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

~348 pathogens (/.e, bacteria, viruses, fungi) and 115 infectious water diseases (Yang et al., 2012)
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( ~2 million deaths/y  ~123 million disability-adjusted life years/y (DALYs) |
 WASH (WHO, 2019) (3.3% global deaths) (4.6% global DALYs) :
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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).
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Infectious diseases outbreaks associated with water from 1991 to 2008

Types of outbreaks

associated with water
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Water-borne

Water-carried
Water-based

Water-related

Water-washed

Water-dispersed

Modifications of Yang et al. 2012



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

H Cross-species transmission of potential infectious zoonitic pathogens. (Reperant and Osterhaus, 2014)



Canada
(Cott et al. 2016)

= 20% of world’s freshwater
resources

= 50% of the world’s lakes

= | akes are « sentinels » of

environmental change
(Schindler, 2009)

Messager et al. 2016
(c) HydroLAB

HydroLAKES

1.4 million global lakes (10 ha or larger) g



Main objective of the study
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sampled lakes



NSERC Canadia

NSERC LakePulse Network - 664 lakes

* Sampled once and over 3 summers, 2017-2019

* 11 ecozones
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Independent variables selected

livestock animal precipitation in the last
units within the 7 days. vA ¢ e population densit RN
| * pPpop Population density in |
census area. <@ > pop
- W .\ the watershed.

Ty Air temperature/

Fpan Fraction
of urban area in
the watershed.

/
%

Fmanure

Fraction of the watershed
area where manure was
applied on the operation

the year prior to the
census. g | * Chl, Chlorophyll a average above

thermocline.

Zsoccni Secchidisk depth.

*  Ajuke Lake area.

Aagripas . .
~ Area of agriculture and/ *  S,00 Average slope within a 100 * acpom(400) Cplored dissolved organic
\\pasture in the watershed/ meters buffer around the lake. matter absorption at 40onm (or 28onm).
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382 sampled lakes
Modelling the occurrence of pathogens in lakes

using a bootstrapped Boosting Regression Trees
(BRTSs)

Published in Oliva et al. (2022), Water Research
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Occurrences of microfungi and parasites

Number of lakes with pathogen
data collected= 382

Percentage of lakes [%)]
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Drivers associated with the occurrence of microfungi and parasites
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Occutrence predictions on potentially pathogenic Cryptococcus

Observed

* absence
¢ presence
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Predictions

* absence

probable absence
probable presence
presence
unknown

Deviance explained 42.9%
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445 sampled lakes in southern ecozones

Modelling the occurrence and abundance of

clustered bacteria pathogens in lakes using a ¥
bootstrapped “hurdle” Boosting Regression Trees X% > %

Y = (J o
o8 o4 @ © 0%
) @ )
oo 02 o o o o
ON) (- [ A &
o¥A @ O (4
L) (O SCe% «
. O SRS (3
() () < O () ..\. ° s
Oliva et al., in pre s . % s % e
°
° p p‘ 03 o 0 © o"g' ° ) -a»". o
® O ° 7o @, () - 3 o ®
® O (] LY & () () o s.). aa.. ‘: ‘».1
O % o ® o oo0° LOSA Yy OYCXy
¢ - °° o 0% & ef@®
o no D)
° ° 2. ooy >
0% Ky )
o o 20, O
. R
) 0
o < O Ol
))
4 W 390~
‘o‘..'g‘r&
&



Clusters of potentially pathogenic bacteria

Cluster 1

Cluster 3

Cluster 4 | Cluster 2
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Often isolated in

pathogen

Sediments,

Indicator of fecal
contamination

human/animal
intestines

Several diseases in
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Drivers associated with Cluster 2

Abundance

TSS - 22.3%

Aagripas — 20.1%

Acpom (400) —-17.7%

Ty 17.4%
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Bootstrapped values

Geospatial drivers

Confidence intervals 95% (smoothed)

Median (smoothed)




Cluster 2 : Abundance predictions in southern ecozones

Observations Predictions
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BRT Occurrence: 42.2%

Deviance Main variables: S190, Acpop (400), TSS

explained
BRT Abundance: 45.2%
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Conclusion & perspectives

UPCOMING:
Cluster 2 prediction on southern ecozones - 325 850 lakes

* 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

Boston

WMAETED STATES Phila‘,dd
St Louis Washington

San Francisco
500 1000 :
—— 1 Kilometers Service Layer Credits: Esri, HERE, Garmin, (c) OpenStreetMap contributors, and the GIS user.community.

Tele-epidemiology has more potential to be explored !
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