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Abstract

The aim of this study was to ascertain whether household container-
stored drinking water might play a role in the diarrhoeic conditions of HIV/
AIDS patients and non-HIV-infected individuals of the rural communities
who attended the Ugu District Municipal hospitals. Water samples
were collected from the standpipes and household containers, and stool
specimens were obtained from HIV/AIDS-positive and non-HIV/AIDS
patients with diarrhoea. Significant correlations were established between
the incidence of potentially pathogenic bacteria isolated from chlorinated
household-stored water, and in stool specimens of HIV-positive patients
with diarrhoea (P < 0.05). A combination of molecular analysis targeting
the 16S rRNA gene and the restriction fragment length polymorphism and
sequence analysis of the amplified gene for differentiating between species
and strains of the bacterial pathogens was also applied to isolates obtained
from stored-water samples and stool specimens. Similarsequences affiliated
with Klebsiella spp., K. pneumoniae, Escherichia coli, E. coli O55: H7,
Proteus mirabilis, and Shigella boydii were identified in both stored
water and stools of HIV/AIDS-positive patients with diarrhoea. With the
exception of Proteus mirabilis, none of these sequences were identified in
stool specimens of non-HIV-infected individuals with diarrhoea.
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supply [6]. Although this shows a fair commitment by the
country to improve access to safe drinking water to all, studies
have indicated that the focus has been mostly on metropolitan
areas where the infrastructure for water treatment and supply
to consumers is of a high quality compared to rural areas
where it is poor or non-existent [7-12].

The implementation of communal standpipes and storage
of treated drinking water in the households remains the main
mode of drinking water supply in most rural communities of
South Africa. However, the provision of treated drinking water
through this mode of access is not appropriate to maintain
the safety of drinking water. Previous studies conducted
on container-stored water worldwide have indicated the
deterioration of the microbiological and physicochemical
quality of this water source between the time of collection and
storage [13-16]. Some studies have indicated that long storage
times and the types of the container affect the microbiological
and physicochemical quality of water collected and stored for
drinking purposes by households [8, 13]. During storage,
the quality of the water deteriorates, allowing the regrowth
and survival of pathogenic microorganisms on the surfaces
of household containers [8]. Other studies have attributed
the deterioration of this water source to the living conditions
and hygiene practices [17-20]. Unsanitary methods for
dispensing water from household storage vessels, including
contaminated hands and dippers and inadequate cleaning of
vessels, number of children and socio-cultural status, have
been shown to lead to the accumulation of sediments and
pathogens [21, 22]. Even piped water supplies of adequate
microbiological quality can pose a risk of infectious disease
if they become contaminated due to unsanitary collection
and storage conditions and practices within households [23].
Clearly, container-stored water is a critical public health
concern. Exposure to poor water quality could contribute
to the spread of diseases such as cholera, typhoid fever,
diarrhoea and liver problems [24, 25]. The impact of water-
borne disease is significant. The World Health Organization
[26] has estimated that about 88% of diarrhoeal diseases
in the world are attributed to unsafe water and a lack of
sanitation and hygiene. These diseases result in debilitating
effects on rural communities, resulting in 3.1% of annual
deaths recorded [9, 11, 27, 28]. In South Africa, diarrhoea
is among the top ten causes of death, claiming 13 000 lives
annually [29, 30]. The microbiological safety of drinking
water is, therefore, a critical matter, especially for immuno-
compromised people such as HIV/AIDS individuals. Due
to their weakened immune system, diarrhoeal diseases
transmitted by waterborne agents contribute significantly to
their morbidity and mortality [31]. HIV-infected individuals
have a greater need for potable water than uninfected
individuals [32].

In South Africa, a few studies showing the link between

the presence of some diarrhoea-causing bacteria pathogens
in the stools of HIV-positive individuals and those found in
their household drinking water have been conducted in rural
areas of the Limpopo Province [33] and the Eastern Cape
Province [34]. However, none of these studies have linked
the deterioration of the quality of household-stored water to
that of drinking water supplied through standpipe systems
after treatment. Moreover, all these studies were based on
a combination of culture-based methods and conventional
Polymerase Chain Reaction (PCR) amplification of
species-specific genes of pathogenic bacteria. Additional
molecular techniques such as Restriction Fragment Length
Polymorphism (RFLP) and sequencing are therefore required
to establish whether the incidence of pathogenic bacteria in
household container-stored drinking water plays a crucial
role in the diarrhoeic conditions of immunocompromised
people, such as HIV/AIDS patients residing in rural areas
of underdeveloped countries in general and South Africa in
particular. It is alluded that to date no investigation of this
nature has been conducted in the KwaZulu- Natal Province,
while this province has the highest prevalence rate (39.5%) of
HIV- infected individuals in South Africa [35]. The present
study investigated whether the quality of drinking water at
the point of supply (standpipe) was the first source for the
deterioration of container-stored water quality, which might
play a potential role in the diarrhoeic conditions of HIV/
AIDS- positive and non-HIV/AIDS patients living in the
Ugu District Municipality in the KwaZulu-Natal Province of
South Africa. Conventional and molecular methods such as
PCR targeting the 16S rRNA gene, PCR restriction fragment
length polymorphism (RFLP), and sequence analysis of
16S rRNA amplified genes were used for the isolation,
characterization and identification of pathogenic bacteria
from standpipe water, water stored in households and stools
of HIV/AIDS-positive and non-HIV/AIDS patients attending
the Murchison and Port Shepstone hospitals.

Materials and Methods

Description of the study site, water supply, and
storage

This study was carried out in the Ugu District
Municipality in KwaZulu-Natal for a period of 11 alternating
months between November 2008 and November 2009 and
in April 2015. This district was selected because of its high
prevalence rate of HIV (44%), high unemployment rate
(30%), the backlog regarding the provision of water services
to the population (70%), and the population distribution by
race (89% black, 5% white, 3% Asian, 1% coloured , 2%
other) (Statistics — Ugu District Municipality, 2010). There
are two main referral hospitals, namely the Murchison and
Port Shepstone hospitals, which serve the Ugu District
Municipality. Statistical data of HIV/AIDS patients were
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obtained from the clinics at the Murchison and Port Shepstone
hospitals. This information assisted in identifying the
locations where water sampling was subsequently done. The
Boboyi, Bomela and Gamalakhe areas receive their drinking
water from the Boboyi Water Purification Plant (Figure 1).
This plant abstracts its intake water from the Umzimkhulu
River and uses conventional methods to produce final
drinking water. The treatment includes the following multiple
barriers: coagulation, flocculation, sedimentation, rapid sand
filtration, and chlorination. In these areas, the storage of the
treated water is crucial as the communities receive their water
from standpipe systems. Drinking water is kept in plastic
containers in the home for a period of up to three days. This
storage period was also taken into consideration to assess the
deterioration of drinking water over time. It was recorded
during the study period that water was continuously added to
these containers (four or five times) without cleaning them.
The scoop used to draw water from the containers was placed
on top of the containers and it remained uncovered.

Ethics clearance

To conduct the present study, ethics clearance was
obtained from the Tshwane University of Technology (TUT),
the Provincial Department of Health in KwaZulu-Natal and
the relevant hospital clinics. Informed consent to participate
in the study was obtained from patients, mothers of babies or
patient guardians who granted permission to collect the stool
specimens of HIV/AIDS and non-HIV-infected individuals
by the hospital nurses. For the household drinking water
samples, the informed consent was obtained from the owners
of houses. Prior to sample collection, a clear justification
of the objectives of the study was provided to the study
participants.

Collection of drinking water samples

Based on statistical data obtained from the clinics at
the Murchison and Port Shepstone hospitals, the sampling
programme was performed only in areas where the target
patients could be found, although their names remained
unknown to the research team. A total of 27 standpipes,
which supplied drinking water to the selected 220 houses
were considered for this study. A sampling of the standpipe
drinking water was done concomitantly with that of household
containers, using internationally accepted techniques and
principles. However, it is important to mention that water
samples collected from household containers could have
had a storage period varying from one to three days. For
the purpose of this part of the study, water samples were
randomly selected: 24 samples from standpipes and 72
samples from household containers (24 from each site) of
Boboyi, Bomela, and Gamalakhe. Our intention was just to
obtain a baseline on the incidence of pathogenic bacteria in
drinking water supplied to communities and to determine
whether this water might be a potential source of pathogens
in household container-stored water, which might play a
role in the diarrhoeic conditions of the HIV patients visiting
the clinics while living in the above- mentioned rural areas.
The concentration of the residual chlorine and the turbidity
level in drinking water samples were determined onsite using
a Hach 2100P Portable turbidity Meter (Eutech Instrument
Turbidimeter TN-100, Thermo Scientific, Johannesburg,
South Africa) according to the procedures outlined in the
Standard Methods [36]. Water samples were stored on ice and
transported to the laboratory at the Boboyi Water Treatment
Plant for initial microbiological analyses within 6 to 8 h of
being collected.
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Figure 1: Mode of access to municipal drinking water supply in target urban and rural areas (H: house; R: reservoir; STP: Stand-
pipe; BY-H: Boboyi house; BMH: Bomela house; Gam-H: Gamalakhe house).
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Collection of stool specimens

One hundred and twenty diarrhoeal stool samples from
confirmed HIV-positive patients and 44 diarrhoeal stool
samples from HIV-negative patients visiting the clinics
and residing in the target arecas were collected by hospital
clinicians They were collected in clean, sterile wide-mouthed
bottles (Merck, Johannesburg, South Africa) and transported
to the National Health Laboratory Services at the Port
Shepstone hospital laboratory for initial bacterial analyses
within 4 to 6 h of being collected. All the patients’ locations,
their diarrhoeic conditions, and their status were recorded at
the hospitals. Confidentiality on the HIV status of patients
was maintained throughout the project.

Isolation and detection of faecal coliforms and
pathogenic bacteria

Standard methods with some modifications were used for
the isolation and detection of the targeted bacterial enteric
pathogens (Salmonella Typhimurium, Shigella dysenteriae,
and Vibrio cholerae) from water samples and stool specimens
[37, 38]. The culture media consisted of Chromocult®
coliform agar (CCA), tetrathionate broth (TTB), thiosulphate-
citrate-bile salt-sucrose (TCBS) agar, xylose lysine
deoxycholate (XLD) and alkaline peptone water. They were
prepared according to the manufacturer’s instructions (Merck,
South Africa) and Standard Methods [38]. Faecal coliforms
were quantified by membrane filtration techniques using
membrane faecal coliform (m-FC) agar and Chromocult®
coliform agar (CCA), and plates were incubated at 44.5 °C
for 24 h. For Salmonella and Shigella spp., 500 mL drinking
water samples were filtered through the sterile 42 mm
diameter membrane of 0.45 pm pore size (Millipore). After
filtration, membranes were aseptically immersed in 50 mL of
sterile Selenite broth (Merck, South Africa), and aerobically
incubated at 36 + 1 °C for 18 h to 24 h. Thereafter, 1 mL of the
pre-enriched suspensions for each drinking water sample was
added to sterile tubes containing 9 mL of TTB (Merck, South
Africa). The suspensions were subjected to incubation at 36
+ 1 °C overnight. The detection of presumptive Salmonella
and Shigella spp. was performed by the streak-plate method
using xylose lysine deoxycholate (XLD) agar (Merck, South
Africa) and the plates were incubated at 36 + 1 °C overnight.
For Vibrio spp., similar techniques were used but the pre-
enrichment of these species was done using 100 mL of double-
strength alkaline peptone water (pH 8.5) and the incubation
period was 6 h to 8 h at 36 £ 1 °C. The detection of Vibrio
cholerae was performed using thiosulphate-citrate-bile salts-
sucrose (TCBS) agar. The same procedure was used for stool
samples with the exception that a pea-sized stool specimen
was directly inoculated in the respective enrichment broths
for detection of Salmonella, Shigella and Vibrio cholerae.
All the tests were done in triplicate for the isolation of the

aforementioned presumptive organisms. For water samples
and stool specimens, three to five individual colonies differing
in size, form, and colour were randomly selected, transferred
into the slant bottles containing the relevant selective media,
incubated at 36 = 1 °C for 24 h and taken to the Tshwane
University of Technology Water Research Group laboratory
for confirmation and molecular analysis.

Identification of bacterial strains from water samples
and stool specimens Culture-based methods

Four to five pure colonies were picked and transferred
onto their corresponding selective media by the streak plate
method and incubated at 36 = 1 °C for 24 h. The colonies
were further purified by the same methods at least three times
using nutrient agar (BioLab) before Gram-staining. Oxidase
tests were then performed Gram- negative colonies. The 20E
API kit was used for the oxidase-negative colonies and the
strips were incubated at 36 = 1 °C for 24 h. The strips were
then analysed, and the strains identified using AP LAB PLUS
computer software (BioMérieux, Marcy-I'Etoile, France).

Molecular Techniques
Extraction of the total genomic DNA

Total genomic DNA of the selected colonies was extracted
using the DNeasy® DNA purification kit (QIAGEN) and ZR
Fungal/Bacterial DNA MiniPrep™ kit (ZYMO Research,
USA) according to the manufacturer’s instructions. DNA
concentrations were determined using the NanoDrop™ 2000
spectrophotometer (Thermo Fisher Scientific). The integrity
of the purified DNA template was assessed by conventional
agarose gel (1% [wt/vol] electrophoresis (Bio-Rad), and the
purified DNA samples were stored at 4 °C until further use.

PCR amplification of the 16S rRNA gene

Universal primers 27F [39] and 1507R [40] were used
in the polymerase Chain Reaction (PCR) reactions for the
amplification of the 16S rRNA gene of each of the isolates.
The reaction mixtures used in the PCR steps contained 12.5
pL of DreamTaq Master mix (2x) (Fermentas GmbH, 140
St. Leon-Rot, Germany), 0.5 pL of each primer (10 pmol),
8.5 pL of nuclease-free water (Fermentas, 140 St. Leon-Rot,
Germany) and 5 pL of template DNA. The PCR reaction
mixtures were placed in an MJ MINI thermal cycler (Bio-
Rad), and the following thermal cycling conditions were used:
pre-denaturation for 10 min, followed by 35 amplification
cycles of denaturation at 94 °C for 30 s, annealing of primers
with template DNA at 55 °C for 30 s and primer extension
at 72 °C for 30 s. This was followed by a final extension at
72 °C for 7 min. The PCR amplicons were resolved through
electrophoresis of 1% (w/v) agarose gel stained with ethidium
bromide, followed by visualization under ultraviolet light.
The FastRuler™ Low Range DNA ladder (Fermentas, 140
St. Leon- Rot, Germany) was included in all gels as a size
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marker. All results were captured using a gel documentation
system (Syngene, Cambridge, UK). The PCR amplicons
were subjected to restriction analysis.

Restriction analysis of PCR amplicons

In order to select representative isolates for sequencing,
all PCR amplicons were subjected to Restriction Fragment
Length Polymorphism (RFLP) analysis. For this purpose,
10 puL of the 16S rRNA amplicons were digested with Taql
and Cs6pl (Fermentas) according to the manufacturer’s
instructions. The restriction digests were resolved through
electrophoresis of conventional 1.5% (w/v) agarose gel
stained with ethidium bromide, followed by visualisation
under ultraviolet light. The HyperLadder™ 1 kb, 100
lanes (Bioline Products, South Africa) was included in all
gels as a size marker. All results were captured using a gel
documentation system (Syngene, Cambridge, UK). The
restriction patterns were determined manually, and for every
five similar profiles, one isolate was selected for sequencing.

Sanger sequencing of the 16S rRNA gene

After grouping the isolates using the PCR-RFLP, the
genomic DNA from the representative water sample and
stool specimen isolates were amplified using the existing 27
F and 1507 R primers as described above. The 1500 PCR
amplicons were further studied by conventional Sanger
(dideoxy) sequencing in both directions using 27 F and 1507
R primers. For this purpose, BigDye™ for ABI 3130XL was
used according to the manufacturer’s instructions and the gel
was run on the 3130XL sequencer. All the sequences were
inspected and manually corrected using BioEdit v.5.0.9 [41].
The National Centre for Biotechnology Information (NCBI;
http://www.ncbi.nlm.nih.gov/) nucleotide database was used
to compare the sequences of bacteria isolated from water and
stools using BLASTn.

Statistical analysis

Data were analysed using the SPSS Statistics 17.0
program. Pearson’s correlation (rp) coefficient was used
to test the significant difference between the incidence of
microorganisms in water samples and the concentration of
free chlorine residual, and also the turbidity level in stored
water over time. The significant linear relationship was
also established between the incidence of microorganisms
in water and in stool specimens. The statistical significance
level was evaluated at p < 0.01 and p < 0.05. Spearman’s rank
correlation coefficient was run concurrently to also establish
statistical significance.

Results
Turbidity of drinking water

The average turbidity levels of drinking water supplied
through standpipes to Bomela and Boboyi communities were

found to range between 1 and 4.7 NTU. The highest turbidity
level was recorded in > 50% of all the drinking water
collected samples collected from Bomela and Gamalakhe
and the lowest was recorded in < 50% of the drinking water
samples collected in Boboyi. Out of the 30 selected standpipe
drinking water samples, 27.3%, 36.4%, and 27.3% were
found to have turbidity levels ranging between 1 and 1.7 NTU
in Gamalakhe, Bomela, and Boboyi respectively (Figure 2).

Moreover, Figure 3 depicts the turbidity levels of drinking
water over the storage period in a household container. The
average turbidity levels ranged between 1 and 8.1 NTU. Out
of the 72 selected container-stored drinking water samples,
results revealed that only 29%, 4%, and 9.1% were found
to have turbidity levels ranging between 1 and 1.7 NTU in
Gamalakhe, Bomela, and Boboyi, respectively. The highest
turbidity values, ranging between 7.6 and 8.1 NTU, were
found in 4.5% of container- stored water samples collected
from Boboyi and Bomela (Figure 3). In general, there was a
marked increase in turbidity values over the storage period
in spite of the fluctuations that occurred from time to time.
Statistical evidence showed a significant difference and a
positive correlation between turbidity values in stored water
and the storage period (r = 0.49, r = 0.05).

Chlorine residual in drinking water

The presence of a chlorine residual in drinking water is to
inactivate bacteria and some viruses that can cause diarrhoeal
disease and to protect the water from being re- contaminated.
Other studies have reported on the growth of faecal coliforms
and presumptive pathogenic bacteria in chlorinated water [13,
42,43]. The concentrations of chlorine residual concentrations
in all water samples collected from Bomela (0.51 mg/L),
Gamalakhe (0.51 mg/L), and Boboyi (0.42 mg/L) were
within the recommended limits (0.3 to 0.6 mg/L) [44]. The
findings of this study have indicated that high turbidity levels
affected the efficiency of free chlorine residual in inhibiting
the growth of bacteria in household container-stored water
(Figure 4). The Boboyi standpipe had the lowest chlorine
residual concentration range of 0.05 mg/L in water samples
collected during the study period and the highest was 0.815
mg/L. The lowest chlorine residual concentration was 0.06
mg/L and the highest was in the range of 1.095 mg/L”) As to
Gamalakhe, the lowest concentration was 0.12 mg/L of free
chlorine residual was found in water samples and the highest
in the range was 0.895 mg/L (Figure 3). All container-stored
drinking water samples collected from Boboyi were found to
have chlorine residual concentrations ranging between < 0.05
mg/L and 0.8 to 0.9 mg/L. The majority of the water samples
in this area had chlorine residual concentration ranges of
0.8 = 0.9 mg/L and 0.3 — 0.4 mg/L. For Bomela the chlorine
residual concentrations ranged between < 0.05 mg/L and 1.5
mg/L, with 0.4 to 0.5 mg/L recorded for the largest number of
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samples (27.3%). None of the stored-water samples collected
from Gamalakhe were found to have chlorine residual
concentrations < 0.05 mg/L. The chlorine residuals ranged
between 0.05 and 1.5 mg/L. An equal number of water
samples (22.7%) were found to have between 0.1 and 0.2
mg/L and between 0.8 and 0.9 mg/L free chlorine residual. A
similar percentage of water samples (13.6%) originating from
Bomela and Gamalakhe container-stored water was found to
have the highest chlorine residual concentration of 1.5 mg/L.

Microbiological characteristics of drinking water
and stool specimens

None of the target bacteria were recorded in water
samples collected from the standpipes. Using culture-based
and molecular methods, almost a similar rate of 31.8% of
water samples with faecal coliforms were recorded in Boboyi
and Bomela household-stored water, while a low rate of
8.3% was observed in Gamalakhe. Presumptive Salmonella
spp. was found in half (50%) of Bomela household-stored
water and also in more than 33% of Gamalakhe and Boboyi
household-stored water. Presumptive Shigella spp. was
detected at rates of > 50% in household containers of the
three villages and presumptive Vibrio spp. was detected
at a higher rate compared to the rates recorded for other
organisms. Correlations were found between the high levels
of turbidity in container-stored water and the incidence of
presumptive bacterial pathogens (at 0.01 level: rp = 0.52,
p-value = 0.003; at 0.05 level: r_ = 0.43, p-value = 0.019 for
presumptive Shigella/Salmonella; and at 0.01 level: rs = 0.48;

p-value = 0.007; at 0.05 level: r = 0.39, p-value = 0.034 for
presumptive Vibrio).

There were significant correlations at the 0.05 level
between the incidence of microorganisms in household-
stored water samples and in stool specimens of HIV- positive
patients with diarrthoea (rs = 0.36; p-value = 0.048 for
presumptive Shigella/Salmonella; and rs = 0.37; p-value
= 0.047 for presumptive Vibrio). A combination of PCR
targeting 16S rRNA gene, PCR-Restriction Fragment Length
Polymorphism (RFLP), and sequence analysis of 16S rRNA
amplified genes resulted in the identification of similar
sequences of specific bacterial pathogens from household
container-stored water and those from stool specimens of
HIV/AIDS- positive patients with diarrhoea. Table 1 depicts
the pathogens detected in both stored water samples and
stool specimens. With the exception of Shigella, none of the
target presumptive pathogenic bacteria were identified using
a combination of molecular techniques. These identified
bacteria included Klebsiella spp., K. pneumoniae, E. coli,
E. coli O55: H7, and Shigella boydii (Table 1). They were
detected in both the selected household container-stored
drinking water samples and stool specimens of HIV- positive
individuals who suffered from diarrhoea during the study
period. With the exception of Proteus mirabilis, none of these
pathogenic bacteria were found in the stool specimens of
HIV-negative patients who visited the hospitals for diarrhoea.
Proteus mirabilis was identified in the stool specimens of
HIV-negative patients who lived in Gamalakhe village.
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Figure 2: The average turbidity values (NTU) in standpipes and stored household container water samples collected from Boboyi, Bomela

and Gamalakhe
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Discussion

The survival and growth of microorganisms in the water
is dependent on several factors that include the temperature
of the water, the turbidity, level of chlorine, pH, and other
sources for their nutrients. The highest turbidity level was
recorded in > 50% of all the drinking water samples collected
from Bomela and Gamalakhe the lowest was recorded
in Boboyi drinking water (< 50%). Out of the 30 selected
standpipe drinking water samples, 27.3%, 36.4%, and 27.3%
were found to have turbidity levels ranging between 1 and
3.5 NTU in Gamalakhe, Bomela, and Boboyi, respectively
(Fig.2). The turbidity levels recorded for similar villages
regarding stored water samples were 29%, 4% and 9.1%
of, respectively (Figure 3). The findings of this study
revealed high levels of turbidity, which ranged between
1 and 4.7 NTU in standpipe water samples and between 1
and 8.1 NTU in container-stored water samples (Figure
4). In general, the turbidity levels of both standpipe water
samples and container-stored water samples were found not
to meet operational limits recommended by the South African
National Standards, SANS 241 (< 1 NTU). High levels of
turbidity in household drinking water appears to imply that
the storage period impacted negatively on the quality of
container-stored drinking water in terms of turbidity. This
could have been caused by the continuous addition of water
to containers that were not cleaned over time. This practice
coupled with the use of an open scoop to draw water from the
container could be the source that exacerbates the increase in
turbidity in stored water over time (Figure 2). In addition, the
increase of turbidity in the standpipes could be as a result of
the ageing pipes. The findings of this study corroborate the
results of previous studies that attributed the deterioration of
household container-stored water to the living conditions and
hygiene practices in dwellings [17-19, 45, 46].

In a number of water samples, the concentrations of
free chlorine residuals were found to be higher than the
recommended limits (0.3 — 0.6 mg/L) [44]. This was
profound in Gamalakhe. The results also showed that the
target bacteria were not recorded in water samples collected
from standpipes, while free chlorine residuals could not
inhibit the growth of the bacteria in container-stored drinking
water (Figure 3). This clearly confirms that high turbidity
levels in container- stored water and the adverse conditions
during storage in the dwellings were important sources of
the microbial contamination of container-stored drinking
water collected from households in Boboyi, Bomela, and
Gamalakhe. High turbidity, therefore, affected the efficiency
of free chlorine residual in inhibiting bacterial growth in
container-stored water. Turbidity is defined as a measure
of the presence of suspended particles in water that are
capable of scattering light. While microorganisms are only
a tiny portion of these particles (most is mud and silt), high

turbidity increases the potential for transmission of infectious
diseases [7, 47]. Selective media and biochemical tests were
prepared and used for the identification of presumptive
pathogen isolates obtained from the rural areas (Boboyi,
Bomela, and Gamalakhe). Faecal coliforms, presumptive
Salmonella, Shigella and Vibrio spp. were detected at high
levels in container-stored water (Table 1). This means that the
water did not comply with the limit for no risk of microbial
infection, which is less than one faecal coliform in 100 ml
of drinking water [44] APHA (Standard Methods), [36].
Correlations were found between the high levels of turbidity
in container-stored water and the incidence of presumptive
bacterial pathogens. The results of this study are in agreement
with previous studies, which showed strong correlations
between the level of turbidity and microbial contamination
of treated water [8, 13, 48]. A number of studies have also
pointed out an association between increased turbidity levels
and waterborne disease outbreaks [49, 50]. Gastrointestinal
diseases in the elderly of Philadelphia [7] and in other
Western countries has been associated with drinking-water
turbidity. Our study, therefore, showed that the quality of a
large number of household container- stored water samples
was poor. Although detected when using culture-based
methods, results of this study revealed that most of the
target pathogenic bacteria in both household drinking water
and stool specimens of HIV-positive and non-HIV patients
with diarrhoea were not identified using a combination of
molecular techniques. However, bacterial pathogens such
as E. coli, Vibrio, Shigella, and Salmonella spp. are among
the major health risks associated with water in general, and
in diarrhoeal diseases in particular. Their detection by using
culture-based methods alone tends to be inaccurate and
also misleading in establishing an unequivocal relationship
between the bacterial pathogen strains from drinking water
and those from stools of HIV/AIDS individuals. There was,
therefore, a need to use robust molecular tools that could
provide accurate identification pertaining to the proportion
of specific pathogenic species in water samples and in stool
specimens of individuals with diarrhoea. A combination of
PCR targeting the 16S rRNA gene, PCR-restriction fragment
length polymorphism (RFLP), and sequence analysis of 16S
rRNA amplified genes resulted in the identification of similar
sequences of specific bacterial pathogens from household
container-stored water and those from stool specimens of
HIV/AIDS-positive patients with diarrhoea. These bacterial
strains included Klebsiella spp., K. pneumoniae, E. coli, E.
coli O55: H7, Proteus mirabilis, and Shigella boydii (Table
1). With the exception of Proteus mirabilis, none of these
pathogens were identified in stool specimens of non-HIV-
infected individuals. These findings clearly indicated an
inherent link between poor household drinking-water quality
and the diarrhoeic conditions of HIV/AIDS individuals
living in the Ugu District Municipality of the KwaZulu-Natal
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Province. These findings suggest a possibility of interspecies
transmissibility between HIV/AIDS-positive patients and
their household-stored drinking water. It is well known that
the function of the immune system is to protect the host
against infection after exposure to bacteria, viruses, fungi,
protozoa, and allergens [51]. Protection of the host is crucial
and occurs in two steps: a process of innate immunity and
then adaptive T-cell recognition of self vs. non-self antigens,
leading to the elimination of the organism and preservation of
the internal body. If the antigen is not removed, the immune
system will remain highly activated, and, in the process, burn
out. The depletion of HIV-positive individuals’ immune
systems predisposes this group of the population to any
pathogenic organism from any source, such as contaminated
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drinking water. Due to their weakened immune systems, they
become more susceptible to serious waterborne illnesses
than persons with stronger immune systems. Contaminated
drinking water, therefore, might worsen the condition of an
individual who is HIV-positive. The pathogenic organism
will continue to multiply within the cell for as long as there
is no immune response. This clearly explains the similarity
between pathogenic bacteria species in stored water samples
and those in stools of HIV-positive patients who suffered
from diarrhoeal disease during the study period.

Klebsiella spp., K. pneumoniae, E. coli, E. coli O55:H7,
Proteus mirabilis and Shigella boydii detected in stored
household drinking water samples are known to colonise the
gastrointestinal tracts of humans and cause gastrointestinal
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Figure 3: Increased turbidity (NTU) levels in stored household water samples (%) collected from Boboyi, Bomela and Gamalakhe over time
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Table 1: Presence/Absence of similar bacterial pathogens detected in both household container-stored water samples and stool specimens of
diarrhoeic patients after sequencing of 16S rRNA genes (n = 20 selected samples for each group, between January 2008, November 2009 and

April 2015)
Organisms Household water
Escherichia coli P
Escherichia coli 055:H7 P
Klebsiella spp. P
Klebsiella pneumoniae P
Proteus mirabilis P
Shigella boydii P

Stools HIV/AIDS +ve Stools HIV -ve
P A

T| T T, | T| T
> 0| > > >

+ve P = HIV-positive patient: -ve P = HIV-negative patient; P = Presence; A = Absence

diseases, ranging from simple diarrhoea to dysentery-like
conditions [52-54]. There is, therefore, a higher probability
for these bacterial pathogens found in household-stored
water to be associated with the diarrhoeal diseases in HIV-
positive patients than in HIV-negative people (Table 1).
Microorganisms that appear to be harmless to the healthy
individual may be fatal in immunocompromised persons such
as HIV/AIDS individuals and the elderly. In HIV-negative
individuals, normal floras are not easily depleted and can
overcome the opportunistic microorganisms. Therefore, their
strong immune system protects them by providing a stronger
and more effective immune response after exposure to most
of the pathogenic bacteria found in stored water, except
Proteus spp. This study suggests that only these organisms
were associated with the diarrhoeal disease in HIV-negative
individuals (Table 1). Poor water quality remains a health
hazard for HIV/AIDS individuals in the Ugu District
Municipality and in other rural areas of South Africa. These
findings support studies conducted by previous investigators
in the Limpopo [11, 13] and Eastern Cape Provinces of South
Africa, who also linked unsafe drinking water to diarrhoeic
conditions of HIV/AIDS individuals. Pathogenic bacteria
such Salmonella enterica serovar Enteritidis (S. Enteritidis),
Salmonella Typhimurium, E. coli, and Shigella dysenteriac
found in Limpopo Province drinking water were also detected
in stool specimens of HIV-negative individuals with and
without diarrhoea, but there was a higher occurrence in HIV/
AIDS individuals [11]. In the Eastern Cape, E. coli O157:
H7 detected in the stool specimens of HIV/AIDS patients
visiting Frere Hospital for a diarrhoeal disease was linked
to drinking-water sources used by the communities [54].
All these studies provide clear evidence that drinking-water
sources used by rural communities of the poorest provinces in
the country are at high risk of increasing diarrhoeal diseases in
immunocompromised people such as HIV/AIDS individuals.

Conclusion and recommendation

The findings of this study indicated a higher possibility
for Klebsiella spp., K. pneumoniae, E. coli, E. coli O55:

H7, Proteus mirabilis and Shigella boydii in the stored
household drinking water of Boboyi, Bomela and Gamalakhe
to be associated with the diarrhoeic conditions of HIV/AIDS
patients visiting the Murchison and Port Shepstone hospitals
in the Ugu District Municipality of KwaZulu-Natal. The
poor quality of water stored in households in this district
had a major impact on the health of immunocompromised
individuals. The provision of safe water is therefore imperative
to safeguard public health in general and that of HIV-infected
individuals in particular. This study recommends the urgent
implementation of sanitary conditions and practices for the
storage of drinking water in households in order to minimise
the number of pathogens entering the household container-
stored water.
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