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How the project evolved - relative to Covid19 inf. in Qld
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How the project evolved - relative to Covid19 inf. in Qld

COVID-19
Cases per day by PHN
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Samples collected from 2 WWTPs and a Pumping Station

WWTP Percent Percent
BI’iSbane North Population Public  Population PHN Hospital

Catchment PHN (2016)  F Is within PHN# Coverage Coverage
L] \ Brisbane North* 42 612 4%
. ’ CatchmentA  Brisbane South* 189,031 17%

Total 231,643

VoW N e o8

Brisbane North* 351,531 36%
, Catchment B Brisbane South* 152,998 14%
Total 504,529
Brisbane North PHN  Brisbane North 964,495 394,143 A1% 40%
“WW I P ,, # “ H e a I t h ,, Brisbane SOUth Brisbane South PHN  Brisbane South 1,106,892 7 342,029 31% 57%
* Note Both WWTPs have parts of the catchment in Brisbane North and Brisbane South PHNs

# Total Population within both WWTPs
Brisbane North: Caboolture, Kilcoy, Reddiffe, Royal Brisbane® and Women's and The Prince Charles? Hospitals

0 250 500 750 km 0 25 50 75km Brisbane South: Beaudesert, Logan, Princess Alexandra®, Queen Elizabeth Il Jubilee™, Redland,
. | Mater”, and Mater Mothers'» Hospitals
N .

In bold above were located within the A~ or BA catchments.

Wastewater Treatment Plants Population Density

e

Population Density
(People/Sq km)
| 0-0

Bl 0-1845
Il 1845-2823
0 10 20 30km| 8 2823 - 3654
I 2 . 3654 - 166288
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Samples collected during main ‘growth phase’

Total COVID-19 cases in
previous 28 days by PHN
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252729312 4 6 8 10121416182022242628 1 3 5 7 9 1113151719212325272931 2 4 6 8 10121416
Brisbane North —e—Brishane South ® Samples

Site A — autosampler

Site B and from
pumping station we
had to rely on grab
samples



RNA isolation from wastewater

Electronegative | H) | e

membrane 49\ {f

CSIRO LAND AND WATER %




RNA isolation from wastewater

Ultrafiltration | N)
filter q 7"

CSIRO LAND AND WATER



RT-qPCR and sequencing

CSIRO LAND AND WATER

Amplification

armation
Protocol: CDC_CoV-2 prel
Plate: Test1.pltd

Data Analysis - CDC_M1.pecrd
File  View Settings Export Tools
(7] Quantffication Quantification Data |] Gene Expression ‘g Custom Data View

Amplification




Prevalence of SARS-CoV-2 in wastewater

Sources of Sampling date
wastewater and
sample ID

Concentration methods

Ultrafiltration filter

Electronegative membrane

PS

20/3/2020

ND

ND

WWTP A-1

24/02/2020

ND

ND

WWTP A-2

28/03/2020

ND

ND

WWTP A-3

29/03/2020

ND

ND

WWTP A-4

29/03/2020

ND

ND

WWTP A-5

30/03/2020

ND

ND

WWTP A-6

30/03/2020

ND

ND

WWTP B-1 26/03/2020 + ND
~12 copies/100 mL

WWTP B-2 01/04/2020 +
~2 copies/100 mL

Contents lists available at ScienceDirect

Science of the Total Environment

tLSL\-" I [_-}{. journal homepage: htip://ees elsevier.com

First confirmed detection of SARS-CoV-2 in untreated wastewater in Australia: A proof
of concept for the wastewater surveillance of COVID-19 in the community

Warish Ahmed®*, Nicola Angel®?, Janette Edson®, Kyle Bibby®, Aaron Bivins®, Jake W. O'Brien®,
Phil M. Choid, Masaaki Kitajima®, Stuart L. Simpsonf, Jiaying Li?, Ben Tscharke?, Rory Verhagend,
Wendy J.M. Smith 8, Julian Zaugg?, Leanne Dierens?, Philip Hugenholtz?, Kevin V. Thomasd,
Jochen F. Mueller?
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Confirmation Sequencing of Positive Amplicon

1) Sanger Sequencing
* Requires clean amplicon

» Gel cut product E
 F and R N_Sarbeco Primers |-M_
2) Miseq
* Ligate illumine adapters to existing gPCR
amplicon

 NEB Ultrall Total RNA kit — from end repair step
» Sequence v3 300 cycle (150bp PE)
 Able to get sequence specific for possible SNPs
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Sanger Results

Query: None Query ID: 1cl|Query 59767 Length: 61

»Severe acute respiratory syndrome coronavirus 2 isolate SARS-CoV-2/ISR_IT@328/human/20828/I5R, complete genome
Sequence ID: MT276598.1 Length: 29878

Range 1: 28741 to 28786

Score:86.1 bits(46), Expect:le-13,
Identities:46/46(100%), Gaps:8/46(0%), Strand: Plus/Plus

Query 1 CTGCAATCGTGCTACAACTTCCTCAAGGAACAACATTGCCAALAAGG 46

Sbjct 28741 CTGCAATCGTGCTACAACTTCCTCAAGGAACAACATTGCCAAAAGG 28786
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MiSeq Results
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Further research

« Both Sanger and MiSeq confirm product generated in gPCR

* Further evaluation of amplicon sequencing data: variants, compare to
sensitivity of gPCR

» Use of sequencing to confirm qPCR - validation, different primer sets

« Evaluation of RNA quality in waste water

« Sequencing from RNA extracts

« Metagenomic approach

* Enrichment of SARS-Cov-2 fragments

» Other technologies e.g. direct RNA
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Model Rationale: Mass Balance

[E5) NOTRE DAME

RNA gene :
: RNA gene copies :
copies _ B X Number of infected persons
perdayin P ver day shedding RNA
WW

(RNA copies) § (liters WW)
liter WW day

( g feces ) § (RNA gene copies)
person — day g feces

Number of Persons Infected =
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Monte Carlo Parameters

[E5) NOTRE DAME

RNA copies per liter of WW RT-qPCR Results

Liters of WW per day 600,000 persons * 250 L/person-day
Log,, g feces Normal (n=2.11, 0 = 0.25)

per person per day Median = 129 g/day

Log,, RNA gene copies Uniform (min = 2.56, max = 7.67)
per g of feces Median = 1.3 x 10° gc/g

 Median number of infected persons and
| | ‘ prevalence estimated by bootstrapping the

FREQUENCY
o
[
ul

Monte Carlo model (200 runs of 1,000
draws each)

* Sensitivity assessed by Spearman rank
correlation from 10,000 draw model run

1 10

LOG10 RNA GENE COPIES PER GRAM OF FECES

LU6-10  ® Heaviest Shedding Period (n=25)
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Results, Uncertainty & Limitations

"\OTRE D;’LME

RNA Median number of shedding infections Median prevalence of
copies/100 mL CEY/Xe) infection (%) (95% Cl)

12 1100 (750 — 1500) 0.18 (0.12 - 0.25)
1.9 170 (120 - 230) 0.03 (0.02 - 0.04)
1.9-12 563 (390 — 760) 0.10 (0.06 — 0.14)

* Fecal mass is fit to data from many high-income countries and is not Australia specific (Rose et al. 2015)
* RNA gene copies per gram of stool is fit to clinical data for mildly ill 9 patients in Germany during the
days of heaviest stool shedding (day 6 to 10 following onset) (Wolfel et al. 2020)
* Fecal shedding spans 5 orders of magnitude
(equivalent prevalence scale 0.001% to 100%)
e Recovery not included (10% recovery would increase output 10-fold)
e Prevalence of fecal shedding among infected (27%-88%) not included



Limitations (Note — this was a feasibility study)

- Few samples

- Few extraction methods

- Few primers

- New model

- Few data on virus shedding

=» Research fast and focused = Rapid improvement



Limitation and uncertainties may define application of
where method is useful

Yes - No Application

Semi-Quant Application

Spatio-temporal trend

Quantitative — Predicts
infection in community




Thank you for your attention!

Questions Please
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