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Abstract
 Background
 In surface water management faecal indicator bacteria play a crucial role in determining water quality. These bacteria 

represent enteric microorganisms that may be voided with pathogens. Indicator organisms such as Escherichia coli that 
are strictly associated with humans may be more desirable in flagging potential hazard to water downstream users. E. 
coli is ubiquitous in the environment from plants, soil and animals. Awareness of differences in E.coli biotypes before 
and after an informal settlement (pieces of land that are occupied without the authority of municipalities concerned) 
could suggest anthropogenic pollution.

 Objectives
 This objective of this study was to assess the impact of the settlement on water quality and anthropogenic activity by 

investigating E. coli biotypical variation before and after the river enters the settlement. 
 Materials and methods.
 Water samples were collected from two sampling sites  (before the settlement and after the river passes the settlement) 

and filtered through a Satorious cellulose nitrate filter, pore size 0.45μm. The filter was then placed on Chromocult 
agar for isolating E. coli and isolates with the Analytical Profiling Index API 20 E kit. One hundred biotypical
differences were investigated.

 Results and conclusion
 Anthropogenic pollution was clearly visible with deposits of faeces on the river banks as the river passes the settlement. 

The two sampling sites reflected different EC API profiles. Sucrose and sorbitol fermentation showed significant 
differences across the settlement with 100 ± 34.64, 2 ± 34.64 and 99± 9.19, 73± 45.12; respectively. The phenotypical
differences of the 2 populations suggested adaptive genetic variation across the two sites, suggestive of different 
sources of pollution. It also raised concern that upon pooling together of the two populations downstream the diversity 
of population in the biofilm would be more pronounced. This could lead to sharing of foreign genetic material with 
deleterious effect to humans. Further studies should be done across informal settlements in order evaluate if this is not 
a singular event peculiar to this study. If this is a norm, sorbitol and sucrose fermentation assays in Escherichia coli
could be used as a bacterial source tracking tool.

 This study was funded by the National Research Foundation of South Africa.

2



Background
 Informal settlements often are pieces of land that are occupied without the 

authority of municipalities concerned 
 As a result have inadequate infrastructure 
 Often with high population density in shacks 

 Khayamnandi was founded in the 1950s. 
 It is predominantly an informal settlement with a hostel built in 1966 for male 

migrant labourers. 
 Erhart (2000) reported that public latrines that were built for the hostels had to 

cater for the township resident at large at a ratio of 1:136 (latrine: individual) in 
1994. 

 He deems the situation had improved by 2001 to 1 latrine to 75 residents.
 In 2001 the population of the township was estimated above 22 000 people 

living on an area just over 1 square kilometre with 208 public toilets1.
 The households in shacks were served with water by a single tap by the 

roadside. It is estimated that this tap served at least 6 households. 
 The hostels which were better served in this regard had no baths or shower 

facilities. Refuse for the settlement is collected once a week1.
 The impact of this settlement was assessed across three sites. 
 These three sampling sites are indicated on the map (next slide).
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Introduction

 It is unquestionable that the presence of unplanned or 
improperly planned settlements on riverbanks poses serious 
negative impact on both surface and underground water quality. 

 The lack of sanitation and infrastructure tend to lead to faecal 
contamination and other pollutants of nearby rivers. 

 Population density compounds the circumstances. 
 However, it is also important to look beyond the apparent source 

of pollution, especially after several attempts to correct the 
situation constantly seem to fail. 

 It could happen that the apparent source is but a contributory 
factor in the situation although significant. 

 Upstream evaluation of water quality can shed light to ambient 
conditions before the settlement, thus enabling alternative 
measures to curb the pollution.
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The study questions
 Is it worthwhile focusing resources into the settlement to 

improve the nearby river water quality?
 Is Khayamnandi the only source of faecal pollution on 

Plankenbrug River?
 If not, to what extent does Khayamnandi contribute to the 

problem?
 In order to evaluate toxicity of water after Khayamnandi, the 

following questions are asked:
 What is the toxicity potential of the water in terms of faecal 

indicator organisms after the settlement? To what extent has the 
settlement affected this potential? Is there a vast difference in the 
distribution of biotypes before and after the settlement?

 In order to answer these questions quantitative analysis of spatial 
distribution of faecal indicators and the presence of certain 
biotypes was investigated.
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Reference site
Eerste River from the mountains predominantly impacted by feral animals
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The Importance of Plankenbrug 
River
 Plankenbrug River is one of the tributaries constituting the Eerste-Kuils River drainage basin 2, 3.
 This river system drains Jonkershoek Mountains, the Bottelery Mountains and the eastern part of the 

Cape Flats. 
 It then proceeds from the basin to open into False Bay at Macassar beach
 The Eerste-Kuils River drainage basin supplies fresh water to farms for irrigation2.
 Therefore, its integrity is of high importance. 
 Moreover, it impacts on the quality of marine waters too as it eventually drains into the ocean. 
 This water occasionally has above 1000 CFU FC/100ml5.  

 Amongst the tributaries of Eerste River , Plankenbrug River is the only river trversing an informal 
settlement before discharging into the catchment area6. 

 The informal settlements are notorious for affecting the integrity of surface waters7, 8, 9. 
 Furthermore, the Plankenbrug River has consistently been found with high faecal pollution2, 3, 10.
 The Eerste River supplements water supply to the town of Stellenbosch 11.Thus needs protection as 

much as possible. 

 In order to protect this water the understanding of conditions in its tributaries is essential.
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Recent Developments
 Recently, there have been infrastructural developments in the township, but these have 

not translated to river water quality improvement 12, 13, 14.
 The river itself has been transformed. It now flows throughout the year whereas earlier it 

used to flow only in winter10. 
 These above two points seem to indicate that there could be forces outside Khayamnandi 

that could be adding to the problem at hand. 
 Only when such extra forces have been elucidated and dealt with together with the 

Khayamnandi problem can water downstream be improved, that is, only if they exist. 
 Thus, there is a need to find out whether such sources do exist or not. 
 Informal settlements generally are underserviced with respect to effluent infrastructure.
 This could be due to unpredictable demographics and it leads to excessive demand on the 

meagre existing amenities15.
 Erection of structures on its own tends to flood the existing drainage systems rather than 

allowing natural percolation of rain water into the soil, thus lend to stressing drainage 
systems16. 

 Intermittent water supply has is also closely implicated in water contamination to 
flooding of sewage drainage facilities17.
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Characterization of E. coli with API 
 The Analytical Profile Index (API 20E) 

 is a biochemical methods for characterization of bacteria. 
 diagnostic kit with a miniaturized panel of biochemical tests 
 useful for identification of groups Enterobacteriaceae. 

 API 20 E exploits that organisms of the same species often utilize limited combinations 
of metabolic and enzymatic activities for identification of an unknown isolate. 

 The number of test that are performed on each test strip enables one to discern variations 
in these activities demonstrating phenotypic expressions of genes. 

 The index generated from the test has wide enough limits to allow identification of 
biotypes within a species (Instruction Manual version E #2012). 

 When this diversity is pronounced across two sites and particularly when samples show 
spatial diversity, it can be used to discriminate between two sources. 

 The API system enables this diversity and thus can be used as a potential bacterial 
source-tracking tool18, 19.

 Literature has reported some of the API 20E test as potential indicators of bacterial 
source tracking mechanisms. This is afforded by distribution of positive and negative 
results for these tests in different animal species. 

 Sorbitol and sucrose fermentation are examples of such tests18, 19.
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Comparison of E. coli subtype distribution
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API biotypes
 Graph (previous slide) represents % distribution of E. coli

subtypes across the informal settlement

 Pre-Khayamnandi isolates were dispersed with one prominent 
group (accounting for about 70%), while those of Post-Khayamnandi 
seemed clustered in two prominent groups.

 After entering the 7 digit codes all isolates were identified as E. 
coli 1 with confidence ranging from 86.2 to 99.9 % except for two 
isolates from Post-Khayamnandi. 

 Exceptions  
 One with profile index of 1 404 552 and identified as Citrobacter 

freundi with the second best identification as E. coli. 1.  

 The second had a profile of 5 044 112 and identified as E. coli 2, 
with second best identification as E. coli 1.
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Comparison of biotype distribution
 Isolates from Pre-Khayamnandi site gave 7 distinct 

analytical profiles, while Post-Khayamnandi yielded 10 
profiles.

 The API’s for each site clustered in contrast.

 Pre-Khayamnandi peaks stood out at the opposite end 
of the range to those that characterized Post-
Khayamnandi isolates.

 One common profile index, i.e. 5144572

 5144572 accounted for > 50% of Post-Khayamnandi 
isolates ( and < 10 % Pre-Khayamnandi isolates)
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API 20E individual tests

Percentage positives of isolates Significant 

difference 

across sites TEST Pre-k Post-k 

ONPG 100 99 None 

ADH 95 1 Yes 

LDC 100 97 None 

ODC 78 81 None 

CIT 3 2 None 

H2S 0 4 Yes 

MAN 100 99 None 

INO 2 0 None 

SOR 100 73 Yes 

RHA 100 99 None 

SAC 100 59 Yes 

MEL 99 97 None 

AMY 4 0 None 
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API 20 E biochemical activity

Site Pre -
Khayamnandi

Post-
Khayamnandi

Prevalence(%) 
± Stdev

Sorbitol fermentation 99±9.19 73±45.12

Sucrose fermentation 100±34.64 2±34.64
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Sorbitol fermenters
 Sorbitol fermentation is traditionally used to discriminate serotypes of E. coli where O157:H7 does not ferment20. 
 It has been reported that these traditionally non-sorbitol fermenting serotype can mutate to sorbitol positive variants21. 
 Sorbitol fermenting Stx strain of E. coli O157 (STEC) has been implicated in haemolytic uremic syndrome outbreaks in 

southern Germany22, 23, 24,25. 
 Beef was implicated as the source 22, 23.
 Interconversion between various E. coli pathotypes involving stx2 gene has been demonstrated24, 26. 

 These bidirectional interchanges result in ephemeral changes in the pathotypes during an infection. 
 These changes are mediated by a stx2 encoding phage. 

 Sorbitol fermenting EHEC O157:H- strains and non-sorbitol fermenting EHEC O157:H have distinct plasmids26 . 
 suggesting that sorbitol fermentation is related to the plasmid. 

 Sorbitol fermenting EC biotypes have been isolated in water27.
 The presence of sorbitol fermenting E. coli O157 in livestock in South Africa has been suggested28. 

 Our study indicated that the prevalence of E. coli after the informal settlement is merely augmented with 
anthropogenic species. 

 Different distribution of EC biotypes across the two sites was demonstrated. 
 The high prevalence of sorbitol fermenting  species in one site could be used to purport possible introduction of new 

species as the water passes the settlement. 
 Different distribution of  sorbitol fermenting biotypes across the two sites suggest different sources of  pollution.
 The affirmation of these two assertions would assist in assessing the distribution of biotypes and the probable toxicity 

of the water at each site. 
 It might further point a direction to the development of a bacterial source tracking tool for contamination of surface 

water 18, 19.
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Sucrose fermenters
 Sucrose is also used to discriminate different biotype of EC. This sugar is amongst the 

most highly water soluble components in plant tissue29.
 Hence it may be readily available for microbial uptake. However, some EC biotypes are 

known for inability to ferment it30.
 In some EC biotypes this ability is masked by competing genes and it can be realized by 

knocking off these genes31, 32. 
 Otherwise plasmids confer sucrose fermentation to EC via the expression of the scr

regulon33, 34. 
 Sucrose fermenting is common in herbivoures and avain population35, 36. In this study the 

distribution of sucrose fermenters and those that do not, the non-sucrose fermenters, is 
interrogated if it can be used as a predictive tool for indicating source of river toxicity. 
This may also be used as a bacterial source tracking mechanism18, 19. 

 A skew distribution toward either Post- or Pre-Khayamnandi served this purpose. 
 Several studies have shown that the distribution of phylogenetic subgroups of bacteria is 

not random37, 38, 39, 40.
 Different groups of animals harbour diverse subgroups of the same organism. With 

respect to EC omnivores (including humans) demonstrate more diverse population in 
comparison to herbivores 37.
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Concerns
 Directing remedial measures effectively.

 The general message is that there is danger in intermixing human biotype with 
animal/environmental biotypes.
 Confer drug resistance
 Altered chemical basis for variation in phenotype = change in genotype

Via mutations
Bacteriophages 

 Temperate phages may act as transposons due to physiological state of bacteria
In nutrient depleted medium
May be involved in transduction

 Plasmids
Some plasmids have genes linked with acquisition and rearrangement of 
DNA.
May be involved in conjugation

19



References
 1. Erhard, A. 2000. Informelle Wirtchaft und informelle Siedlung- globale Phänomene und das Beispiel Südafrika. GW-Unterricht, Vol. 79: 29-41.
 2. Department of Water Affairs and Forestry/National Microbial Monitoring Programme. 2004. Implementation in the Berg River Water Management Area.
 3. Nleya, N. 2005. Institutional Overlaps in Water Management in the Eerste River Catchment. Unpublished Magister Scientiae, University of the Western Cape, South Africa..
 4. http://www.saexplorer.co.za/south-africa/map/stellenbosch_map.asp
 5. Koopman et al, 2002.
 6. Jackson, V.A., Paulse, A.N., Bester, A.A., Neethling, J.H., Khan, S and Khan, W. 2009. Bioremediation of metal contamination in the Plankenbrug River, Western Cape, South Africa. International      

Biodeterioration & Biodegradation, Vol. 63(5): 559-568.7. Adingra et al, 2012; 
 8. Fatoki, O.S, Muyima, N.Y.O and Lujiza, N. 2001.  Situation analysis of water quality in the Umtata River catchment. Journal of Water South Africa, Vol. 27(4): 467-474.
 9. Gemmell, M.E and Schmidt, S. 2011. Microbiological assessment of river water used for the irrigation of fresh produce in a sub-urban community in Sobantu, South Africa. Food Research 

International, doi:10.1016/j.foodres..
 10. Department of Water Affairs and Forestry. 2001. Managing the Water Quality Effects of Settlements: The Economic Impacts of Pollution in Two Towns. .
 11. River Health Programme (RHP). 2005. State of Rivers Report: Greater Cape Town. Pretoria
 12. Darkwa, I. 2006. Post-occupancy evaluation of state-subsidized housing units in Kayamandi, Stellenbosch. Unpublished Magister Scientiae, University of Stellenbosch, Cape Town.13. Department of 

Housing, 2004a. 
 14. Department of Housing. 2004b. Programme Performance. General non-financial performance, Approved subsidies. . 
 15. Babah, I.H., Deida, M.F., Blake, G and Froelich, D. 2012. Fresh water distribution problematic in Nouakchott. Procedia Engineering, Vol. 33: 321-32916. Owusu-Asante and Ndiritu, 2009.
 17. Amr, S.S.A and Yassin, M.M. 2008. Microbial contamination of the drinking water distribution system and its impact on human health in Khan Yunis Governorate, Gaza Strip: Seven years of 

monitoring (2000–2006). Public Health, Vol. 122(11): 1275–1283.
 18. Soule, M., Kuhn, E., Loge, F., Gay, J and Call, D.R. 2006. Using DNA Microarrays to Identify Library-Independent Markers for Bacterial Source Tracking. Applied and Environmental Microbiology, 

Vol. 72(3): 1843-1851.
 19Wheeler, A.L., Hartel, P.G., Godfrey, D.G., Hill, J.L and Segars, W.I. 2002. Potential of Enterococcus faecalis as a Human Faecal Indicator for Microbial Source Tracking. Journal Environmental Quality, 

Vol. 31(4): 1286-1293.
 20Bouvet, M.M.O., Lenormand, P and Grimont, A.D.P. 1989. Taxonomic Diversity of the D-Glucose Oxidation Pathway in the Enterobacteriaceae. International Journal of Systematic Bacteriology, Vol. 

39(1): 61-67.21. Fratamico, P.M., Buchanan, R.L and Cooke, H.P. 1993. Virulence of an Escherichia coli O157:H7 sorbitol-positive mutant. Applied and Environmental Microbiology, Vol. 59: 4245-4252.
 22. Ammon et al, 1999;
 23. Bielaszewska, M., Schmidt, H., Karmali, M.A., Khakhria, R., Janda, J., Blahova, K and Karch, H. 1998. Isolation and characterization of sorbitol fermenting Shiga toxin-producing Escherichia coli 

O157H2 strains in the Czech Republic. Journal of Clinical Microbiology, Vol. 36: 2135-2137.
 24. Mellmann, A., Bielaszewska, M., Köck, R., Friedrich, A.W., Fruth, A., Middendorf, B., Harmsen, B.D., Schmidt, M.A and Karch, H. 2008. Emerging Infectious Diseases, Vol. 14(8): 1287-1290.
 25. Pollock, K.G.J., Locking, M.E., Beattie, T.J., Maxwell, H., Ramage, I., Hughes, D., Cowieson, J., Allison, L., Hanson, M and Cowden, J.M. 2001. Sorbitol-fermenting Escherichia coli O157, Scotland. 

Emerging Infectious Diseases, Vol. 16(5): 881–882.26. Brunder et al, 2001
 27. Prager, R., Fruth, A., Busch, U and Tietze, E. 2011.  Comparative analysis of virulence genes, genetic diversity, and phylogeny of Shiga toxin 2g and heat-stable enterotoxin STIa encoding Escherichia 

coli isolates from humans, animals, and environmental sources. International Journal of Medical Microbiology, Vol. 301: 181-191.
 28. Ateba and Bezuidenhout (2008)
 29. Moniruzzaman, M., Lai, X., York, S.W and Ingram, L.O. 1997. Extracellular melibiose and fructose are intermediates in raffinose catabolism during fermentation to ethanol by engineered enteric 

bacteria. Journal of Bacteriology, Vol. 179(6): 1880-1886.. 
 30. Vaz, T.M.I., Irino, K., Kato, M.A.M.F., Dias, A.M.G., Gomes, T.A.T., Medeiros, M.I.C., Rocha, M.M.M and Guth, B.E.C. 2004. Virulence Properties and Characteristics of Shiga Toxin-Producing 

Escherichia coli in São Paulo, Brazil, from 1976 through 1999. Journal of Clinical Microbiology, Vol. 42(2): 903-905.31. Zhou et al (2005) 
 32 Shukla, V.B., Zhou, S., Yomano, L.P., Shanmugam, K.T., Preston, J.F and Ingram, L.O. 2004. Production of D-lactate from sucrose and molasses. Biotechnology Letters, Vol. 26: 689–693.
 33. Bogs and Geider, 2000; 
 34. Wohlhieter, J.A., Lazere, J.R., Snellings, N.J., Johnson, E.M., Synenki, R.M and Baron, L.S. 1975. Characterization of transmissible genetic elements from sucrose-fermenting Salmonella strains. 

Journal of Bacteriology, Vol. 122(2): 401-406.
 35. Carlos, C., Pires, M.M, Stoppe, N.C, Hachich, M.E, Sato, M.I.Z., Gomes, T.A.T., Amaral, L.A and Ottoboni L.M.M. 2010. Escherichia coli phylogenetic group determination and its application in the 

identification of the major animal source of faecal contamination. BMC Microbiology, Vol. 10(161).36. Zinnah, M.A., Bari, M.R., Islam, M.T., Hossain, M.T., Rahman, M.T., Haque, M.H., Babu, S.A.M., 
Ruma, R.P and Islam, M.A. 2007. Characterization of Escherichia coli isolated from samples of different biological and environmental sources. Bangladesh Journal of Veterinary Medicine, Vol. 5(1&2): 25-
32.37. (Carlos et al, 2010; 

 38. Baldy-Chudzik, K., Mackiewicz, P and Stosik, M. 2008. Phylogenetic background, virulence gene profiles, and genomic diversity in commensal Escherichia coli isolated from ten mammal species 
living in one zoo. Veterinary Microbiology, Vol. 131(1–2): 173–184.; 

 39. Orsi, R.H., Maron, S.B, Nightingale, K.K., Jerome, M., Tabor, H and Wiedmann, M. 2008. Lineage specific recombination and positive selection in coding and intragenic regions contributed to 
evolution of the main Listeria monocytogenes virulence gene cluster. Infection, Genetics and Evolution, Vol. 8(5): 566–576.Orsi et al, 2008; 

20

http://www.saexplorer.co.za/south-africa/map/stellenbosch_map.asp

