
 
 

Delft University of Technology

Reflection on health-environment research in the light of emerging infectious diseases
Modelling water quality and health
Hofstra, Nynke; Medema, Gertjan; Vermeulen, Lucie C.

DOI
10.1016/j.cosust.2020.09.002
Publication date
2020
Document Version
Final published version
Published in
Current Opinion in Environmental Sustainability

Citation (APA)
Hofstra, N., Medema, G., & Vermeulen, L. C. (2020). Reflection on health-environment research in the light
of emerging infectious diseases: Modelling water quality and health. Current Opinion in Environmental
Sustainability, 46, 8-10. https://doi.org/10.1016/j.cosust.2020.09.002

Important note
To cite this publication, please use the final published version (if applicable).
Please check the document version above.

Copyright
Other than for strictly personal use, it is not permitted to download, forward or distribute the text or part of it, without the consent
of the author(s) and/or copyright holder(s), unless the work is under an open content license such as Creative Commons.

Takedown policy
Please contact us and provide details if you believe this document breaches copyrights.
We will remove access to the work immediately and investigate your claim.

This work is downloaded from Delft University of Technology.
For technical reasons the number of authors shown on this cover page is limited to a maximum of 10.

https://doi.org/10.1016/j.cosust.2020.09.002
https://doi.org/10.1016/j.cosust.2020.09.002


Reflection on health-environment research in the light of

emerging infectious diseases: modelling water quality
and health

Nynke Hofstra1, Gertjan Medema2,3,4 and Lucie

C Vermeulen5

1 Water Systems and Global Change Group, Wageningen University,

PO Box 47, 6700 AA Wageningen, The Netherlands
2 Faculty of Civil Engineering and Geosciences, Delft University of

Technology, Delft, The Netherlands
3 KWR Water Research Institute, Nieuwegein, The Netherlands
4 Michigan State University, East Lansing, MI, USA
5 National Institute for Public Health and the Environment (RIVM),

Bilthoven, The Netherlands

e-mail: nynke.hofstra@wur.nl

Introduction
In the past years, we have published three health-environ-

ment research papers on modelling microbial water quality

and health risk in COSUST [1–3]. These papers proposed

the use of a systems approach for waterborne diseases. This

approach employs models to study the microbial water

quality and related health risk. It also uses these models

with scenarios to evaluate the influence of socioeconomic

development and climate change on the water quality and

health riskand toevaluate the valueof interventions. Such a

systems approach is important, because waterborne dis-

eases still have a large global burden of disease [4] and the

approach helps understanding the problem and can advo-

cate effective interventions [5–8].

Recently, the COVID-19 pandemic has emerged. The

outbreak has immediately highlighted the importance of

therelation betweenhumanhealth andtheenvironment,as

the SARS-CoV-2 virus likely originated from wild animals

[9]. Water has thus far not been found to play a major role in

the spread of the virus [10].

COVID-19 is an emerging infectious disease (EID). The

number of EID events has increased over time [11], which

implies that we will see more pandemics in the future.

Preparedness for EIDs, that could in the future also be

waterborne diseases, is essential [12]. EID preparedness, or

the state of being ready for EID outbreaks, involves activi-

ties to [78_TD$DIFF]enhance prevention and control of high-impact EID

events [79_TD$DIFF][13]. The systems approach proposed in the earlier

COSUST papers is valuable in the light of this

preparedness.

The objective of this commentary is to reflect on the use of a

systems approach in health-environment research in the

light of EIDs. In this paper, we will reflect on the usefulness

of waterborne pathogen modelling for COVID-19 and for

EID preparedness studies. We will also highlight several
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other emerging opportunities for health-environment

research concerning EIDs.

Usefulness of waterborne pathogen modelling
for COVID-19
The systems approach developed in the microbial water

quality and health risk model studies focused on sources,

transport and fate of waterborne pathogens in the urban and

rural water cycle. As a significant percentage of the COVID-

19casesshedhighconcentrationsofSARS-CoV-2withtheir

stool [14–20], this virus also enters the water cycle. The

model elements developed for identifying hotspot areas

with high pathogen loads, and the model processes that

simulate how pathogen loads are captured and transported

in different types of sanitation systems can help to under-

stand SARS-CoV-2 sources and transport in sewered and

unsewered urban areas and prioritise sites for SARS-CoV-2

sampling in wastewater. Such environmental surveillance

ofSARS-CoV-2 inwastewaters has increasingly beenrecog-

nised to be important as an early warning tool for SARS-

CoV-2 presence in a population [21–24], as it has done for

other viruses previously [25,26]. This is highlighted by the

uptake of sewage sampling in the Dutch national coronavi-

rus dashboard used to inform decision making and the

public about the development of the coronavirus in the

Netherlands (see e.g. https://www.dutchwatersector.com/

news/nationwide-covid-19-sewer-surveillance-at-all-

dutch-wwtps).

Usefulness of waterborne pathogen [80_TD$DIFF]modelling
for preparedness studies
Thesystemsapproach discussed andproposed intheearlier

COSUST publications comprises modelling and scenario

analysis. We discuss the relevance of both approaches for

preparedness research. Traditionally, preparedness has

focussed on surveillance. However, with more understand-

ing of the systems and increased data availability, oppor-

tunities have emerged to incorporate models and scenario

analysis in the preparedness activities [13,27].

Modelling

To be prepared for EIDs, understanding the spread of

pathogens in the environment is essential [13]. Modelling

microbial water quality requires understanding of the pro-

cesses for the spread of pathogens in the environment. The

pathways are known, underlying data on[81_TD$DIFF], for example,

population,sanitation,agriculturalmanagement,hydrology

and climate are available and inactivation processes during

transport are understood. The models can, therefore, rea-

sonably easily be adapted for new waterborne pathogens.

The models that simulate microbial water quality integrate

human and livestock data. This is very important, as many

EIDs are zoonotic [28,29]. Even though the origin of EID is

often wildlife, livestock could act as a reservoir. This can be

exemplified by SARS-CoV-2 outbreaks in mink [30,31]. A

One Health approach [32] is, therefore, vital for prepared-

ness research.

Scenario analysis

EIDs are driven by socio-economic, environmental and

ecological factors [11,13,27]. Risk factors include, for exam-

ple, urbanisation and climate change. Scenario analysis,

using future change, exploratory scenarios, uniquely suits

preparedness research. In the scenarios, potential future

developments and situations are evaluated. Additionally,

the value of interventions can be analysed. Already in 2011,

we proposed the use of comprehensive scenarios that

include future socio-economic development in addition

to climate change [1]. However, still only a limited number

ofstudies [82_TD$DIFF]usesthisapproachtosimulatefuturewaterquality

and health risk. There are still significant opportunities in

utilising scenarios to better understand potential future

change and enhance the preparedness.

Emerging opportunities for health-environment
research
The current pandemic has made clear that preparedness for

EIDs is insufficient in many countries [33] and there has

been a call for more prioritisation and funds to enhance

preparedness [12]. This reinforces the value of and need for

systems approaches and provides opportunities for health-

environment research.

The (re)discovery of environmental surveillance as valu-

able information source in the fight against COVID-19 is

bridging the gap between traditional health surveillance

and studies on pathogen sources and occurrence in the

environment. The current boost in sewage surveillance

studies as a response to the pandemic will provide a wealth

of data on environmental occurrence of SARS-CoV-2 and is

likely to spark the use of environmental surveillance for

other pathogens that are shed via urine and stool. This is

already seen in the area of AMR [21]. Data are collected

across environmental media. This surveillance will gener-

atea largeamountofdata that [83_TD$DIFF]ispotentiallyveryvaluable for

model development and scenario studies, areas that are

currently hampered by limited data availability. More data

will also enable thorough validation and help improve the

models, andtherebyourunderstandingofpathogensources

and transmission pathways, as well as effective mitigation

options.

[84_TD$DIFF]Environmental surveillance, modelling and scenario [85_TD$DIFF]anal-

ysis are integrating our current knowledge in the health-

related water microbiology field, and [86_TD$DIFF]are providing valu-

able opportunities to improve our preparedness to EID.

This health-environment research field can still learn

from other communities, such as climate change, hydrol-

ogy and disease spread modelling to develop and fulfil its

promise.

Reflection on health-environment research in the light of emerging infectious diseases: modelling water quality and health Hofstra,

Medema and Vermeulen 9

https://www.dutchwatersector.com/news/nationwide-covid-19-sewer-surveillance-at-all-dutch-wwtps
https://www.dutchwatersector.com/news/nationwide-covid-19-sewer-surveillance-at-all-dutch-wwtps
https://www.dutchwatersector.com/news/nationwide-covid-19-sewer-surveillance-at-all-dutch-wwtps


Conflict of interest statement
Nothing declared.

Funding
None.

References

1. Hofstra N: Quantifying the impact of climate change on enteric
waterborne pathogen concentrations in surface water. Curr
Opin Environ Sustain 2011, 3.

2. Vermeulen LC, Hofstra N, Kroeze C, Medema G: Advancing
waterborne pathogen modelling: lessons from global nutrient
export models. Curr Opin Environ Sustain 2015, 14.

3. Hofstra N, Vermeulen LC, Derx J, Flörke M, Mateo-Sagasta J,
Rose J, Medema G: Priorities for developing a modelling and
scenario analysis framework for waterborne pathogen
concentrations in rivers worldwide and consequent burden of
disease. Curr Opin Environ Sustain 2019, 36:28-38.

4. Troeger C, Blacker BF, Khalil IA, Rao PC, Cao S, Zimsen SR,
Albertson SB, Stanaway JD, Deshpande A, Abebe Z et al.:
Estimates of the global, regional, and national morbidity,
mortality, and aetiologies of diarrhoea in 195 countries: a
systematic analysis for the Global Burden of Disease Study
2016. Lancet Infect Dis 2018, 18:1211-1228.

5. Pongsiri MJ, Gatzweiler FW, Bassi AM, Haines A, Demassieux F:
The need for a systems approach to planetary health. Lancet
Planet Heal 2017, 1:e257-e259.

6. Carey G, Malbon E, Carey N, Joyce A, Crammond B, Carey A:
Systems science and systems thinking for public health: a
systematic review of the field. BMJ Open 2015, 5:e009002.

7. Currie DJ, Smith C, Jagals P: The application of system
dynamics modelling to environmental health decision-making
and policy - a scoping review. BMC Public Health 2018, 18:402.

8. Mellor JE, Levy K, Zimmerman J, Elliott M, Bartram J, Carlton E,
Clasen T, Dillingham R, Eisenberg J, Guerrant R et al.: Planning for
climate change: the need for mechanistic systems-based
approaches to study climate change impacts on diarrheal
diseases. Sci Total Environ 2016, 548–549:82-90.

9. Andersen KG, Rambaut A, Lipkin WI, Holmes EC, Garry RF: The
proximal origin of SARS-CoV-2. Nat Med 2020, 26:450-452.

10. La Rosa G, Bonadonna L, Lucentini L, Kenmoe S, Suffredini E:
Coronavirus in water environments: occurrence, persistence
and concentration methods - a scoping review. Water Res
2020, 179:115899.

11. Jones KE, Patel NG, Levy MA, Storeygard A, Balk D, Gittleman JL,
Daszak P: Global trends in emerging infectious diseases.
Nature 2008, 451:990-993.

12. Jacobsen KH: Will COVID-19 generate global preparedness?
Lancet 2020, 395:1013-1014.

13. Brookes VJ, Hernández-Jover M, Black PF, Ward MP:
Preparedness for emerging infectious diseases: pathways
from anticipation to action. Epidemiol Infect 2015, 143:2043-
2058.

14. Chen Y, Chen L, Deng Q, Zhang G, Wu K, Ni L, Yang Y, Liu B,
Wang W, Wei C et al.: The presence of SARS-CoV-2 RNA in the
feces of COVID-19 patients. J Med Virol 2020, 92:833-840.

15. Cheung KS, Hung IFN, Chan PPY, Lung KC, Tso E, Liu R, Ng YY,
Chu MY, Chung TWH, Tam AR et al.: Gastrointestinal
manifestations of SARS-CoV-2 infection and virus load in fecal
samples from a Hong Kong cohort: systematic review and
meta-analysis. Gastroenterology 2020, 159:81-95.

16. Holshue ML, DeBolt C, Lindquist S, Lofy KH, Wiesman J, Bruce H,
Spitters C, Ericson K, Wilkerson S, Tural A et al.: First case of
2019 novel coronavirus in the United States. N Engl J Med 2020,
382:929-936.

17. Xiao F, Tang M, Zheng X, Liu Y, Li X, Shan H: Evidence for
gastrointestinal infection of SARS-CoV-2. Gastroenterology
2020, 158:1831-1833.e3.

18. Lo IL, Lio CF, Cheong HH, Lei CI, Cheong TH, Zhong X, Tian Y,
Sin NN: Evaluation of sars-cov-2 rna shedding in clinical
specimens and clinical characteristics of 10 patients with
COVID-19 in Macau. Int J Biol Sci 2020, 16:1698-1707.

19. Xu Y, Li X, Zhu B, Liang H, Fang C, Gong Y, Guo Q, Sun X, Zhao D,
Shen J et al.: Characteristics of pediatric SARS-CoV-2 infection
and potential evidence for persistent fecal viral shedding. Nat
Med 2020, 26:502-505.

20. Wölfel R, Corman VM, Guggemos W, Seilmaier M, Zange S,
Müller MA, Niemeyer D, Jones TC, Vollmar P, Rothe C et al.:
Virological assessment of hospitalized patients with COVID-
2019. Nature 2020, 581:465-469.

21. Lodder W, de Roda Husman AM: SARS-CoV-2 in wastewater:
potential health risk, but also data source. Lancet Gastroenterol
Hepatol 2020, 5:533-534.

22. Medema G, Heijnen L, Elsinga G, Italiaander R, Brouwer A:
Presence of SARS-coronavirus-2 RNA in sewage and
correlation with reported COVID-19 prevalence in the early
stage of the epidemic in the Netherlands. Environ Sci Technol
Lett 2020, 7:511-516.

23. Bivins A, North D, Ahmad A, Ahmed W, Alm E, Been F,
Bhattacharya P, Bijlsma L, Boehm AB, Brown J et al.:
Wastewater-based epidemiology: global collaborative to
maximize contributions in the fight against COVID-19. Environ
Sci Technol 2020, 54:7754-7757.

24. Larsen D, Dinero RE, Asiago-Reddy E, Green H, Lane S, Shaw A,
Zeng T, Kmush B: A review of infectious disease surveillance to
inform public health action against the novel coronavirus
SARS-CoV-2. SocArXiv 2020 http://dx.doi.org/10.31235/osf.io/
uwdr6. Preprint.
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