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• First study that reports the detection of
SARS-CoV-2 in wastewater in Australia.
• The presence of SARS-CoV-2 was conﬁrmed by sequencing.
• A median range of 171 to 1090 infected
persons was identiﬁed in the catchment.
• Further methodological and molecular
assay validation will be required.
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a b s t r a c t
Infection with SARS-CoV-2, the etiologic agent of the ongoing COVID-19 pandemic, is accompanied by the shedding of the virus in stool. Therefore, the quantiﬁcation of SARS-CoV-2 in wastewater affords the ability to monitor
the prevalence of infections among the population via wastewater-based epidemiology (WBE). In the current
work, SARS-CoV-2 RNA was concentrated from wastewater in a catchment in Australia and viral RNA copies
were enumerated using reverse transcriptase quantitative polymerase chain reaction (RT-qPCR) resulting in
two positive detections within a six day period from the same wastewater treatment plant (WWTP). The estimated viral RNA copy numbers observed in the wastewater were then used to estimate the number of infected
individuals in the catchment via Monte Carlo simulation. Given the uncertainty and variation in the input parameters, the model estimated a median range of 171 to 1,090 infected persons in the catchment, which is in reasonable agreement with clinical observations. This work highlights the viability of WBE for monitoring infectious
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diseases, such as COVID-19, in communities. The work also draws attention to the need for further methodological and molecular assay validation for enveloped viruses in wastewater.
Crown Copyright © 2020 Published by Elsevier B.V. All rights reserved.

1. Introduction

(pumping station and WWTP B). Samples were transported on ice
to the laboratory and stored at 4 °C until further analysis.

The ongoing global pandemic of coronavirus disease 2019 (COVID19), caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), has been a public health emergency of international concern (WHO, 2020a, 2020b). The reported symptoms of COVID-19 patients include cough, fever, difﬁculty in breathing and diarrhea, and
SARS-CoV-2 ribonucleic acid (RNA) has been detected in feces of not
only symptomatic but also asymptomatic patients (Gao et al., 2020;
Holshue et al., 2020; Jiehao et al., 2020; Tang et al., 2020; Wölfel et al.,
2020; Zhang et al., 2020a; Zhang et al., 2020b). These clinical observations imply that municipal wastewater of affected communities might
contain the virus. Wastewater-based epidemiology (WBE) is a promising approach to understand the prevalence of viruses in a given wastewater treatment plant (WWTP) catchment population, because
wastewater contains viruses excreted from symptomatic and asymptomatic individuals in a catchment (Sinclair et al., 2008; Xagoraraki
and O'Brien, 2020). WBE is especially useful for early warning of disease
outbreaks and informing the efﬁcacy of public health interventions, as
previously demonstrated for enteric viruses, such as norovirus, hepatitis
A virus, and poliovirus (Hellmér et al., 2014; Asghar et al., 2014). In
Australia, the ﬁrst case of COVID-19 was recorded on 25/1/2020, and
there have been N6,300 conﬁrmed cases as of April 13, 2020
(Australian Government Department of Health, 2020). In the State of
Queensland, there have been 998 cases of COVID-19 recorded on 14/
4/2020. The ﬁrst case of COVID-19 was reported in Brisbane on 21/2/
2020 (two passengers from the Diamond Princess Cruise Ship) and increased to 541 conﬁrmed cases on the 14th April 2020 in Queensland's
Brisbane North and Brisbane South Primary Health Networks (PHNs).
To date, there has been no detection of SARS-CoV-2 in wastewater in
Australia, while we note a few recent studies conducted in other parts
of the world (i.e., the Netherlands and USA) have reported molecular
detection of SARS-CoV-2 in wastewater samples (Lodder and de Roda
Husman, 2020; Medema et al., 2020; Wu et al., 2020a). Here, we report
the ﬁrst evidence for the presence of SARS-CoV-2 RNA in wastewater in
Australia. Our preliminary ﬁndings demonstrate the applicability of
WBE for COVID-19 surveillance as a potential tool for public health
monitoring at the community level.

2. Materials and methods
2.1. Wastewater sampling
Untreated wastewater (sewage) samples were collected from
one suburban pumping station (PS) and two WWTPs representing
urban catchments in Southeast Queensland (SEQ). The two WWTP
catchments represent approximately 21% (WWTP A) and 50%
(WWTP B) of the combined populations of the two PHNs (Fig. 1).
Fig. 2a and b showing sampling dates, the number of cases and the
potential detection windows (28 days) of SARS-CoV-2 for wastewater samples in the two PHNs (Wu et al., 2020c). Sampling personnel
wore face standard personal protective equipment (PPE) for wastewater sampling, such as long pants, steel capped boots, hard hats,
safety glasses and gloves. Samples were collected using two types
of automated sampling techniques – either a conventional refrigerated autosampler or a submersible in-situ high frequency
autosampler (at WWTP A) as well as grab sampling techniques

2.2. Sample concentration and RNA extraction
Viruses were concentrated using two previously published methods.
These methods are referred to as Method A (direct RNA extraction from
electronegative membranes) (Ahmed et al., 2015) and Method B (ultraﬁltration) (Ikner et al., 2011). Method A began with adjustment of the
sample pH to ~3.5 to 4 using 2.0 N HCl. The samples (100–200 mL)
were then passed through 0.45-μm-pore-size, 90-mm-diameter electronegative membranes (HAWP09000; Merck Millipore, Ltd., Sydney,
Australia) via a glass funnel and base (Merck Millipore). For RNA extraction, a combination of two kits (RNeasy PowerWater Kit and RNeasy
PowerMicrobiome Kit; Qiagen, Hilden, Germany) were used. A 5-mL
bead tube from RNeasy PowerWater Kit was used to accommodate
the electronegative membrane. A Precellys 24 tissue homogenizer
(Bertin Technologies, France) was used to homogenize the samples at
conditions ranging from 3 × 20 s at 8000 rpm at a 10 s interval. From
here on RNA was extracted using RNeasy Power Microbiome kit as per
manufacturer's instruction.
Method B began with centrifugation of wastewater samples
(100–200 mL) at 4750g for 30 mins. Supernatant was then removed
carefully without disturbing the pellet and centrifuged at 3500g for
15 min through Centricon® Plus-70 centrifugal ﬁlter with a cut-off of
10 kDa (Merck Millipore). The concentrate cup was inverted and placed
on top of the sample ﬁlter cup. The device was centrifuged at 1000g for
2 min. The concentrated sample (~250 μL) was collected from the concentrate collection cup with a pipette. RNA was directly extracted
from the concentrate using RNeasy PowerMicrobiome Kit (Qiagen). A
QIAcube Connect platform was used to extract RNA to a ﬁnal volume
of 100 μL.
2.3. RT-qPCR analysis
Recently published RT-qPCR assays were used for the detection of
SARS-CoV-2 RNA in wastewater samples (Corman et al., 2020; Shirato
et al., 2020). The sequences for primers and probes are shown in
Table 1 along with qPCR cycling parameters. For both RT-qPCR assays,
gBlocks gene fragments were purchased from Integrated DNA Technologies (Coralville, IA, USA) and used as standards or positive controls. All
RT-qPCR ampliﬁcations were performed in 40 μL reaction mixtures
using iTaq™ Universal Probes One-Step Reaction Mix (Bio-Rad Laboratories, Richmond, CA). N_Sarbeco RT-qPCR mixtures contained 20 μL
of Supermix, 600 nM of forward primer, 800 nM of reverse primer,
200 nM of probe, 0.50 μL of iScript advanced reverse transcriptase and
6 μL of template RNA. NIID_2019-nCOV_N RT-qPCR mixtures contained
20 μL of Supermix, 500 nM of forward primer, 700 nM of reverse primer
R2, 700 nM of reverse primer R2Ver3, 200 nM of probe and 6 μL of template RNA. The RT-qPCR assays were performed using a Bio-Rad CFX96
thermal cycler (Bio-Rad Laboratories). All RT-qPCR reactions were performed in triplicate. For each qPCR run, a series of three positive and
negative controls were included.
2.4. RT-qPCR inhibition and quality control
An experiment was conducted to determine the presence of RTqPCR inhibition in RNA extracted from wastewater samples using a
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Fig. 1. Maps of the WWTP catchments and Primary Health Networks (PHNs) showing overlap in area and population.

Sketa22 real-time PCR assay (Haugland et al., 2005). A known copy
number (104/reaction) of Oncorhynchus keta (O. keta) was added in
the DNase and RNase free water and the Cq (quantiﬁcation cycle)
value obtained acted as a reference point. If the Cq value of a wastewater
sample increases compared to the reference Cq value, the sample is considered to have PCR inhibitors. Wastewater samples with a 2-Cq delay
was considered to have RT-qPCR inhibition (Staley et al., 2012). All
RNA samples were stored at −80 °C and subjected to RT-qPCR analysis
within the same day after RNA extraction. A reagent blank and an extraction blank were included for each batch of RNA extraction to ensure
no carryover contamination occurred during RNA extraction. No carryover contamination was observed in reagent blank samples. To minimize potential RT-qPCR contamination, RNA extraction and RT-qPCR
setup were performed in separate laboratories.
2.5. Sequencing and bioinformatics
TaqMan RT-qPCR products (wastewater sample collected on 26/03/
2020) were sequenced using both Sanger (Applied Biosystems, Foster
City, CA, USA) and Illumina (MiSeq, Illumina, San Diego, CA, USA) sequencing platforms. For Sanger sequencing, 10 μL TaqMan qPCR products were run on a 2% agarose gel. Target bands of expected size were
excised from the gel, then cleaned and concentrated with a Zymo Gel
Recovery Kit (Zymo, Irvine, CA, USA). Final elution volume was 8 μL
and 2 μL of the post-gel product was run on a Tapestation (Agilent,
Santa Clara, CA, USA) to size and determine concentration of the product. 3 ng of the product was mixed with 10 pmol each of the N_Sarbeco
forward or reverse primerl. These were then submitted to a service provider for Sanger sequencing (AGRF, Brisbane, Australia).

For MiSeq sequencing, the TaqMan PCR product was cleaned with
1× ratio of AMpure XP (BeckmanCoulter, Brea, CA, USA) and eluted in
15 μL. Illumina adapters were ligated on using the NEB UltraII Total
RNA kit (New England Biolabs, Ipswich, MA, USA) with the modiﬁcation
of beginning the library prep process at the End Repair step. Libraries
were ampliﬁed with 10 cycles of PCR. Samples were pooled in equimolar amounts for sequencing and sequenced as a 150 bp Paired end run
using a 300 cycle v3 MiSeq kit (Illumina, USA).
Primer sequences were removed from de-multiplexed reads using
cutadapt (ver. 2.9), with reads not containing primers discarded (–discard-untrimmed). Poor quality reads were identiﬁed and removed
with trimmomatic (ver. 0.39) using a sliding window of 4 bases with
an average quality of 15 (SLIDINGWINDOW:4:15). Reads were cropped
to 120 bp (CROP:120), with any b120 bp in length discarded
(MINLEN:120). Overlapping forward and reverse reads were merged
using bbmerge from the BBMap suite (ver. 38.41, https://sourceforge.
net/projects/bbmap/). Quality-controlled, merged reads were then
mapped to the MT276598.1 reference genome using CoverM ‘make’
(ver 0.4.0, B. Woodcroft, unpublished, https://github.com/wwood/
CoverM). Low quality read mappings were removed with CoverM ‘ﬁlter’
(minimum identity 90% and minimum aligned length of 75%). Read
depth proﬁles for each sample were calculated using samtools (ver. 1.9).
2.6. Infection prevalence estimation
The prevalence of SARS-CoV-2 infection within the catchment was
estimated using a mass balance on the total number of viral RNA copies
in wastewater each day, as measured in wastewater by RT-qPCR, and
the number of SARS-CoV-2 RNA copies shed in stool by an infected
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Fig. 2. a) and b) showing sampling dates, the number of cases and the potential detection windows (28 days) of SARS-CoV-2 for wastewater samples in the two PHNs (Brisbane North and
South).

individual each day (Eq. (1)).

Persons Infected ¼

 

RNA copies
liters wastewater

liter wastewater
day

 

g feces
RNA copies

person−day
g feces

ð1Þ

Uncertainty and variability in the independent variables were incorporated using a Monte Carlo approach executed in Oracle Crystal Ball
(Release 11.1.2.4.600, Redwood City, CA). SARS-CoV-2 RNA copies/L of
wastewater were modelled as point estimates for each date of detection
and as a uniform distribution between the minimum and maximum
counts observed. The daily ﬂow rate of wastewater was calculated as a
point estimate using the product of the at-home population in the

Table 1
Primers and probes used in this study.
Organisms

Target
gene

Assay name

Oncorhynchus keta

–

Sketa22

SARS-CoV-2

Sequence (5′–3′)

F-GGTTTCCGCAGCTGGG
R-CCGAGCCGTCCTGGTCTA
P-FAM-AGTCGCAGGCGGCCAC
CGT-TAMRA
N
N_Sarbeco
F-CACATTGGCACCCGCAATC
protein
R-GAGGAACGAGAAGAGGCTTG
P-FAM-ACTTCCTCAAGGAACAACA
TTGCCA-BHQ1
NIID_2019-nCOV_N F-AAATTTTGGGGACCAGGAAC
R2-TGGCAGCTGTGTAGGTCAAC
R2Ver3-TGGCACCTGTGTAGGTCAAC
P-FAM-ATGTCGCGCATTGGCA
TGGA-BHQ1

Cycling parameters

Reference

95 °C for 10 min; 40 cycles of 95 °C for 15 s, 63 °C for 45 s.

Haugland
et al., 2005

50 °C for 10 min for RT; 95 °C for 3 min and 45 cycles of 95 °C for
15 s, 58 °C for 30 s.

Corman et al.,
2020

50 °C for 10 min for RT; 95 °C for 15 min; and 45 cycles of 95 °C
for 15 s and 60 °C for 1 min

Shirato et al.,
2020

W. Ahmed et al. / Science of the Total Environment 728 (2020) 138764

catchment of approximately 600,000 persons (capita), and the observed
average per capita wastewater rate of 250 L/person/day (Tscharke et al.,
2019). The daily stool mass in log10 g per person was modelled as a normal distribution with a mean of 2.11 and standard deviation of 0.25 per
data from high-income countries reported in Rose et al. (2015). Lastly,
the shedding rate of SARS-CoV-2 RNA copies/g of feces was modelled
as a log-uniform distribution from 2.56 to 7.67 as observed during the
periods of heaviest shedding among mild cases of COVID-19 in
Germany (Wölfel et al., 2020).
Summary statistics concerning the number of SARS-CoV-2 infections
were generated by propagating a vector of each independent variable,
drawn per the probability distribution describing it, through the
model 10,000 times. For each estimate of infected persons, the corresponding prevalence was calculated by dividing the number of persons
infected by the number of persons in the catchment. Sensitivity of the
estimated number of cases to each model input was estimated by calculating the Spearman's correlation coefﬁcient between each input and
the estimated number of cases. For the purposes of the sensitivity analysis, the per capita daily wastewater ﬂow was modelled as a triangle
distribution with a minimum of 200 L, likeliest value of 250 L, and maximum of 300 L. Importantly, the model was conceptualized and executed blinded to any details regarding the geographic location of the
catchment or clinical prevalence data.
3. Results
3.1. RT-qPCR inhibition and performance characteristics of RT-qPCR assays
None of the wastewater RNA samples had RT-qPCR inhibition, as
conﬁrmed by the Sketa22 RT-qPCR assay. The Cq values obtained for
wastewater RNA samples were within 1 Cq of the reference Cq value.
The slope of the standards for N_Sarbeco and NIID_2019-nCOV_N assays were −2.99 and −3.10, respectively. Y-intercept values were
−36.85 (for N_Sarbeco) and −35.71 (for NIID_2019-nCOV_N). The ampliﬁcation efﬁciencies for these two assays were 116 (for N_Sarbeco)
and 108% (for NIID_2019-nCOV_N). The correlation coefﬁcient (R2)
values for N_Sarbeco and NIID_2019-nCOV_N were 0.995 and 0.998%,
respectively.
3.2. Detection of SARS-CoV-2 RNA in wastewater samples
Among the nine wastewater samples tested, two (22.2%) samples
collected from WWTP B on two separate sampling events (27/03/20
and 01/04/20) were positive for SARS-CoV-2 using the N_Sarbeco
assay. Wastewater samples from the PS and WWTP A were negative
for SARS-CoV-2. The total number of reported cases of COVID-19 in
the two PHNs that cover the greater Brisbane area were 297 and 404
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Table 3
Number of SARS-CoV-2 infected persons and prevalence in the treatment catchment basin
as estimated by viral RNA copies detection in wastewater and Monte Carlo simulation.
RNA
copies/100 mL

Number of infections
median
(95% CI)

Prevalence of infection
(%)
median (95% CI)

1090 (748–1460)

0.181 (0.124–0.249)

171 (122−233)

0.028 (0.019–0.039)

563 (391–764)

0.096 (0.064–0.142)

12 copies/100 mL
(27/3/2020)
1.9 copies/100 mL
(1/4/2020)
Uniform distribution:
1.9 to 12
copies/100 mL

on 27/03/20 and 01/04/20, respectively (Fig. 1). RT-qPCR assays produced inconsistent results. The N_Sarbeco assay returned both positive
results, while the NIID_2019-nCOV_N assay failed to detect SARS-CoV-2
in any of the wastewater samples (Table 2). The concentration methods
used also produced inconsistent results. Method A yielded positive signal for sample WWTP B1, yet the same sample was negative for SARSCoV-2 when Method B was used. In contrast, concentration Method B
generated a positive signal for sample WWTP B2; however, the same
sample was negative for SARS-CoV-2 when Method A was used. Both
RT-qPCR positive samples were below the RT-qPCR quantiﬁcation level.
The Cq values of the WWTP B1 and B2 samples were 37.5 and 39,
corresponding to 12 and 1.9 copies/100 mL of untreated wastewater, respectively. The aligned forward and reverse Sanger sequences conﬁrmed a 100% identity match to the SARS-CoV-2 isolate and aligned to
the N-protein (28,200–29,500) (Wu et al., 2020b). This result was further conﬁrmed with the Illumina MiSeq sequencing. Speciﬁcally, the
quality-controlled reads mapped between positions ~28,700 to 28,800
of the SARS-CoV-2/ISR_IT0320/human/2020/ISR genome.
3.3. Prevalence estimate
Since the probability distributions for two input variables are right
skewed in arithemetic space, the model summary statistic is reported
as the median and 95% conﬁdence interval (CI) determined by
bootstrapping the model with 200 experiments of 1,000 draws each.
The median is less sensitive to extreme values drawn from the input distributions, and given the large uncertainties and variability associated
with relevant SARS-CoV-2 data across geographies the median represents a conservative estimator. As summarized in Table 3 below, the
Monte Carlo simulation estimates a median number of infections ranging from 1,090 on 27/3/2020 to 171 on 1/4/2020 in the catchment basin.
Using the observed counts in wastewater as maximum and minimum
bounds (uniform distribution) results in a median prevalence of

Table 2
Detection of SARS-CoV-2 in wastewater samples at three WWTPs in Southeast Queensland, Australia.
Sources of wastewater and sample ID

Types of samples

Sampling date

Sample volume processed

Virus concentration methods and RT-qPCR assays
Method A

PS A1
WWTP A1
WWTP A2
WWTP A3
WWTP A4
WWTP A5
WWTP A6
WWTP B1
WWTP B2

Composite grab sample
Composite autosamplera
Composite autosamplerb
Composite autosamplerb
Composite autosamplera
Composite autosamplera
Composite autosamplera
Composite grab sample
Composite grab sample

PS: Pumping station; ND: Not detected
a
A conventional refrigerated autosampler.
b
A submersible in-situ high frequency autosampler.
c
Copies/100 mL of untreated wastewater.

20/03/2020
29/03/2020
30/03/2020
24/02/2020
29/03/2020
30/03/2020
28/03/2020
27/03/2020
01/04/2020

200
200
200
100
100
100
100
100
100

mL
mL
mL
mL
mL
mL
mL
mL
mL

Method B

N_Sarbeco

NIID_2019-nCOV

N_Sarbeco

NIID_2019-nCOV

ND
ND
ND
ND
ND
ND
ND
+ (~12.0)c
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
+ (~1.90)c

ND
ND
ND
ND
ND
ND
ND
ND
ND
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0.096% (95% CI: 0.064–0.142) in the catchment in the six day period
covered by the surveillance. The sensitivity analysis indicates the estimated number of infections and prevalence are strongly correlated
with the log10 SARS-CoV-2 RNA copies in stool (−0.977), followed by
the RNA copies detected in wastewater (0.145), and log10/g of feces/
person/day (−0.142). The model was least sensitive to the daily per
capita ﬂow rate of wastewater (0.042).
4. Discussion
In this proof of concept study, we investigated whether the presence
of SARS-CoV-2 in untreated wastewater can be used as an early warning
for COVID-19 infections in communities. For the detection of SARS-CoV2, the N_Sarbeco and NIID_2019-nCOV_N assays were used based on results published in a recent study that reported the improved performance of these two assays against the synthesized control RNA
template in the QuantiTect assay (Shirato et al., 2020). Subsequently,
these two assays were used as diagnostic test systems in Japan. As far
as we are aware, 16 RT-PCR/qPCR assays have been developed for the
detection of SARS-CoV-2 in clinical samples. Some of these assays, especially CDC N1, N2 and N3, and E_Sarbeco have been used to detect SARSCoV-2 in wastewater samples from the Netherlands (Medema et al.,
2020) and USA (Wu et al., 2020a). To the best of our knowledge, this
is the ﬁrst study that reports the detection of SARS-CoV-2 in wastewater
samples using the N_Sarbeco assay.
In the present study, the N_Sarbeco assay produced positive signals
for two wastewater samples, while the same samples were negative
when tested using NIID_2019-nCOV_N. It is possible that the N_Sarbeco
assay is more sensitive than the NIID_2019-nCOV_N assay. The LOD of
the N_Sarbeco assay was 8.3 copies/reaction (Corman et al., 2020). As
far as we know, the LOD of the NIID_2019-nCOV_N assay is not
known. Medema et al. (2020) also noted discrepancies between CDC
N1 with CDC N2, CDC N3 and E_Sarbeco assays for several wastewater
samples (Medema et al., 2020). Wu et al. (2020a) reported the concentration of SARS-CoV-2 RNA in wastewater samples in Massachusetts,
USA using CDC N1, N2 and N3 assays. All three assays produced RTqPCR quantiﬁable results with variable levels of SARS-CoV-2 RNA in
wastewater samples (Wu et al., 2020a).
Another recent study determined the relative performance of the
E_Sarbeco, CDC N1, N2, and N3 assays by testing ten nasopharyngeal
or oropharyngeal SARS-CoV-2 positive samples. Among the ﬁve assays
tested, E_Sarbeco and CDC N2 assays were the most sensitive (Nalla
et al., 2020). Vogels et al. (2020) showed that most RT-qPCR assays
can be used to detect SARS-CoV-2 by seeding SARS-CoV-2 RNA into
RNA extracted from nasopharyngeal swabs, but there are apparent differences in the ability to differentiate between true negatives and positives when concentrations are at or below ten copies/μL of RNA for
China CDC N, China CDC ORF1, USA CDC N2, and USA CDC N3 assays.
In this study, the level of SARS-CoV-2 in two RT-qPCR positive samples
were near the lower limit of detection (i.e, ampliﬁed between 37 and
40 cycles). This may have contributed to the inconsistent results between N_Sarbeco and NIID_2019-nCOV_N assays. When the concentration of the target gene is low, subsampling error may also occur (Taylor
et al., 2019). Therefore, the performance of the currently used assays
needs to be cross validated by seeding SARS-CoV-2 RNA into untreated
wastewater samples followed by further inter-laboratory validation.
However, we could conﬁrm the speciﬁcity of the RT-qPCR by Sanger
and MiSeq Illumina sequencing. Since wastewater is a complex matrix
and some assays may produce false-positive results, we recommend sequencing RT-qPCR products for conﬁrmation.
We used two virus concentration methods because limited information is available on the effectiveness of enveloped virus recovery from
wastewater matrices using the existing virus concentration methods.
The electronegative membrane used in this study is typically used for
concentrating enteric viruses from wastewater and environmental waters with modest recovery (Rigotto et al., 2009; Ahmed et al., 2020). The

rationale for using the electronegative membrane is that greater adsorption of enveloped viruses such as mouse hepatitis virus and Pseudomonas phage Φ6 to the solid fraction of wastewater compared to
nonenveloped viruses (Ye et al., 2016). Furthermore, koi herpesvirus
(i.e., an enveloped virus) showed high adsorption efﬁciency to the electronegative membrane (Haramoto et al., 2009). Besides the electronegative membrane, the Centricon® Plus-70 centrifugal ﬁlter has been
successfully used to recover SARS-CoV-2 in wastewater samples in the
Netherlands (Medema et al., 2020). A recent study successfully recovered SARS-CoV-2 from wastewater using a polyethylene glycol (PEG
8000) concentration method (Wu et al., 2020a). None of the reported
studies to date have provided information on the percent recovery of
SARS-CoV-2 from wastewater due to the risk associated with handling
SARS-CoV-2 and the requirements for a BSL-3 facility. To the best of
our knowledge, only one study has to date reported the percent recovery of SARS-CoV from wastewater which was estimated to be only 1%
using an electropositive membrane (Wang et al., 2005). Since the characteristics of SARS-CoV-2 are different to enteric viruses, more research
is needed for the effective recovery of SARS-CoV-2 from wastewater.
Little has been documented on the concentration and detection of
SARS-CoV-2 in wastewater. Medema et al. (2020) reported binary RTqPCR data, while another recent study reported ~250 copies/mL SARSCoV-2 in wastewater in Massachusetts, USA (Wu et al., 2020a). The authors acknowledged that the estimated concentration was much
greater (5% of all fecal samples in the catchment) than the conﬁrmed
cases (0.026%). The authors listed several factors and assumptions for
this discrepancy and considered their results conservative. The estimated numbers of SARS-CoV-2 in our study were 3–4 orders of magnitude lower than Wu et al. (2020a). In our study, despite only two
wastewater samples being RT-qPCR positive, we attempted to provide
some quantitative estimation of SARS-CoV-2 in wastewater samples
and relate these to the COVID-19 cases in the community.
The wastewater surveillance and Monte Carlo data suggest a median
SARS-CoV-2 infection prevalence of 0.096% in the catchment basin during the six day period. The clinical prevalence would be equivalent to
450 cases in the catchment, but the upper bound of the 95% conﬁdence
interval around the median would suggest up to 764 total cases – 314
undiagnosed cases or roughly 7 undiagnosed infections for every 10 diagnosed infections. Unfortunately clinical prevalence data are only
available for Queensland at the PHN level, and, therefore extrapolating
these to the catchment population at this stage is not possible (Fig. 1)
making direct comparisons difﬁcult. Close collaboration with Health Departments will be essential in making these comparisons. Given the current variability and uncertainty in SARS-CoV-2 data, the median is a
conservative measure of central tendency that demonstrates reasonable
agreement with clinical observations. The model, as currently formulated, is parsimonious with opportunites for reﬁnement as more data
become available.
Sensitivity analysis indicates localized measures of viral RNA shedding in stool of infected individuals are an important consideration.
However, the model does not yet include the proportion of infected patients shedding viral RNA in their stool, since this appears subject to
substantial geographic variation – 27% in one cohort in China to 88%
in a German cohort (Zhang et al., 2020a; Wölfel et al., 2020). The effect
of this exclusion would be to increase our estimated prevalence by as
much as 4-fold. The model also does not yet include any uncertainty
or variation associated with the experimental workﬂow itself such as
recovery of SARS-CoV-2 from wastewater. For example, if the observed
mean recovery of virus concentration method was 10%, then the estimated number of infection would increase 10-fold. Given the uncertainty in the input parameters, additional research will be required.
In regards to the safety aspect of sampling wastewater, we consider
that routine safe work practices and PPE have been and continue to be
effective in protecting sampling personnel from exposure to pathogens
including SARS-CoV-2 (CDC, 2020; USEPA, 2020). There is no evidence
to date that SARS-CoV-2 or the related SARS-CoV has been transmitted
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via wastewater (CDC, 2020; WHO, 2020a, 2020b). Furthermore, initial
experiments indicated that fecal loads of SARS-CoV-2 are not infectious
(Hennig and Drosten, 2020). We therefore recommend that future
wastewater sampling efforts adhere to established safety procedures.
Also, ethical guidelines should be consulted and approvals may be
needed when developing monitoring programs involving community
surveillance through WBE.
This is a proof of concept study and we have shown that SARS-CoV-2
RNA can be detected in untreated wastewater in Australia. One of the
biggest challenges will be to establish quantitative predictions from
the viral RNA concentrations measured in the sewage to the actual
numbers of cases in the community. For application of WBE of SARSCoV-2 infection, further systematic research is needed covering aspects
from effective sampling and preservation through to data interpretation. Since application may be particularly useful in remote communities and conﬁned populations, the availability of effective sampling
techniques is of obvious importance. Furthermore, we need to identify
or develop effective enveloped virus concentration methods and local
data on the prevalence and concentration of SARS-CoV-2 in patients.
We need robust RT-qPCR assay(s) that can measure SARS-CoV-2 in
complex matrices such as wastewater with high sensitivity. It has
been reported that digital RT-PCR (dRT-PCR) is more sensitive and suitable for the detection of SARS-CoV-2 in clinical specimens with low viral
loads (Dong et al., 2020). Understanding the decay of SARS-CoV-2 in
wastewater is also crucial in terms of their detection with RT-qPCR assays. Information on the composition of wastewater and environmental
factors such as stormﬂow and its impact on wastewater may also be
useful. These requirements are expected to be achievable and should
provide accurate information on the disease burden in the community.
5. Conclusions
• This is the ﬁrst study that reports the detection of SARS-CoV-2 in
wastewater in Australia using RT-qPCR assay, conﬁrmed by sequencing.
• The Monte Carlo simulation estimated a median number of infections
ranging from 171 to 1,090 in the catchment basin (population
600,000). Although method reﬁnement will be required, our initial
data indicate that wastewater monitoring has great potential to provide early warning signs on how broadly SARS-CoV-2 is circulating
in the community, especially in those individuals showing mild symptoms or no symptoms at all.
• Currently RT-qPCR assays developed for clinical specimen testing are
being used for SARS-CoV-2 RNA detection in wastewater samples.
Since different assays may produce conﬂicting results when the concentration is low in wastewater, these assays need to be evaluated
head to head in intra- and inter-laboratory studies.
• The virus concentration method is another essential factor that requires attention for improving the sensitivity of detection of SARSCoV-2 in wastewater.
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