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ABSTRACT Most countries including South Africa, process surface water from lakes, rivers, dams and ponds by
filtration, chlorination, alum treatment before use  for drinking purposes. In South Africa,  the North West Province
in particular, residents of most rural communities do not have access to treated water. This exposes them to
contamination with pathogens such as Escherichia coli. The aim of the study was, therefore, to isolate, identify and
characterize E. coli strains from water collected from Setumo Dam, located at the Modimola village, in the periphery
of the Mmabatho  suburban area using conventional microbiological methods and PCR analysis. Water samples  were
collected during the summer season from three different sites of the dam, viz; upstream, middle stream and the
downstream of the dam. Tap water was used as a control during analysis. Bacterial loads were determined by spread
plating on mFC and EMBA and incubating the plates  aerobically at 45oC and 37oC, respectively for 24 hours. Blue
colonies on mFC agar were counted and recorded while pure metallic sheen colonies on EMBA were identified using
preliminary (oxidase test, TSI) and confirmatory (API 20E and mdh specific PCR) assays. The results obtained
indicated that all the water samples were contaminated with faecal coliform bacteria. Samples from upstream had high
colony counts (320 to 1624 cfu/50ml) than those from the mid-stream (56 to 90 cfu/50ml) and the downstream (26
to 44 cfu/50ml). There was no contamination from tap water. Of the 57 randomly selected E. coli colonies that
satisfied the preliminary identification tests and API 20E, 46 (80.7%) were positively identified as E. coli since they
possessed the mdh gene fragment. Water from the dam contained high E. coli load and it is recommended that the
Local municipality makes informed decisions pertaining to the control and management of the pathogen. Improve-
ment of the sanitary and water systems in the area is therefore necessary.

INTRODUCTION

Escherichia coli (E. coli) is a normal inhabitant
of the gastrointestinal tract of humans and animals
and is used as a water quality indicator (Baudišová
1997). Water is needed for survival by all living
organisms and drinking water must therefore be
free of any pathogenic strains.  Fecal pollution in
water due to human and animal activities must
therefore be highly controlled. The contamination
of treated and, or untreated drinking water by fecal
coliform bacteria is a worldwide problem, resulting
in high incidence of waterborne diseases (Swerdlow
et al. 1992; Bruneau et al. 2004). Certain E. coli strains
such as E. coli O157:H7 have been associated with
waterborne incidences which result in morbidity
and mortality in humans even in countries with more
advanced health care systems (Galane and Le Roux
2001; Bruneau et al. 2004).  Clinical diseases caused
by this bacterium in humans range from watery
diarrhea, bloody diarrhea (hemorrhagic colitis) to

severe hemolytic uraemic syndrome (HUS), a
leading cause of the kidney failure (Browning et al.
1990; Armstrong et al. 1996; WHO 1997; Dundas et
al. 2001; Galane and Le Roux 2001).

The presence of E. coli in humans and animals
as their natural hosts creates opportunities for
contamination if proper hygiene is not practiced
since the main route of transmission is fecal-oral
(Echeverria et al. 1984). Moreover,  E. coli strains
have been found to cause diseases even in countries
with more advanced public health and health care
facilities (Chart 2000; Kuhnert et al. 2000). Apart
from water E. coli has been isolated from dairy
products such as milk, yoghurt and meat products
(Hussein and Sakuma 2005; Hussein 2007; Ateba
and Mbewe 2011).

It is very difficult to control infections caused
by this pathogen, since its mode of transmission
for sporadic cases is not reported to hospitals by
infected individuals thus making the number
reported to be similar to those of outbreaks (Griffin
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1995). There have been cases of laboratory acquired
infections that have also been reported worldwide
(Ostroff et al. 1989; Booth and Rowe 1993). Several
studies have been done on the epidemiology,
clinical and laboratory findings on the different E.
coli O157:H7 infections worldwide (Nataro and
Kaper 1998) and those findings were used to
estimate the number of cases present in order to
prevent emergence of the new ones. Deposition or
leakages of sewage into water supplied to the
community that depends on that water for multiple
purposes increases their chances of exposing
themselves into high health risk, since E. coli O157:H7
is mostly isolated from stool that contain blood
(Slutsker et al. 1997; Takeda 1997). Surveillance of E.
coli O157:H7 infection is therefore, recommended in
most developing countries including South Africa.
The surveillance programs will help to determine the
incidence rates, epidemiological risk factors and
resistance of pathogens to antimicrobial agents as
well as in the determination of development of other
E. coli serotypes. In South Africa and Mmabatho
area  in particular, very little information exist on the
occurrence of E. coli in food, water, animals and
humans (Müller et al. 2001; Ateba et al. 2008; Ateba
and Bezuidenhout 2008; Moneoang and
Bezuidenhout 2009).

Most countries including South Africa, process
surface water from lakes, rivers, dams and ponds
by filtration, chlorination, alum treatment and
then use it for drinking. (Clever et al. 2000;
Shrivastava et al. 2004). Setumo Dam in
Modimola Village is situated adjacent the
Mmabatho Water Treatment Plant. Modimola
Village is rural, with poor or no sanitary systems.
The community of this village largely depends
on this dam for its water supply for many
purposes including drinking, washing, fishing,
swimming and supply for their live stock.
Isolation, identification and characterization of
pathogens found in water from this dam is
therefore of significance as an  indication of
the health risks associated with such water
systems.

METHODOLOGY

Sampling Site

Samples for investigation were collected from
Setumo Dam, in the Modimola Village, South Africa.
Modimola Village is about 30Km from the North
West University and situated adjacent to an up-

market town of Unit 14 Mmabatho, North West
Province. It is a home to about 1800 villagers (300
homes with an estimate of 6 individuals per home),
who are mostly uneducated and of low socio-
economic status and without running water. This
dam is near the Mmabatho Sewage Water
Treatment Plant which discharges into it.  Apart
from providing drinking water for the community
and their live-stock, the dam is also used for
fishing, laundry as well as for religious and
traditional rituals. It is often polluted with animal
and human wastes.

Sample Collection

Nine water samples, three from each site, were
collected into  different sterile, 1 liter Duran
Schout water bottles. The collection was done
from three different sites  of the dam viz. from
the inlet (upstream) where the Treatment Plant
discharges water that has undergone primary
and secondary treatment. the middle stream
which is about 2km from the inlet and from the
downstream which  is about 1.5km from the
middle stream. Sterile collection techniques were
strictly adhered to.  Samples were properly
labeled and transported to the Microbiology
research laboratory on ice to inhibit growth of
microbes. On arrival at the laboratory, samples
were aliquot into nine different 200ml Duran
Schout bottles under strict sterile conditions.
Tap water collected from the laboratory, was
used as a control. Water was only collected
during the spring season. Pilot studies were done
prior to the actual study.

Analysis of Water Samples using Conventional
Microbiology Techniques

Determination of Bacterial Load in
Water Samples

Water samples were analyzed following
standard methods (APHA, 1998). Fifty mililiters
(50ml) of water from each sample were filtered in
triplicate through a 0.45µm membrane filter using
a vacuum pump machine (model 13156-Gelman
Sciences, Michigan –USA). Each membrane
filter was removed aseptically with sterile
forceps and placed on m-FC agar. The plates
were incubated at 44ºC for 24 hours to isolate
characteristic faecal coliforms whose colonies
appear blue on mFC.
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Isolation of E . coli

Ten fold serial dilutions were performed using
2% peptone and an aliquot of 100µl from each
dilution was spread-plated on Levine Eosin
methylene blue agar (EMBA) obtained from Merck,
South Africa. The plates were incubated at 37ºC for
24 hours. Presumptive E. coli isolates that produced
metallic sheen colonies on EMBA were sub-
cultured on new EMBA plates and incubated at
37ºC for 24 hours. Thereafter isolates were cultured
on a nutrient agar and incubated at 37°C for 24hours
and stored at room temperature.

Presumptive identification of E. coli isolates

Gram Staining: Presumptive E. coli isolates
that were metallic sheen on EMBA were subjected
to the Gram stain reaction using standard methods
(Cruikshank et al. 1975).

Oxidase Test: A sterile inoculating loop was
used to pick colonies from each culture and smeared
on a filter paper. A drop of an oxidase reagent was
added and observed for a purple color within 30
seconds. Those that produced a purple color were
retained for further testing.

Triple Sugar Iron Agar Test (TSI): Triple sugar
iron (TSI) agar (Biolab supplied by-Merck, South
Africa) was performed to test the ability of
presumptive E. coli isolates to ferment three sugars
including lactose, sucrose and glucose. Five ml (5ml)
of prepared agar were poured into McCartney bottles
and autoclaved at 121ºC to sterilize them. They were
then placed in a slanting position to cool and create
butt and slant. A sterile wire loop was used to pick
colonies from varying streams on EMB agar, then
TSI slants were heavily streaked on the upper surface
(slant) and stab inoculated on the butt. The slanted
bottles were not tightly closed to allow aerobic
growth on the surface (slant) and anaerobic growth
on the butt, and  incubated at 37ºC for 18-24 hours.
After incubation the isolates were observed for color
change, gas and hydrogen sulfide production due
to fermentation of the three sugars.

Analytical Profile Index 20E (API 20E): Analytical
profile index specific for Enterobacteriaceae was used
as a confirmatory test. This test had a plastic strip
holding 20 mini tubes. Suspensions were prepared
using presumptive isolates from the different sites.
They were then poured into the mini tubes which had
dehydrating substrates. Some few tubes were filled
up to the brim while some were filled up with mineral
oil in order for anaerobic reactions to take place.

They were then incubated at 37ºC for 18-24 hours.
After incubation, color changes were assessed from
each tube, added up and read as indicated by the
manufacturer.

Confirmatory Identification of
E. coli Isolate(s) using Polymerase
Chain Reaction

Pure isolates from nutrient agar were inoculated
into nutrient broth and incubated overnight in the
shaking incubator at 37°C, with rotational speed of
120 rpm to allow the growth of bacteria. The
identities of all the presumptive E. coli isolates were
further confirmed using PCR.

DNA Extraction

Genomic DNA was extracted from a bacterial
isolates using an extraction kit (Catalog# 732-6030-
Biolab, South Africa) following the manufacturer’s
instructions with modifications.  The supernatants
were kept frozen at -20°C until they were used for
PCR analysis.

DNA Amplification

E. coli specific Polymerase chain reaction (PCR)
was performed on 57 isolates that satisfied the
presumptive characteristics for E. coli. The aim was
to amplify mdh gene fragment that encodes malate
dehydrogenase using the primer sequences, mdhF
(5’CGTTCTGTTCAAATGGCCTCAGG 3’) and
mdhR (5’ACTGAAAGGCAAACAGCCAAG 3’).
The polymerase chain reaction (PCR) mixture assay
contained 25µl of 10µM of the DNA template, 50
pmol of oligonucleotide primer, PCR master mix, and
RNase free distilled water. These reagents were all
products of Fermentas, USA. Amplification of all
the targeted DNA sequences were performed using
PCR (mini cycler CG1-96, Corbett Research,
Australia) under the following conditions:  initial
denaturation step at 95°C for 5minutes, followed
by 37 cycles of denaturation step at 95°C for
30seconds; primer annealing at 50°C for 30 seconds
and primer elongation at 72°C for 30 seconds. A
final elongation step was performed at 72°C for 5min
and PCR products were kept at 4ºC.

Electrophoresis

The amplified DNA  was resolved by
electrophoresis in a prepared 1% agarose gel. The
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gel was run at 100v for 10min and 80v for 3 hours.
Each gel had a DNA molecular weight marker and
each gel was stained with Ethidium bromide
(0.001µg/ml) for 15min  and visualized under UV
light (420nm) as previously described by (Sambrook
et al., 1989). Gene Genius Bio Imaging system
(syngrene, Synoptics; UK) was used to capture
image using Gene Snap (version 6.00.022)
software.

Control Strains

E. coli ATCC (25922) was used as positive
control while a no template reaction was used as a
negative control.

RESULTS

Bacterial Load from Water Samples

The number of facal coliforms was recorded
as the number of colony forming units (CFU) per
50ml of water sample analyzed, (Table 1). The results
obtained indicate that all the water samples
collected from the three sites of the dam were
contaminated with fecal coliform bacteria. The
upstream part of the dam recorded the highest
number of fecal coliforms,  and there was no
contamination from the tap water.

Table 1: Total number of bacterial count for water
samples obtained at different points in the dam.

Bacterial count (fecal coliforms) per 50ml

Upstream Middle stream Downstream Tap water
(cfu/ 50ml) (cfu/50ml) (cfu/50ml) (cfu/50ml)

  320 5 6 3 8 0
  480 6 9 4 4 0
1624 9 0 2 6 0

Biochemical Tests

Metallic sheen colonies on EMBA were
considered as presumptive E. coli isolates and 56
from each (triplicate) sample randomly picked, were
screened using preliminary identification tests. A
total of 504 (168x3) presumptive isolates were
screened for characters of E. coli using the Gram
stain, Oxidase and the TSI tests (Table 2). Only
isolates that satisfied the preliminary identification
characteristics for E. coli were considered for
further screening.

Table 2: Proportion of presumptive E. coli species
identified using the Gram Staining Triple Sugar
Iron Agar Test and the API 20 E tests.

                  Biochemical Tests
Gram   Triple Sugar Iron Oxidase  API
Stain- Test (TSI)  test  20 E
ing

  Sugar  Gas  H2S
  Ferm
  (+ve)  (+ve)  (-ve)

Upstream 168 6 6 168 168 168 2 8
  Middle
Stream 168 5 4 165 167 168 1 8
  Down
Stream 168 4 8  99 168 168 1 1
Total 504 168 432 503 504 5 7
Control -ve +ve +ve -ve +ve +ve
strain rod
  (ATCC
  25922)

+ve = Positive for the test; -ve = Negative for the test

A total of 503(99.8%) isolates were successfully
identified as presumptive E. coli isolates. However,
when the 503 isolates were subjected to the API
20E, a confirmatory test, only 57(11.3%)  E. coli
isolates were obtained (Table 2). A large proportion
(49%) of the isolates from the upstream samples
satisfied the secondary identification characteris-
tics for E. coli and thus revealed high levels
contamination when compared to isolates from the
middle stream (31.6%) and the downstream (19.4%)
samples.

Confirmation of the Identities of  E. coli
Isolates Using the Mdh Specific Polymerase
Chain Reaction (PCR) Analysis

DNA Extraction and Electrophoresis

The identities of isolates that satisfied the
preliminary and secondary identification
characteristics for E. coli were further confirmed
using E. coli specific PCR. A total of 57 isolates
were screened and DNA was extracted from all of
these. The DNA was of good quality and
concentration with no fragmentation observed.

Amplification

Specific PCR analysis was performed on all E.
coli isolates to amplify the mdh gene that codes for
malate dehydrogenase. Amplification was optimized
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to obtain the desired 392 base pair fragment (Fig. 1)
and of the 57 isolates amplified 46 (80.7%) were
positively identified as E. coli since they possessed
the mdh gene fragment (Table 3)

Fig. 1. mdh gene amplicons.

Lane 1= DNA marker (100 base pairs); Lanes 2-3=
PCR amplification of the mdh gene fragments from
suspected E. coli isolates obtained from water samples in
the upstream; Lanes 4-5= PCR amplification of the mdh
gene fragments from suspected E. coli isolates obtained
from water samples in the middle-stream; Lanes 6-7= PCR
amplification of the mdh gene fragments from suspected
E. coli isolates obtained from water samples in the
downstream and Lane 8= PCR amplification of the mdh
gene fragments from E. coli (ATCC 25922) control strain.

Table 3: Proportion of E. coli isolates obtained from
water samples collected at different points in the
dam using PCR.

Upstream Middle stream        Downstream

24(52.1%)  15(32.6%)         7(15.2%)

DISCUSSION

Water is a vital resource to the society, thus
efficient monitoring and management of pathogens
from drinking water is very important so as to reduce
the number of diarrheal infections that might pose a
public health risk to consumers. It is recommended
that for water to be considered potable for each  100ml
there should not be any bacterial contaminants (WHO
2002). However, the water from the upstream had the
highest bacterial load (1624cfu/50ml) compared to
samples collected from the mid-stream and the
downstream. However, the high fecal contamination
observed in the upstream does not necessarily imply
that the water treatment procedures are inadequate.
The inlet is easily accessible to humans and animal
as it is in close proximity to the village and is the
main water supply for the villagers, and thus a bee-
hive of activities. Animals who drink from the dam,
also defecate around it and when rains come their

waste is washed into the dam. The village sanitary
system is also very poor. It is therefore suspected
that the high level of contamination in the inlet can
also be as a result of human and animal activities.
The water from this dam therefore, serves as a
potential risk for the transmission of pathogens to
the villagers.

Several studies have also revealed that the
discharge of wastes into dams or rivers is a potential
source for transmitting microbial contaminants to crops
as well as fish (Tyrrel 1999). Most of the individuals
who live in Modimola Village eat fish from the dam and
use the same water for watering their gardens. Bacterial
concentration in fish has been reported to correlate
with level of bacterial contamination in water (Pal and
Dasgupta 1992). The consumption of undercooked
contaminated fish might therefore, have health
implications  on the residents of this  village

The downstream of the dam is not easily
accessible to the villagers and animals. Moreover,
the downstream was rich in organic matter and this
normally negatively affects the concentration of
oxygen. Consequently, mostly facultative
anaerobes rather than heterotrophic bacteria will
survive in such an environment (Lim and Flint 1989).
This may explain why only a small proportion of E.
coli was isolated from the downstream. However,
the water from the downstream is also purified at a
nearby Water Purification Plant and distributed to
houses in the nearby affluent suburban area of
Mmabatho. It is far better to consumers if water
that goes to the purification plant has low numbers
of bacterial contaminants especially in cases where
the treatment protocols are not strictly implemented.

The malate dehydrogenase (mdh) is a house
keeping gene that is a suitable target gene for
identification of E. coli species. The variable region
of the sequence is flanked by highly conserved
regions that are not easily transferred to other species
horizontally. In addition, the variable region is
relatively short, and contain sufficient allelic
polymorphism to differentiate strains (Olive and Bean
1999). The mdh gene assay outperforms other
phenotypic and genotypic methods for the
identification of E. coli species (Moore et al. 2005).
Amplification of 320 base-pair partial nucleotide
sequence of the mdh fragment accurately identified
E. coli isolates from the different  sites of the dam
and results were highly reproducible. The natural
hosts of E. coli species are humans and animals,
thus their presence in water indicate contamination
with faeces from these species. Knowledge of the
host specificity for isolates obtained in the present

500  bp
400  bp
392 bp

392 bp
Males
Dehydrogenase
Geme frag,emt

   1         2        3       4         5       6       7    8
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study is recommended so as to effectively assess
the extent to which animals and humans in the
study area contribute to the level of contamination
in this water body. This may assist in the
implementation of appropriate control measures
(Ivanetich et al. 2006) and reduce human infections.
However, sequence alignments for host specificity
were not carried out, and such further studies are
required.

  CONCLUSION

E. coli was isolated from all water samples collected
from the different sites of the Setumo dam. Although
E. coli was at some time considered to be non-
pathogenic, however, some strains have acquired
virulence genes and have been found to be
responsible for a number of water-borne infections
worldwide. The E. coli isolates obtained in this study
were not identified at strain level and thus their
pathogenicity and virulence were not assessed.
However, some may belong to the serotype O157 that
is highly pathogenic to humans and therefore further
studies are still required.

The high contamination level of the dam with E.
coli isolates is a cause for concern and precautionary
measures to meet WHO water requirements for human
consumption are needed as such water poses a high
risk to the health of the community. This might mean
that Local Municipality Decision Makers will need to
pay serious attention to this situation before it gets
out of control. This is highly justified as there seem
to be limited regulation if any on the activities around
this dam and there is also lack of proper sanitary
systems. A large proportion of the members in the
community are not literate, have very low income if
any and might not be aware that contamination by
fecal bacteria is associated with a wide variety of
health hazards including gastrointestinal and viral
infections (Ivanetich et al. 2006).
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