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Examples of sewage surveillance in disease mitigation - Polio



Examples of sewage surveillance in disease mitigation - Typhoid

https://www.coalitionagainsttyphoid.org/tackling-typhoid-with-environmental-surveillance/https://www.jstor.org/stable/25033471?seq=1



WHO: Context of “Environmental Surveillance” 
in the bigger “Public Health Surveillance” picture

Source: WHO Public health surveillance for COVID-19 14 February 2022 Interim guidance https://www.euro.who.int/en/health-topics/health-emergencies/coronavirus-covid-19/publications-and-technical-guidance/2022/public-health-surveillance-for-covid-19-interim-guidance,-14-february-2022

https://www.euro.who.int/en/health-topics/health-emergencies/coronavirus-covid-19/publications-and-technical-guidance/2022/public-health-surveillance-for-covid-19-interim-guidance,-14-february-2022


https://www.who.int/publications/i/item/WHO-2019-nCoV-sci-brief-environmentalSampling-2020-1

Previous Environmental Surveillance WHO documents

https://www.euro.who.int/en/health-topics/environment-and-health/water-and-sanitation/publications/2020/rapid-expert-consultation-on-
environmental-surveillance-of-sars-cov-2-in-wastewater-summary-report-2020

https://www.euro.who.int/en/health-topics/environment-and-health/water-and-sanitation/publications/2021/expert-consultation-on-public-health-needs-related-to-surveillance-of-sars-cov-2-
in-wastewater-summary-report-virtual-meeting,-30-november-2020

§ Public Health Leadership

§ Association between virus 
shedding, 
clinical disease and detection of 
RNA fragments 

§ Sampling approaches

§ Methods and standardisation

§ Costs and benefits

§ Quality assurance

https://www.who.int/publications/i/item/WHO-2019-nCoV-sci-brief-environmentalSampling-2020-1
https://www.euro.who.int/en/health-topics/environment-and-health/water-and-sanitation/publications/2020/rapid-expert-consultation-on-environmental-surveillance-of-sars-cov-2-in-wastewater-summary-report-2020
https://www.euro.who.int/en/health-topics/environment-and-health/water-and-sanitation/publications/2021/expert-consultation-on-public-health-needs-related-to-surveillance-of-sars-cov-2-in-wastewater-summary-report-virtual-meeting,-30-november-2020


Latest Environmental Surveillance 
WHO document

§ Public Health Leadership

§ Association between virus 
shedding, 
clinical disease and detection of 
RNA fragments 

§ Sampling approaches

§ Methods and standardisation

§ Costs and benefits

§ Quality assurance

https://www.who.int/publications/i/item/WHO-HEP-ECH-WSH-2022.1

§ Not an advocacy piece for WBE/ES

§ Public Health Leadership

§ Acknowledging association between virus shedding, clinical disease and 
detection of RNA fragments 

§ Potentially useful in some contexts and situations

§ Overview of typical workflow (but not details of methods):

§ Sampling approaches

§ Methods and standardisation

§ Quality assurance

§ Broad comment on costs and benefits

§ Examples of one-page case studies illustrating use cases – focus on those that 
are health agency led

https://www.who.int/publications/i/item/WHO-HEP-ECH-WSH-2022.1
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Comparative
workflow

Comparing the 
workflows 
of three most commo 
surveillance methods 
(wastewater 
surveillance,
PCR tests and
rapid antigen tests)

Person is infected with SARS-
CoV-2 in the community

A person may presents for 
testing by polymerase chain 

reaction test of swab

Laboratory reports positive 
SARS-CoV-2 RNA result from 

PCR test

Individual is 
notified 

Health 
services 

are 
notified

Additional testing and 
contact tracing are used to 

help link individuals to cases 
and identify more cases

Results inform public 
awareness and messaging, 

targeting of surveillance 
and health services, 
outbreak detection, 

emphasis on vaccination, 
and nature of public health 

measures and responses

A person may self-test or 
present for testing using 

rapid antigen test

Wastewater is sampled 
from area inhabited by a 

population (typically 1,000 
to 100,000 persons), 

including any infected 
persons, regardless of 

whether they present or 
have symptoms

Rapid antigen test reports 
positive result for SARS-CoV-

2 antigen protein 

Individual 
is aware

Individual 
notifies 
health 

services

Laboratory reports presence 
and concentration of SARS-
CoV-2 RNA in wastewater 

using PCR test

Public health officials are 
notified

Public health surveillance 
activities and interventions 

can be scaled to the 
presence and 

concentrations of RNA 
present

Individual 
doesn’t 
notify 
health 

services

Hidden 
cases
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Typical 
workflow

Wastewater
testing workflow 
example

Design sampling programme 
and deploy samplers

Composite liquid sampler

Safely collect sample

Transport & store at 4 ˚C

Sample pre-treatment 
and preparation (if required)

Sample concentration

RNA extraction

RNA measurement by 
RT-qPCR or RT-ddPCR

Data interpretation

Quantify RNA targets

Data interpretation including
quality control, quality 

assurance and normalisation

Data aggregation and 
presentation 

Grab (solid or liquid) samplePassive solid sample from 
liquid matrix

Matrix
recovery 
control

RNA 
amplification 

control

Assess  PCR inhibitionAssess matrix recovery
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Provide feedback to broader 
Public Health Surveillance 

programme 

Inform design of 
Environmental Surveillance 

programme



§ Depends on phase of epidemic

§ Sampling of wastewater in cities/communities:
§ Early warning - watching trends in circulation, 

including resurges

§ Confirmation of virus circulation, 
or the absence thereof

§ Hot spot tracking in sub-catchments of cities

§ Yes/No in virus circulation in patients, staff and 
visitors (hospitals, nursing homes, universities)

§ Investigation of variant circulation

§ Tracking history of virus introduction

Purposes and use cases
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Use 
cases

Early warning 
of rising 

infections

Encourage the 
community to 

get tested

Prepare 
hospitals for 

predicted cases

Introduce 
restrictions to 
reduce spread

Early warning 
of new variant 
in circulation

Revised down 
proportionate 

restrictions



§ Surveillance of SARS-CoV-2 RNA in wastewater can provide important 
complementary information in public health decision-making, alongside with 
information from clinical testing

§ It is not a replacement for clinical testing: a relative tool to observe trends and not an 
absolute tool to make conclusions about prevalence

§ It has its particular strength as a “secondary tool” to detect virus in absence of 
clinical evidence: “We look for surprises.”

§ Public dashboards contribute to keeping vigilance in the general population – as a 
means for influencing personal behaviours, if paired with public health advice in 
response to the findings

Summary 1



§ The health sector needs to be in the lead – it is the end user of the information: 
§ Design of the surveillance programming, including site selection
§ Analyses of findings and integration with clinical data along interpretation flow charts
§ Communication of the findings to the public (public trust) 

§ To gain the best possible return, strong coordination models are essential, involving 
§ Wastewater service providers
§ Environmental/wastewater departments
§ Labs

§ Reported challenges:
§ Time gaps between sampling and availability of data
§ Normalisation of data in observing trends
§ Lack of harmonized sampling and testing protocols

Summary 2



§ Costs associated with such surveillance appear high when applied at scale
(EU Umbrella Study: annual cost 25k EUR per WWTP @ 2 samples/week)

§ Uptake in low resource settings must not divert resources from clinical testing, essential 
public health responses, and water and sanitation service provision

§ Costs are not unimaginable in well-resourced settings, in particular when included in 
longer-term programming and integrated with other sampling purposes (beyond COVID-
19)

§ Costs also need to be compared with avoided costs to society (e.g. in situations where 
sewer surveillance provides early warning and thus early intervention opportunities)

§ Wastewater-based epidemiology in sentinel cities bears benefits beyond COVID-19, 
including poliovirus, enteric viruses, AMR, emerging chemical agents, substance abuse

Summary 3



WHO vs GWRC/EU 
WHO guidance
• High level 
• Targeted to health agency

GWRC/EU guidance
• More in depth
• Operational and 

implementation



GWRC Guidance Development: 
Where do we stand? 

How can I engage? 
What will it look like?



Sewage Surveillance Working Group

16

Network Share Solve Relationships Efficiency

A space to 
share and 
network with 
stakeholders 
working in the 
field of 
Wastewater 
surveillance of 
COVID-19

A forum to share
best practices, 
progress, 
methodologies, 
outcomes and 
interpretation of 
results, plus 
communication via 
different channels 
such as health 
departments

A space to 
address 
common 
concerns, 
barriers and 
problem 
solving

Create a long 
term 
connection and 
collaboration 
between 
leading 
researchers in 
the field of 
Wastewater 
surveillance of 
COVID-19

Minimising 
duplication



High Level Overview and Best Practice Guide on how to undertake 
wastewater based surveillance of SARS-CoV-2 and its variants for 
Practitioners & Operators 

Purpose:
• EC Recommendation 2021/472
• Joint Research Centre (European Commission' Science Services): develop and deploy framework for 

collaborative exchange platform for wastewater-based surveillance of SARS-CoV-2 and its variants. 
• Create: "guide for operators and practitioners" for EU Member States.

Objective:
• Explore how sewage data has been used and interpreted in making public health decisions with the overall 

agenda of advancing equity and health.
• Open, inclusive and  coordinated approach bringing together experts and public health and water professionals 

to highlight sampling strategies and methods used

How:
• EC to team up with the GWRC + other experts/public health authorities



High Level Overview and Best Practice Guide on how to undertake 
wastewater based surveillance of SARS-CoV-2 and its variants for 
practitioners & Operators

Need to validate sampling and analysis methods
Document and review the methodologies used by the various European and International laboratories

The guide will be drafted with the following requirements in mind:
• Identify methods that are practical and cost effective for a national surveillance programme

• low and high prevalence countries 
• highlight the respective minimum requirements

• Determine common workflows and protocols and variations and normalising between those
• Looking for input into various sampling and analytical techniques that have been used, the do’s and don'ts 
• Highlight case studies that demonstrate how data has been used and interpreted for critical health decisions.

Strategically align & consolidate international knowledge & best practice in a coordinated, open and inclusive way



Contents
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7. Case studies

8. Recommendations & future outlook



1. High level 
overview

Introduction, Scope and Background

Relationship to WHO’s health-agency focused guidance 
vs. this operations-focused guidance

Relationship to other documents and guidance provided 
for specific jurisdictions vs. this global guidance

Specificities of high vs low resource settings

Specificities of rural vs populated areas

Health and safety of workers



2. Health 
agency 

leadership

Context of Sewage Surveillance in Public Health Surveillance

General benefits to the health agency

How health agencies lead sewage surveillance

Net costs after realised savings from Sewage Surveillance

Early warning of change

Link to health promotion (protective measures, vaccines, testing)

Planning for hospital care requirements

Health security



3. Sampling

• Grab and passive sampling and 
strategies

• Wastewater Sampling at inlets of 
WWTP

• Wastewater Sampling at specific 
locations in the sewershed (manholes, 
conjunction, subsystems)

• Wastewater Sampling in confined 
locations (vessels, buildings,)

• Wastewater and Environmental 
Sampling in situation without sewage 
system including informal settlements 
and septic systems

• Sludge Sampling in WWTPs



4. Transportation 
protocols

• Storage containers and 
conditions

• Stability tests and assessments
• Hygiene
• Shipments
• Chain of custody



5. Measurement and 
Testing Methodology

• Gene targets, primers and 
probes

• RT-qPCR
• dd-PCR
• Controls
• Detection of mutations and 

variants
• Next gen sequencing
• Genomics



6. Data Analysis and 
Visualisation

• Data normalisation
• Data models
• Data documentation and quality 

(including usage rights, authorisations, 
interoperability, AQC, etc.)

• Statistical analysis and correlation
• Data visualisation
• Decision support and data 

interpretation tools
• Trend analysis and forecasts
• Algorithm standard and data crunching



7. Case studies
• Australia
• Austria
• Canada
• EU
• France
• Germany
• Italy
• Netherlands

• Portugal

• South Africa

• Spain 

• Switzerland

• Turkey

• UK

• US



Case studies 
- operational 
- health leadership
- open to share

Early warning high risk building-scale application  

Date Mid-August 2021, reported 19/August/2021 
Location 480 Lygon Street Carlton, Melbourne, Victoria, Australia 

https://goo.gl/maps/gi7vxsKfZCx5DiHf7  
Spatial context Single building – public housing high-rise apartments 
Sampling 
method 

Passive sampler on the sewer line  
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8291133/ 

Test Method Electronegative membrane in passive sampler 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8291133/ 
Qiagen Extraction Kit  
https://www.qiagen.com/au/products/discovery-and-translational-research/dna-rna-purification/rna-
purification/microbial-rna/rneasy-powerwater-kit/  
Perkin Elmer China CDC SARS-CoV-2 
https://perkinelmer-appliedgenomics.com/home/products/sars-cov-2-real-time-rt-pcr-assay-ce-ivd/  
Monash University  
https://www.monash.edu/engineering/davidmccarthy  

Clinical context Low community case loads. 
Most clinical samples at the time were ‘non-detect’. 
Most sewage samples at the time were expected to be ‘non-detect’ away from quarantine facilities. 

Pandemic 
context 

Rising limb of a new wave following new variant (delta strain) due to transfer from New South Wales outbreak 
https://www.coronavirus.vic.gov.au/victorian-coronavirus-covid-19-data  

Benefit “Early warning” 
Details • The apartment block was already on the targeted wastewater surveillance program as a site of interest.  

• The wastewater testing was returning negative results.  
• There were no known cases.  
• But then it returned an unexpected positive result.  
• This was followed up by targeted clinical testing which identified a case and in turn other cases in two 

apartment blocks.  
• The early warning from wastewater couples to the clinical response helped reduce the spread and contain 

the cluster. 
URL Example: https://www.abc.net.au/news/2021-08-15/victoria-records-25-new-covid-19-cases/100378244 

Summary: https://www.businessnewsaustralia.com/articles/57-new-local-cases-for-victoria--but--advanced-warning-
system--points-to-undetected-circulation.html 
Brief mention: https://www.abc.net.au/news/2021-08-19/victoria-new-covid-cases-melbourne-hospital-
case/100389120 

 



8. 
Recommen-

dations & 
future 

outlook

Introduction, Scope and Background

Relationship to WHO’s health-agency focused guidance vs. 
this operations-focof workers

Research Needs

Capacity and Training requirements

Sewage surveillance as tool for emerging threats and 
pollutants of emerging concern 

Impact of vaccination rollout

Financing



How can you 
get involved

Review and input to the guidance

Provide completed case studies and examples

Demonstration of practical operational 
programs

Summary of how stakeholders are engaged

How funding was secured

Challenges faced and overcome



Case studies: fill out standard templates and provide in a consistent format for a range 
of contexts. Covering:
• Health agency engagement and leadership
• Program designs
• Use cases (early warning, trends, localised, concentrations, variants)
• Pandemic context (low and high incidence settings)
• Socioeconomic context
• Wastewater infrastructure context
• Funding sources, stakeholders and partners
References: to proven operational practices - explain their relevance and applicability
• Methods
• Communication tools
• Infographics (with permission to use/adapt)
• Program overviews 
• Costs and benefits – business cases

Way to contribute:

Contributors/Co-authors



Would you like to contribute to the guidance document ?

Contact: 

Stéphanie Rinck-Pfeiffer

Global Water Research Coalition (GWRC)

globalwaterresearch@gmail.com

www.globalwaterresearchcoalition.net/

or
Bernd Manfred GAWLIK
European Commission
DG Joint Research Centre
bernd.gawlik@ec.europa.eu
https://ec.europa.eu/jrc/

Organisation: Ismahane Remonnay (Veolia), Jean Francois Loret (SUEZ), Gertjan 
Medema (KWR), Dan Deere (Water Futures & WaterRA ColoSSoS) - link to WHO 

mailto:globalwaterresearch@gmail.com
http://www.globalwaterresearchcoalition.net/
mailto:bernd.gawlik@ec.europa.eu
https://ec.europa.eu/jrc/

