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Background: COVID-19

• COVID-19 caused by Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2)

• Recognized as a pandemic by WHO on 11 March 2020
• Main transmission route of virus is direct and indirect contact through patient 

respiratory droplets
• Science is continuously progressing with regards to other possible detection and 

transmission routes for SARS-CoV-2:
• Virus detection and persistence (does not infectious) in patients stool samples after 

pharyngeal swabs became negative  
• Detected in faeces and urine of infected patients
• Aerosol transmission potential needs to be validated
• The genetic material of viral SARS-CoV-2 can be detected in wastewater – this does not 

mean infectivity
• Viral RNA detected in wastewater around the world: Netherlands, U.S.A, Australia, Italy, 

Israel, France
• Lesson learned from 2002–2004 SARS outbreak: SARS-COV-1



COVID-19 Surveillance – Hotspot Detection



Real Time PCR (RT-PCR)

• Laboratory technique of molecular biology based on the polymerase chain 
reaction (PCR). 

• Monitors the amplification of a targeted DNA molecule during the PCR 

• Cycle Threshold (Ct): number of cycles required for the fluorescent signal to cross 
the threshold (background level)

• Higher the Ct level the lesser the amount of target nucleic acid in the sample

• Cts < 29 are strong positive reactions indicative of high target nucleic acid in the 
sample

• Cts of 30-37 are positive reactions indicative of moderate amounts of target 
nucleic acid

• Cts of 38-40 are weak reactions indicative of minimal amounts of target nucleic 
acid which could represent an infection state or environmental contamination





WRC COVID-19 Website



Knowledge Products



South African COVID-19 Sanitation-based 
Surveillance Programme

• National programme to monitor the country’s water and sanitation 
streams for remnants of the virus

• National surveillance programme could assist health officials in 
tracking Covid-19 cases and mapping hotspot areas in communities

• Programme is being undertaken in Phases:
1. Wastewater-based epidemiology – Proof-of-concept
2. Pilot-scale monitoring using established sampling  protocols and design
3. Full-scale national sewershed surveillance 

• Wastewater programme is being completed by Non-Sewered
Sanitation Surveillance programme
• No developing country is 100% sewered
• 2 Billion people rely on NSS – Could we develop a similar surveillance tool for 

NSS areas?



Proof-of-Concept – Establishing Methods
• Testing and validation of a sampling protocol for raw sewage and 

settled primary sludge

• Testing and validation of the virus extraction and analysis protocol 

• Testing and validation of a sampling and extraction protocol for 
surface and groundwater

• Development of preliminary methodology for quantification of viral 
load as an indicator of number of infected individuals in a community 

• Guidance on data analysis/interpretation 

• Recommendations for data communication and integration into 
national reporting platforms 



Sampling Methodology
• Three (3) geolocations (provinces)

• Grab and composite samples:
• 24-hour WWTW influent composite samples from hotspot Metros
• Grab sampling of influent during peak flow periods to determine if better detection is 

observed

• Primary sludge grab samples will be taken from selected sites for comparison in 
recovery

• Weekly samples for 4 weeks – obtain a picture of prevalence of the virus in 
sewage

• Sewage from hospitals in each hotspot metro will be sampled on a weekly basis

• Surface water sampling: grab samples from rivers, groundwater and surface run-
off

• Composite samples from industrial site sewage treatment plants: Eskom power 
stations



Virus Recovery Methods

• Comparison between PEG 8000/NaCl and skim milk virus recovery 
methods

• Mengovirus recovery efficiency – varied from 0.5% to 8% for 
PEG8000/NaCl method

• 1-2 L sewage samples were received and stored at  4°C until 
processing

• Samples were mixed thoroughly and a 200 mL aliquot was used for 
each recovery method



200 mL sewage
Centrifuge (no brake), 1180 g x 30 min

Pour supernatant 
carefully, 

retain precipitate: 
resuspend and store at 

-80°C

To each of 4x50 mL centrifuge tubes:
Add 4 g PEG 8000 and 0.9 g NaCl

Divide supernatant equally to 4 x 50 mL 
tubes and shake until PEG/NaCl is 

dissolved

200 mL supernatant @ room temperature
Add 1% of 5% pre-flocculated 

skim milk solution
Mix thoroughly

Adjust pH to pH 3.0 – 4.0
Shake at RT for 2 h at 200 rpm

Shake overnight@ 200 rpm @ 4°C

Centrifuge (brake off) 12000 g @ 4°C for 30 min
Carefully pour off supernatant

Centrifuge 12000 g @ 4°C for 5 min
Carefully remove final supernatant with a pipette

Resuspend pellets in 2 mL ITM

Centrifuge at 4500 g for 30 min @ 4°C

Resuspend pellet(s) in 2 mL ITM

Divide in 4 x 50 mL 
tubes

Gently pour off and 
discard supernatant

1 mL recovered virus in ITM 
for nucleic acid extraction

PEG SKIM MILK

1 mL stored at -80°C 1 mL stored at -80°C



SARS-CoV-2 Detection: Grab vs Composite
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Trends in Ct values in composite and grab samples

Area 3 Composite

Area 3 Grab

Area 1 Composite

Area 1 Grab



Sewer vs Non-Sewer
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Non-Sewered Sanitation – 2 Billion People



Possible Hotspots

• Densely populated settlements

• Space constraints

• Frequent person-to-person contact 

• Accessibility and usage

• Limited human resources for 
monitoring

• OHS and maintenance / cleaning / 
disinfection challenge

A tool for the most vulnerable



Concluding Remarks
• Preliminary results show proof of concept in terms of virus extraction method 

and positive gene amplification of SARS-CoV-2 at three WWTW sampled

• Samples from remaining WWTW as well as hospitals and surface water samples 
to be analysed in soon

• Standard curves will be generated for SARS-CoV-2 N1 and N3 using a commercial 
SARS-CoV-2 N gene plasmid to validate a method for quantification of the virus, 
as the ultimate aim of the study is to develop infection trends within 
communities

• As the epidemiological data from this proof of concept study becomes available, 
it will be processed and mapped to show incidences of infection in communities 
linked to the selected WWTW to visualise trends

• Based on this, recommendations will be made for data integration into national 
reporting




