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— Principles and rationale for using wastewater-based
epidemiology (WBE) for SARS-CoV-2 surveillance

— The SACCESS network partners and sites

Methodology
— PCR detection and quantitation methodology
— RNA sequencing methodology
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WBE for COVID-19

Principles and global experience

 SARS-CoV-2 replicates in cells

i =3 W

T# skl

lining respiratory and gastro-
enteric systems

Whilst there is no evidence for

faeco-oral transmission of SARS-

CoV-2, the virus is shed in faeces
— Viral load 103-107 copies/ml stool
— 0-45 days after symptom onset,

— 23% of persons with negative RT-
PCR on throat swab will have
positive stool
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WBE for COVID-19

Principles and global experience

 Wastewater testing

— overcomes the limitations
of clinical surveillance

— allows epidemiologists to
infer the burden and
distribution of SARS-CoV-
2 in populations without
the need for clinical
testing,

— Is much cheaper than
clinical testing
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WBE for COVID-19

Principles and global experience

ELSEVIER

* Wastewater testing
Looking for a needle in a haystack. SARS-CoV-2 variant

_ Can be used to Identlfy f\:ﬂg?t':ﬁ;’i{e@g:tig?vgg gc?fmf‘l\%:s“z, Sandra Martinez-Puchol’*?,
. T T s " Eva Forés'?,
SARS-CoV-2 variants Wl vaer
that are circulating in

=14
b Py inol
Key SARS-CoV-2 Mutations of Alpha, Gamma, and Eta Variants

po p u Iatl oNns un d er Detected in Urban Wastewaters in Italy by Long-Read

Amplicon Sequencing Based on Nanopore Technology

surveillance Monitoring SARS-CoV-2 Circulation|
and Diversity through Community
Wastewater Sequencing,
the Netherlands and Belgium

Ray lzquierdo-Lara, Goffe Elsinga, Leo Heijnen, Bas B. Oude Munnink,
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WBE for COVID-19

Principles and global experience

 We aimed to show

— temporal and geographical trends in SARS-CoV-2 levels and
sequences from wastewater

— and compare these with case loads and clinical SARS-CoV-2
sequences

— to demonstrate the usefulness of wastewater-based
epidemiology for SARS-CoV-2 as a surveillance tool.
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Wastewater based epidemiology in South Africa
Methodology

7 laboratories
95 wastewater SPC&SS | oy
South African Collaborative JREENEI

treatment plants COVID-19 Environmental
All doing Surveillance System | praecautio

— Concentration

— Qualitative PCR =
detection treatment plants

in all nine South

Genome sequencing e
(N|CD only)  provinces

— Proof of concept
established on
results from 17
specimens




Wastewater based epidemiology in South Africa
Methodology

‘Grab sample’ of

Name of
Laboratory
partner
NICD

GreenHill /
Praecautio

influent

Method for virus
concentration

Centricon® Plus-70
centrifugal

Amicon® Ultra-15
Centrifugal Filter)
Skim milk flocculation

WateriLab/UP Skim milk flocculation
SAMRC-TB Centrifugation
PLATFORM
Lumegen Passive sampling +
resuspension in PBS
CSIR Polyethylene Glycol
T“L alth
S R I it 1 AT it

concentration

Method for nucleic acid extraction

QIAamp® viral RNA mini kit

Omega Bio-Tek Mag-Bind® Viral
DNA/RNA 96 Kit

MagMAX Viral and Pathogen
Nucleic Acid Isolation Kit
QlAamp® Ultrasens® Virus kit

ZymoBiomics RNA Extraction Kit
MN DNA/RNA pathogen extraction
Kit

Omega Bio-tek ENZA total RNA Kit
Il
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RNA extraction

RT-PCR assay

Allplex™ 2019-nCoV Assay

CDC 2019-Novel Coronavirus (2019-nCoV)
Real-Time RT-PCR Diagnostic Panel
TagPath COVID-19 CE-IVD RT-PCR Kit
Thermo Fisher

Allplex™ 2019-nCoV Assay

AllPlex 2019-nCoV Assay
TagPath COVID-19 CE-IVD RT-PCR Kit

(Thermo Fisher)
2019-nCoV CDC EUA Kit

RT-PCR detection and

Sequencing

Quantification

EDX SARS-CoV-2 Standard including RNA transcripts of E, N and RdRP genes

Relative quantification based on CDC 2019-Novel Coronavirus (2019-nCoV)
Real-Time RT-PCR Diagnostic Panel
Standard curve method using TagPath kit positive control

Standard curves using the 2019_nCoV_N positive control plasmid
(Integrated DNA Technologies, Inc, Coralville, IA)
EDX SARS-CoV-2 Standard including RNA transcripts of E, N and RdRP genes

5-point standard curve of the TagPath positive control

Relative quantification based on the 2019-nCoV CDC positive control
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Wastewater-based Epidemiology for COVID-19

Interpretation of quantitative results
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SARS-CoV-2 detection in wastewater in South Africa

Gauteng wastewater treatment plants

e Current trends in
SARS-CoV-2 levels
across Gauteng

South Africa,
Gauteng Province
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SARS-CoV-2 detection in wastewater in South Africa

Current trends in
SARS-CoV-2 levels
across Gauteng

South Africa
Gauteng Provm/c(ev\

Gauteng wastewater treatment plants
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SARS-CoV-2 detection in wastewater in South Africa

JW g ke Week 44 Week 45 Week 46 Week 47
X\A } Proportion of SARS-CoV-2 cases testing positive, weeks 44-47, by Gauteng subdistrict, 2021
s

o Rooiwal

Daspoort
Prop. test +ve
Nod
e Northern
[ 0,025 - 0.05
[ 0.050 - 0,075
] 0,075 - 0100
[ 0,100 - 0150
[ 0.150 - 0.200 "
I 0,200 - 0.300 Goudkoppies . )
B - 0300 Hartbeesfontein
=
=
=
§ |
4
Z=
5=
m
fln} =
_8_ |
=1
33 S5 37 38 39 40 41 42 435 44 45 48 47 48 49 50
Epiclamiclogical waaks of 2021
T | Gautengcases - Daspoort copiessmL
—— Raakyal capl-&a-me e Mortharn GDI‘JIBEFI'HL
——#—— Hartbeesfontein capies'mi —#—— Goudkoppies copies/mi
S an | alth ; -
b T Wastew%@gs) at selected treatment plants, byﬁg'g Gapteng cases, epi weeks 36-47,

2021 COMMIRS TN



SARS-CoV-2 detection in wastewater in South Africa

Week 44 Week 45 Week 46 Week 47

Proportion of SARS-CoV-2 cases testing positive, weeks 44-47, by Gauteng subdistrict, 2021, data
courtesy NICD Centre for Respiratory Disease and Meningitis
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SARS-CoV-2 detection in wastewater in South Africa

Ethekwini wastewater treatment plants

e Current trends in SARS-CoV- S
2 levels across eThekwini -
wastewater plants 5|
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SARS-CoV-2 detection in wastewater in South Africa

Mangaung waste water treatment plants
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SARS-CoV-2 detection in wastewater in South Africa

Eastern Cape wastewater treatment plants

. _~—__* Current trends in SARS-CoV-2 levels
e Current trends in SARS-CoV-2 levels U?ijgaj} across BCM wastewater plants
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SARS-CoV-2 detection in wastewater in South Africa

City of Cape Town wastewater treatment plants
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SARS-CoV-2 detection in wastewater in South Africa

North west wastewater treatment plants
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SARS-CoV-2 detection in wastewater in South Africa

Mpumalanga wastewater treatment plants
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SARS-CoV-2 detection in wastewater in South
Africa

* Full genome
sequencing of RNA
fragments present
In wastewater

— Allows for detection
of single nucleotide
polymorphisms
(SNPs compatible
with different
variants)

— Tracking of variants
and read frequency
of mutations over
time
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SARS-CoV-2 detection in wastewater in South

* Mangaung
— Week 16,

e Beta dominance

e C1.2

— Week 22

* Delta appeared
and became
dominant

Africa

Mutations found only
in beta
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SARS-CoV-2 detection in wastewater in South

* Mangaung
— Week 16,

 Beta dominance
e C.1.2

— Week 22

* Delta appeared
and became
dominant

Africa

Mutations found only
in beta Mutations found

\ only in delta
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Conclusion

* Amongst sentinel wastewater
treatment plants in South Africa

— Quantitative SARS-CoV-2 viral load in
genome copies/ml demonstrates
concordance with burden of disease
as determined by clinical testing

Sequencing of SARS-CoV-2 RNA in
wastewater demonstrates the
presence of single nucleotide
polymorphisms compatible with
variants detected in clinical
specimens over time
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