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This report summarises and interprets findings from detection, quantification and sequencing of SARS-
CoV-2 by the National Institute for Communicable Diseases (NICD) Centre for Vaccines and
Immunology from influent (untreated) wastewater in 17 wastewater treatment plants (WWTPSs) across
five South African provinces. Levels of SARS-CoV-2 in wastewater correlate with population levels of
SARS-CoV-2 over time and indicate the geographic distribution of disease. Variants of SARS-CoV-2
can be identified in wastewater through detection of single-nucleotide polymorphisms (SNPs) that are
specific to each variant. These variants are shown to correspond to variants prevalent in clinical cases,
across time and place. SARS-CoV-2 is shed from symptomatic and asymptomatic persons in stool but
is not transmitted by faecal-oral route nor via wastewater. This report is based on data collected from
June 2021 until 06 July 2023 (Epidemiological week 27, 2023). Results from wastewater testing should
be read and interpreted together with testing and genomic reports generated by the Centre for

Respiratory Diseases and Meningitis found at https://www.nicd.ac.za/diseases-a-z-index/disease-

index-covid-19/surveillance-reports/

9 Part 1 of this report presents methods and results of quantitative testing of wastewater.
1 Part 2 of this report presents methods and results from sequencing of SARS-CoV-2 RNA

fragments in wastewater.

Overall, wastewater levels of SARS-CoV-2 across the country are low. Sequencing data from week 26,
2023 show that recombinant XBB.1.5* circulating in June, Central eThekwini, Vlakplaats and
Sterkwater. The predominant lineage circulating in clinical samples in the recent week is XBB.1.5
followed by XBB.1.16.


https://www.nicd.ac.za/diseases-a-z-index/disease-index-covid-19/surveillance-reports/
https://www.nicd.ac.za/diseases-a-z-index/disease-index-covid-19/surveillance-reports/

HIGHLIGHTS i sample collection dates up to 6 July, 2023
(Epi week 27)

SARS-CoV-2 levels in wastewater:

SARS-CoV-2 levels in wastewater treatment plants tested during Epi Week 27 remained low.

*Note: The presence and increase/decrease of SARS-CoV-2 RNA in wastewater signify ongoing and
increasing/decreasing transmission of the virus amongst populations that are serviced by particular
sewer networks. The determinat i on of a resur genc-€oV dssrmadé wheough 6 ) of
evaluation of clinical testing data (including numbers of positive tests, percentage testing positive),

hospitalisation and mortality data.

SARS-CoV-2 genomics in wastewater:

Sequencing data from week 26 (30" June, 2023) show that recombinant lineages XBB.1.5* circulating

in June, Central eThekwini, Vlakplaats and Sterkwater.
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Background

The detection and monitoring of SARS-CoV-2 through wastewater was first proposed in April 2020.
Initial reports describing the feasibility and practical usefulness of this approach emerged
simultaneously from several countries during August 2020. Recent evidence has shown that SARS-
CoV-2 can be detected in wastewater prior to the appearance of clinical cases, and longitudinal tracking
of SARS-CoV-2 viral load in wastewater correlates with the burden of clinically diagnosed cases.
Furthermore, the sequencing of SARS-CoV-2 RNA fragments in wastewater has identified variants of
concern as well as mutations not detected in clinical cases.

In South Africa, SARS-CoV-2 epidemiology is monitored through laboratory testing of clinical cases
using reverse-transcriptase polymerase chain reaction (RT-PCR) tests and rapid antigen tests, COVID-
19 hospital admissions and COVID-19 related deaths. Laboratory testing data is sent by testing
laboratories to the National Institute for Communicable Diseases (NICD) via the DATCOV system. From
these data sources, epidemiological indicators including incidence rates of testing and case detection,
hospitalisation and death rates are made available to key stakeholders and the general public.

Clinical epidemiology based on reporting of laboratory-confirmed cases of SARS-CoV-2 has limitations.
Household transmission studies in South African urban and rural settings have demonstrated that a
large proportion of cases are asymptomatic or so mild as not to elicit health-seeking, and that laboratory-
confirmed cases likely represent less than 10% of SARS-CoV-2 cases prevalent in a community at any
given time. Secondly, there is increasing use of rapid antigen detection tests in clinical settings. Results
of these tests may not be reported to surveillance networks. Consequently, laboratory diagnosis is
increasingly less representative of the burden of disease.

Methods

Outbreak context and clinical case epidemiology

Five distinct waves of SARS-CoV-2 infection have occurred so far, peaking in June 2020, December
2020, July 2021, December 2021 and June 2022, respectively. The current de-duplicated and
geospatially allocated national line list of laboratory-confirmed cases of SARS-CoV-2 (identified by RT-
PCR or antigen test) is provided by the NICD for comparison with results from SARS-CoV-2 testing of

wastewater.

Establishment of the laboratory testing network

Commencing in 2018, the NICD had been conducting testing of wastewater for poliovirus as part of the
Nati onal Department of Healthds polio surveil!/
of influent wastewater samples from these 18 sites, including eight in Gauteng Province, two in the City

of Cape Town (Western Cape Province), two in Mangaung (Free State Province), two in eThekwini
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(KwaZulu- Natal Province) and four in Eastern Cape Province (two in Buffalo City Metro and two in
Nelson Mandela Metro). Quantitative testing results for these sites are available from week 8 of 2021,

onwards.

SARS-CoV-2 detection and quantitation methodology

The general approach of SARS-CoV-2 detection in wastewaterr is virus concentration, followed by
nucleic acid extraction and molecular detection. At the identified wastewater treatment facilities grab or
passive samples of influent are collected and transported at <5°C to the testing facility. Table 1
summarises the sample collection, processing and detection methodology used in the surveillance

project. The levels of SARS-CoV-2 in wastewater are reported in copies/mL of wastewater.

Table 1. Sampling and methodology used by laboratories involved in the NICD-WRC led
COVID-19 wastewater surveillance project.

Name of laboratory Sampling Virus Nucleic acid Molecular Molecular
concentration  extraction analysis analysis
platform
National Institute Grab Ultrafiltration  QlAamp® RT-gPCR?
for Communicable (Centricon® viral RNA using the 7500 Real-
Diseases (NICD) Plus-70 mini kit Al | pl ex TimePCR
centrifugal 2019-nCoV System
ultra-filter Assay and (Applied
device) the EDX Biosystems
SARS-CoV-2
standard

Interpretation of SARS-CoV-2 levels in wastewater

Interpretation of SARS-CoV-2 wastewater levels is evolving. We have elected to use interpretive
principles outlined in Table 2 to support public health preparedness and response activities. In general,
increasing or decreasing trends in levels are reported based on two or more results, as a single sample
that increases or decreases compared with the result from the previous week may represent an outlier.
Small changes (up to 0.5 log copies/ml) are not regarded as significant changes unless they form part
of a general upward or downward trend. Comparison of results over time when quantification is done
by the same laboratory using the same quantitative methodology is meaningful. The use of different
methodologies by different laboratories precludes comparison of quantitative results across
laboratories. The Ct values is an alternative for quantification. Changes in the Ct value of SARS-CoV-
2 give an indication of whether the burden of disease is increasing or decreasing.



Table 2. Principles of SARS-CoV-2 detection and quantification on influent samples from wastewater
treatment plants and interpretive principles to guide application of test results to support COVID-19
public health responses, South Africa.

Testing Interpretive principles to support public health responses
modality
Detection of When a test result changes from
SARS-CoV-2 1 positive to negative, this signifies fewer/no cases in population
1 negative to positive, this indicates the need for increased population awareness
and action

1 Qualitative results (presence or absence) are comparable between laboratories
1 Changes in the Cycle threshold (Ct) value of SARS-CoV-2 give an indication of
whether the burden of disease is increasing or decreasing

Quantification 1 The concentration of SARS-CoV-2 at a particular facility may be used to infer
of SARS-CoV- the burden of SARS-CoV-2 in the population served by the wastewater
2 treatment facility.

1 Changes in the concentration of SARS-CoV-2 give an indication of whether
the burden of disease is increasing or decreasing

1 Quantitative results between laboratories are not comparable. Quantitative
results should be interpreted for a single wastewater treatment plant tested by
the same laboratory using the same methodology over time.




Results

Summed total of clinical and genome copies

800,000 =

% 75 o
= 600,000 S
£ 2
= 50 o
2 400,000 2
B &5
8 EX
E —_~
S 25 2
G 200,000 Q
Z

Epidemiological week

Figure 1. Changes in levels of SARS-CoV-2 (data points and coloured lines) in in-flowing untreated
wastewater from plants tested by NICD, compared with laboratory-confirmed cases from Tshwane,
Johannesburg, Ekurhuleni, eThekwini, Mangaung, Nelson Mandela, Buffalo City, and City of Cape
Town (grey bars), by epidemiological week, 2021-2023.

Overall, wastewater levels of SARS-CoV-2 across the country continue to be low.

Gauteng Province

A: City of Tshwane
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Daspoort Wastewater Treatment Works = Rooiwal Wastewater Treatment Works

Figure 2A. Laboratory confirmed cases of SARS-CoV-2 (bars) and levels of SARS-CoV-2 in log
copies/ml of wastewater (coloured lines) for selected wastewater treatment plants (WWTP) and
metropolitan areas in Tshwane District Municipality (Tshwane North), Gauteng Province during
epidemiological weeks 1 of 2021 to 27 of 2023.



B: City of Johannesburg Metropolitan Municipality
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= Goudkoppies Wastewater Treatment Works = Northern Wastewater Treatment Works

Figure 2B. Laboratory confirmed cases of SARS-CoV-2 (bars) and levels of SARS-CoV-2 in log
copies/ml of wastewater (coloured lines) for selected wastewater treatment plants (WWTPSs) in the City
of Johannesburg Metropolitan Municipality, Gauteng Province during epidemiological weeks 1 of 2021
to week 27 of 2023.

C: City ofEkurhuleni
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= ERWAT Vlakplaat Wastewater Treatment Works = Hartebeesfontein Waterworks

Figures 2C. Laboratory confirmed cases of SARS-CoV-2 (bars) and levels of SARS-CoV-2 in log
copies/ml of wastewater (coloured lines) for selected wastewater treatment plants (WWTP) in
Ekurhuleni Metropolitan Municipality, Gauteng Province during epidemiological weeks 1 of 2021 to
week 27 of 2023.

All tested wastewater treatment plants in Gauteng were low as of epi week 27.



KwaZulu-Natal Province

2: eThekwini Metropolitan Municipality
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Epidemiological week

= Central Wastewater Treatment Works = Northern Wastewater Treatment Works

Figure 3. Laboratory confirmed cases of SARS-CoV-2 (bars) and levels of SARS-CoV-2 in log
copies/ml of wastewater (coloured lines) from wastewater treatment plants (WWTP) in eThekwini, Kwa-
Zulu Natal Province during epidemiological weeks 1, 2021 and week 25, 2023.

Low levels of SARS-CoV-2 were detected at the Northern WWTP in eThekwini in epi week 24 and in
Central WWTP in week 25.

Free State Province - Mangaung

Bloemfontein sub-district
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Epidemiological week

= Bloemspruit Wastewater Treatment Works = Sterkwater Wastewater Treatment Works

Figures 4. Laboratory confirmed cases of SARS-CoV-2 (bars) and levels of SARS-CoV-2 in log
copies/ml of wastewater (coloured lines) from wastewater treatment plants (WWTPS) in Mangaung,
Free State Province (Bloemfontein during epidemiological weeks 1, 2021 to 27, 2023.

Low levels of SARS-CoV-2 were detected at the Sterkwater and Bloemspruit WWTPs in Mangaung
during Epi Weeks 25 and 27, respectively.



Eastern Cape Province

A: Nelson Mandela Metropolitan Municipality

Figure 5A. Laboratory confirmed cases of SARS-CoV-2 (bars) and levels of SARS-CoV-2 in log
copies/ml of wastewater (coloured lines) from wastewater treatment plants (WWTPS) in Nelson

Mandela Metro, Eastern Cape Province during epidemiological weeks 1, 2021 to 24, 2023.

B Buffalo City Metropolitan Municipality

Figure 5B. Laboratory confirmed cases of SARS-CoV-2 (bars) and levels of SARS-CoV-2 in log
copies/ml of wastewater (coloured lines) from wastewater treatment plants (WWTPs) in Nelson
Mandela Metro, Eastern Cape Province during epidemiological weeks 1, 2021 to 25, 2023.

As of week 24, SARS-CoV-2 levels were low at Brickfield and Kwabobiuhle WWTPs in Nelson Mandela
district. In Buffalo City, the levels at Mdantsane WWTP were low as of epi week 51 2022, requiring
latest results. Readers are referred to the SAMRC wastewater dashboard for more in-depth data
regarding levels of SARS-CoV-2 in wastewater plants in Nelson Mandela Metro

(https://www.samrc.ac.za/wbe/).
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