmental
Research, v. 111, p. 21-24, 2011.

Reilly PJ, Twiddy DR. Salmonella and Vibrio cholerae in brackishwater cultured tropical
prawns. International Journal of Food Microbiology, v. 16, n. 4, p. 293-301, 1992.

Ribeiro RV, Reis EMF, Reis CMF, Freitas-Almeida AC, Rodrigues DP. Incidence and
antimicrobial resistance of enteropathogens isolated from an integrated
aquaculture system. Letters in Applied Microbiology, v. 51, p. 611-618, 2010.

www.intechopen.com



206 Salmonella — A Diversified Superbug

Sapkota A, Sapkota AR, Kucharski M, Burke ], McKenzie S, Walker P, Lawrence R.
Aquaculture practices and potential human health risks: Current knowledge and
future priorities, v. 34, p. 1215-1226, 2008.

Seyfried EE, Newton R], Rubert IV KF, Pedersen JA, McMahon KD. Occurrence of
tetracycline resistance genes in aquaculture facilities with varying use of
oxytetracycline. Microbial Ecology, v. 59, p. 799-807, 2010.

Shabarinath S, Sanath Kumar H, Khushiramani R, Karunasagar I, Karunasagar 1. Detection
and characterization of Salmonella associated with tropical seafood. International
Journal of Food Microbiology, v. 114, n. 2, p. 227-33, 2007.

Silva A.I.M., Vieira R.H.S.F., Menezes F.G.R., Lima L.N.G.C., Nascimento S.M.M., Carvalho
F.C.T. Bactérias fecais em ostras, Crassostrea rhizophorae. Arquivos de Ciéncias do
Mar, v. 36, p. 63-66, 2003.

Tamang M.D., Nam H.M., Kim T.S,, Jang G.C,, Jung S.C., Lim S.K. Emergence of extended-
spectrum {beta}-lactamase (CTX-M-15 and CTX-M-14) - producing nontyphoid
Salmonella with reduced susceptibility to ciprofloxacin among food animals and
humans in Korea. Journal of Clinical Microbiology, v. 49, n. 7, p. 2671-2675, 2011.

Tamminen M., Karkman A., Ldhmus A., Muziasari W.I.,, Takasu H., Wada S., Suzuki S., Virta
M. Tetracycline resistance genes persist at aquaculture farms in the absence of
selection pressure. Environmental Science & Technology, v. 45, n. 2, p. 386-391, 2010.

Upadhyay B.P., Utrarachkij F., Thongshoob ]., Mahakunkijcharoen Y., Wongchinda N.,
Suthienkul O., Khusmith S. Detection of Salmonella invA gene in shrimp
enrichment culture by polymerase chain reaction. The Southeast Asian Journal of
Tropical Medicine and Public Health, v. 41, n. 2, p. 426-435, 2010.

Ubeyratne K.H., Hildebrandt G., Kleer J., Khattiya R., Padungtod P. Microbiological quality
of marketed Penaeus Monodon shrimps in north western province, Sri Lanka.
Proceedings, The 15t Congress of FAVA. OIE Joint Symposium on Emerging
Diseases Bangkok, Thailand, p. P63-P65, 2008.

Vieira RH.S.F., Carvalho EEM.R., Carvalho F.C.T, Silva C.M., Sousa O.V., Rodrigues D.P.
Antimicrobial susceptibility of Escherichia coli isolated from shrimp (Litopenaeus
vannamei) and pond environment in northeastern Brazil. Journal of Environmental
Science and Health. Part. B, Pesticides, Food Contaminants, and Agricultural
Wastes, v. 45, n. 3, p. 198-203, 2010.

Velge P., Cloeckaert A., Barrow P. Emergence of Salmonella enterica serotype Enteritidis and
multiple antibiotic resistance in other major serotypes. Veterinary Research, v. 36,
p. 267-288, 2005.

Wang Z., Rossman T.G.. Large-scale supercoiled plasmid preparation by acidic phenol
extraction. Biotechniques, v. 16, n. 3, p. 460-463, 1994.

Winokur P.L., Vonstein DL, Hoffman L.J., Uhlenhopp E.K., Doern G.V. Evidence for
Transfer of CMY-2 AmpC [-Lactamase Plasmids between Escherichia coli and
Salmonella isolates from food animals and humans. Antimicrobial Agents and
Chemotherapy, v. 45, n. 10, p. 2716-2722, 2001.

Zhao S., Datta A.R., Ayers S., Friedman S., Walker R.D., White D.G. Antimicrobial-resistant
Salmonella serovars isolated from imported foods. The International Journal of
Food Microbiology, v. 84, p. 87-92, 2003.

www.intechopen.com



Salmonella - A Diversified Superbug
SALMONELLA Edited by Mr. Yashwant Kumar

A DIVERSEFED SUPERBUG

Ekted By Yahwant Kumas

ISBN 978-953-307-781-9

Hard cover, 576 pages

Publisher InTech

Published online 20, January, 2012
Published in print edition January, 2012

Salmonella is an extremely diversified genus, infecting a range of hosts, and comprised of two species:
enterica and bongori. This group is made up of 2579 serovars, making it versatile and fascinating for
researchers drawing their attention towards different properties of this microorganism. Salmonella related
diseases are a major problem in developed and developing countries resulting in economic losses, as well as
problems of zoonoses and food borne iliness. Moreover, the emergence of an ever increasing problem of
antimicrobial resistance in salmonella makes it prudent to unveil different mechanisms involved. This book is
the outcome of a collaboration between various researchers from all over the world. The recent advancements
in the field of salmonella research are compiled and presented.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Renata Albuquerque Costa, Fatima Cristiane Teles de Carvalho and Regine Helena Silva dos Fernandes
Vieira (2012). Antibiotic Resistance in Salmonella: A Risk for Tropical Aquaculture, Salmonella - A Diversified
Superbug, Mr. Yashwant Kumar (Ed.), ISBN: 978-953-307-781-9, InTech, Available from:
http://www.intechopen.com/books/salmonella-a-diversified-superbug/antibiotic-resistance-in-salmonella-a-risk-
for-tropical-aquaculture

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE BHIERFARK6SS HiBEFR R ARIRE I AE40582TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2012 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Atiribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.




