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Human Leukocyte Antigen (HLA) genes determine an individual’s response to infection.
The odds ratios for infection in the presence/absence of particular HLA genes are commonly
used to measure whether these genes are protective. Here we present an epidemiological
model which incorporates the existence of a variety of host HLA genotypes, as well as the
presence of multiple pathogen strains, to which individuals with different HLA genotypes
will respond differently. We explore the circumstances under which individuals carrying
particular HLA alleles/genotypes are associated with lower odds of being infected than
the rest of the population. We show that the success of a pathogen strain is dependent
on the genotypic structure of the host population and that the strain structure of the
pathogen population determines how well an allele protects a hosts from infection. We also
show that, counter-intuitively, increasing the rate at which an HLA allele causes a host to
mount a memory immune response against a particular pathogen strain, restricts the set of
circumstances where that allele is protective against infection in general.
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Enteropathogenic Escherichia Coli (EPEC) is a virulent species of bacteria that causes severe diarrhoea, and can be fatal in countries with inadequate healthcare. EPEC’s virulence
comes from its ability to bind firmly to host intestinal cells and inject effector proteins
into them via a type 3 secretion system (T3SS). These proteins inhibit the host’s immune
response by shutting down the host’s pro-inflammatory signalling pathways, by regulating
host cell survival and by inhibiting host leukocytes’ ability to phagocytose bacteria. The
fact that EPEC shares its secretion mechanisms with many other species of bacteria (eg
Salmonella) makes it key to study, with the aim of finding novel antibiotic treatments that
eradicate bacterial infections that behave in this way.
In this research, we develop a computational model to explore the dynamics between EPEC
and the host’s immune system both spatially and temporally. The resulting hybrid model
couples a volume-excluding agent-based representation of bacterial and leukocyte behaviour,
with a continuum description of the inflammatory response. In particular, we account for:
i) stochastic subcellular Gene Regulatory Networks that govern bacterial replication and
effector protein production and action of a generic aminoglycoside (antibiotic); ii) production of inflammatory mediators in response to infection (via a reaction-diffusion PDE); ii)
recruitment of leukocytes to the infection site in response to inflammatory status via a
chemotactically-biased random walk.
The infection dynamics are explored in detail via in silico experiments, to determine the
key EPEC virulence mechanisms, and to explore antibiotic strategies. Our results indicate
that EPEC’s ability to shut down pro-inflammatory signalling is its most effective virulence
mechanism, followed by its ability to inhibit phagocytosis. Integration of collaborators’
transcriptomic data (from experimental work undertaken in the Centre for Biomolecular
Sciences, University of Nottingham) within this model will provide new insight into infection
dynamics, and to new treatment approaches.
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Staphylococcus aureus is a hazardous bacterium, which is responsible for nosocomial- and
community-acquired infections globally. It is notorious for its multidrug resistance, which
leads to recurrent or chronic infections, and even life-threatening diseases. In chronic infections, the presence of a population of cells that suppress the function of T cells helps
the persistence of the bacterium. These cells are known as Myeloid Derived Suppressor
Cells (MDSC) and they consist of heterogeneous groups of immature myeloid cells. In this
study, our mathematical model sheds light onto whether the expansion of the MDSC during
chronic S. aureus infection takes place in the site of infection or systemically. We conclude
that the origin of the proliferation is predominantly systemic, and our conclusion is validated
by experimental data. Further analysis of the model suggests perturbation approaches to
destabilize such chronic infection equilibria in the system, which could induce clearance.
Experiments following up these mathematical predictions were conducted and experimental
results confirmed the model-driven suggestions revealing MDSC reduction, recover of T cell
function and complete clearance from S. aureus.
Acknowledgements: LAP was supported by the German Federal Ministry of Education and
Research within the initiative e:Med-network of systems-medicine, project MultiCellML (FKZ:

01ZX01707C). SK was supported by the German Federal Ministry of Education and Research
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Viremia rebound is a common but undesirable phenomenon for various diseases, especially
for the Porcine Respiratory and Reproductive Syndrome (PRRS), a major concern for the
swine industry. What causes some individuals to experience viremia rebound while others
manage to steadily clear the virus has however been subject to much speculation. Hypotheses are the emergence of viral escape mutants, re-infection and differences in immune
competence.
To test this last hypothesis, we developed a mathematical model describing the within-host
immune response to PRRS infection. We included the major mechanisms found to influence PRRS infection, as well as their regulations at the between-cell scale. We developed a
rigorous ABC-like optimisation method to fit our model to an extensive set of experimental data, consisting of non-rebounder and rebounder viremia profiles. We then compared,
between both profiles, the estimated parameter values, the resulting immune dynamics and
the efficacy of the underlying immune mechanisms.
Confronted to experimental data, our model successfully captured the between-host variations observed in viremia data, including rebounds. Moreover, we found that rebound
was promoted by high apoptosis, high cell infection and low cytolysis by cytotoxic lymphocytes, while increasing neutralisation was very efficient to prevent rebounds. These results
show that viremia rebound can occur as a result of differences in the immune competence
alone and offers, for the first time, insights into potential causative immune mechanisms
generating rebound.
Acknowledgements: Support was provided by Inria Sophia Antipolis – Méditerranée “NEF”
computation cluster; the PRRS Host Genetics Consortium; the MIHMES project (ANR-10-BINF07, program “Investments for the Future”).
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We study an ODE system proposed by Burroughs et al. [1] that models immune responses by
CD4+ T cells, with the presence of Regulatory T cells (Tregs). Following the model by Pinto
et al. [2] and by Burroughs et al. [3], we assume that the secreting T cells have a lower death
rate than the non secreting T cells and that the active Tregs also have a lower death rate than
the inactive Tregs. Improving the results in Oliveira et al. [4], we present explicit formulas
that give the relation at equilibria between the concentration of T cells, the concentration
of Tregs and the antigenic stimulation of T cells. For some parameter values, we found
a hysteresis, characterized by a region of bistability, with two stable equilibria and one
unstable equilibrium, bounded by two thresholds of antigenic stimulation of T cells. At some
parameter values, we observe an unfold of the hysteresis. Moreover, we consider a model with
a linear tuning between the antigenic stimulation of T cells and the antigenic stimulation of
Tregs. For this model, we also present explicit formulas for the relation at equilibria between
the concentration of T cells, the concentration of Tregs and the antigenic stimulation of T
cells. In this model, the hysteresis is also present. Furthermore, for some parameter values,
we observe the appearance of an isolated region with equilibria, an isola, and for other
values of the parameters, we observe a transcritic bifurcation. Acknowledgements: Project
Dynamics, optimization and modelling PTDC/ MAT-NAN/ 6890/ 2014. and project POCI-010145-FEDER-006961, by FCT - Fundação para a Ciência e a Tecnologia, and by the ERDF European Regional Development Fund through the COMPETE 2020 Programme.
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