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NATIONAL WATER RESEARCH INSTITUTE OF  MALAYSIA (NAHRIM)

Research Centre under Ministry of Environment and Water focusing on research related to 

water and its environment (water quality, climate change, hydrology, groundwater, 

oceanography etc)

WATER QUALITY LABORATORY NAHRIM

1)SERVICES: Accredited laboratory under MS ISO 

17025 for chemical and microbiology testing.

2) RESEARCH: emerging pollutants including 

pharmaceuticals, pesticides, plastisizers, 

microplastics, antimicrobial resistance



COronaVIrus Disease-2019
- Caused by a novel virus called Severe Acute Respiratory Syndrome 

CoronaVirus 2 (SARS-CoV-2).

- First COVID case was reported November 2019 in China

- Since then, the disease has become pandemic globally where ~223 millions 

were infected; ~5.3millions deaths reported (up to 12th September 2021).



During the incubation period/asymptomatic phase, Amina 

did not realize she’s carrying the virus and continue with 

her social activities. 

Contact tracing started when Amina was tested positive 

(Person B and C).

How many people involved? Does Amina remember all the 

person she met? How about Person B and C? their close 

contact?



Virus shedding 

through faeces 

from Day 1 

infection

COMMUNITY A

Symptomatic patient

Asymptomatic patient
Wastewater 

treatment plant

Wastewater samples 

taken and tested for 

COVID-19

DAY 1 DAY 3-4

Results from 

wastewater 

surveillance – report to 

public health 

DAY 5-6

People starts to show 

symptoms and go for 

testing 

DAY 7-8

Patients tested positive

Hospitalization/

quarantine



Virus shedding 

through faeces 

from Day 1 

infection

COMMUNITY A

Symptomatic patient

Asymptomatic patient
Wastewater 

treatment plant

Wastewater samples 

taken and tested for 

COVID-19

DAY 1 DAY 3-4

Results from 

wastewater 

surveillance – report to 

public health 

DAY 5-6

People starts to show 

symptoms and go for 

testing 

DAY 7-8

Patients tested positive

Hospitalization/

quarantine



WASTEWATER BASED SURVEILLANCE/EPIDEMIOLOGY

- A process of monitoring pollutants (chemicals or pathogens) in a population through wastewater

- Widely used for outbreak surveillance like poliovirus, antimicrobial resistance and drugs.

- WBE for COVID-19?

- Respiratory infection 

- However the virus shed through the fecal and enters the wastewater line

- Non intrusive surveillance to complement with clinical testing 





https://www.covid19wbec.org/covidpoops19





SURVELAN COVID-19 DI DALAM SISTEM KUMBAHAN DI MALAYSIA

OBJECTIVES:
To detect genetic fragments of SARS-CoV-2 in the selected sewerage system

as an early warning system for an outbreak.
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KOLABORASI BERSAMA



WASTEWATER BASED SURVEILLANCE FOR COVID-19 



SAMPLING LOCATION FREQUENCY LABORATORY TESTINGSAMPLE TYPE

- Two sewage treatment 

plants in Klang Valley

- Hospital Sungai Buloh

- Untreated influent

- Sludge 

- Treated effluent

- Composite sample

- Twice a month for 9 

month continuously
- Water Quality 

Laboratory, NAHRIM



- Samples were preserved 

in ice before transported 

to laboratory.

- Kept at chiller (~4°C) upon 

arrival. Best to process 

ASAP or within 24 hours

- (OPTIONAL) Inactivation: 

preheat at 60°C, 1 hours

STEP 1 STEP 2

SAMPLE 

PRETREATMENT

SAMPLES 

CONCENTRATION

- Various method for virus 

concentration were 

optimized: 

1. Membrane filtration + 

MgCl

2. Membrane filtration 

3. Membrane filtration + 

acidification

4. Amicon ultracentrifuge

RNA EXTRACTION

STEP 3 STEP 3

RT qPCR

- Concentrated samples 

were the used in RNA 

extraction using Power 

Water Rneasy Kit 

- Primer Assay: N1, N2, E 

- Instrument: CFX 96 

(Biorad, USA)
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- Samples were considered positive if cycle

threshold (Ct) value is <40.

- Samples from influent, MLSS and RAS were

detected positive with Ct value range around

Ct 30- 39 (Figure 1).

- On average, Ct value for influent is 33.6 (±3.9),

MLSS is 34.3 (±4.6) and RAS 34.7 (±3.9)

(Figure 1).

- No signals were detected from effluent

samples; indicating the treatment process is

adequate.

- Higher Ct values (40) indicating a weak

signals/low presence of RNA fragmens in the

samples. It also may indicates the virus is not

in active state or low in viral load.

- Ct values obtained did not show any significant

trend when compared with active cases

reported.

Figure 1. Box plot on Ct values for each samples type 

Figure 2. Ct values correlation with active cases reported



Variant Region

VARIANT DETERMINATION – SPIKE PROTEIN



VARIANT DETERMINATION USING NEXT GENERATION SEQUENCING

500bp

Data Processing1 2PCR Amplification Next Generation Sequencing 3

Primers were designed at spike

protein region that are conserved

for all variants.

Output: Sequence Alignment with wildtype SARS-CoV2

PCR products were sequenced

using nanopore technologies

(GeneSeq Sdn. Bhd.)

1      2       3       4       5

Raw data (FASTq data) were

processed and analysed using

bioinformatic software.



CAN WE GET COVID-19 FROM WASTEWATER?

Results obtained from RT-PCR only can 

give information on the presence of the 

virus (Yes or No) 

Fragments of RNA (N genes, E genes) 

were detected using RT-PCR

Spike protein fragments were amplified 

for variant detection

OR

Viable Virus?? 

RNA fragment?

Westhaus et al. 2021

To date, no reports on transmission of 

COVID-19 from wastewater given the 

characteristic of the virus as an enveloped 

virus.

Cell culture assays were carried out to look 

at the infectivity rate of wastewater 

samples. (in a Biosafety Level 3 laboratory)



SUMMARY

WBE as early warning tools for outbreak detection?

- Presence of SARS-CoV-2 in the sewerage system : YES, it is detected in untreated samples

- Do we know the dominant variants: YES, one of the samples showing dominant in delta variant

- Transmissible to human: NO strong evidence on the transmission

Further to explore:

- Correlation on numbers of people infected in a community

(virus are shed differently from each people) –interdisciplinary

group of experts in environmental microbiology, wastewater

engineering, and public health

- Selection of testing sites and availability of testing laboratory.

- Sensitivity of testing. 1 over 1million people?

- Different sewerage treatment technologies?

- Cost and benefit
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