X
E University

o«Manitoba

Water-borne and environmentally-transmitted diseases
MATH 8xyz — Lecture 11

Julien Arino
Department of Mathematics @ University of Manitoba
Maud Menten Institute @ PIMS

julien.arino@umanitoba.ca

Winter 20XX
The University of Manitoba campuses are located on original lands of Anishinaabeg, Ininew, Anisininew, Dakota
and Dene peoples, and on the National Homeland of the Red River Métis.
We respect the Treaties that were made on these territories, we acknowledge the harms and mistakes of the past,
and we dedicate ourselves to move forward in partnership with Indigenous communities in a spirit of Reconciliation
and collaboration.


julien.arino@umanitoba.ca

Outline

A model for cholera

Last remarks






BMC Infectious Diseases (2001) 1:1 http://www.biomedcentral.com/1471-2334/1/1

Research article
Endemic and epidemic dynamics of cholera: the role of the aquatic

reservoir
Claudia Torres Codeco*

Address: Programa de Computagao Cientifica Fundag¢ao Oswaldo Cruz, Rio de Janeiro, Brazil

E-mail: Claudia Torres Code¢o* - codeco@malaria.procc.fiocruz.br
*Corresponding author



Codeco’s model
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A model for cholera
A model for zoonotic transmission of waterborne disease
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Zoonotic transmission of waterborne disease

Zoonoses are animal diseases that are transmitted to humans

Model here used for instance to model Giardia transmission from possums to humans
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A2A transmission
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The full model

Sa' = —BaSala+7ala

In" = BaSala —vala

W' = alp —nW(SH + In) — uW
Su' = —pmWSy — BuSkln + YHin
In" = WSy + BrSHIH — YHIH

Considered with Ny = S5 + /4 and Ny = Sy + Iy constant
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Simplified model

Because Ny and Ny are constant, (2) can be simplified:

Ia' = BaNala — vala — Bal} (3a)
W' = aly — nWNy — uW (3b)
I' = pnW(Ny — 1) + BuNply — il — Brlf (3¢0)

Three EP: DFE (0,0,0); endemic disease in humans because of H2H transmission;
endemic in both H and A because of W
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Three EP: DFE (0,0,0); endemic disease in humans because of H2H transmission;
endemic in both H and A because of W

Let
ROA = @NA and ROH = @NH (4)
YA YH

» DFE LAS if Rga < 1 and Rgoy < 1, unstable if Rga > 1 or Roy > 1
» If Roy > 1 and Roa < 1, (3) goes to EP with endemicity only in humans
» Endemic EP with both A and H requires Rga > 1 and Ry < 1

Note that proof is not global

p- 9 — A model for cholera



7y




To simplify or not to simplify?

» In the KMK epidemic model (??7) and the SIRS endemic model (??), since the total
population is constant or asymptotically constant, it is possible to omit one of the state
variables since N =S+ 1+ R

» We oftenuse R=N*—§ -/
» This can greatly simplify some computations

» Whether to do it or not is a matter of preference
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To normalise or not to normalise?

» In the KMK epidemic model (??) and the SIRS endemic model (??), since the total
population is constant or asymptotically constant, it is possible to normalise to N =1

» This can greatly simplify some computations

» However, | am not a big fan: it is important to always have the “sizes” of objects in
mind

» If you do normalise, at least for a paper destined to mathematical biology, always do
a “return to biology", i.e., interpret your results in a biological light, which often implies
to return to original values
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Where we are

» An epidemic SIR model (the KMK SIR) in which the presence or absence of an
epidemic wave is characterised by the value of Ry

» The KMK SIR has explicit solutions (in some sense). This is an exception!

» An endemic SIRS model in which the threshold Rg = 1 is such that, when Ry < 1,
the disease goes extinct, whereas when Ry > 1, the disease becomes established in the
population

» Some simple variations on these models

» A few models for vector-borne or water-borne diseases
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