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Qualitative and quantitative detection of SARS-CoV-2
RNA in untreated wastewater in Western Cape Province,
South Africa
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Recent studies have shown that the detection of SARS-CoV-2 genetic material in wastewater may provide the basis for a surveillance system
to track the environmental dissemination of this virus in communities. An effective wastewater-based epidemiology (WBE) system may
prove critical in South Africa (SA), where health systems infrastructure, testing capacity, personal protective equipment and human resource
capacity are constrained. In this proof-of-concept study, we investigated the potential of SARS-CoV-2 RNA surveillance in untreated
wastewater as the basis for a system to monitor COVID-19 prevalence in the population, an early warning system for increased transmission,
and a monitoring system to assess the effectiveness of interventions. The laboratory confirmed the presence (qualitative analysis) and
determined the RNA copy number of SARS-CoV-2 viral RNA by reverse transcription polymerase chain reaction (quantitative) analysis
from 24-hour composite samples collected on 18 June 2020 from five wastewater treatment plants in Western Cape Province, SA. The study
has shown that a WBE system for monitoring the status and trends of COVID-19 mass infection in SA is viable, and its development and
implementation may facilitate the rapid identification of hotspots for evidence-informed interventions.
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Wastewater-based epidemiology (WBE) has been used effectively to
monitor the circulation of viral pathogens in specific populations.
WBE was originally defined as a non-intrusive tool to measure
biomarkers of effect at community level. Although this approach has
been extensively utilised for estimating substance use and abuse, it
has recently been extended to include public health biomarkers.!"! To
date, WBE has played a key role in the development of early warning
systems (EWSs) for a range of enteric viruses including poliovirus,
norovirus and hepatitis E.** Scientific evidence recently emerged
that SARS-CoV-2, the virus that causes the disease COVID-19, is shed
in faeces of infected symptomatic and asymptomatic individuals,*
with detectable market RNA, ending up in wastewater.”® The
detection of SARS-CoV-2 RNA in faeces has stimulated rapid research
into wastewater surveillance. An increasing number of countries,

including The Netherlands, Spain, Australia, the UK and the USA,
have detected SARS-CoV-2 RNA in untreated wastewater.”"2/ Based
on these studies and the success of previous wastewater surveillance
strategies, the tracking of SARS-CoV-2 in wastewater has been
proposed as a potentially important public health strategy to combat
the current COVID-19 pandemic.

The first case of COVID-19 in South Africa (SA) was reported
on 5 March 2020 and was followed by a national lockdown 3 weeks
later. By early July 2020, over 1.5 million COVID-19 tests had been
conducted, with over 130 000 confirmed cases disproportionally
spread across the country.® Currently, COVID-19 hotspots in SA are
determined by human testing data which, owing to numerous factors
including undetected asymptomatic cases and operational issues,
may not accurately represent case numbers.'"! In SA, and other
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socioeconomically vulnerable countries,
under-reporting of COVID-19 cases may
pose a challenge to the management of
COVID-19, and an effective, complementary
EWS that can be used to identify COVID-
19 hotspots and emerging outbreaks
will therefore be a valuable tool to guide
action and the distribution of resources for
containment and mitigation strategies. As
viral shedding may occur before COVID-19
cases are reported,'” WBE by molecular
detection of viral RNA in wastewater
can be used as a potential tool for public
health monitoring at a community level.
As such, this study aimed to evaluate an
RNA extraction and quantitative reverse
transcription polymerase chain reaction
(RT-qPCR) as a means to qualitatively
and quantitatively detect the presence or
absence of SARS-CoV-2 viral RNA from
24-hour composite wastewater samples
from wastewater treatment plants (WWTPs)
in Western Cape Province, SA.

Wastewater sampling
Untreated influent wastewater samples were
collected on 18 June 2020 from four WWTPs
in the City of Cape Town metropole and
one in the neighbouring municipality
of Stellenbosch, using 24-hour time-
proportional composite samplers (100 mL
every 10 minutes, 09h00 - 09h00). The
samples were collected at the raw influent
of each WWTP after coarse screens and
de-gritting (prior to discharge to primary
settlement reactors and/or addition of
chemical flocculants). The WWTPs (and
the populations they serve) were Athlone
(population ~385 000), Macassar (~200 000),
Cape Flats (~855 000), Zandvliet (~755 000)
and Stellenbosch (~180 000) (Fig. 1). At the
time of sampling, the Western Cape was
the epicentre of the SARS-CoV-2 outbreak
in SA. All samples were transported on
ice to the laboratory and stored at -80°C
before subsequent viral RNA extraction,
within 24 hours, using a modified method
described by Peccia et al.l"”

Viral RNA extraction from
wastewater

SARS-CoV-2 viral RNA was extracted from
the wastewater samples using the RNeasy
PowerSoil Kit as per the manufacturer’s
instructions (Qiagen, Germany)."” Briefly,
50 - 100 mL
spun down at 3 500 g for 20 minutes, and
5-10 mL of the pellet was added to a
15 mL PowerBead Tube containing lysis
buffer, provided with the kit, to stabilise
viral RNA. Thereafter, the sample was
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Fig. 1. Location of wastewater treatment plants in the City of Cape Town municipality.

homogenised and phase-separated using an
equal volume of phenol/chloroform, and
the upper aqueous phase was transferred to
a new 15 mL tube and mixed with buffers
supplied with the RNeasy PowerSoil Kit.
The aqueous phase was then transferred to
the RNeasy JetStar Mini Column to elute
out the bound RNA before centrifugation at
13 000 g for 10 minutes. The resultant pellet
was dried and dissolved in ribonuclease-
free water to a final volume of 70 pL. Total
RNA was measured by spectrophotometry
using a NanoDrop Spectrophotometer
(ThermoFisher Scientific, USA). It should
be noted that attempts to extract RNA from
the supernatant yielded no detectable RNA.

Amplification of SARS-CoV-2 viral

RNA using RT-qPCR analysis

Primer and probe sets, approved by the
Centers for Disease Control and Prevention,
that target two sequences from the SARS-
CoV-2 nucleocapsid gene (N gene; N1 and
N2 primer/probe) were purchased from
Whitehead Scientific (2019-nCov CDC
EUA Kit, Integrated DNA Technologies,
USA). The N-gene primer/probe was used
to assess the presence of SARS-CoV-2 viral
titres. Both the N1 and N2 primer/probe
sets aligned 100% to the N protein of the
SARS-CoV-2 strain. The sequences of the
primers and probes targeted to the N gene,
including the thermocycling conditions used
to amplify these regions for detection, are
shown in Table 1.

Viralload quantification was assessed using
the standard curve method. For RT-qPCR
positive control and viral RNA copy number
quantification, a 10-fold serial dilution was
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made using the 2019-nCoV-N-positive
plasmid control as a standard, which was
supplied at 200 000 copies/pL (Qauntabio,
USA).!"®! For the qualitative detection of
SARS-CoV-2 viral RNA, a one-step RT-qPCR
reaction was performed using iTaq Universal
Probes One-Step Reaction Mix (Bio-Rad
Laboratories, USA) in a final reaction volume
of 10 puL using 1 uL of 0.1 pug/pL of total RNA.
The RT-qPCR reactions were conducted on
the Applied Biosystems QuantStudio 7 Flex
Real-Time PCR System (ABI Technologies,
SA) using universal cycling conditions as per
the manufacturer’s instructions (Table 1).
All reactions were done in duplicate and a
reagent blank was included for each sample.
To minimise potential contamination, RNA
extraction and RT-qPCR were performed in
separate laboratories.

Qualitative detection of SARS-CoV-2 viral
RNA extraction using RT-qPCR analysis

During the peak of the COVID-19 out-
break in the Western Cape, total RNA
ranging between 500 and 1000 ng/mL
was extracted from either 50 or 100 mL
of influent wastewater using the Qiagen
RNeasy PowerSoil Kit. Quantitative PCR
(qPCR) analysis revealed that all samples
were amplified above the quantification
cycle threshold (Ct) and ranged between 29
and 32.8 cycles (samples diluted 1:10) for
either the N1 or N2 primer/probe assays.
A viral load of <35 cycles can be considered
as a wastewater sample with low SARS-
CoV-2 RNA. The 2019-nCoV_N-positive
control was 10-fold serially diluted and
used to determine copy numbers between
the unknown wastewater sample and the
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Table 1. Thermal cycling protocol and primers and probes used in the study

Organism Target Assay name Target

Sequence (5'-3')  Cycling parameters References

SARS-CoV-2 N protein 2019-nCoV CDC

N2 primer/probe

calibrator. The slopes for the N1 and N2 assays were -3.4 and -3.5,
respectively, and y-intercept values were -37.47 (for the N1 assay)
and -37.81 (for the N2 assay). The correlation (°) values for the N1
and N2 assays were both 0.99, while the amplification efficiency for
the two assays was 94% and 95%, respectively.

Quantitative and qualitative detection of SARS-CoV-2
Quantitative and qualitative analysis using either N1 or N2 primer/
probes confirmed the presence of SARS-CoV-2 viral RNA in all five
wastewater samples, with a viral RNA copy number ranging between
4.6 x 10° and 454 x 10’ virual RNA copies/mL (Fig. 2A). The lowest
concentration of viral RNA copy numbers was from the Stellenbosch
WWTP, with a Ct value of 32, while the highest was detected in the
Zandvliet WWTP, with a Ct value of 29 (Fig. 1). Based on the Western
Cape government COVID-19 dashboard,"® the number of confirmed
COVID-19 cases on 18 June 2020 in the Khayelitsha subdistrict (one
of the areas served by the Zandvliet WWTP) was higher (#=80) than
in the Stellenbosch municipality (n=43). Our Zandvliet and Stellen-
bosch WWTP SARS-CoV-2 data corresponded with this difference
in higher and lower case numbers, respectively. The COVID-19
dashboard showed that 1 week before the wastewater collection date,
there were 82 positive cases in Khayelitsha and 17 in Stellenbosch.

Wastewater-based epidemiology-based calculations

The calculated viral RNA copy numbers (viral copy numbers/mL) for
the N1 and N2 fragments from the various WWTPs were normalised
to account for the variable treatment size of the WWTPs used in this
study and the variable populations that are connected to the sewer
works. The average daily flow rate (in mL/day) at the raw inlet of
the WWTPs was used to calculate an estimated daily load of viral
RNA copy numbers for each location (in viral copy numbers/day;

N1 primer/probe

F 5-GAC CCC
AAA ATC AGC
GAA AT-3'

Reverse transcription: 10, 11
500 for 10 min;

95¢ for 1 min

R5-TCT GGT
TAC TGC CAG
TTG AAT CTG-3'

Amplification:
95° for 15 s;
60° for 1 min
(40 cycles)
P-FAM-ACC CCG

CAT TAC GTT

TGG TGG ACC-

BHQ1

F 5'-TTA CAA
ACATTG GCC
GCA AA-3'

T 5'-GCG CGA
CAT TCC GAA
GAA-3'

P-FAM-ACA
ATT TGC CCC
CAG CGCTTC
AG-BHQI1

Fig. 2B). The population estimates from each WWTP were then
used to generate an estimated per capita daily load (copy numbers/
day/1 000 inhabitants) of the viral RNA markers at the respective
WWTPs (Fig. 2C). In this way, the RT-qPCR quantitative results
for SARS-CoV-2 RNA markers were normalised to compensate for
the variation in WWTP flow conditions received by each plant,
as well as to compensate for the variable population size in each
community that is served by the respective WWTPs for more
accurate comparisons between locations.

In this proof-of-concept study, we set out to establish whether
SARS-CoV-2 viral RNA could be detected both quantitatively and
qualitatively in 24-hour composite wastewater samples as the basis for
an EWS for COVID-19 infection in communities in urban settings of
SA. The study confirmed that the Qiagen RNeasy PowerSoil Kit is a
robust extraction method for the detection of SARS-CoV-2 viral RNA
in wastewater. For quantitative analysis, the 2019-nCoV EUA N-gene
assays produced positive results for all samples tested. The CDC-
approved primer/probe was specifically designed for the detection
of SARS-CoV-2 in wastewater.">'”) Our study confirmed previous
findings showing that the N gene can be used to detect SARS-Cov-2
viral RNA in wastewater samples in the USA,!"!! The Netherlands,®
the UK,/ Spain,” Italy!"?! and Australia.”’ Furthermore, to the best
of our knowledge, this is the first published study on the viral load
copy numbers from wastewater obtained from WWTPs in SA, and
the first report to quantitatively detect SARS-CoV-2 viral RNA in
wastewater samples from five WWTPs using the CDC N1 and N2
assays. The study further demonstrated that the viral load in the
wastewater samples from Stellenbosch was much lower than that in
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Fig. 2. (A) SARS-CoV-2 viral RNA detected in wastewater samples from WWTPs in Cape Town and
Stellenbosch, Western Cape, South Africa. SARS-CoV-2 viral RNA copy number of 24-hour composite
samples collected on 18 June 2020 from Athlone, Macassar, Stellenbosch, Cape Flats and Zandvliet
WWTPs. (B) Normalised with the variable daily flow rate. (C) Normalised with both the variable flow
rate and population size. (WWTPs = wastewater treatment plants; inh = inhabitants.)
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the samples from Zandvliet (Fig. 2B and C,
respectively), and this finding corresponded
with the number of positive COVID-19
cases detected in the areas at the time. This
is important, as tracking of SARS-CoV-2
viral RNA in wastewater could complement
surveillance efforts in the development of an
EWS for local COVID-19 outbreaks. As these
wastewater samples were collected at the peak
of the epicentre in the Western Cape, longer-
term wastewater surveillance will be required
to establish a baseline to distinguish between
high-risk and low-risk events. Furthermore,
while normalisation of data provided some
insight, data on normalisation factors may
be lacking in resource-constrained settings.
Having baseline temporal data from which
trends can be identified is therefore crucial.
In this case, comparing standardised volumes
(copies/mL) between sites is in fact an
adequate endpoint.

An effective COVID-19 EWS may
prove critical in SA and other low- and
middle-income countries with inadequate
health systems infrastructure, resources
and human capacity. Furthermore, it can
be argued that benefits of investment in
a WBE system in SA will reach beyond
the current COVID-19 wave, as it may
forewarn of future resurgences. To date, the
screening of wastewater is recognised as an
important tool for monitoring wild polio-
virus and vaccine-derived polioviruses,!'s!!
and there are opportunities to learn from
polio wastewater surveillance to overcome
potential logistic and operational issues for
WBE of SARS-CoV-2. As such, our future
planned studies will include regular samp-
ling coupled with SARS-CoV-2 prevalence
estimation. Currently, WBE is best suited
to a converging sewer network serving a
target population. However, in SA, 40% of
households are not connected to the sewage
system.® Although wastewater surveillance
for SARS-CoV-2 has the potential to be a
powerful public health tool, especially in
resource-constrained settings, alternatives
to sewage from wastewater treatment plants
therefore need to be supported by resolutions
for more locally relevant situations (such as
wastewater runoff in informal settlements)
considering sanitation diversity.”!! We
acknowledge that this study did not include a
spike RNA control to investigate the percent
viral recovery, and this will be included in a
follow-up study.

Conclusions

This proof-of-concept study confirms that
qualitative and quantitative detection of
SARS-CoV-2 viral RNA from wastewater
influent samples can be used as a surveillance
tool in the current SA context, thereby



establishing the potential for an EWS for monitoring status and
trends of COVID-19 mass infections in SA that could facilitate the
rapid identification of hotspots for evidence-informed interventions.
An important yet unexpected outcome was that this study brought
together professionals and experts spanning skill sets, disciplines
and sectors including public health, microbiology, town planning
and wastewater treatment facilities, and formed the basis for a
comprehensive weekly follow-up study that includes a larger number
of wastewater treatment plants being sampled over consecutive days
with the overall agenda of advancing equity and health.
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