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Keeping pathogens 
under control



Sanitation is lagging behind
• Strategy vision: A world with accessible, 
available and sustainably managed water 
and sanitation for all people and the planet.
• Strategy impact: A more holistic, integrated 
approach that accelerates progress on 
internationally agreed water-related goals 
and targets and leaves no one behind.



Sanitation and Health

› Evidence of health impact of sanitation

› Addressing Ministries of Health who’s role in 
sanitation has declined over the last 50 years

› There is a lack of public health guidance on how to 
maximize health gains from sanitation systems

› Shift from basic sanitation to full, safely managed 
sanitation chain

Source: Guidelines on sanitation 
and health (who.int)

https://www.who.int/publications/i/item/9789241514705
https://www.who.int/publications/i/item/9789241514705


Pathways and Pathogens

Source: Guidelines for drinking-water quality, 4th ed., 
incorporating the 1st addendum (chapters) (who.int)

https://www.who.int/publications/m/item/guidelines-for-drinking-water-quality-4th-ed.-incorporating-the-1st-addendum-(chapters)#:~:text=Guidelines%20for%20drinking-water%20quality%2C%204th%20ed.%2C%20incorporating%20the,Microbial%20aspects%208%208.%20Chemical%20aspects%20More%20items
https://www.who.int/publications/m/item/guidelines-for-drinking-water-quality-4th-ed.-incorporating-the-1st-addendum-(chapters)#:~:text=Guidelines%20for%20drinking-water%20quality%2C%204th%20ed.%2C%20incorporating%20the,Microbial%20aspects%208%208.%20Chemical%20aspects%20More%20items


Size matters

@ Click4Biology

AM de Roda Husman › Size

› Numbers

› Morphology

● Charge

● Infectivity

● Pathogenicity

AM de Roda Husman 

Pathogen characteristics



› Direct

› Temperature

› Relative Humidity

› -Rainfall

› -Drought

› Indirect

› Nitrogen and other cycles

› Disturbance
Bertrand, Schijven et al. and COST Environet 2012

Pathogens are climate dependent



Wastewater: Solely a Source of Infectious 
Diseases or also of Value for Public Health



1. Identification of contaminated water source 
that caused infectious disease cases/ 
outbreaks (e.g. norovirus, hepatitis E virus, 
Trichobilharzia)

2. Water- and foodborne transmission routes 
e.g. norovirus, Coxiella burnetii, rotavirus, 
enterovirus, Cryptosporidium and Giardia 

3. Retrospective environmental surveillance to 
origin e.g. norovirus, parechovirus, aichi 
virus

4. Risk-based monitoring e.g. poliovirus

5. Emerging pathogens e.g. Francisella 
tularensis, nontuberculous mycobacteria, 
antibiotic resistant pathogens 

6. Environmental surveillance in addition to 
pathogen and disease surveillance e.g. 
poliovirus and measles virus, resistant 
pathogens

Environmental Surveillance - multipurpose

8
Lodder et al. 1999, 2013a and b; Skraber 2005; Rutjes et al. 2009; Schets et al. 2009, 2018; Benschop et al., 2017; 
Duizer et al.,2023) 



Norovirus genogroup II Seacroft 
strain first identified in a stool 
sample collected in 1990 in the 
United Kingdom.   

Retrospective environmental 
surveillance confirmed earlier 
circulation in archival water samples 
from 1987 in the Netherlands. 

Our observation confirms, 
retrospectively, the potential 
usefulness of environmental 
surveillance as a tool for monitoring 
virus infections in the population. 

Retrospective environmental surveillance - Norovirus

Skraber et al. Emerg Infect Dis. 2005 Mar; 11(3): 489–491
doi: 10.3201/eid1103.040838



Risk-based monitoring -
poliovirus

› On 6 September 2014, 10(13) infectious wild 
poliovirus type 3 particles were accidentally 
released into the sewage system by a vaccine 
production plant in Belgium. 

› Virus was discharged directly to a wastewater 
treatment plant and subsequently into rivers that 
flowed to the Western Scheldt and the North Sea. 

› No environmental surveillance was in place and 
poliovirus was not detected in post-notification 
samples from the wastewater, surface waters, 
mussels from the Netherlands. 

› Quantitative microbial risk assessment showed that 
1/ the infection risks resulting from swimming in 
Belgium waters were above 50% for several days 
and warnings were issued and 2/ that the infection 
risk for consuming local shellfish warranted a 
shellfish cooking advice. 

Duizer et al. Eurosurveillance 2016



Complementary 
ES - poliovirus

› On 21 November 2022, a wild 
poliovirus type 3 (WPV3) was 
isolated from an environmental 
surveillance sample of poliovirus 
essential facilities in the 
Netherlands. 

› All 51 employees with access to this 
strain were screened for ongoing or 
recent poliovirus infection. 

› One employee shedding WPV3 was 
identified on 8 December and 
placed in isolation; monitoring and 
contact tracing were initiated.

› WPV3 shedding continued for 4 
weeks and stopped 5 January 2023.

› Isolation was lifted 11 January and 
halted further transmission.

Duizer et al. Eurosurveillance 2023



Complementary sewage surveillance - AMR

Blaak et al. STOTEN 2021; Hendriksen et al. Nat Commun 2019

Lessons learned

1. Resistant bacteria of concern at STP w/o HCI: 

largest contribution from open population 

indicating complementarity of information from 

sewage surveillance to clinical surveillance

2. Sensitive detection of resistant bacteria: 

originating from few people among thousands

3. Global sewage surveillance useful in data-

limited regions: improving sanitation and 

health potentially limit global AMR burden



SARS-CoV-2 RNA fragments detected in 
feces (published beginning of February) 
approx. 50% samples independent of GI 
and severity

Wastewater sampled at different 
locations, analysed for SARS-CoV-2

1. In absence of severe cases: in line 
with the contribution of virus in feces 
or other excreta from for instance 
presymptomatic people

2. Near the first notified case: showing 
wastewater surveillance is a sensitive 
tool detecting few in 1000s of cases 

➢ Wastewater of importance for COVID-
19 surveillance

➢ But less so as a risk for spread of 
SARS-CoV-2

➢ Protection for those working with 
human waste and wastewater needed

Proofs of principle SARS-CoV-2 in sewage

Lodder and de Roda Husman 2020 Lancet Gastroenterology and Hepatology



Trends in viral loads – SARS-CoV-2

Using coronavirus monitoring in sewage to fight COVID-19 | LCI richtlijnen (rivm.nl); Hetebrij et al. STOTEN 2024

https://lci.rivm.nl/coronavirus-monitoring-in-sewage


Harmonized guidance for polio, COVID-19 and AMR

› A multi-pathogen common harmonised 
approach to wastewater surveillance

› Presents key principles of wastewater 
surveillance and areas of harmonisation
e.g. governance

› Pragmatic actions and tools to support 
the integration of these principles into 
protocols and policies

› Case studies

– Pakistan

– South Africa

– Iraq
Lock, Sprokholt et al. 2021

whocc.micro@rivm.nl 



Loenenbach et al. 2018
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Biogas production from industrial wastewater 
› In 2016 (cluster 1) included 4 residents of Boxtel

(◼) and two non-residents working in the 
industrial area of the town ()

– symptom onset between 28 October and 11 December 
2016

› In 2017 (cluster 2) 8 more cases were reported 

– symptom onset between 10 July and 3 November 2017 



What can WE do to further ES? 
1/ What is the societal challenge?
2/ Who is responsible? 
3/ Which public health action follows from the 
intended environmental surveillance program?



Sanitation Safety Planning

18
Water Safety Planning  | 6 July 2023

Source: https://www.who.int/publications/i/item/9789240062887 

https://www.who.int/publications/i/item/9789240062887


Sanitary Inspection using Forms



Integrated Water and Sanitation Safety Planning

● Identify and manage risks along 
the entire water supply chain from 
source to tap and sanitation chain 
from capture to disposal/end-use.

● Desirable approach for rural areas 
with limited resources and 
support. 

● Probably also applicable for large 
supplies.

Water Safety Planning and Sanitation Safety Planning | 29 September 2023Van den Berg et al. PhD thesis 2024



iWSSP – pilot project in rural Serbia

Assess and demonstrate the feasibility of 
integrating water and sanitation safety 
planning. 

› templates and guidance for iWSSP
implementation

› training workshops

› iWSSP implemented in 3 small systems

FOLLOW-UP

More pilots to improve and finalize the 
iWSSP templates and guidance.

Water Safety Planning and Sanitation Safety Planning | 29 September 2023Van den Berg et al. JWH 2023



Acknowledgements

› Environmental surveillance pre-COVID - Willemijn Lodder, Ronald 
Italiaander, Sylvain Skraber, Saskia Rutjes, Ciska Schets, Harold van den 
Berg and many others

› Polio - Erwin Duizer, Saskia Rutjes, Jack Schijven

› AMR - Heike Schmitt, Hetty Blaak, Merel Kemper

› COVID-19 – Willemijn Lodder, Erwin Roex, Jerome Lock-Wah-Hoon, 
Wouter Hetebrij, Erwin Nagelkerke, Ruud van der Beek, Anne-Merel van 
der Drift and many others 

› Multi-pathogen approach – Jerome Lock-Wah-Hoon, Joris Sprokholt, 
Erwin Duizer, Heike Schmitt

› iWSSP – Bettina Rickert, Harold van den Berg and many others



WHO Collaborating Centre for 
Risk Assessment of Pathogens 
in Food and Water | RIVM

Contact: 
Ana.Maria.de.Roda.Husman@rivm.nl

THANK YOU

Needs assessment Water and Sanitation
Interested in learning? Scan QR code

https://www.rivm.nl/en/who-collaborating-centre-risk-assessment-of-pathogens-in-food-and-water
https://www.rivm.nl/en/who-collaborating-centre-risk-assessment-of-pathogens-in-food-and-water
https://www.rivm.nl/en/who-collaborating-centre-risk-assessment-of-pathogens-in-food-and-water

	Slide 1: Keeping pathogens under control
	Slide 2: Sanitation is lagging behind
	Slide 3: Sanitation and Health
	Slide 4: Pathways and Pathogens
	Slide 5: Size matters
	Slide 6
	Slide 7: Wastewater: Solely a Source of Infectious Diseases or also of Value for Public Health
	Slide 8: Environmental Surveillance - multipurpose
	Slide 9: Retrospective environmental surveillance - Norovirus
	Slide 10: Risk-based monitoring - poliovirus
	Slide 11: Complementary ES - poliovirus
	Slide 12: Complementary sewage surveillance - AMR
	Slide 13: Proofs of principle SARS-CoV-2 in sewage
	Slide 14: Trends in viral loads – SARS-CoV-2
	Slide 15: Harmonized guidance for polio, COVID-19 and AMR
	Slide 16: Biogas production from industrial wastewater 
	Slide 17: What can WE do to further ES?  1/ What is the societal challenge? 2/ Who is responsible?  3/ Which public health action follows from the intended environmental surveillance program?
	Slide 18: Sanitation Safety Planning
	Slide 19: Sanitary Inspection using Forms
	Slide 20: Integrated Water and Sanitation Safety Planning
	Slide 21: iWSSP – pilot project in rural Serbia
	Slide 22: Acknowledgements
	Slide 23: WHO Collaborating Centre for  Risk Assessment of Pathogens  in Food and Water | RIVM   Contact: Ana.Maria.de.Roda.Husman@rivm.nl

