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Introduction

Water for human consumption may become contaminated with microorganisms and chemicalsIbrahim et al., 2014()
. Common among microbial contaminants are the viruses, the protozoans and the bacteria. The most common standards used to assess water quality also relate to the environment and the ecosystem, safety of animals and humans in contact with the water 
 ADDIN EN.CITE 

(Rosenberg Goldstein et al., 2014)
. 

Water bodies in developing cities get contaminated with salts, organic chemicals and also radioactive materials from industries. Hospital sluice is also a common source of contamination of water bodies in urban communities. Water may also become contaminated from agricultural fields with pesticides and herbicides 
 ADDIN EN.CITE 

(Celle-Jeanton et al., 2014)
. This study seeks to determine level of dam-water contamination and the potential risk for human disease in relation to the level of environmental pollution in Kumasi.

The study site

Kumasi is the capital of Ashanti Region of Ghana. It has an area of 238km2 and population density of 8,550 inh/km2 (Ghana statistical web, 2010) and has attained metropolitan District status. Sanitation in the district is low as water closets (WC), KVIPs and public aqua Privy latrines including other safe toilet coverage in the district has about 33% coverage, leaving about 67% of the inhabitants to rely on unsafe methods.

The inhabitants of Kumasi derive their potable water from Owabi, a dam built over Owabi River and the Barekese dam over Offin River. The lakes formed by these dams receive water from surface run-offs from agricultural fields and tributaries like the Anyinam River. The Anyinam River, like other streams, flows through farmlands and human settlements and thus has become polluted, eutrophic and silted as a direct result of deposition of solid and liquid waste into them.  Some communities depend on home-owned dug-out wells for domestic and drinking purposes. Fluid from pit latrines and manholes sited close to these wells seep through the soils and contaminate well-water. It is well known that diarrheal diseases contribute significantly to morbidity, mortality, and malnutrition in developing countries (Black et al., 2010()
), which is related to the conditions of poverty, poor sanitation, and inadequate health resources. According to UNICEF (2014) diarrhoea is a leading killer of children, accounting for 9 per cent of all deaths among children under age 5 worldwide (http://data.unicef.org/child-health/diarrhoeal-disease). In 2013, this translated into 1,600 young children dying each day, or about 580,000 children a year. Most deaths from diarrhoea occur among children less than 2 years of age living in South Asia and sub-Saharan Africa (http://data.unicef.org/child-health/diarrhoeal-disease#sthash.qyKylTyu.dpuf).
This study therefore seeks to analyze water samples from streams that flow into the Barekese and Owabi dams. Water samples from taken from the streams in Kumasi would be analyzed for toxic chemicals and biological life including enteric disease causing bacteria. 

The Aim of the Study

To determine the level of chemical and biological contamination of potable water supply to the people of Kumasi in relation to environmental pollution.

Objectives

To determine the level of pollution of the environment, streams (SubIn, Wewe, Susan, Aboabo, Oda Owabi, Suntre, Akrubu, Acheamponmene and Asuoyeboa) feeding the dams and pipe-borne water supply to Kumasi.

A. To determine causes of environmental pollution:

Chemical properties:- i. heavy metals (Lead, Mercury) 



ii. organic matter



iii. pesticides



iv. herbicides



v. fertilizer

B. To determine causes of water pollution

Biological



Bacterial- i. total viable count

ii. relative abundance of Bacterial genera (Salmonella, Shigella, Vibrio cholera, and E. coli)



iii. Antimicrobial resistance of the isolates



iv. Molecular characterization (PFGE) of the isolates.

C.
1.
To perform surveillance for waterborne disease-causing bacteria.
2. To improve detection and investigation of waterborne disease outbreaks.
3. To assist and participate in global investigations related to outbreak investigations, emerging pathogens and acts of bioterrorism, with specific reference to Ghana. 
4. To perform genotyping (molecular subtyping) of waterborne disease-causing bacteria.
5. To establish country databases of genotypes of common enteric bacteria.
6. To promote collaboration between participants/laboratories in the PulseNet Africa Network.

7.To exchange information and compare data within and between regional networks of PulseNet International
Study design/Methodology 

For genotyping of bacterial pathogens, the primary method used by PulseNet is pulsed-field gel electrophoresis (PFGE) analysis. This method would be adopted. Importantly, standardized methodology is used for all steps of analysis, including management of PFGE patterns using BioNumerics software. Secondary genotyping methods would include a variety of methods, including multiple-locus variable-number tandem-repeats analysis (MLVA). 

Vibrio cholerae and Salmonella Enteritidis and E. coli Enterobacteria isolates obtained from routine Culture and Sensitivity tests of clinical samples from  Clinical Microbiology Laboratory around the regions and districts in Ghana wound be studied. Surveilance studies would be carried out when outbreaks are suspected. The isolates and results obtained there-off will be document and disseminated among PulseNet member laboratores.

i.
Bacterial  isolation methods

The samples would be cultured, isolates identified by the Mini API 20E (bioMerieux SA, Marcy l’Etoile, France) .

ii.
Samples collection storage of cultures and accompanying data

The project is a continuous one starting with Salmonella Enteritidis and Vibrio Cholerae. Pure cultures of the isolates would be stored in Luria Britani broth with 10% glycerol in eppendorf tubes at -80 oC. 

iii. Antimicrobial susceptibility testing

The isolates of Salmonella Enteritidis and Vibrio cholerae would be tested against various antimicrobial agents which are commonly prescribed in Ghanaian hospitals, using the disc diffusion Kirby-Bauer method. 

a. Determination of Minimun Inhibitory Concentration (MIC) 

MIC would be deterimined for the resistant strains. 

b. Screening for ESBL production and Confirmed 

c. Isolates would be tested for ESBL production and genotyped.
iv. Genotyping of the isolates for the determination of clusters

Gentyping protocols to follow would be as listed:

1. Polymerase Chain Reaction (PCR)
2. Multiple-Locus variable Tandem-Repeat Analysis

3. Pulsed –Field Gel Electrophoresis (PFGE) Analysis 
v.
Analysis of PCR products

All PCR amplicons would be verified by gel electrophoresis on agarose gel stained with ethidium bromide. DNA nucleotide sequences would be analyzed. 

vi.
Pulsed-Field Gel Electrophoresis (PFGE). Molecular typing of the isolates using standardized methodology prescribed by the PulseNet would be adopted. 
vii. MLVA would be performed to fully genotype the isolates.

viii. Sequencing:  KCCR would help with the sequencing of the isolates.

Expected outcomes, outputs, impact, capacity development

1. Laboratory capacity for molecular subtyping of enteric pathogens in Ghana would be developed and strengthened.

2. Knowledge and data will be gained of the molecular epidemiology, genetic relatedness and clonal structure of Salmonella Enteritidis in Ghana.

3. Collaboration between laboratories participating in the PulseNet Africa Network would be initiated.

4. PulseNet activities within the African Network would be promoted, encouraged and sustained.

5. Develop laboratory capacity for assisting with outbreak investigations both locally and internationally.

6. Teaching and training of technologists, scientists, post-graduate students and pathology residents/registrars.

7. Presentation of data at local and international scientific meetings, including presentation at PulseNet strategic planning meetings.

8. Publication of data in international peer-reviewed journals.
Project duration
This project is expected to last 5 Years
Currency of the estimate: United States Dollar

Total Project Costs: To be determined
Evaluation

Two students (one MSc and one PhD) would have benefitted from the project.

Technicians and technologist working in Microbiology Laboratories would trained on molecular techniques.

Salmonella Enteritidis and Vibrio cholerae genotyping techniques employing PFGE analysis and Polymerase chain reaction (PCR) would be developed and functional at the Clinical Microbiology Department, KNUST. 
Functional data base would be generated for Salmonella Enteritidis and Vibrio cholera at KNUST for Ghana.

Fully identified and typed Salmonella Enteritidis and Vibrio cholerae strains would be stored in a gene bank.
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