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Impact of  pathogens related to inadequate water, sanitation and hygiene (WASH)

Ubiquitous freshwater and 
environmental pathogens? 
Microfungi?

~2 million deaths/y
(3.3% global deaths)

~123 million disability-adjusted life years/y (DALYs)
(4.6% global DALYs)

? ?

Mostly diarrheal, parasites, 
mosquitoes, respiratory diseases

~348 pathogens (i.e., bacteria, viruses, fungi) and 115 infectious water diseases (Yang et al., 2012)

WASH

WASH without global estimates

(WHO, 2019)

DALYs: a time-based measure that combines years of life lost due to premature mortality (YLLs) and years of life lost 
due to time lived in states of less than full health, or years of healthy life lost due to disability (YLDs).

2



Infectious diseases outbreaks associated with water from 1991 to 2008

Modifications of Yang et al. 2012

Types of outbreaks
associated with water
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Ongoing pathogen threat challenging our health systems

Pathogen survival and their geographical ranges (Ogden & Gachon, 2019)

New potential pathogens released from the melting permafrost. (Wu et al, 2022)

Increase in extreme weather events and water contamination. (Charron et al, 2008)

Antibiotic resistance. (Adegoke, Faleye and Stenström, 2018)

Cross-species transmission of potential infectious zoonitic pathogens. (Reperant and Osterhaus, 2014)
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Canada
(Cott et al. 2016)
 20% of world’s freshwater

resources
 50% of the world’s lakes

 Lakes are « sentinels » of 
environmental change 
(Schindler, 2009)
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Main objective of  the study

1) Distribution, occurrence and 
abundance of pathogens in 
sampled lakes

.
.
.
.

3) Predictive models for individual
pathogens and multi-pathogen
clusters

2) Determine main geospatial
drivers of microbial contamination
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NSERC LakePulse Network - 664 lakes

• Sampled once and over 3 summers, 2017-2019

• 11 ecozones

• ~100 collected variables:

Environmental DNA (pathogens)

Water quality data (bio-optical variables)

Secchi disk depth
CDOM absorption
Chlorophyll a quantity
Total Suspended Solids
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https://lakepulse.ca/

Sampling method in Huot et al., 2019

Ecozones



Independent variables selected

• 𝜌𝜌𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎Density of
livestock animal
units within the
census area.

• 𝛴𝛴𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑎𝑎𝑝𝑝7𝑑𝑑 Cumulative
precipitation in the last
7 days.

• 𝜌𝜌𝑝𝑝𝑝𝑝𝑝𝑝 Population density in
the watershed.

• 𝐴𝐴𝑙𝑙𝑎𝑎𝑙𝑙𝑝𝑝 Lake area.

• 𝑆𝑆100 Average slope within a 100
meters buffer around the lake.

• 𝑍𝑍𝑠𝑠𝑝𝑝𝑝𝑝𝑝𝑝𝑠𝑎𝑎 Secchi disk depth.

• 𝐶𝐶𝐶𝐶𝐶𝑎𝑎 Chlorophyll a average above
thermocline.

• 𝑎𝑎𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶(400) Colored dissolved organic
matter absorption at 400nm (or 280nm).

• TSS Total Suspended Solids

• 𝑇𝑇𝑎𝑎𝑎𝑎𝑝𝑝 Air temperature

• 𝐹𝐹𝑎𝑎𝑎𝑎𝑎𝑎𝑚𝑚𝑝𝑝𝑝𝑝
Fraction of the watershed
area where manure was
applied on the operation
the year prior to the
census.

• 𝐴𝐴𝑎𝑎𝑎𝑎𝑝𝑝𝑎𝑎𝑝𝑝𝑎𝑎𝑠𝑠
Area of agriculture and
pasture in the watershed.

• 𝐹𝐹𝑚𝑚𝑝𝑝𝑢𝑢𝑎𝑎𝑎𝑎 Fraction
of urban area in
the watershed.
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Study 1: Microfungi and parasites

- 382 sampled lakes
- Modelling the occurrence of pathogens in lakes

using a bootstrapped Boosting Regression Trees
(BRTs)

- Published in Oliva et al. (2022), Water Research

9



Occurrences of  microfungi and parasites
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Drivers associated with the occurrence of  microfungi and parasites
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Occurrence predictions on potentially pathogenic Cryptococcus
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Deviance explained 42.9%



Study 2: Bacteria

- 445 sampled lakes in southern ecozones
- Modelling the occurrence and abundance of

clustered bacteria pathogens in lakes using a
bootstrapped “hurdle” Boosting Regression Trees

- Oliva et al., in prep.
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Clusters of  potentially pathogenic bacteria

Cluster 1
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Cluster 3
Cluster 2Cluster 4

Abundant species
Ubiquitous freshwater/environmental

Rare species
Anthropogenic sources?

Indicator of fecal 
contamination

Often isolated in 
livestocks. Animal 
pathogen.

Sediments, 
human/animal 
intestines

Animal 
pathogen

Several diseases in 
human and animals

Cholera 
agent



Drivers associated with Cluster 2
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Geospatial drivers

Bootstrapped values Confidence intervals 95% (smoothed) Median (smoothed)Legend

TSS – 22.3% 𝐴𝐴𝑎𝑎𝑎𝑎𝑝𝑝𝑎𝑎𝑝𝑝𝑎𝑎𝑠𝑠 – 20.1% 𝑎𝑎𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶(400) – 17.7% 𝑇𝑇𝑎𝑎𝑎𝑎𝑝𝑝– 17.4%



Cluster 2 : Abundance predictions in southern ecozones
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BRT Occurrence: 42.2%
Main variables: 𝑆𝑆100, 𝑎𝑎𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶(400), TSS

BRT Abundance: 45.2%
Main variables: TSS, 𝐴𝐴𝑎𝑎𝑎𝑎𝑝𝑝𝑎𝑎𝑝𝑝𝑎𝑎𝑠𝑠, 𝑎𝑎𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶(400), 𝑇𝑇𝑎𝑎𝑎𝑎𝑝𝑝

Deviance
explained



Conclusion & perspectives

• Tele-epidemiology enables mapping and prediction of
pathogens in lakes

• Bio-optical, hydrological and meteorological data are
important predictors

• Diffuse anthropogenic sources detected with enteric
pathogens

• More discussion on the cluster analysis in the
upcoming paper

UPCOMING: 
Cluster 2 prediction on southern ecozones - 325 850 lakes  
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Tele-epidemiology has more potential to be explored !
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