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Abstract

Wastewater monitoring for SARS-CoV-2 has attracted considerable attention worldwide to complement the existing clinical-
based surveillance system. In this study, we report our first successful attempt to prove the circulation of SARS-CoV-2 genes
in Malaysian urban wastewater. A total of 18 wastewater samples were obtained from a regional sewage treatment plant that
received municipal sewage between February 2021 and May 2021. Using the quantitative PCR assay targeting the E and
RdRp genes of SARS-CoV-2, we confirmed that both genes were detected in the raw sewage, while no viral RNA was found
in the treated sewage. We were also able to show that the trend of COVID-19 cases in Kuala Lumpur and Selangor was
related to the changes in SARS-CoV-2 RNA levels in the wastewater samples. Overall, our study highlights that monitoring
wastewater for SARS-CoV-2 should help local health professionals to obtain additional information on the rapid and silent
circulation of infectious agents in communities at the regional level.
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Introduction

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2), a causative agent of Coronavirus Disease 2019
(COVID-19), remains to impact public health and the global
economy. The virus was originally discovered in Wuhan,
China, in late December 2019 (Chen et al. 2020a, b; Zhou
et al. 2020) and has now spread rapidly to all continents and
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all parts of the world. The recent SARS-CoV-2 is geneti-
cally distant from the previous coronaviruses, Middle East
Respiratory Syndrome Coronavirus (MERS-CoV) and
Severe Acute Respiratory Syndrome Coronavirus (SARS-
CoV) (Song et al. 2019). This newly identified coronavi-
rus is known to be transmitted through direct contact, con-
taminated fomites and aerosolised respiratory fluids (Peng
et al. 2020; Zaid et al. 2020). In addition, SARS-CoV-2 has
also been found in the faeces of COVID-19 patients (Wang
et al. 2020a, b), indicating possible faccal-oral transmission.
This finding is an interesting thought that wastewater could
serve as a platform to determine the ongoing circulation of
SARS-CoV-2 in the community. Indeed, the occurrence of
SARS-CoV-2 RNA in sewage has been described in many
countries including Australia (Ahmed et al. 2020), The
Netherlands (Medema et al. 2020), United States (Gonzalez
et al. 2020; Nemudryi et al. 2020; Sherchan et al. 2020),
France (Wurtzer et al. 2020), Germany (Westhaus et al.
2021), Iran (Tanhaei et al. 2021), Japan (Haramoto et al.
2020; Hata et al. 2021), United Arab Emirates (Hasan et al.
2021), Italy (la Rosa et al. 2020a, b), India (Chakraborty
et al. 2021; Kumar et al. 2020), Pakistan (Sharif et al. 2021)
and Singapore (Lee et al. 2021)However, at the time of writ-
ing this manuscript, there was no published study informing
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the identification of SARS-CoV-2 RNA in municipal waste-
water in Malaysia.

Malaysia reported the first confirmed COVID-19 cases in
January 2020 (Ahmad et al. 2020). Since then, the country
reported a steady increase in cumulative COVID-19 cases,
with more than 31,000 deaths by 5 January 2021 (World
Health Organization 2021). In response to increasing con-
cerns about new strains of the SARS-CoV-2 virus, stringent
preventive actions have been taken to limit the spread of
COVID -19 infections, including the introduction of Move-
ment Control Orders (MCOs). Given the vagaries of the cur-
rent pandemic and the effectiveness of the vaccination pro-
gramme in reducing the infection rate in Malaysia, there is a
need to predict the subsequent wave of COVID-19 infections
in the population. Thus, wastewater surveillance can provide
anonymous, non-invasive and large-scale population-level
coverage within a given community, including asymptomatic
individuals. This information can be used by public health
officials to track the spread of this virus in the community
and could serve as an early signal for future epidemics.

In this study, we aimed to find out whether SARS-CoV-2
RNA can be detected in Malaysian urban wastewater using
quantitative polymerase chain reaction (qQPCR), as reported
by other developed countries. Thus, the objectives of our
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study are (1) to confirm the presence of SARS-CoV-2 RNA
in influent (untreated) and effluent (treated) urban wastewa-
ter in Malaysia, (2) to quantify the total amount of SARS-
CoV-2 genes found in wastewater and (3) to determine
whether the number of daily COVID-19 cases correlates
with the concentration of SARS-CoV-2 RNA in wastewater.

Materials and methods
Wastewater sampling

Three wastewater samples including influent (untreated),
effluent (treated) and returned activated sludge were col-
lected from municipal wastewater treatment plant with
capacity of 1.432 million inhabitants (Fig. 1). A total of
500 mL of wastewater samples were obtained between 14 h
February 2021 until 20th May 2021. Necessary precautions
and personal protective equipment were used during sample
collection. The samples were transported to the lab in a cold
chain with information, indicating sampling sites, tempera-
ture, pH and sampling date. The sewage samples were pro-
cessed immediately or kept — 20 °C for short-term storage.

102.0°E

Fig. 1 A representation of the geographic map shows the wastewater sampling site used in this study from a municipal wastewater treatment

plant (WWTP) in Kuala Lumpur, Malaysia
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SARS-CoV-2 concentration using polyethylene
glycol (PEG) precipitation approach

To minimize the risk of infection during sample process-
ing, the wastewater samples were heat-inactivated at 60 °C
for 90 min prior to virus concentration. Previous reports
indicated that heat pasteurisation at 60 °C for 30 min was
sufficient to inactivate SARS-CoV-1 (Rabenau et al. 2005)
and SARS-CoV-2 (Saththasivam et al. 2021; Wu et al.
2020a, b) in wastewater samples without affecting viral
RNA integrity. The inactivated water samples were centri-
fuged at 5,000xg for 15 min to discard any debris. The viral
RNA in the wastewater was concentrated using the PEG
precipitation method as previously described (Hata et al.
2021). The PEG precipitation method was selected in this
study as it has been demonstrated to be highly efficient in the
recovery of indigenous F-phage (Hata et al. 2021) and RNA
virus (Amdiouni et al. 2012) in wastewater. In comparison
to the ultrafiltration-based approach, the PEG precipitation
method is more cost-effective for recovering SARS-CoV-2
from low-volume wastewater samples, especially due to the
limited research funding. Briefly, 75 ml of wastewater was
mixed with 25 ml of sodium chloride (NaCl) and PEG 8000
at a final concentration of 0.6 M and 10% (w/v), respec-
tively. Subsequently, the PEG-treated wastewater samples
were incubated overnight at 4 °C on a shaker followed by
centrifugation at 10,000xg for 2 h. The viral precipitate was
resuspended in 200 pl of phosphate-buffered saline (PBS)
(Calbiochem, USA) and used as virus concentrate for RNA
extraction.

RNA isolation and reverse transcription quantitative
PCR (RT-qPCR)

Viral RNA was extracted from 140 pl of the virus concen-
trates using the QIAmp Viral extraction kit (Qiagen) accord-
ing to the manufacturer’s protocol. Sixty microliters of elu-
tion buffer were used to recover the RNA. Two primers and
probes targeting RNA dependent RNA polymerase (RdRp)
and envelope (E) were employed to detect the presence of
SARS-CoV-2 RNA in wastewater as previously described
(Corman et al. 2020). RT-gPCR was carried out for both tar-
gets using the StepOnePlus™ gqPCR machine (Applied Bio-
systems) in a total reaction volume of 10 pl containing 2 ul
of 5X RapiDxFire™ qPCR Master Mix (LGC Bioresearch
Technologies, Lucigen), 0.25 pl of EpiScript™ RNase H-
Reverse Transcriptase (LGC Bioresearch Technologies,
Lucigen), 400 nM of E_Sarbeco primers (forward; 5-ACA
GGTACGTTAATAGTTAATAGCGT-3' and reverse: 5'-ATA
TTGCAGCAGTACGCACACA-3’), 200 nM of E-gene
probe (5'-FAM-ACACTAGCCATCCTTACTGCGCTTCG-
BBQ-3') or 600 nM of forward (5'-GTGARATGGTCATGT
GTGGCGG-3") and 800 nM reverse RARp_SARST primers

(5'-CARATGTTAAASACACTATTAGCATA-3") and
100 nM of RdRp probe specific to SARS-CoV-2 (5'-FAM-
CAGGTGGAACCTCATCAGGAGATGC-BBQ-3'), 5 ul of
RNA template and 1.25 of pl molecular grade H,0. Thermo-
cycler parameters were conducted at 55 °C for 10 min for
reverse transcription reaction, followed by 94 °C for 3 min
and 45 amplification cycles of 15 s at 94 °C and 30 s at 58
°C. Standard curves for E and RARP were generated by serial
dilutions of the positive control plasmid (PC), 2019-nCoV
Positive Control v2 (MBS-4101, 1st BASE), at concentra-
tions ranging from 100 to 100,000 copies per reaction to
calculate the presence of E- and RdRp genes in wastewater
samples (Nemudryi et al. 2020). Three technical replicates
were performed, and molecular grade water was added as a
negative control.

SARS-CoV-2 RNA quantification

The mean of at least two technical replicates was used to
create the data in the figure and table in this study. The error
bar represents the standard error of the mean (SEM). For
each technical replicate, the predicted copy numbers in the
gPCR reaction were used to calculate the copies per litre of
wastewater (Nemudryi et al. 2020).

Results

Detection of SARS-CoV-2 RNA in influent
wastewater samples

In this present study, we investigated the presence of two
genes of SARS-CoV-2, envelope (E) and RNA depend-
ent RNA polymerase (RdRp) in influent, return activated
sludge (RAS), and effluent from municipal wastewater col-
lected between February 2021 until May 2021. Prelimi-
nary screening was carried out using Envelope (E) gene
specific to Sarbeco sub-genus, followed by confirmatory
test using RNA dependent RNA polymerase (RdRp) gene
which specific to SARS-CoV-2 (Corman et al. 2020). In
this study, the wastewater sample was considered positive
of SARS-CoV-2 if both genes were detected with Ct-value
less than 40. Due to the travel restrictions and operational
constraints during Movement Control Order (MCO), only
a total of 18 wastewater samples were obtained in this
study. Among 6 influent samples analysed in this study,
only 4 (66%) were tested positive for both target genes
except for sample collected on 6th May 2021. Crucially,
none of RAS and effluent samples were found positive for
any SARS-CoV-2 target genes (Table 1). This result may
suggest that the current wastewater treatment process in
Malaysia is efficient in removing this viral pathogen. How-
ever, the possibility of false positive results should also be
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Table1 Mean of cycle

Sampling date Wastewater sample Temperature pH Ct-value Status
Fhr.eshold (Ct) of SARS—COV—Z °C)
in influent, return activated E-gene RdRp-gene
sludge and effluent wastewater
collected between February and 04-Feb-21 Influent 29.0 6.0 34 35 Positive
May 2021 Activated sludge 29.0 5.0 0 0 Negative
Effluent 29.0 6.0 40 0 Negative
18-Feb-21 Influent 29.0 5.0 36 37 Positive
Activated sludge 30.0 5.0 0 0 Negative
Effluent 29.0 5.0 0 0 Negative
18-Mar-21 Influent 30.0 5.0 0 0 Negative
Activated sludge 30.0 5.0 0 0 Negative
Effluent 30.0 5.0 0 0 Negative
15-Apr-21 Influent 30.0 6.0 32 38 Positive
Activated sludge 30.0 5.0 0 Negative
Effluent 30.0 5.0 0 Negative
06-May-21 Influent 30.0 5.0 37 41 Positive®
Activated sludge 30.0 5.0 0 0 Negative
Effluent 30.0 5.0 0 0 Negative
20-May-21 Influent 30.0 5.0 0 0 Negative
Activated sludge 30.0 5.0 0 0 Negative
Effluent 30.0 5.0 0 0 Negative

Ct-value = 0 indicates undetermined and Ct-value > 40 suggests that the presence of SARS-CoV-2 is nega-

tive

“The status of SARS-CoV-2 detection was considered as presumptive positive based on the negative detec-

tion of RdRp in wastewater samples

considered. Therefore, both positive and negative template
controls were integrated in the same qPCR run. For posi-
tive control, the Ct-values of E and RdRp gene were rang-
ing from 23 to 35 while these genes were not identified in
our negative template control, confirming the presence of
SARS-CoV-2 in untreated municipal wastewater samples.
Based on our observation, we noticed that only the E
gene was detected in the influent sample collected on 6th
May 2021 but not RdRp gene following the same pro-
cedure (Table 1). This inconclusive result could be due
to the relatively low sensitivity of the RdRp-based assay
(Alagarasu et al. 2020). Indeed, it has been reported that
the reverse primer of RdRp contains a degenerate base at
position 12 which reduces the sensitivity of RdRp-based
RT-qPCR assay in detecting viral genomics (Vogels et al.
2020). In addition, previous research has shown that the
same RdRp assay has overlooked 35% of positive SARS-
CoV-2 cases in comparison to another RdRp/helicase-
based approach (Chan et al. 2020). Based on our observa-
tion, it is worth considering other SARS-CoV-2 genes such
as nucleocapsid (N), open reading frame (ORF1lab) and
spike (S) to complement the existing RdRp-based assay.

@ Springer

The monthly trend of SARS-CoV-2 concentrations
in municipal sewage

The occurrence of SARS-CoV-2 in influent has been
reported in many countries including the neighbouring
country, Singapore (Wong et al. 2021). The quantification of
SARS-CoV-2 genes in influent wastewater may have poten-
tial to facilitate the surveillance of unreported COVID-19
cases of asymptomatic and pre-symptomatic individuals.
This will help to inform public health practitioners of pos-
sible outbreak in the given location and propose immediate
action to contain the spread of virus in the community.

In this study, we showed that the estimated concentra-
tion of E gene in urban wastewater is ranging between
1.7%x 10>—1.0x 107 copies/L (Fig. 2a). To our knowledge,
this study is the first available evidence uncovering the pres-
ence of SARS-CoV-2 genes in urban wastewater in Malay-
sia. The same E and RdRp-based assay have been employed
for SARS-CoV-2 detection in France (Wurtzer et al. 2020).
Although our protocol for virus concentration is different,
we noticed that the estimated concentration of the SARS-
CoV-2 E gene in our study is comparable with the study



Archives of Microbiology (2023) 205:76

Page50f8 76

(@) . Municipal Wastewater
e
1L

Fig.2 Detection of SARS-CoV-2 RNA in municipal wastewater in
relation to COVID-19 cases reported in Kuala Lumpur (KL). a The
concentration of SARS-CoV-2 RNA based on E gene-based RT-
qPCR assay using influent samples. Error bars indicate standard error

reported by Wurtzer and colleagues (Wurtzer et al. 2020).
We noticed in our study that wastewater samples taken on
18th March 2021 and 20th May 2021 showed no presence
of SARS-CoV-2 genes in all types of wastewaters (Table 1).
The absence of SARS-CoV-2 RNA in wastewater might
not necessarily imply the non-existence of viral RNA. A
decrease in RNA concentration is predicted to occur when
virus laden-human faeces are released into the sewage plant
because of the dilution effect and other environmental fac-
tors such as temperature, pH and salinity of the wastewater
as well as the presence of disinfectants and detergents (la
Rosa et al. 2020a, b; Foladori et al. 2020; Giacobbo et al.
2021). Certainly, disinfectants are applied in large quantities
beyond normal levels to reduce the number of COVID-19
infections, which may ultimately lead to possible negative
impacts on the environment.

Quantification of viral RNA in municipal wastewater
to mirror infections in the community.

The presence of viral RNA in sewage is widely used recently
as a disease surveillance since viral genomics were dis-
covered earlier before the first documented medical cases
(Medema et al. 2020). In addition, because of sustained
periods of viral shedding in faeces after negative indica-
tion of SARS-CoV-2 RNA in patient’s respiratory samples
(Chen et al. 2020a, b; Wu et al. 2020a, b), the quantification
of SARS-CoV-2 RNA in wastewater has been widely pro-
posed as a good additional tool for monitoring virus circula-
tion in a given population (Haramoto et al. 2020; Medema
et al. 2020). In accordance with previous studies, we assume

(b)

2500+
KL E& Selangor
2000+

1500+

1000+

Confirmed
COVID-19 cases

500

15 Apr

1
4 Feb 18 Feb

6 May

Sampling date

of the mean for at least two technical replicates. b The number of
daily COVID-19 cases reported from the Ministry of Health Malaysia
(Kementerian Kesihatan Malaysia 2022)

that the concentration of SARS-CoV-2 RNA in municipal
sewage in Malaysia should correlate with the number of
reported COVID-19 cases. Based on our quantitative analy-
sis of SARS-CoV-2, a threefold decrease in estimated gene
copy number was noticed between 4 and 18 February 2021,
5.4 10° copies/L and 1.8 x 10° copies/L which corresponds
to a threefold less than the number of COVID-19 individu-
als on 4 and 18 February, respectively (Fig. 2b). However,
between 18 February 2021 and 15 April 2021, we observed
an increase in the estimated number of SARS-CoV-2 RNA
in wastewater but a decrease in the number of reported
COVID-19 cases for both areas in Kuala Lumpur and Sel-
angor on the same dates (Fig. 2b). A similar observation has
been reported in Massachusetts, USA by Wu and colleagues
where they showed that the level of SARS-CoV-2 in waste-
water is higher than the medically documented COVID-
19 incidents (Wu et al. 2020a, b). Hence, this result may
have suggested that the data from wastewater testing could
be a good complement to the existing COVID-19 clinical
diagnosis especially when the testing is unavailable or lim-
ited. Overall, our study further validates the potential use
of wastewater as a reliable approach to track and diagnose
viral circulation in a population.

Discussion
In this report, the existence of SARS-CoV-2 genes in
municipal sewage in Malaysia was explored. Our results

presented here contributed to the proof-of-concept study
suggesting that SARS-CoV-2 RNA can be identified in
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influent wastewater and in agreement with previous stud-
ies demonstrating the presence of SARS-CoV-2 RNA in
raw sewage (Kitajima et al. 2020). Whether SARS-CoV-2
RNA originating from sewage is viable and could facili-
tate faecal-oral transmission of COVID-19 is still not clear.
However, several attempts to culture SARS-CoV-2-positive
samples from domestic and hospital wastewater have been
unsuccessful (Rimoldi et al. 2020; Wang et al. 2020a, b),
suggesting that the risk of infection is insignificant. Fur-
thermore, SARS-CoV-2 RNA was more persistent than
infectious SARS-CoV-2 in wastewater (Bivins et al. 2020),
indicating that environmental surveillance of SARS-CoV-2
RNA is unlikely to pose a threat to public health, although
extra safety measures are recommended to limit the spread
of COVID-19 infections.

Due to the economic reasons and practical limits of clini-
cal screening in areas with inadequate infrastructures, public
health professionals in many countries began to implement
wastewater-based epidemiology (WBE) as wastewater con-
stantly captures traces of faeces and sputum that contain
SARS-CoV-2 virus shed by both asymptomatic and symp-
tomatic individuals (Chen et al. 2020a, b; Gupta et al. 2020;
Wang et al. 2020a, b). To continue living in the pandemic
era, the Malaysian government gradually eases COVID-19
restrictions in all economic sectors to allow national eco-
nomic recovery regardless of the continued risk of resur-
gence of COVID-19 cases. Given the new emergence of
more virulent COVID-19 variants, it is crucial to continu-
ously trace the presence of new and existing variants in the
community as WBE should cover symptomatic as well as
asymptomatic individuals who may be underestimated by
medical surveillance. Therefore, the establishment of this
study can help The Ministry of Health and other stakehold-
ers to identify specific locations that require special attention
and targeted interventions. Indeed, WBE has been success-
fully applied for identification of SARS-CoV-2 a week ear-
lier before the first announcement of the COVID-19 cases
(Medema et al. 2020; Randazzo et al. 2020). Furthermore,
WBE has been successfully implemented to monitor the suc-
cess of the vaccination programme for poliovirus (Mat Rabi
et al. 2019). The similar approach can be applied to monitor
the progress of ongoing national vaccination programmes.

Conclusion

While many countries have demonstrated the proof of WBE
concept, Malaysia also can participate in proofing the con-
cept of WBE and its applicability. The scope of this study
was limited by the use of influent and effluent from a single
treatment plant. For future work, several important features
can be explored such as the presence of silent variant of
concern (VOC) and the new emergence of virus strains

@ Springer

circulating in the community. In addition, WBE can also be
employed to study the association between the emergence of
antibiotic resistance microorganisms and the COVID-19 cri-
sis. Consequently, continuous monitoring of wastewater will
ensure the safety of communities and populations, confirm-
ing the effectiveness of disinfection and mitigation measures
of any harmful microorganisms in our water sources.
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