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1 Introduction

1.1 Background information

In a global perspective, water and climate change are linked. The temperatures increase, the
precipitation is more intense, and the available water sources decrease both in volume and quality
due to these factors (UN 2023). Furthermore, the UN states the following facts with regard to
water scarcity:

~ About 2 billion people globally lacks safe access to safe drinking water.

" Only 0.5% of the global water body is available as fresh water.

The sea-level rises with the increased temperature, which reduces the access to fresh water
along the coastlines

When talking about water scarcity and water quality, the concept of WASH (Water, sanitation and
hygiene) becomes important. Pollution from the lack of sanitation and hygiene is an important
factor to ensure that the little water that exists, in fact, are safe to consume (UNICEF 2023).
UNICEF states that the access to safe and healthy water is closely related to systems with regards
to basic sanitation facilities and the removal of open defecation (2023). A WASH-approach will
also reduce the risk of the spreading of water born diseases, which are a huge social and economical
challenge in South Africa (Edokpayi et al. 2018).

With these facts in mind, the agenda for this year's summer school in South-Africa is water
quality in rural areas around the University of Venda. The approach is in accordance with the
concept of One Health, which is a holistic approach where the connection between humans, animals
and environment are recognised (Wikipedia contributors 2023). This approach also supports the
following sustainable development goals:

Figure 1: United Nations Sustainable Development Goals

1.2 Objectives
1.2.1 Main Objective:

To detect the presence of antibiotic resistance of pathogens found in various water sources in and
surrounding area of Valdezia village.

1.2.2 Specic Objectives:

1. To gain skills and knowledge regarding water sampling and the various lab analysis methods
used to con rm the water quality.

2. To identify water contaminant microorganisms using Quanti-tray, Membrane lItration, cul-
turing, and biochemical testing methods.

3. To extract DNA from using DNA extraction kit to compare against genomes with known
antimicrobial resistance.




4. To detect antimicrobial susceptibility using Disc di usion method.

5. To con rm the presence of water contaminant bacteria using PCR.

2 Material and Methods

2.1 Study area description

Water samples were collected in Valdezia village in Makhado municipality, Limpopo province of
South Africa. Valdezia is a rural settlement situated in between large commercial agricultural
farms in Limpopo Province, South Africa. The village total area is 16.41km? , with an estimated
population of 8000 as per SA census 2022. Itis roughly 10km east of Elim Hospital in the Hlanganni
district in the former Gazankulu homeland. The village is dominated by natives with Xitsonga as
their language. The village is characterized by a subtropical climate and its temperatures range
from a minimum of 10 °C during winter to a maximum of 40 °C in summer with an annual rainfall
of approximately 500mm of which 87.1% falls between October and March. The area in Valdezia
is used for human settlement, agriculture and small scale-farming.

Figure 2: Overview of Valdezia village

Source: ArcGIS Pro project

2.2 Drinking water sample collection

A total of 15 water samples were collected from various water sources (dam, Borehole, communal
tap, household tap, household stored water and river water) in and surrounding area of Valdezia
village. Water samples were collected using 500 ml water collection bottles and physio chemical
parameters (Temperature, pH, EC, Turbidity and DO) were measured in situ using multimeter
reader. Water samples were placed on cooler bag and transported to University of Venda Micro-
biology Laboratory for further analysis.




2.3 Household Demographic and WASH Practices Survey

In conjunction with the collection of water samples from households within the study area, the
head of household (the person who granted permission to conduct water sampling) was asked to
complete a short questionnaire. The goal of the survey was to record the demographics of the
people reliant on the sampled household water supply, as well as collect qualitative information
about conditions in the household which may in uence water quality, such as sanitation practices,
personal hygiene, housing condition, and the presence of livestock. This survey is modelled on
the concept of sanitary inspections, which the WHO de nes as "standardized eld checklists that
support the assessment and management of risks within drinking-water supply systems." (World
Health Organization 2023)

To the greatest practical extent, the data is converted to binary or numerical format. For instance,

a rmative answers are recorded as 1, and negative answers are recorded as 0. This information
will be queried to identify any possible correlations between household circumstances and the
microbiome found in the water samples during laboratory testing.

2.4 Laboratory Methods

Figure 3: Methodology owchart

Figure 3 shows an overview of the methods used in the analysis processes. Procedures for each
method were given, and the process also included practical guidance from honor students and Mr.
Lutendo Munzhedzi.

2.4.1 Quantitray analysis

Upon arrival 100ml water sample was divided into 51 wells of Quanti-tray incubated at 37°C
for 18-24 hrs. After incubation, the Standard Methods' Most Probable Number (MPN) approach
was used to determine the number of bacteria in the original sample. 2ml was randomly drawn
from the well for DNA extraction. The DNA was extracted using Qiagen DNA extraction kit and
followed manufacture's instructions.




Figure 4: Quantitray User Instructions

Source: Missouri University et.al 2013

2.4.2 Membrane ltration

A volume of 100ml water sample was Itered using membrane Itration and the Iter paper was
placed on S-S agar, incubated at 37C for 18-24hrs, the step of membrane ltration was repeated
and the Iter paper this case was placed on EMB agar, incubated at 37°C for 18-24 hrs. After in-
cubation, presumptive colonies of Salmonella and Shigella from S-S agar were isolated into Nutrient
agar incubated at 37 °C for 18{24 hrs. No colonies of E. coli were observed on EMB agar.

Presumptive colonies of shigella and salmonella were sub-cultured on Nutrient agar incubated at
37 °C for 24hr. After incubation, two biochemical tests (simmons agar and Kliger's iron agar) were
used to con rm the presence of Salmonella and Shigella. One presumptive colony of each bacteria
was tested on both biochemical tests, after incubation results were observed and recorded.

2.4.3 DNA extraction kit

The DNA was extracted using Qiagen DNA extraction kit and followed manufacture's instructions
(QIAGEN).

2ml was randomly drawn from each well of the 6 Colilert trays into 2ml microcentrifuge tube
and 1ml InhibitEX bu er was added in each sample.

The suspension was exposed to heat(76C) for 5 minutes, vortexed for 15 seconds and
centrifuged for 1 minute. After centrifugation 20ul of proteinase K was added into the
sample and 20Ql of supernatant was drawn out.

20Qul of AL bu er was added, vortexed for 15 seconds and incubated at 70C for 10 minutes.
A volume of 20Qul of 96-100% ethanol was added to the lysate and was mixed by vortex.

The total volume of 600ul from 2ml tube was suspended into QlAamp spin column, centri-
fuged for 1 minute and the tube containing the Itrate was discarded. This step was repeated
until all of the lysate was loaded.




50Qul of the AW1 bu er was added to the QlAamp spin column, centrifuged for 1 minute
and the tube containing the lItrate was discarded.

500l of AW2 bu er was added, centrifuged for 3 minutes and the tube containing the Itrate
was added.

The QlAamp spin column was placed into new 2ml tube, centrifuged for 3 minutes and
the QlAamp spin column was transferred into new 2ml tube and 20@l of ATE bu er was
inoculated directly into the QlAamp membrane, incubated for 1 minute at room temperature
and centrifuged for 1 minute to elute the DNA.

2.4.4  Antimicrobial susceptibility

For antimicrobial susceptibility testing, Kirby Bauer Disc Di usion Method was used. The purpose

of the testing is to determine whether a sample. The turbidity of the bacterial suspension was
matched to the 1.0 McFarland standard. A drop of presumptive Shigella and Salmonella was spread
on Mueller Hinton agar using spread technique. The plates were allowed to dry for 5 minutes so
that the medium absorbs the inoculum properly. Four discs were placed in one plate, the discs
were placed at a distance of 24mm and the plates were Incubated upside down for 24 hours at 37
°C. After incubation, a metric ruler was used to measure the zone of inhibition.

Figure 5: Overview Kirby Bauer Disc Di usion Method

Source: Procedure handout

There are at least two authoritative sources for the "breakpoints" between the diameters of the
zone of inhibition for each class of microbe and antibiotic which de ne the response as resistance,
susceptibility or intermediate. These sources are the European Committee on Antimicrobial Sus-
ceptibility Testing ("EUCAST") and Clinical and Laboratory Standards Institute ("CLSI"). The
reference values from the respective sources are neither consistent between the two sources, nor
between publication years, nor available for all disk content values, nor unambiguous, nor freely
available. So the assessment of susceptibility vs. resistance is somewhat subjective. In this case,
the minimum diameter for the closest available match for disk content in the latest EUCAST
standard was used, as shown in Table 1.




Table 1: EUCAST Breakpoints for Disc Di usion Zone Diameters for Enterobacterales

Source: Missouri University et.al 2013

245 PCR

A thermal cycler was used for PCR ampli cation. As part of the PCR procedure, the reaction
combined 124 of master mix, 0.4ul of primer 1, 0.4ul of primer 2, 6.7ul of PCR water and 5l of
DNA was used. Initial activation was at 95 °C for 15 minutes, followed by denaturation at 95°C
for 45 seconds, annealing at 58C for 45 seconds, extension at 68C and nal elongation at 72 °C.
The PCR results were placed onto ethidium bromide-stained 1.5 % agerose gel, and electrophoresis
was performed at 90 V for 80 minutes. DNA was visualized under UV illumination.

3 Results and Discussions

3.1 Socioeconomic Results

Even within the small area and sample size surveyed, the results found a variety of household
practices for water use and sanitation, perhaps mediated by relative wealth and household makeup.
The survey did not request information on income, wealth, gender or age distribution directly. Thus

by design, the application of the survey results is limited to inferring relations between speci c
practices and observed conditions and water quality parameters such as the presence of microbes
with speci ¢ properties.

The full text of the survey results are presented in appendix A.

The households were compared in terms of ethic group, language, location, number of people in
the house, type of house they live, water source, treatment of water, and type of water that they
use.

All six households were broadly similar in terms of language, ethnicity, condition (cleanliness) and

behavior. 16% of survey participants had animals present, and 67% of participants have children
younger the age of 5. All the households were of similar construction, except for HH4 which is a
mud house. However, it is also the only household which applied water treatment before use, by
boiling. The other households did not treat their stored water prior to use.

In all homes, stored water was used. In 83% of case, this storage was 25L buckets cleaned weekly
with bleach. However, the outer surfaces of the storage vessels and storage locations were observed
to be dirty in all cases. Typically households store several containers, with a single container in
use at any one time, which may be left with its lid opened. In all cases the source for the stored
water is groundwater, either from communal taps or a private borehole. All respondents indicated
water is stored for up to 1 week. Notably, water is often removed from buckets by dipping a cup
into an open-lidded vessel, bringing the hand in contact with the water.

Toilets are available in all surveyed households, and all adult respondents indicated they always




wash their hands with at least water (and sometimes soap). However, children in 50% of the

households do not use sanitation facilities, instead relying on some form of open defecation. Given
the unlikelihood of reliable handwashing associated with this practice, and the ease of access to
the stored water, this represents a potential vector of contamination of the stored water.

3.2 Lab Results
3.2.1 Quanti-tray

Table 2 presents the quantitray nding alongside the physical and chemical parameter measured
for each sample, color-coded by source category: surface water, groundwater, or stored water.

Table 2: Quanti-tray results and water parameters

The most probable number (MPN) values for total coliforms and E. Coli are shown in Figure 6.
Values of 200 are a minimum value, with the true count greater than this value but beyond the
sensitivity range of the instrument. Total coliforms and E. Coli were acceptable by South African
standards (SANS 2015) in the sources drawing directly from groundwater, such as the Communal
Tap 1A and Communal Tap 2 samples. However, total coliforms exceed standards in stored water
and surface water sources. The surface water samples collected from the Albasini reservoir contain
detectable E. Coli, while the sample collected downstream of Valdezia contains very high counts of
E. Coli. Notably, only HH4 storage tested positive for E. Coli out of the storage samples; as noted
above, this is also the only household which treats their water prior to consumption, by boiling.
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