Within-host dynamics

Understanding within-host host-parasite interactions (focus on dynamics)

Lots of molecular biology, genetics (recognition mechanisms and effector mechanisms), won’t deal with that
now.

Interaction between different components of the immune system (modeled at different levels of detail/realism),
parasite populations (maybe in multiple compartments?)

Longitudinal data (relatively rare), distributional data.

HIV dynamics under (ineffective) treatment
Bonhoeffer, Coffin, and Nowak (1997)

e Early HIV antivirals: relatively ineffective due to rapid mutation

o Large decline in virus loads (up to 300-fold decline in viral RNA in some patients)
e but no clearance

e within-host Ry =~ 50
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FIG. 1. Mean change in CD4 cell count and log mean change of HIV-1 RNA
load compared to baseline in patients treated with a low-dose (dashed line) and
high-dose (solid line) combination of lamivudine and zidovudine. In each treat-



T ..r""'-\"l,\
10’ ;/ \ —
o / v |
= ;
- { Y
@r | Y
L1 | 1
s | A |
o 10 —|'. , *, Jz-"_"'-—---—-- ----- - — - —
g V | Co |
o - : |
G 1 f g
O L . i
£ -1 I1 ! :
8 10 B L ! —{
- ' ! i
il L i i
Le) ' |
i) o
z L
3107+ "
. ' ;
i i,
] }I‘
107 SR & - . 1 ..
=20 0 20 40 60 80 100

time {arbitrary units)

e “virus load paradox”: if Ry is initially 50, we would have to reduce it to slightly above 1 but never

below 1 to see these results.
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e add a drug-resistant type to the model

o add mutation (and back-mutation) to the model

o add immune responses (dz/dt = kV — ~z)

o homeostasis of infectible cells (logistic growth)

o virus-induced killing of uninfected cells (e.g. gp120 shedding)
o differential effects of drug on different types

¢ distribution of infectibility
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Within-host (and within-cell) dynamics of salmonella

o intracellular bacterium

Brown et al. (2006)

proportion of cells with n bacteria,

2

probability

0.001

0.0001

probability

e model:
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o assume that host cells are always available (infinite S)
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« distribution: two categories, or a range of burst sizes?
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o “constitutive” vs “stochastic” models
o density-dependence in growth and/or burst probability?
o extracellular killing (bactericidal) vs slowing/preventing intracellular growth (bacteriostatic)

our analysis predicts that the efficacy of common extracellular antibiotics can be enhanced by
supplementation with antibiotics slowing intracellular bacterial division [bacteriostatic drugs].
This implies that both bacteriostatic and bactericidal drugs can potentiate the therapeutic efficacy
of extracellular antibiotics.



Bacterial dynamics in Drosophila

e Duneau et al. (2017)
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Infection in isogenic D. melanogaster lines
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We have defined three parameters (t° [average time to control], u [early bacterial growth rate],
nTP [bacterial load above which the host cannot control infection]) that are sufficient to predict
ultimate infection outcome, although we still do not know whether variation in those parameters
is due to micro-environmental variation, uncontrolled plasticity in developmental history, somatic
mutations, or other factors that are uncontrolled or uncontrollable in experiments (e.g. depth of
penetration of the needle during injection, site at which bacteria accumulate etc.) and in nature
(e.g. time since last meal or mating, psychological status of the fly etc.) ...
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