Competitive Exclusion in Two-Strain Epidemiological Models

_ _ Mary Couture, Canela Tustin

School of Mathematics Mentors: Dr. Rachel Kuske, Dr. Sam Brown, Brendan Shrader

INTRODUCTION *Is there an endemic equilibrium where both strains coexist if Ry 1, Ry, > 1?

**We analyze competition in a multi-strain
model. Previous work [1] considered a two-
strain model for COVID-19. We discuss our

o , o , " The basic reproduction numbers for both strains
findings in the context of bacterial infection.
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between disease states.

*Contrary to [1], there cannot be a biologically H; B wipiLiH; + a;Li — yiH; — uH;
feasible (Hl- > 0,Rp1 # Ro,z) coexistence R =yiHi +y2H; — (R — R
equilibrium under mass-action incidence fSH.

SPECIAL CASE: WANING IMMUNITY (w =20,t> 0)

Fig 1: We look at an SLHR model to
capture within-host and population-
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Fig 4: Waning immunity does not add coexistence. Left: ¢ slows decay. Right: t = 0. All
strain parameters are identical, so the H graphs overlap.

SPECIAL CASE: SUPERINFECTION (w,t> 0)

Fig 3: Example of
outbreak dynamics

= Superinfection: Invader c 2 -
for the SLHR model Pt 5" = o - io y
e strain outcompetes low - 300 — 10xH, rar R X
0 20 40 60 80 100 ] . —— 10X H, © — 10X H;
Time (days) density resident (blue ‘_3"200- - = -
= A key metric is basic reproduction number, arrows fig 1). Q 100 Q 100
h. h . h f - WﬁLH term in SLHR Do_ i ansstronger DO_ 58_ *Strain 2 is stronger
R,, which is the average number of cases iPitj i o d @ @ & 100 5 20 o w0 @ 100
from one infected person in totally equations. Time (days) Time (days)
susceptible population. Fig 5: A less fit strain 1 (Ry; < R ) may take over if w; > w,. Left: w; ,= 0. Right:
" Firsingle strain models, if Ry > 1, disease is w; =1,w, =0

endemic (persistent). [2]
= Each strain i in our model has its own R ;
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A Population birth rate
(population/day)
a 1/incubation time (1/day)

Transmission constant
(1/day*population)

1% Recovery rate (1/day)

u Death rate (1/day)

L Waning immunity rate
(1/day)

w Superinfection proportion

IMPLICATIONS

" The proposed SLHR model can help identify
disease prevention and treatment strategies in
the case of outbreaks with two serotypes of a
pathogen.

" This model also enables deeper analysis of
superinfection dynamics.

FUTURE WORK

" Full analysis of superinfection
" Fully incorporate QS dynamics below into
SLHR model where:

| B = B bacterial
B =rB (1 — E) concentration
P=CcEB—df—me = tQosienal
/ concentration
E:a+b( ) = EQSgene
t+q expression

= Consider nonlinear interactions
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