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Isolation and Characterisation of Salmonella spp. from Water in 

Aquaculture Farms. 

Scholastica Ramih Anak Bunya 

Resource Biotechnology Programme 
Faculty of Resource Science and Technology 

Universiti Malaysia Sarawak 

ABSTRACT 

Aquaculture has become one of the world largest industries due to high demand of aquaculture products as 
a part of food supply. In Malaysia, aquaculture especially in freshwater pond aquaculture has developed 
quickly and become an important activity. In spite of that, chloramphenicol, one of the banned antibiotics 
in aquaculture, is illegal used of this antibiotic become a major concern due to the safety of consumer 
which depends on the development of drug resistant strains in bacterial Salmonella spp. Due to the 
circumstances stated above, the objectives of this study were to isolate the Salmonella spp. from water in 
both traditional and commercial farm, to detect the chloramphenicol resistance gene in Salmonella spp. 
isolated from both traditional and commercial farm and to determine the susceptibility of Salmonella spp. 
towards chloramphenicol by using antibiotic susceptibility test. Salmonella spp. that isolated from 
aquaculture farms were grown selectively on XLD agar and assessed for antibiotic susceptibility test using 
chloramphenicol disks. The corresponding chloramphenicol resistance genes in the isolates were detected 
by specific PCR which targeted the catP gene. The chloramphenicol susceptibility test showed that 15 
(79%) isolates were susceptible towards chloramphenicol, while 4 (21 %) isolates were intermediate 
resistance to chloramphenicol. Based on this study, 17 out of 20 isolates including the Salmonella spp. 
control were detected with catP gene. These findings provided information on chloramphenicol resistance 
profiles of Salmonella spp. in aquaculture farms to control the usage of antibiotics in aquaculture. 

Keywords: Traditional and commercial aquaculture, Salmonella spp., chloramphenicol, catP gene, 
antibiotic susceptibility test 

ABSTRAK 

Akuakultur merupakan salah satu industri yang terbesar di dunia kerana permintaan produk akuakultur 
sebagai sumber makanan semakin meningkat. Di Malaysia, akuakultur seperti akuakultur kolam air tawar 
semakin berkembang dan telah menjadi salah satu aktiviti yang penting. Kloramfenikol merupakan antara 
antibiotik yang telah diharamkan dalam akuakultur. Penggunaan ini secara haram telah memberi 
kebimbangan dari segi keselamatan pengguna yang bergantung pada perkembangan antibiotik resisten di 
dalam spesies Salmonella. Oleh itu, objektif utama kajian ini adalah untuk mengenalpasti kewujudan 
spesies Salmonella dari kolam tradisional dan kolam komersial. Seterusnya, mengenalpasti kehadiran gen 
resisten kloramfenikol dan sensitiviti spesies Salmonella terhadap kloramfenikol melalui ujian sensitiviti 
antibiotik. Isolasi spesies Salmonella dari kolam akuakultur yang telah dikultur pada agar XLD akan diuji 
dengan ujian sensitiviti antibiotik menggunakan disk kloramfenikol. Kemudiannya diteruskan lagi dengan 
mengenalpasti gen resisten kloramfenikol melalui PCR spesifik yang mensasarkan gen catP. Ujian 
sensitiviti kloramfenikol menunjukkan bahawa 15 (79%) isolasi didapati sensetif terhadap kloramfenikol, 
manakala 4 (21%) lagi isolasi sensitif pada tahap sederhana. Berdasarkan kajian ini, 17 daripda 20 isolasi 
termasuklah kontrol spesies Salmonella telah didapati mempunyai gen catP. Segala hasil penemuan dari 
kajian ini dapat menyumbangkan maklumat tambahan mengenai profil resisten untuk spesies Salmonella 
terhadap kloramfenikol di kolam akuakultur. Sejurus itu, ianya dapat membantu pengawalan penggunan 
antibiotik di kolam akuakultur. 

Kata kunci: Akuakultur tradisional dan komersial, spesies Salmonella, kloramfenikol, gen catP, ujian 
sensitiviti antibiotik 
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1.0 Introduction 

The Fish and Agriculture Organization of the United States (F AO) definition of 

aquaculture is defined as the farming of aquatic organisms, including fish, molluscs, 
~ 

crustaceans and aquatic plants. Meanwhile, farming indicates the action in the fostering 

process to increase the production, such as everyday stocking, feeding, and protection from 

predators. According to the Hishamunda & Ridler (2002), many definitions are possible to 

classify commercial farm and non-commercial farm (traditional). The commercial farm has 

a tendency to hire workers, but for the non-commercial farm, it is primarily a family farm 

which is depending on the household for labour. As for the non-commercial farm, the 

output that not consumed by the family will be sell in their neighbourhood. Meanwhile, as 

for the commercial farm, the output must be in higher quantity because the products will be 

sold off the farm. 

Aquaculture is an important sector especially in aquaculture industry as it 

worldwide provider of protein sources. However, the worsening of aquaculture practices 

has caused harm to the environment by releases of concentrated organic wastes. This lead 

to the depletion of dissolved oxygen in ponds and increment of toxic metabolites which 

can cause mortality. Under these conditions, aquatic organisms are experiencing high­ 

stress conditions, the occurrence of diseases and productivity reduction (Mohamed et al., 

2000). The prevention and control of animal diseases have focused on the application of 

antimicrobial agents in the commercial fish farm in order to fight bacterial infections and 

to increase growth as well as feed efficiency in fish (Kathleen et al., 2016). These practices 

cause the emergence of the reservoirs of antimicrobial-resistant bacteria in fish and also 

aquatic environment including water. 

1 



Salmonella spp. is a gram-negative and rod-shaped bacteria that cause 

salmonellosis, whereas pathogenic bacteria cause acute gastroenteritis and enteric fever 

• (only if it is Typhi and Paratyphi A in humans (Hohmann, 2001). The outbreaks of 

salmonellosis due to smoked eel consumption which was linked to aquaculture farms in 

Italy have been reported in Germany (Fell et al., 2000). According to Hradecka et al. 

(2008), fishes can act as a vehicle for Salmonella transference where it can be pathogenic 

to humans and have high ability to mediate its antibiotic resistance gene to other pathogens 

through plasmids. The contamination by Salmonella can occur through polluted water, 

infected food handlers or cross-contamination during production or transport. Poor 

hygienic practices during handling and transportation caused a high prevalence of 

Salmonella (Carrasco et al., 2012). 

Chloramphenicol is known as one of the most effective agents for treatment of 

Salmonella spp. especially Salmonella typhi (Shanahan et al., 1998). The usage of a 

chloramphenicol in the medical field is also used in aquaculture as chemotherapeutic agent 

to control diseases or as a disinfectant to prevent diseases. However, chloramphenicol has 

become one of the banned antibiotics in Asian aquacultures because the overuse of this 

antibiotic able to caused antimicrobial resistance in Salmonella (Lu et al., 2009). The other 

ways for chloramphenicol to expose to the environment is via uneaten feeds or waste 

products of aquatic animals (Lunestad et al., 2007). Therefore, the presence of Salmonella 

in aquaculture farms needs to be identified due to the unknown distribution of 

chloramphenicol resistance in that area. 
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Problem Statements: 

1. The overuse of antibiotic agents in commercial aquaculture farm may lead to the 

emergence of antibiotic-resistant bacteria in the water. 
~ 

2. The availability of information on the antibiotic susceptibility of Salmonella spp. 

from water in commercial and traditional aquaculture farms are still lacking. 

The objectives of this project are: 

1. To compare the Salmonella spp. isolates from water in commercial farm and 

traditional farm. 

2. To determine the chloramphenicol susceptibility of the Salmonella spp. isolates 

from water in commercial farm and traditional farm. 

3. To detect the chloramphenicol resistance gene (catP) of Salmonella spp. isolates 

from water in commercial farm and traditional farm. 

Hypothesis: 

There is higher antibiotic resistance in Salmonella spp. isolates from the water at 

commercial aquaculture farm compared to Salmonella spp. isolates from water at 

traditional aquaculture farm due to antibiotics feed in commercial aquaculture farm. 

3 



2.0 Literature Review 

2.1 The Outbreaks of Salmonella spp. 

Salmonella spp. is a gram negative, rod-shaped, flagellated and facultative 

anaerobe bacteria that cause salmonellosis and enteric fever (Salmonella typhi) (Gal-Mor 

et al., 2014). In Malaysia, the recent cases involving Salmonella spp. was reported in 

Sarawak. According to the Ministry of Health for the year of 2017, there were 9 typhoid 

cases reported in Belaga and Kapit division. Besides, in 2014, more than 150 students at a 

boarding school in Kuala Nerang, Malaysia was reported with a foodbome illness caused 

by contaminated Salmonella spp. in improperly preserved chicken. The prevalence of 

Salmonella spp. in ducks, their rearing and processing environment was also reported 

(Adzitey et al., 2012). 

2.2 Salmonella spp. in Aquaculture 

Aquatic environments were the major reservoirs of Salmonella spp. The U.S. Food 

and Drug Administration (US-FDA) also mentioned the presence of Salmonella spp. in 

fishes and shellfishes. They can act as a transport for Salmonella transmission and become 

pathogenic to humans. They also have a high potential to transmit its antibiotic resistance 

gene to other pathogens by plasmids (Hradecka et al., 2008). The ability for bacteria to 

cause the development of resistance in fish pathogens became a concern to worldwide 

(Schnick, 2001 ). In Asia-Pacific, the aquaculture fishes were feed by commercial and 

homemade feeds. Examples of homemade feeds were chicken viscera, kitchen refuse, 

chicken bone, and other food waste materials. In the previous study by Lunestad et al. 

(2007), homemade feeds can become a source of pathogenic bacteria such as Salmonella 

spp. which can be transmitted to catfish and tilapia and then to the consumers. 
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2.3 Biochemical Tests for Identification of Salmonella spp. 

The biochemical test for identification and characterisation of Salmonella spp. are 

Klinger Iron Agar (KIA) test, and Methyl Red test. Klinger Iron Agar is a combination of 

lead acetate medium and Sugar Russell Agar which used for differentiation of typhoid, 

dysentery and allied bacilli. This agar was able to differentiate between the lactose 

fermenters with non-fermenters. Non-lactose fermenters produced a yellow slant and butt 

due to dextrose fermentation, but when the dextrose is depleted, re-oxidation occurred and 

the slant turned to red (alkaline). However, when lactose fermentation occurred, a large 

amount of acid was produced and the whole medium turned yellow. The colour remained 

yellow because it had enough acid to maintain the acid pH. The gas production was 

indicated by the presence of bubbles, splits, and cracked in the medium. The H5S 

production also can be detected by the appearance of black precipitate (Lanyi, 1987). 

Methyl Red is a pH indicator that used to test the production of acid. The only 

organism that able to maintain the low pH (4.4) after a prolonged incubation can be stated 

as methyl red positive since many Enterobacteriaceae species are able to produce strong 

acid. For organisms that produce lesser acid, they will develop an intermediate orange 

colour between yellow and red which indicate a negative test (Lanyi, 1987). 

2.4 Disk Diffusion Assays 

The different bacterium has different degrees of susceptibility. According to the 

study by Tortora et al. (2007), the degree of susceptibility depends on the antibiotic tested 

and bacteria species. It is important to observe the antibiotic patterns since the degree of 

susceptibility of bacteria does not maintain. Kirby-Bauer disk diffusion susceptibility test 

is used to determine the sensitivity or resistance of pathogenic aerobic and facultative 
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anaerobic bacteria to different antimicrobial compounds. Bacteria are grown on Mueller­ 

Hinton agar in the presence of different antimicrobial impregnated filter paper disks. After 

incubation for 18 to 24 hours, the availability of growth around the disks will be an indirect 

measure of the ability of the compound to inhibit the bacteria (Hudzicki, 2009). The 

Clinical Laboratory Standards Institute (CLSI) is the one responsible for updating the 

procedure of Kirby and Bauer by the global consensus process. The guidelines for the zone 

of inhibition are included in their publications (Franklin et al., 2012). 

2.5 Antibiotic Resistance Pattern in Salmonella spp. 

Antibiotics also defined as antimicrobial drugs which are used for treatment and 

prevention of infections. The resistance can be obtained by horizontal acquisition of 

resistance genes, mobilized via insertion sequences, transposons, by recombination of 

foreign DNA into the chromosome, or by mutations in different chromosomal loci. 

However, according to Holt et al. (2008), the mechanisms of antibiotic resistance in 

Salmonella was arises due to acquisition of foreign genes via plasmids and mutation on the 

chromosome. For example, the first cases due to Salmonella typhi carrying plasmid­ 

encoded resistance to chloramphenicol, ampicillin, and co-trimoxazole were reported from 

East Asia as mentioned by Mirza et al. (2000). Salmonella typhi refused the activity of 

antibiotics by inactivation of the antibiotic agent, efflux or transport of the antimicrobial, 

modification of the antibiotic target site and reduced the permeability of the antibiotic 

agent (Denyer et al., 2011 ). 

According to Yoon et al. (2017), ampicillin-chloramphenicol were the most highly 

observed antibiotic resistance pattern among Salmonella spp. Both antibiotics were used to 

treat bacterial diseases such as meningitis, salmonellosis, and endocarditis. A combination 
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