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ABSTRACT 

Salmonella spp. is a pathogenic bacterium that is widely distributed in environment. 
Salmonella cause a broad range of infections, including gastroenteritis, enteric fever, 
bacteremia, endovascular infections, osteomyelitis and abscesses. Salmonella is most 
commonly transmitted through contaminated food or water. This study was conducted to 
detect the presence of Salmonella typhimurium and S. enteritidis together with the analysis of 
water quality at recreational water; Unimas lake and Ranchan Waterfall Park. Total coliform 
using MPN method is used as a level of indicator to detect the presence of coliform bacteria. 
Identification of Salmonella spp. that includes culture methods based on selective media 
followed by identification methods involving phenotypic characterization through gram 
staining. Multiplex PCR was used to detect the Salmonella tyhimurium and S. enteritidis with 
the used of primers Sef t67 and Sef 478 and Tym and Fli 15. The correlation between the 
occurence of Salmonella spp. with the physiochemical parameter (temperature and pH) also 
being studies. Thirteen Salmonella enteritidis were isolated in the course of the study that 
targeting the 312 bp of sefA gene and none of S. typhimurium was isolated that targeting 559 
bp ofjliC gene. 

Keywords: Salmonella tyhimurium, S. enteritidis, recreational water, MPN, Multiplex PCR 

ABSTRAK 

Salmonella sp. adalah bakteria patogenik yang terdapat dalam alam sekitar. Salmonella 
menyebabkan pelbagai jangkitan, termasuk gastroenteritis, demam enterik, bakteremia, 
jangkitan endovaskular, dan jangkitan seperti osteomielitis dan abses. Umumnya, Salmonella 
tersebar melalui makanan atau air yang tercemar. Kajian ini telah dijalankan untuk 
mengesan kehadiran Salmonella typhimurium dan S. enteritidis bersama-sama dengan 
analisis kualiti air di kawasan rekreasi; tasik Unimas dan Ranchan Waterfall Park. Jumlah 
koliform menggunakan kaedah MPN digunakan untuk mengesan kehadiran bakteria 
patogenik. Pengenalpasti Salmonella sp. Menggunakan kaedah pengkulturan berdasarkan 
media terpilih dUkuti dengan kaedah pengenalan yang melibatkan pencirian fenotip melalui 
pewarnaan gram dan lIjian biokimia. Multiplex PCR telah digunakan untuk mengesan 
Salmonella tyhimurium dan S. enteritidis dengan menggunakan primer Sef 167 dan Sef 478 
dan Tym dan Fli 15. Hubungan antara berlakunya Salmonella spp. dengan parameter 
jisiokimia (suhu dan pH) juga menjadi kajian. Dalam kajian ini, tiga belas sampel positif 
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Salmonella enteritidis yang mensasarkan 312 bp daripada gen sefA dan tiada sampel positif 
S. typhimurium yang mensasarkan 559 bp gen fiie. 


Kata kunci: Salmonella typhimurium, S. enteritidis, air rekreasi, MPN, Multiplex peR 
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1.0 INTRODUCTION 


Recreational waters are considered to be any natural fresh marine or estuarine 

bodies of water that include lakes and rivers, as well as human-made constructions (e.g. 

quarries, artificial lakes) that are filled with untreated natural waters. Microbiological 

impurities in surface water have been always one of major concerns for recreational water 

bodies. Water quality failures may result when recreational waters are not monitored on a 

regular basis as this often related with the presence of pathogenic microorganisms. About 

80% of communicable diseases in the world are waterborne. According to WHO, In India 

70% of the water is seriously polluted and 75% of illness and 80% of the child mortality is 

attributed to water pollution. Various human enteric pathogens such as Salmonella spp., 

and Shigella spp., (Savichtcheva et al., 2007), and enteric viruses such as adenoviruses, 

noroviruses (Fong et al., 2005; Haramoto et aI., 2005) have been found in surface waters 

due to human fecal pollution. 

Salmonella spp. was discovered by Theobald Smith in 1885, and named after the 

administrator of the research program, Daniel Elmer Salmon. They have been considered 

as one of the most important foodborne pathogens, all around the world (Gillespie et al., 

2003; Malorny et al., 2003a). Among these potential microorganisms, Salmonella enterica 

serovar Typhimurium and Salmonella enterica serovar Enteritidis are the most frequently 

isolated serovar from foodborne outbreaks throughout the world (Herikstad et al., 2002). 

Salmonella spp. is one of the causative agents for a wide range of intestinal diseases, 

namely Saimonellasis, showing symptoms such as fever, abdominal pain, diarrhea and 

nausea. 

Salmonella spp. responsible for water borne disease is spread by the fecal-oral 

route, in which water may play an intermediate role. Faecal coliform is .important 

microbial indicator to indicate water quality. McCrady was introduced the multiple tube 
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that has been widely used for estimating numbers of particular organisms in water. The 

MPN method of coliform bacteria testing that based on color changes also provide an 

estimate of the number of bacteria present, which use a statistical relationship to estimate 

the number of bacteria in water sample based on color changes in multiple test tubes. The 

higher the level of indicator bacteria, the higher the level of faecal contamination and the 

greater the risk ofwater borne diseases. 

In recent times peR based methodologies have been widely used for the 

quantitative detection of various pathogenic microorganisms in environmental waters (Guy 

et aI., 2003; Horman et al., 2004; Sails et al., 2002). peR such as Multiplex peR provides 

us with a specific method and superior ability to detect Salmonella tyhimurium with the 

used of primers Sef 167 and Sef478 to detect JUC gene and S. enteritidis using Tym and 

Fli 15 primers to detect sefA gene in the presence of other bacteria simultaneously (Yan et 

al., 2010; Malkawi et al. 2004). 

Thus, the main objective of this study conducted was to investigate the occurrence 

of Salmonella spp. in recreational water with the aid of multiplex peR to detect the 

Salmonella typhimurium and S. enteritidis. The quality of water was also being recorded 

together with the correlation between the occurrence of Salmonella spp. with the 

physiochemical parameter (temperature and pH). 
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Objectives 

1. 	 To determine the microbiological water quality of Unimas lake and Ranchan 

Waterfall Park 

2. 	 To determine the occurrence of Salmonella typhimurium and S. enteritidis. in water 

samples collected using Multiplex peR. 

3. 	 To determine correlation between the occurrence of Salmonella spp. with the 

physiochemical parameter (temperature and pH) 
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2.0 LITERATURE REVIEW 


2.1 Salmonella spp. 

Salmonella belong to enterobacteriaceae family as they all ferment glucose, reduce nitrate 

to nitrite, and synthesize peritrichous flagella when motile (Groisman et al., 1990). 

Salmonella are non-encapsulated that infect both animals and humans causing a wide range 

of illnesses (Cohen, 1986; Lightfoot, 2004 and Ohl, 2001). All Salmonella serotypes share 

the ability to invade the host by inducing their own uptake into cells of the intestinal 

epithelium (Lightfoot, 2004). 

The genus Salmonellas are gram-negative, motile, non spore-fonning bacillus. 

They are facultative anaerobes that can grow in a temperature range of 5-45°C with 

optimum temperature of35-37 0c. They are readily killed by heat (eg: 71.7°C for 15s) and 

acid (eg:1.4% acetic acid within 72 hours), and are resistant to both freezing and drying, 

particularly in the presence of proteins and other proctectants. Salmonellae are motile 

(except Salmonella Pul/orum and S.gallinarum) and forms long filamentous chains when 

grown at temperature extremes of 4-8°C or at 44°C and also when grown at pH 4.4 or 9.4. 

2.2. Salmonella typhimurium 

Salmonella typhimurium is a pathogenic gram-negative bacteria predominately found in 

the intestinal lumen. Its toxicity is due to an outer membrane consisting largely of 

lipopolysaccharides (LPS) which protect the bacteria from the environment. The LPS is 

made up of an O-antigen, a polysaccharide core, and lipid A, which connects it to the outer 

membrane. Lipid A is made up of two phosphorylated glucosamines which are attached to 

fatty acids. These phosphate groups determine bacterial toxicity. Animals carry an enzyme 

that specifically removes these phosphate groups in an attempt to protect themselves from 
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these pathogens. The O-antigen, being on the outennost part of the LPS complex is 

responsible for the host immune response. S. typhimurium has the ability to undergo 

acetylation of this O-antigen, which changes its confonnation, and makes it difficult for 

antibodies to recognize. 

2.3 Salmonella enteritidis 

Salmonella enteritidis is a rod-shaped, gram negative, non-motile bacteria, that 

does not fonn spores. Unlike other strains of Salmonella that are primarily adapted to 

people, Salmonella enteritidis is primarily adapted to animal hosts, at least for the 

beginning of its life cycle. S. enteritidis are considered facultative anaerobes, which mean 

that these bacteria can survive with or without oxygen. This broadens the environments in 

which they can be found. 

2.4 Outbreaks and incidents of Salmonella in reacreational water 

Recreational waters are considered to be any natural fresh that include marine or estuarine, 

lakes and rivers, as well as human-made constructions (e.g. quarries, artificial lakes) that 

are filled with untreated natural waters. Surface water quality is subject to frequent, 

dramatic changes in microbial quality as a result of a variety of activities. Discharges of 

municipal raw (untreated) water, treated effluents from processing facilities, stonn water 

runoff, or other non-point source runoff all affect surface waters. Water is unsafe for 

human consumption when it contains pathogenic or disease-causing microorganisms. 

Pathogenic microorganisms associated with water contamination may include bacteria, 

such as Salmonella typhi (typhoid fever), Vibrio cholerae (cholera), Shigella (dysentery, 

shigellosis), viruses, such as poliovirus or Hepatitis A virus and protozoa such as Giardia 

lamblia (giardiasis) or Cryptosporidium parvum (cryptosporidiosis). 
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Salmonella is a well-known waterborne bacterial pathogen and under suitable 

environmental conditions, Salmonella can survive for weeks in waters or years in soils. 

Salmonella infections begin with the ingestion of organisms in contaminated food or water 

(Lightfoot, 2004; Ohl, 2001). Although ingestion or exposure to infected water from 

recreational swimming is less common, it has been reported worldwide (Cohen, 1986; 

Lightfoot, 2004). Elevated levels of Salmonella also have been observed in major water 

bodies that receive discharges of meat processing wastes, raw sewage, and effluents from 

ineffective sewage treatment plants (Geldreich, 1996). Farming operations with cattle and 

poultry result in large quantities of fecal products in relatively small areas due to the dense 

population of animals. Thus, if the anima] waste is not discharged into a lagoon or landfill, 

the storm water runoff over the animal feedlots will transport massive loads of fecal 

pollution to the receiving waters of the drainage basin (Lightfoot, 2004). In 2009, it has 

been reported that positive 12 cases of outbreak typhoid at Sungai Congkak, Malaysia 

recreational park (Anita et aI., 20 12). Between 1991 and 2002, 3 waterborne outbreaks 

were attributed to nontyphoid Salmonella; Salmonella were the etiologic agent in 0.9 

percent of 259 recreational waterborne outbreaks occurring from 1971 to 2000. In 1993, 

an outbreak of S. typhimurium where more than 650 people became ill and that resulted in 

7 deaths was traced to a water-storage tower that allowed access to birds (Covert and 

Meckes, 2006). 
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2.5 Water quality measurement 

2.5.1 MPN method 

The most common method of detecting pollution of water involves a growth test for the 

presence of coliform bacteria, which are normal intestinal flora of mammals. The coliforms 

include; Escherichia coli, E. freundii, and Aerobacter aorogenes. As the fecal colifroms 

normally propagate outside the digestive tract, their presence in water is reliable source of 

sewage pollution. 

These organisms are not themselves normally pathogenic but they indicate the 

probable presence of much less pathogens of focal origin as Salmonella, Shigella, Proteus, 

Vibrio, Entamoeba histolytica and virus causing infectious hepatitis, since these organisms 

are difficult to detect by direct analysis, it is convenient to detect coliforms and presume 

that pathogens will be present wherever there are substantial number of coli forms. This 

method determines the presence and number of coliforms bacteria through the planting of a 

series of measured sample portions into tubes containing favorable culture media. The test 

progresses through three distinct stages; Presumptive test, Confirmed test and Completed 

test. 

The confirmed test and the completed test increase the certainty that positive results 

obtained in the first test are, in fact, due to coliform bacteria and not due to the activity of 

other kinds of bacteria. The completed test is the standard test for the determination of the 

bacteriologic safety of water in accordance with the US Public Health Service Drinking 

Water Standards. In routine practice, bacteriologic testing of most public water supplies is 

stopped at the end of the confirmed test. 

The multiple tubes method is based on the laws of probability and is used to obtain 

an estimate of the number of bacteria in a sample, expressed as 'most probable number' 

(MPN). 
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It requires initial plating into the culture media of one or more measured portions of 

the sample, and then the application of the proper qualitative culture tests to each portion. 

For each sample portion, a yes (positive) or no (negative) answer is sought regarding the 

presence of coliform bacteria. After the laboratory procedures have been completed, a 

summary of all positive and negative results is made and correlated with the initial sample 

volumes planted. The MPN value is finally determined by referring to a table of most 

probably number rather than by making a separate computation for each sample. 

As shown in table 2.0, with five sample portions each of 10ml, 1 ml and 0.1 ml 

quantitative results ranging from 2-542 coliform bacteria per 100 ml can be obtained. 

2-542 

20-5,420 

200-54,200 

2000-5240,000 

10,1,1.1 ml 

1.0,1,0.1 m} 

O.I,O.Ol,O.OOlml 

0.01,0.001,0.0001 

ml 

2.6 Physiochemical parameters 

Parameter such as temperature will affect the distribution of Salmonella spp. Salmonella 

spp. are usually grown at 35 -37°C, but statements that their temperature range for growth 

reportedly lies between 5°C and 47°e. Studies on the ability of Salmonella to grow at low 

temperature in laboratory media showed serovar-dependent responses. 

The optimal pH for Salmonella spp. to growth lies between 6.5 and 7.5, with 

possibilities for growth at pH values ranging from 4.5 to 9.0 and slow death at more 
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extreme conditions. Study by Deepanjavali et al. (2005) show that the growth of 

Salmonella spp. in egg albumen progressively decreased as the pH was increased to 8.0, 

with no growth at pH ~ 9.0. Apart from that, slow growth of Salmonella spp. at unusually 

low pH values was demonstrated by Deepanjavali et al. (2005) in tryptone-yeast extract

glucose broth adjusted to pH 4.0. 

2.7Molecular detection 

2.7.1 Multiplex peR 

Polymerase chain reaction (peR) which developed by Mullis and Foona (1983) is a 

technique widely used in molecular biology. The reaction involved a DNA polymerase 

which amplifies a piece of DNA by in vitro enzymatic replication. The DNA template is 

exponentially amplified in this chain reaction. peR is able to amplify a single or few 

copies of piece of DNA across several orders of magnitude, generating millions or more 

copies of the DNA piece. These techniques are successfully used to evaluate the 

microbiological quality of food and water (Albinana-Gimenez et aI., 2009; Field et aI., 

2003; Hundesa et aI., 2006) as well as detection and identification of pathogenic bacteria 

such as Salmonella spp. from aquatic environment (Kong et aI., 2002). Multiplex peR is 

extensively modified to perform a wide array of genetic manipulation. In multiplex peR, it 

uses multiple, unique primer sets within a single peR mixture to produce amplicons of 

varying sizes specific to DNA sequences. This reaction can target multiple genes at once 

where additional information may be gained from single test run. But this would require 

more reagents and more time to perform. From here, the Sef 167 and the Sef 478 primers 

respectively were used as both primers are specific to motile Salmonella enteritidis. The 

use of primers Tym and Flic 15 can be detected Salmonella typhimurium. Thus, by 

multiplex peR amplification, S. typhimurium and S. enteritidis can be specifically 
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detected. Annealing temperatures for each of the primer sets must be optimized to work 

correctly within a single reaction. 

2.SAgarose Gel Electrophoresis (AGE) 

Gel electrophoresis is a method that works by separating the protein according to their 

charge and size. In molecular biology, it is used to saperate DNA and RNA fragments by 

size or charge (Kryndushkin et aI., 2003). The molecules separated by applying electric 

field to move the negatively charge molecules through the agarose gel while the shorter 

molecules are able to move faster than the longer one. Such phenomenon is called sieving 

(Sambrook and Russel, 200 I). Theoretically, 0.7% gel shows good separation of a larger 

DNA fragments (5-lOkb) and about 2% gel will show good separation for small fragments 

(Lewis, 2001). 

10 
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3.0 MATERIALS AND METHOD 

3.1 Sample collection 

The sampling trips were carried out once a week on Saturday for 10 weeks starting from 

23rd February 2013 until2ih April 2013. The samples were taken form recreational area of 

Ranchan Waterfall Park and Vnimas lake. Each of the recreational area consists of two 

sampling sites that are labelled as site A and site B. The samples were taken during peak 

hour of human activities that around 12 - 2 pm. The water samples from surface region 

were taken at elbow length without disturbing the bottom sediment using 50 ml of sterile 

falcon tubes and the water samples taken at the same site were replicated five times. 

Immediately, the temperature of the water was measured using thermometer. The samples 

were stored in 4°C inside the ice box and were transported to UNIMAS Virology Lab for 

further processing. All samples were analysed within 2-4 hours of collection and the pH of 

water was measured using pH meter. 

Table 3.1: Labelling of the bottles 

Location Sampling site Label of water samples 

Ranchan Waterfall Park (R) A RA 

B RB 

Unimas lake (V) A VA 

B VB 

11 
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3.2 Enumeration and detection of Coliform bacteria 

3.2.1 Most Probable Number (MPN) Method 

The method was carried out according to APHA et at. (2005) with certain modification by 

using CHROMEagar Salmonella at completed phase. At presumptive phase three volumes 

of samples ( 10, 1 and 0.1 ml) are inoculated into five tubes containing; fermentation tubes 

and lactose containing lauryl tryptose broth as shown in Table 3.2. The samples were 

incubated for two days at 35°C. These followed by observation of the tube content includes 

turbidity, acidity and gas (bubbles in fermentation tubes) that are considered presumptive 

positive for coliform bacteria. At confirmatory phase, subsamples all of the presumptive 

positive tubes into briltiant green lactose bile broth and incubated at 35°c for two days with 

the presumptive positive labelling procedure same as LTB' s labelling procedure. The 

confirmed test is reliable evidence but not proof that the target bacteria have been detected. 

Thus, at completed phase, subsamples of the confinned positive reaction should be 

inoculated onto selective agar and gram stained. In this study, CHROMEagar Salmonella is 

used as selective agar in order to detect the presence of Salmonella spp. After that, all of 

the positive tubes were recorded and the result will be compared with the MPN table for 

five dilution method. 
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Table 3.2: Labelling of the lauryl tryptose broth tube containing water sample 

Sample site 10ml 1ml O.lml 

UA10(1) UAlO(2) UA1(1) UA1(2) UAO.1(1) UAO.1(2) 

1. UA 
UA10(3) UA10(4) UA1(3) UA1(4) UAO.1(3) UAO.1(4) 

UAlO(5) UA1(5) UAO.1(5) 

UB10(1) UBlO(2) UB1(1) UB 1(2) I UBO.1(1) UBO.l(2) 

UB UBlO(3) UBlO(4) UB1(3) UB1(4) UBO.1(3) UBO.1(4) 

UBlO(5) 
I 

UB1(5) UBO.1(5) 

2. RA 
RAlO(1) RAlO(2) RA1(1) RA1(2) I RAO.1(1) RAO.1(2) 

RAlO(3) RAlO(4) RA1(3) RA1(4) RAO.1(3) RAO.1(4) 

RA10(5) RA1(5) RAO.1(5) 

RB RB10(1) RB10(2) RB1(1) RB1(2) RBO.1(1) RBO.1(2) 

RBlO(3) RBlO(4) RB1(3) RB1(4) RBO.1(3) RBO.1(4) 

RB10(5) RB1(5) RBO.1(5) 

3.3 Presumptive isolation of Salmonella spp. 

3.3.1 Selective isolation of Salmonella spp. on CHROMEagar Salmonella 

The enriched cultures of Salmonella spp. were streaked on CHROMEagar Salmonella and 

the agars were incubated at 37°c for 18 to 24 hours. The morphology results were observed 

and recorded; where usually positive strain will form pink (mauve) colony on 

CHROMEagar Salmonella. If there is presence of other culture with different colour, the 

process of subculture need to be repeated until pure culture is obtained. 
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