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Research Proposal

Title: Identifying harmful microorganisms in water from wells by multiplex polymerase chain reaction (mPCR). 
Study Team: Nyakuipa High School Science Team composed of the following members.
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Subject matter Specialists & Team Mentors
	Name
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	Role
	Contact
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	Water Quality Specialist 
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	Microbiology testing lab
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1.0 RESEARCH QUESTION
Can use of multiplex polymerase chain reaction (mPCR) enable the rapid detection of bacterial pathogens in water. 
The null hypothesis being H0: Multiplex Polymerase Chain Reaction (mPCR) will not be able to determine pathogenic bacteria in water sources. 
The alternative hypothesis being H1: Multiplex Polymerase Chain Reaction (mPCR) will be able to rapidly detect water pathogens hence useful in reducing the burden of diarrhoeal diseases in the Matsika area. 
2.0 RATIONALE FOR RESEARCH
Ground waters are generally considered as ’safe sources’ of drinking water because they are produced with low microbial load with little need for treatment of the water before drinking. Water is one of the most important on earth for plant and animal survival. In rural areas water for use is usually from wells and springs. Effort should be made to protect ground water from contamination. Microbial water-borne diseases seriously affect developing countries and are major water quality concerns throughout the world. Routine culture-based methods of identifying bacterial pathogens in water sources are laborious and time-consuming. Recently, the use of molecular techniques such as the polymerase chain reaction (PCR) has provided rapid and highly promising detection methods (Roohollah Kheiri et al., 2016).
Potential well water contaminants include Bacteria (such as salmonella, vibrio, escherichia coli, shigella) and viruses such as retrovirus. Water-borne diseases (diarrhoea) caused by various bacteria, viruses has been the cause of many outbreaks (Matsika clinic, 2018). From January to June 2018, 22 Adults and 18 infants suffered from diarrhoea and only 1 child died in Matsika. 

Methods used for the detection of microorganisms include cell culture, immunological methods, polymerase chain reaction (PCR), and microscopic identification. Plate counting and cell culture, are the gold standards to confirm the presence of pathogens, it however takes 24-48 hours to obtain the results. For cell culture detection of viruses it may require 7-10 days to occur . Nucleic acid amplification methods are therefore emerging as rapid, sensitive and selective methods of detecting pathogen bacteria in water (Fan et al., 2008).

The main aim of this study is therefore to use a  multiplex polymerase chain reaction (multiplex PCR) assay to detect simultaneously detect Salmonella sp., Shigella sp., Pseudomonas aeruginosa, Eterohaemorrhagic Escherichia (EHEC) and Vibrio prahaemolyticus in water sources from the Matsika area. 
The objectives of the research are therefore to:

1. To map water sources used for public consumption and collect samples in the Matsika area. 
2. To setup a multiplex PCR method for the simultaneous detection of 5 water borne pathogens (Salmonella sp., Shigella sp., Pseudomonas aeruginosa, Eterohaemorrhagic Escherichia (EHEC) and Vibrio).
3. To test 10 water sources for the presence of any of the 5 pathogens
3. LITERATURE REVIEW
Water

Water is a vital natural resource because of its basic role to life. In the developing world, poor access to safe water and inadequate sanitation continues to be a danger to human health (World Health Organisation [WHO], 2004). The water situation, in the African continent, has attracted a lot of concern from all sectors of government as it is estimated that more than 300 million out of the 800 million people who live on the continent are in water-scarce environments (United Nations Educational, Scientific and Cultural Organisation [UNESCO], 2004).
According to Beukman and Uitenweerde 2002, countries like Mozambique, Namibia, Tanzania and Zimbabwe will face more water pressures and this usually results in water contamination when humans and animals share the same source of water.  In many developing countries with inadequate sanitation, faecal contaminations of environmental waters by enteric pathogens are very common and river water is major source of microbial pathogens (Sharma et al., 2010).
The water quality in rural Zimbabwe has been impaired mainly due to the contamination of water sources with pathogenic microorganisms from humans and animals. Microbial pathogens in water include viruses, bacteria, and protozoa (Girones et al., 2010). According to Kinge et al, 2012, pathogenic bacteria which include Salmonella sp, Shigella sp, Pseudomonas aeruginosa, Eterohaemorrhagic Escherichia (EHEC) and Vibrio prahaemolyticus have been identified as the major etiological agent in the majority of the waterborne outbreaks worldwide .

Pseudomonas aeruginosa
According to Alhazmi,A, 2015, P. aeruginosa is a motile, non-fermenting, Gram-negative organism belonging to the family Pseudomonadaceae and  is a common environmental organism that can be found in faeces, soil, water and sewage. P. aeruginosa in potable water, notably in packaged water, can be associated with complaints about taste, odour and turbidity (Mena K.D and Gerba C.P, 2014).

 Enterohemorrhagic Escherichia coli

 Escherichia coli is a Gram negative rod (bacillus) in the family Enterobacteriaceae and are normally found in the intestinal tract. According to Spickler, 2016, Pathogenic strains of this organism are distinguished from normal flora by their possession of virulence factors such as exotoxins. 

 There are six pathotypes capable of producing gastrointestinal disease in humans 

1. Enteropathogenic E. coli (EPEC), 
2. Enterotoxigenic E. coli (ETEC), 
3. Enteroaggregative E. coli (EAEC), 
4. Enteroinvasive E. coli (EIEC), 
5. Diffusely adherent E. coli 
6. Enterohemorrhagic E. coli (EHEC).
EHEC is able to colonize and adhere to the human intestine giving them the ability to cause attaching and effacing lesions on human intestinal epithelium. People mainly become infected with EHEC by ingesting contaminated food and water, or during contact with animals (especially ruminants), feces and contaminated soil. The infectious dose for humans is estimated to be less than 100 organisms, and might be as few as 10 (Spickler, 2016). EHEC are usually eliminated by municipal water treatment, but these organisms may occur in private water supplies such as wells. Swimming in contaminated water, especially lakes and streams, has been associated with some human cases (Buchanan et al, 1997). Soil contamination has caused outbreaks at campgrounds and other sites, often when the site had been grazed earlier by livestock(Buchanan et al, 1997 . Reported environmental survival times for E. coli range from a few days to nearly a year, and can be influenced by moisture, temperature, oxygen content and biological/ microbial components (Spickler, 2016)

Salmonella

Salmonella spp.  are gram negative  facultative rods and are  members of the family Enterobacteriaceae. Salmonella spp. are mainly transmitted by the fecal-oral route. They are carried asymptomatically in the intestines or gall bladder of many animals, and are continuously or intermittently shed in the feces which in turn contaminate water sources (Waage et al, 1999). People are often infected when they eat contaminated foods of animal origin like eggs, beef and fish. Globally, an estimated 93.8 million cases of gastroenteritis and 155,000 deaths are caused by Salmonella spp. annually (Leedom K.R, Spickler A.R, 2013)

Vibrio Prahaemolyticus

The presence of pathogenic bacteria in the worldwide marine environment raises concerns of human on food safety due to the latter potentially causing disease outbreaks depending on the environmental conditions (Ceccarelli et al., 2013). Vibrio Prahaemolyticus is a halophilic sea-food pathogen and one of the 12 known pathogenic species of the genus Vibro (Qadri, et al, 2005). V. Prahaemolyticus is a gram-negative marine bacteria that can exist as free living or attached to submerged and animate surfaces. The pathogenicity of the bacteria is conferred by the two hemolysis proteins, thermostable direct hemolycin (TDH) and TDH related hemolycin  TRH (Qadri, et al, 2005). Gastroenteritis caused by V. parahaemolyticus is characterized by either watery or bloody diarrhea, vomiting, abdominal cramps, headache, ever, general lassitude, nausea, chills, and tenesmus.

Shigella

According to Kotlof, 2013,  the most common cause of bacterial diarrhea worldwide especially in developing countries are Shigella species . Shigella is a gram-negative , non-motal bacillus of the family Enterobacteriaceae. According to Kotlof, 2016, There  four species of Shigella are Shigellae: S. dysenteriae, S. flexneri, S. boydii and S. sonnei. According to Latana, et al , 2013, S.flexneri  is prominent across developing countries in Africa and Asia because of  overcrowding, poor sanitation and malnourishment. 
The microorganisms can survive in the stomach since they are less susceptible to hydrochloric acid in the stomach than other bacteria. When ingested the bacteria pass into the small intestines where they multiply and then pass into the colon where they enter the colonic cells. According to Latana, et al, 2016, as few as 10 to 100 organisms can cause disease and given its relative low infectious dose, transmission can occur via direct person to person spread as well as via contaminated food and water. The resultant infectious diarrhea is associated with loss of water and electrolytes which results in abdominal cramping, fever and bloody/mucoid stool.
On a global scale, Shigella is responsible for 165 million diarrhoeal episodes each year, of which 99% occur in developing countries, and 69% among the paediatric population. 1.1 million deaths are caused by Shigellosis each year, 61% of which occur in children less than 5 years of age (Latana, et al, 2013). 
Multiplex PCR

Multiplex polymerase chain reaction (PCR) is a variant of PCR in which two or more loci are simultaneously amplified in the same reaction (Henegariu et al , 1997)

Advantages of mPCR

1. Increase the number of genes that can be analysed

2. Reduces sample requirements

3. Saves time, effort and potentially money

4. The reaction conditions for several targets

5. Eliminate pipetting differences between targets

6. Internal control within the same well

7. Conventient for screening

Applications of mPCR

1. Mutation analysis

2. Gene  deletion analysis

3. Pathogen detection

4. Gene expression analysis

5. GMO detection

4. METHODS

Sampling site mapping and sample collection.

To answer the research question and test our methodology, we will analyse sampels form 10 water sources in the Matsika area. 
· Tap water sources
· Borehole sources x 3
· Well sources x3
· Dam reservoir source
· Spring x 2
Detection of water samples by multiplex PCR according to the method of Fan et al., 2008. 
PCR primers 
A total of five sets of primers for the highly conserved regions, or toxic virulence genes of target pathogenic bacterials genome will be used in this study. The three sets of primers were virulence genes: Inversion plasmid antigen H gene (IpaH), Inversion plasmid antigen B gene (IpaB) and Haemolyticuremic A gene (HlyA), will be used for amplifying Shigella, Salmonella and EHEC, generating 611 bp, 315 bp and 366 bp PCR products, respectively. Two sets of primers based on conserved nucleotide sequence, 16S – 23S rDNA IGS of Vibrio prahaemolyticus (Vpara) and outer membrane Lipoprotein (OprL), will be used for amplifying Vibrio prahaemolyticus and Pseudomonas aeruginosa, generating 165 bp and 504 bp PCR products, respectively. The sequence and relative locations of the primers are shown in Table 1. All oligonucleotide primers to be used in this study will be purchased form Iqaba Biotechnology, South Africa. 
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V. prahaemo-

Iyticus 96 Vpara-F 120 270 Vpara-R 251
5-GCTGACAAAACAACAATTTATTGTT-3' 5-GGAGTTTCGAGTTGATGAAC-3'

AF429304 GGAAA GCTGACAAAACAACAATTTATTGTT GTT...... CTT CCTCAAAGCTCAACTACTTG TTCAGT 165

NC004603 GGAAA GCTGACAAAACAACAATTTATTGTT GTT...... CTT CCTCAAAGCTCAACTACTTG TTCAGT bp

BA000032 GGAAA GCTGACAAAACAACAATTTATTGTT GTT...... CTT CCTCAAAGCTCAACTACTTG TTCAGT

Salmonella sp. 723 IpaB-F 742 1037 IpaB-R 1017

5-GGACTTTTTAAAAGCGGCGG-3' 5-GCCTCTCCCAGAGCCGTCTGG-3'
U66877 AACAC GGACTTTTTAAAAGCGGCGG ATAAA......GGACT CGGAGAGGGTCTCGGCAGACC TTAAA 315

CP000026 AACAC GGACTTTTTAAAAGCGGCGG ATAAA......GGACT CGGAGAGGGTCTCGGCAGACC TTAAA  bp
NC003197 AACAC GGACTTTTTAAAAGCGGCGG ATAAA....... GGACT CGGAGAGGGTCTCGGCAGACC TTAAA

EHEC 529 HIyA-F 548 894 HIyA-R 872
5-CAGTAGGGAAGCGAACAGAG-3' 5-AAGCTCCGTGTGCCTGAAGC-3'

AY495950 GGTGT CAGTAGGGAAGCGAACAGAG AAAAT..... TAATA TTCGAGGCACACGGACTTCG AGTAG

AF074613 GGTGT CAGTAGGGAAGCGAACAGAG AAAAT..... TAATA TTCGAGGCACACGGACTTCG AGTAG 3;;

ABO011549 GGTGT CAGTAGGGAAGCGAACAGAG AAAAT..... TAATA TTCGAGGCACACGGACTTCG AGTAG

NC002128 GGTGT CAGTAGGGAAGCGAACAGAG AAAAT..... TAATA TTCGAGGCACACGGACTTCG AGTAG

P. aeruginosa 212 OprL-F 232 715 OprL-R 695
5-GATGGAAATGCTGARATTCGGC-3' 5-CTTCTTCAGYTCGACGCCACG-3'

Z50191 TACAT GATGGAAATGCTGAAATTCGGC AAATT..... AGAAT GAAGAAGTCGAGCTGCGCTGCCAAGA 504

NC002947 TACAT GATGGAAATGCTGAAGTTCGGCAAATT...... AGAATGAAGAAGTCAAGCTGCGCTGCCAAGA ~ bp
AE016778 TACAT GATGGAAATGCTGAAGTTCGGCAAATT.... AGAAT GAAGAAGTCAAGCTGCGCTGC CAAGA

Shigella sp. 376 IpaH-F 396 986 IpaH-R 965
5-CCTTGACCGCCTTTCCGATAC-3' 5-CAGCCACCCTCTGAGAGTACTC-3'

M76444 GCGTT CCTTGACCGCCTTTCCGATACCGTCT...... GGCCA GTCGGTGGGAGACTCTCATGAGTAAGA

NC004761 GCGTT CCTTGACCGCCTTTCCGATACCGTCT...... GGCCA GTCGGTGGGAGACTCTCATGAGTAAGA 6blpl

NC004337 GCGTT CCTTGACCGCCTTTCCGATACCGTCT......GGCCA GTCGGTGGGAGACTCCCATGAGTAAGA

NC004851 GCGTT CCTTGACCGCCTTTCCGATACCGTCT......GGCCA GTCGGTGGGAGACTCTCATGAGTAAGA

Nucleotide sequence alignment of the reference strains of Salmonella sp., Shigella sp., P. aeruginosa, V. prahaemolyticus and EHEC
at consense and antisense primer regions. Conserved nucleotides among strains are given in bold italic letters. The position numbers of
the five primer pairs indicated correspond to representative strains, GeneBank accession number of the reference strains are U66877,
CP000026, NC003197; M76444, NC004761, NC004337, NC004851; Z50191, NC002947, AE016778; AF429304, NC004603, BA000032
and AY495950, AF074613, AB011549, NC002128, respectively. Within nucleotide sequences of primers, R: A or G, Y: C or T.




The PCR reactions will be optimised as described in Fan et al., 2008. Using that protocol, multiplex PCR analysis of water samples from 10 sites from Matsika area will be carried out. For PCR analysis, bacterial cells from the same water samples will be harvested by phenol-chloroform extractions. 

Typical results will look like Fig 1:
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Figure 1. Lanes 1: V. prahaemolyticus; Lanes 2: Salmonella sp.,
Lanes 3: EHEC; Lanes 4: P. aeruginosa; Lanes 5: Shigella sp.; Lane
6: The mixture of V. prahaemolyticus, Salmonella sp., EHEC, P.
aeruginosa, Shigella sp. Lane M: DNA molecular size markers.




RISKS / BENEFITS TO PARTICIPANTS
The samples being collected by the students would be contaminated with pathogenic bacteria. The students will therefore wear protective clothing during the sample collection which will be done under the supervision of s professional microbiologist. The analysis of the samples also poses a risk to the students hence will be done in a registered laboratory under the supervision of qualified laboratory scientists. 
COSTS , COMPENSATION AND REIMBURSEMENTS

N/A.

CONFIDENTIALITY ASSURANCES

N/A.
CONFLICT OF INTEREST (real or apparent)

N/A
COLLABORATIVE AGREEMENTS
A letter of collaboration indicating the parties involved such as the Research team representative, the School, the dermatologist, Water quality evaluation laboratories, the Ministry of `Higher and tertiary Education, Science and Technology Development and the African Institute of Biomedical Science and technology.
INTENDED USE OF RESULTS

The study is important in that if the hypothesis is proved to be correct and we successfully setup a method for the rapid detection of water borne pathogens in publicly used water sources, we will enhance water quality evaluation procedure in the country. 
.
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