& ¥ NORDITA

‘ Nordic Institute for Theoretical Physics

The evolution of infectious diseases:
connecting within- and between-host processes

Willian T. A. F. Silva

Swedish University of Agricultural Sciences
E-mail: willian.silva@evobiolab.com

UNIVERSITET




Silva et al. (2023) - Nordita

level
selection

individuals).

Introduction
‘ genetic ’
S » o
What drives pathogen evolution? s
o
 Changes in processes that occur at many 0031
different levels.
o)
o
)
=3
S
.
How are different biological levels connected G
B . (@]
during pathogen evolution? =
g »
o -
- . (¢] A
* Via collective processes that span across 3 between <
. . = individuals g
different physical and temporal levels. g 3
= £
through a §
lati s
What makes a pathogen successful? - ¥ jre ri
= =
< 3
=3 &
* Jariation in the pathogen's ability to spread and g - E
the availabibity of resources (susceptible z . -
g

UONN[OAR0IOBW



Silva et al. (2023) - Nordita
Introduction

Lythgoe et al. (2022), medRxiv -t

0.004

0.003

0.002

0.001

Root-to-tip divergence (substitutions/site)

0.000

Jan Apr Jul Oct Jan Apr Jul Oct Jan Apr Jul Oct Jan Apr
2020 2020 2020 2020 2021 2021 2021 2021 2022 2022 2022 2022 2023 2023

Collection date



Silva et al. (2023) - Nordita
Introduction

The observed evolutionary pattern is a consequence of

e Changes in processes that occur at many different levels.
* Collective processes that span across different physical and temporal levels.

Lythgoe et al. (2022), medRxiv
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* Processes at different biological levels.

* Collective processes spanning across biological levels.
e Trait variation and availability of resources.

KB
A

N
r

)
Ay

J
_\
k.

L e
J& @
A Y

M
‘f_

N

A>T A>=A

Within-host dynamics

=B =Bo =3

Between-host dynamics s



Silva et al. (2023) - Nordita
Introduction

(4j°]
o
=
g
3
=)
3 —
=3
E. Within-host evolution:
=] . . .
09 Selection pressure to maximize
= . . .
g within-host fitness (viral load).
. —
o}
o 2
- between g
=Y individuals g
g 2 :
= P £ Between-host evolution:
E Selection pressure to maximize
throggha, | 2 between-host fitness (transmission).
population s
> g —
5 8 k
E B 5
s g . z
e lineage £
=) level b
g selection §
£ 2 6



Silva et al. (2023) - Nordita
Introduction

\_
‘/—

)

Within-host dynamics

L
Jxﬁ% i
@’W '

=B =Bo =3

Between-host dynamics



Silva et al. (2023) - Nordita
Introduction

Tal
Iy
o

=3 =B =3
=B =3I =3

How does individual immunity due to vaccination and/or previous infections
affect epidemiological dynamics and virus evolution?

What causes the patterns of variant substitution and saltational evolution
that we observe in empirical data?
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Within-host dynamics

6e+15

4e+15+4

2e+15

y (infected target cells)

0e+001

50

100 150
Time

200

250

(2]
)
¥
—
[¢]
L

4e+15

2e+154

y (infected target cells)

0e+00 1

50

100 150
Time

200

250

6e+15

4e+154

2e+15+4

y (infected target cells)

0e+00

50

100 150
Time

200

250

9e+07 1
0 Acute
_g 6e+07 . .
£ infection
3e+074
Oe+00—|
0 50 100 150 200 250
Time
9e+07 1 Chronic
£..0-{| Persistent
> infection
39+07-I
0e+00 1
0 50 100 150 200 250
Time
9e+07 Latent
.|| persistent
B infection
3e+07 4

0e+00 1

| A~

0 50

100 150 200

Time

250

\

2e+09 1

1e+091

[T

0e+00 1

z (adaptive immunity defensive agents)

50 100 150 200 250

Time

2.0e+09

1.5e+09 1

1.0e+09 1

5.0e+08

0.0e+00

z (adaptive immunity defensive agents)

100 150 200 250

Time

2e+09 1

1e+091

0e+00 1

z (adaptive immunity defensive agents)

50 100 150 200 250

Time

Silva et al. (2023) - Nordita

11



Silva et al. (2023) - Nordita
Between-host dynamics

dS
@ 75 = “Pss(cTss) *S(t) - Is(t) — Bys(c, Tvs) - S(©) - Iy (t)

d
@ dI: [hs — Bsv(c,Tsy) - V()] - Is(t) + [hy — Byv(c, Tyy) - V()] - Iy (Y)

dls

e = [Bss(c, Tss) - S(t) — ys(us) — 6(1) — hg] - Is(t) + Bys(c, Tys) - S(t) - Iy (t)

dly
L = [Byv(c,vy) " V(&) —yw(uy) — 0() — hy] - Iy (t) + Bsv(c, Tsv) - V(t) - LIs(t)

@ @ I = [ys(us) + 0(1)] - Is(®) + [yv(uy) + 6] - Iy (D)
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Virus evolutionary dynamics
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Index virus
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2+ [ys(us) + () + hs] - [yv(uy) + 60(i1) + hy]

where
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Between-host evolutionary dynamics

Ry lﬁkl=3’kl
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We (X', z(tm),a’)
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Between-host evolutionary dynamics

Pra(c, ) = c(a(t)) 1}l’ikl (x*,z!(¢),a!, ¢, n¥)
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Virus evolutionary dynamics
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Lythgoe et al. (2022), medRxiv
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