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In South Africa, individuals who reside in most rural areas do not have access to portable water and
they rely on untreated water from boreholes. This exposes them to disease causing microorganisms.
The aim of the study was to isolate and determine the antibiotic susceptibility profiles of enterococcus
in ground water from three rural communities in the Mmabatho area, North-West Province of South
Africa. Enterococcus selective agar (ESA) was used for selective isolation of Enterococci species. The
identities of the isolates were determined using preliminary (Gram staining, catalase test, oxidase test)
and confirmatory (API 20 Strep and the Prolex ™ Streptococcal Grouping Rapid Latex Agglutination test
kit) test. Two hundred and twenty five presumptive isolates were screened and 139 were positively
identified. Three enterococcus species were identified; Enterococcus faecium (71.2%), Enterococcus
faecalis (23.0%) and Enterococcus avium (5.8%). A large proportion of the isolates (73.4%) belonged to
the Lands field group D serotype when compared to the G group (26.6%). A large proportion of the
isolates (75 to 100%) from Ramosadi and Seweding were resistant to vancomycin, penicillin G,
erythromycin, chloramphenicol, oxytetracycline, amoxycilin and sulphamethoxazole. Isolates from
Mothlabeng showed little resistance against these drugs. The identification of vancomycin-resistant
enterococci was a cause for concern since they pose a severe challenge to the medical profession. The
natural hosts of E. faecium and E. faecalis are humans and animals. From these results, it is proposed
that the isolates could have originated from contamination of these water sources with faeces since
most of the boreholes are constructed near the pit toilets.
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INTRODUCTION

Water is a very important resource for life (WHO, 2003).
Access to safe drinking water is a fundamental human
need and therefore a basic right of every individual, since
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Abbreviations: ESA, Enterococcus selective agar; API,
analytical profile index; VRE, vancomycin resistant enterococci;
MAR, multiple antibiotic resistant.

contaminated water jeopardizes both the physical and
social health to consumers (WHO, 2003). In many
countries, including South Africa, the shortages of water,
human activities and industrialization have been found to
significantly affect the quality of water (Martellini et al.,
2005). South Africa is a semi arid area that has a very
low rainfall (Chamaille-dammes et al., 2007). While the
government can be commended on efforts to improve the
quality of water that is supplied to residential quarters, in
rural areas, most individuals do not have access to
portable water and therefore rely on water from



alternative sources such as rivers, dams and boreholes
for survival and for use in household activities
(Chamaille-dammes et al., 2007). These water sources
are usually unprotected and are therefore subject to
contamination with microbes of faecal origin such as
Escherichia coli, Enterococcus species and Salmonella
species (Reeves and Grant, 2004).

The consumption of contaminated water has severe
health implications on humans by causing diseases that
include diarrohoea, endocarditis, and bacterimia (Nannini
et al., 2005; Takeuchi et al., 2005). These diseases pose
a challenge to the medical profession even in countries
that have more advanced health care facilities if caused
by multiple antibiotic resistant strains (Birgul and Altan,
2005; Takeuchi et al., 2005). It is therefore beneficial for
portable water to be free of microbial contamination in
order to reduce the possibility of transmitting disease
causing microbes to consumers (WHO, 2003).

Enterococci are facultative anaerobic, Gram positive
cocci that live as normal flora in the gastrointestinal tract
of humans and animals (Gambaratto et al., 2000, Kiem et
al., 2003). Enterococcus species are indicators which
when found in water and food products indicate contami-
nation from faeces from both animals and humans (Franz
et al., 2001, He and Jiang, 2005; Valenzuela et al., 2008).
Contamination is usually associated with poor hygiene
practices and this explains the need to implement proper
hygiene standards when handling food products
(Foulquie-Moreno et al., 2006). Although, more than
twenty species have been classified, Enterococcus
faecium and Enterococcus faecalis are the most
frequently indentified in humans, animals, food products
and water (Eaton and Gasson, 2001; Radu et al., 2001;
Facklam, 2002; Giraffa, 2002). Enterococci are opportu-
nistic pathogens and most often would cause disease on
their hosts if the immune system is suppressed (Fisher
and Philips, 2009). In a country like South Africa where
the incidence of HIV/AIDS is high, the impact of these
pathogens cannot be overemphasized. Moreover, the
ability of Enterococcal cells to resist destruction by a wide
range of antibiotics gives the organisms the potential to
survive in hospital environments and disseminate
resistant strains if proper hygiene is not implemented
(Leclercq et al., 1998).

Despite the problems that residents in most rural
communities in the North-West Province of South Africa
face as a result of consuming untreated water, only one
study has been documented (Moneoang and
Bezuidenhout, 2009). Moreover, the aforementioned
study evaluates the prevalence of Enterococcus species
in pigs. The present study was aimed at providing
information on the occurrence of Enterococcus species
from water obtained from boreholes in some rural
communities in the Mmabatho area in the North-West
Province of South Africa but with emphasis on the
antibiotic resistance profiles of the isolates.
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MATERIALS AND METHODS
Area of the study

The research was conducted at the North-West University-Mafikeng
Campus, South Africa. Fifteen ground water samples were
collected from three villages in Mmabatho. This included 5 from
Motlhabeng, 5 from Ramosadi and 5 from Seweding.

Sample collection

Samples were collected from borehole taps. Prior to collecting the
samples, the taps were made to run for about 1 min. Water samples
were collected into sterile 500 ml Duran Schott bottles and were
immediately transported on ice to the laboratory for analysis.

Sample analysis
Selective isolation of Enterococci species

Water samples were analysed within two hours upon arrival in the
laboratory according to standard methods (APHA, 1998). An aliquot
of 100 ml from each sample was filtered using 0.45 um filter paper
(Whatman®Glass Microfiber GS Filter paper) on a water pump
(model Sartorius 16824). A sterile forcep was used to remove the
membrane filters from the machine. These filter papers were placed
on ESA, (Biolab, South Africa). The plates were incubated
aerobically at 45°C for 24 h and typical black colonies were
considered as potential Enterococci species. These isolates were
sub-cultured on ESA plates and incubated aerobically at 45°C for
24 h.

Control strains

E. faecalis (ATCC 29212) and E. faecium (ATCC 6569) were used
as positive control strains.

Bacterial identification

Presumptive isolates were identified using the following criteria:

Cellular morphology

Isolates were Gram stained using standard methods (Cruikshank et
al., 1975). Gram-positive cocci were subjected to both preliminary
and confirmatory identification tests for Enterococcus species.

Preliminary biochemical identification tests for Enterococci

Oxidase test: The oxidase test was performed using test reagent
from Pro-Lab Diagnostics-United Kingdom and the test was
performed as instructed by the manufacturer (Whatman
International Ltd, Maidstone, England). Enterococci are oxidase
negative hence all isolates that satisfied this preliminary
identification criteria were retained.

Catalase test: The catalase test is designed to detect the presence
of the catalase enzyme in most aerobic and facultative anaerobic
bacteria that contain the cytochrome system. Enterococci and
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Table 1. Details of antibiotics that were used in the study.

Group Ab Disc conconcentration (ug) | S
Aminoglycosides SMX 300° <11 12-14 >15
AP 102 <11 12-14 215
Beta -Lactams PG 10° <20 21-28 229
GM 10° <12 - >13
A 102 <13 14-16 217
Glycopeptides VA 30° <9 10-11 =12
Tetracyclines oT 30° <14 15-18 >19
Phenols C 30° <12 13-17 218
Marcrolides E 15ug° <13 14-22 223

The superscripts ® to  indicate the generally accepted concentrations of the discs according to the standard
method stipulated by the manufacturer, Mast Diagnostics, Merseyside, United Kingdom.

Streptoccoci are exceptions and do not possess the enzyme.
Catalase enzymes decompose hydrogen peroxide to water and
oxygen. The catalase test was performed by reacting a drop of 2%
hydrogen peroxide and viable presumptive enterococci on a clean
microscope slide. Enterococcus species are catalase negative
hence all isolates that satisfied this preliminary identification
criterion were subjected to further confirmatory tests.

Confirmatory identification tests for Enterococci
Analytical profile index API 20 strep

The identities of all presumptive Enterococcus spp. that satisfied
the preliminary identification characteristics were confirmed using
the analytical profile index (API) 20 Strep test. The test was per-
formed as instructed by the manufacturer (BioMerieux®, France).
The indices obtained after reading the results were interpreted
using the APl web software (BioMerieux® S.A.).

Serotyping

A Prolex™ Streptococcal Grouping Latex test kit obtained from
PRO-LAB Diagnostics — U.K was used for serological seperation of
Enterococcus spp. into Lancefield groups D and G. The test was
performed by reacting a cell wall specific carbohydrate extract of
isolates with nitrous acid reagents (positive D and G antisera).
Positive reactions were recorded when extracts agglutinated with
specific reagents. However, the A antiserum that was provided in
the kit was used as a negative enterococci control for both the
control strains and the test isolates.

Antibiotic susceptibility test

Antibiotic susceptibility tests were performed on all Enterococci
species to determine their antibiotic resistant profiles using the
Kirby-Bauer disc diffusion technique (Kirby et al., 1966). Before
antibiotic sensitivity testing, the isolates were revived by sub-
culturing onto ESA plates. The plates were incubated aerobically at
37°C for 24 h. Bacterial suspensions were prepared using pure
isolates and aliquots of 100ul from these suspensions were spread-
plated on Mueller Hinton agar (Biolab, Merck, South Africa). The
susceptibilities of the isolates against a panel of ten different

antibiotic discs obtained from Mast Diagnostics - United Kingdom
were determined. The antibiotic discs were gently pressed onto
inoculated Mueller Hinton agar to ensure intimate contact with the
surface and plates were incubated aerobically at 37°C for 24 h
(NCCLS, 1999). The antibiotic inhibition zone diameters were mea-
sured and results obtained were used to classify isolates as being
resistant, intermediate resistant or susceptible to a particular
antibiotic based on standard reference values (NCCLS, 1999).
Table 1 indicates the details of antibiotics that were used in the
study. The antibiotics tested were those to which resistance have
been reported in the area (Ateba and Bezuidenhout, 2008;
Moneoang and Bezeidenhout, 2009). Moreover, some antibiotics
that are used to treat human infections were also included.

Statistical analysis

Statistical analysis was done using SPSS software (version 14.0).
Pearson’s correlation product of moment (P<0.05) was used to
determine whether the antibiotics tested exhibited similar reactions
against the Enterococci spp. isolated from the different sampling
stations.

RESULTS

Occurrence of Enterococcus spp. in ground water
samples

The number of isolates that satisfied both the preliminary
and confirmatory identification tests is shown in Table 2.
A total of 228 presumptive isolates were screened and
139 were positively identified as enterococci. The
proportion enterococci isolated was higher in water
obtained from Motlabeng (54.7%) than in Ramosadi
(23.0%) and Seweding (22.3%). Although, three different
enterococci species were isolated in the study, E.
faecium (71.2%) was the most predominant in all the
sampled sites. However E. faecalis and E. avium were
isolated at 23.0 and 5.7%, respectively. E. avium was not
isolated from Ramosadi and Seweding. A large
proportion (78.4%) of the isolates agglutinated with the D
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Table 2. The percentages of Enterococci spp. isolated from the different sampling sites.
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API 20 Strep (No. of the different

Serotyping (No. +ve for

Village G(r?lr: :;22:2)9 g’s‘id(avs; 1(_:ala|ase species positively identified) different serogroups)
* est (-ve) E. faecium E. faecalis E. avium D G
MO (N=76)* 76 76 76 45 23 8 54 22
RA (N=32)* 76 76 76 23 9 0 32 0
SE (N=32)* 76 76 76 31 0 0 16 15
Total 228 228 228 99 32 8 102 37
% 71.2 23.0 5.8
Table 3. The percentages of Enterococcus spp. isolated from the different sampling sites.

Sample source AP GM oT VA C E PG A SMX

MO 7 16 21 19 20 32 12 28 76

NT=76 NR% 9.2 21 27.6 25 26.3 421 15.7 36.8 100

RA 6 13 30 24 29 30 25 32 32

NT=32 NR% 18.7 40.6 93.7 75 90.6 93.7 78.1 100 100

SE 2 1 18 12 22 31 5 31 31

NT=31 NR% 6.4 3.2 58 38.7 70.9 100 16.1 100 100

*=No. tested; MO=motlhabeng, RA=ramosadi, SE=seeding.

antiserum when compared to the G (21.6%). The natural
hosts of E. faecium and E. faecalis are humans and
animals. From these results, it is proposed that the
isolates could have originated from contamination of
these water sources with faeces since most of the
boreholes were constructed near the pit toilets.

Percentage antibiotic resistance of Enterococci

species

All the 139 enterococci isolated were tested to determine
their antibiotic susceptibility profiles against a panel of 9
different antimicrobial agents. Results obtained are
depicted in Table 3. A large proportion (75 to 100%) of
the isolates from Ramosadi village were resistant to
sulphamethothazole, amoxycillin, erythromycin,
chloramphenicol, vancomycin, tetracycline and penicillin.
Although a similar trend was seen for isolates from
Seweding, the proportion of isolates that were resistant to
tetracycline and vancomycin were much lower (58 and
38.7%, respectively). However, isolates from Motlhabeng
showed little resistance against these drugs except for
sulphamethoxazole in which all isolates were resistant. A
relatively smaller proportion of the isolates (6.4 to 18.7%)
tested were resistant to ampicillin. Moreover, only very

few of the isolates (15.7 to 16.1%) from Motlhabeng and
Seweding were resistant to penicilin G. A cause for
concern was the identification of vancomycin resistant
enterococci (VRE) in samples obtained from all the three
sampling sites despite the fact that the drug is not used in
the area. These isolates may pose a severe challenge to
both the medical and veterinary professions in the area. It
is thus recommended that water samples from these
sources be treated before consumption.

DISCUSSION

In Motlabeng village the boreholes are constructed very
close to the pit toilets than in the other two sampling
areas. Moreover, Motlabeng is more populated than
Seweding and Ramosadi since it is closer to the North
West University. Home owners in this village construct
hostels in their compounds and these are rented by
university students since these accommodation facilities
are cheaper than those on campus or in the unit
residential areas. However, there is a public health
problem associated with this practice. In Seweding and
Ramosadi houses are sparely located and most residents
have their boreholes constructed in such a way that the
water passes through a bed of stones and undergoes
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some form of treatment. Water from these sources is also
stored in elevated closed tanks that are connected to
taps. This minimizes contamination and can account for
the results obtained in these sampling sites.

A large proportion (78.4%) of the isolates agglutinated
with the D antisera when compared to the G (21.6%).
All the test isolates and the enterococci control strains
were negative when reacted with the A antiserum. This
observation is in agreement with the report that
Lancefield’s groups D and G are specific for the genus
Enterococcus while groups A, B, C, E and F belong to the
genus Streptococcus (Facklam, 2002; Kohler, 2007).

Three enterococcus species viz E. faecium, E. avium
and E. faecalis were indentified in the study. It has been
reported that E. faecalis is more prevalent in the
gastrointestinal tract of humans than E. faecium (Noble,
1978). In the present study, E. faecium than E. faecalis
was isolated. Therefore, and in disagreement to a
previous study (Noble, 1978) with respect to the
distribution of the species, enterococci were predominant
in Motlabeng than in Ramosadi and Seweding. It is
suggested that the observed trend could have resulted
from the fact that Motlabeng is more populated hence
the level of contamination of ground water with faeces
from humans is high.

A further objective was to determine the antibiotic
resistance profiles of enterococci isolated. A large
proportion of Enterococcus species were resistant to
three or more antibiotics and hence were termed multiple
antibiotic resistant (MAR) isolates. Moreover, isolates
were most often resistant to sulphamethoxazole,
erythromycin,  chloramphenicaol, amoxycilin ~ and
tetracycline. This is in agreement with a previous report
(Moneoang and Bezuidenhout, 2009). Tetracycline is
easily accessible over the counter and hence the most
commonly used antibiotics on animals in the area.
However, only a small proportion (6.2-18.7%) of the
isolates from the three sampling sites were resistant to
ampicillin and gentamycin. Ampicillin is also commonly
used in the area hence the results presented do not
correspond with the usage of the drug in the area. A large
proportion (75%) of the isolates from Ramosadi and a
reasonable proportion (25 to 38.7%) of the isolates from
Motlabeng and Seweding, respectively were resistant to
vancomycin. Although a similar observation has been
reported, the VRE isolates were obtained from pigs
(Hasmann et al., 2005). Vancomycin is not used in both
veterinary and human medicine in the area. Thus the
identification of Vancomycin resistant enterococci (VRE)
was a cause for concern. VRE may pose a severe
challenge to humans since it is very difficult to treat
infections they cause. Constant monitoring of the
antibiotic resistant profiles of enteroccoci in ground and
recreational water sources could provide a compre-
hensive data of the resistant patterns of these pathogens
in the area. This would improve information on treatment

options for enterococcal infections in humans.
Conclusion

The present study examined the level of contamination of
ground water with Enterococcus species and the species
distribution. Results indicated the presence of these
faecal indicators in water that is consumed by individuals
in these rural communities in the North West Province.
This may have resulted from the fact that individuals who
live in these villages do not practice proper hygiene and
have limited access to sanitary facilities hence increasing
the chances of contaminating the water with faecal
matter. The provision of proper water management
systems and treated safe water supply to residents in
these communities cannot be overemphasized. The
detection of large numbers of MAR isolates in water was
of concern as this could lead to the dissemination of
antimicrobial resistant strains that have negative clinical
implications. The results presented herein demonstrate
the need for a continued surveillance of antimicrobial
resistance among these water and food-borne pathogens
so as to improve public health standards.
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