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Effects of human movement on disease persistence and disease prevalence

HiEM LEMmERE
Abstract: In this talk, based on an SIS patch model with standard incidence, we first show that
the basic reproduction number of the model is either strictly decreasing and strictly convex with
respect to the diffusion coefficient of infected subpopulation if the patch reproduction numbers
of at least two patches in isolation are distinct or constant otherwise. Biologically, it means that
fast diffusion of the infected people reduces the risk of infection. This completely solves and
generalizes a conjecture by Allen et al. (SIAM J Appl Math, 67: 1283-1309, 2007). Then we
give some general results on the local and global disease prevalence at the endemic equilibrium.
For the two-patch submodel, a complete classification of the model parameter space as to when
dispersal causes more or less infections than no dispersal is obtained. Particularly, fast diffusion
always decreases the basic reproduction number but may increase the overall disease prevalence,
highlighting the necessity of evaluating control measures with other quantities besides the basic
reproduction number.

Global dynamics of a susceptible-infectious-recovered epidemic model
with a generalized nonmonotone incidence rate

HAT ek

Abstract: A susceptible-infectious-recovered (SIRS) epidemic model with a generalized
nonmonotone incidence rate is considered. It is shown that the basic reproduction number R_0
does not act as a threshold value for the disease spread anymore, and there exists a sub-threshold
value R_*(<1) such that: (i) if R_O<R_*, then the disease-free equilibrium is globally
asymptotically stable; (ii) if R_0=R_*, then there is a unique endemic equilibrium which is a
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nilpotent cusp of codimension at most three; (iii) if R_*<R_0<1, then there are two endemic
equilibria, one is a weak focus of multiplicity at least three, the other is a saddle; (iv) if R_0 >
1, then there is again a unique endemic equilibrium which is a weak focus of multiplicity at least
three. As parameters vary, the model undergoes saddle-node bifurcation, backward bifurcation,
Bogdanov-Takens bifurcation of codimension three, Hopf bifurcation, and degenerate Hopf
bifurcation of codimension three.

Spread rates of a juvenile-adult population in constant and temporally
variable environments

HRE TRAE

Abstract: The question of how growth, dispersal, and environmental factors affect the
persistence and spread of an invasive species is of great importance in spatial ecology.
Motivated by the fact that in a species, different development stages may have different vital
rates and dispersal characteristics, we propose and study a reaction-diffusion juvenile-adult
model, which is a natural extension of the classical Fisher's equation. We investigate the spread
rates of the population if persistent. By comparing our juvenile-adult model with the physically
unstructured Fisher model, we find that Fisher equation can be approximated by our juvenile-
adult model in several ways. Accordingly, the spreading speed for Fisher's model represents a
special case of that for the juvenile-adult model. We analyze how the vital rates and different
dispersal abilities between juveniles and adults influence the spreading spread of the structured
population, the results indicate that the juvenile-adult model provides more insights into
population spread than Fisher equation. We then study a reaction-diffusion juvenile-adult
model with temporally periodic coefficients. We develop a novel numerical method to calculate
the spreading speed under temporal variability. Finally, we utilize the time-periodic model to
understand the spatial spread of a population with separate breeding and non-breeding seasons.
In particular, we scrutinize how the seasonal variation in vital rates and dispersal rates, and the
duration of the breeding season affect the spreading speed of the population. The theory
developed here can provide effective strategies to control the spread of invasive species.

A stochastic model explains the periodicity phenomenon of influenza in network

Bl LEERE

Abstract: Influenza is an infectious disease with obvious periodic changes over time. It is of
great practical significance to explore the non-environment-related factors that cause this
regularity for influenza control and individual protection. In this talk, based on the randomness
of population number and the heterogeneity of population contact, we have established a
stochastic infectious disease model based on the degree of the network, and used the van
Kampen expansion method to obtain the power spectral density function of the main equation.
The relevant parameters were obtained by fitting the influenza data of Sentinel hospitals.



Coinfection dynamics of heroin transmission and HIV infection
in a single population
ZEE FEIPERE

Abstract: We propose a model of a joint spread of heroin use and HIV infection. The unique
disease-free equilibrium always exists and it is stable if the basic reproduction numbers of
heroin use and HIV infection are both less than 1. The semi-trivial equilibrium of HIV infection
(heroin use) exists if the basic reproduction number of HIV infection (heroin use) is larger than
1 and it is locally stable if and only if the invasion number of heroin use (HIV infection) is less
than 1. When both semi-trivial equilibria lose their stability, a coexistence equilibrium occurs,
which may not be unique. We compare the model to US data on heroin use and HIV
transmission. We conclude that the two diseases in the US are in a coexistence regime.
Elasticities of the invasion numbers suggest two foci for control measures: targeting the drug
abuse epidemic and reducing HIV risk in drug-users.
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On the asymptotic behaviour of traveling wave solution for
a discrete diffusive epidemic model

X RELIKSE

Abstract: A recent paper [Y.-Y. Chen, J.-S. Guo, F. Hamel, Traveling waves for a lattice
dynamical system arising in a diffusive endemic model, Nonlinearity, 30 (2017), 2334-2359]
presented a discrete diffusive Kermack-McKendrick epidemic model, and the authors proved
the existence of traveling wave solutions connecting the disease-free equilibrium to the endemic
equilibrium. However, the boundary asymptotic behavior of the traveling waves converge to
the endemic equilibrium at infinite is still an open problem. In this talk, we investigate the above
open problem and completely solve it by constructing suitable Lyapunov functional and
employing Lebesgue dominated convergence theorem. This is a joint work with Dr Ran Zhang.



An age-structured mathematical model on mumps outbreaks
in Jiangsu Province, China

XTFT FHREKE

Abstract: Measles, mumps and rubella (MMR) vaccine program was introduced in Jiangsu
province of China in May 2008 and have greatly contributed to decreasing of mumps cases.
However, mumps is re-emerging after year 2015. A number of studies have put forward that
the resurgence of mumps is due to vaccine failure. In this report, we investigate other reasons
of the re-emerging of mumps, such as the changes in seasonal transmission patterns and
demographic structures using an age-structured mathematical model. We divided the history
(2005.01-2019.05) of mumps epidemics of Jiangsu province into three different stages (period):
no vaccine stage (2005.01-2008.12), effectively controlled stage (2009.01-2015.12) and
resurgence stage (2016.01-2019.05). The features of mumps epidemics in three stages, such as
seasonality and basic reproduction number RO, are compared under different demographic
structures with same physical contact rate. We found that the mumps transmission rate was
increasing in summer, changes in demographic structure is explained why the mumps outbreaks
among 10 years of children in stage | and among 5 years of children in stage I1l. We have
concluded that the vaccine failure, changes in seasonality and demographic structure were
associated with the mumps outbreak in recent years. We gives the patterns of mumps dynamics
considering age, vaccine and seasonality, which can help health program planners to implement
more preventive interventions in mumps control during the period of higher risk of infection.

Modeling the impact of air pollution on respiratory infection risk in China

=— BREJWERE
Abstract: China is now experiencing major public health challenges caused by air pollution,
and there are many challenges to quantify the dynamics of air pollution and its impact on the
risk of respiratory infection. This talk we would like to present our recent work on this topic,
and to show an integrated data analysis to quantify the association among air quality index
(AQI), meteorological variables and respiratory infection risk in Shaanxi province of China in
the period of November 15th, 2010 to November 14th, 2016. Our analysis illustrated a
statistically significantly positive correlation between the number of influenza-like illness (ILI)
cases and AQI, and the respiratory infection risk has increased progressively with increased
AQI with a time lag of 0-3 days. We also developed mathematical models (deterministic and
stochastic models) for the AQI trend and respiratory infection dynamics, incorporating AQI-
dependent incidence and AQI-based behaviour change interventions. Our combined data,
model identification and theoretical analysis estimated the basic reproduction number for the
respiratory infection during the studying period to be 2.4076, higher than the basic reproduction
number of the 2009 pandemic influenza in the same province. Moreover, some novel methods
have been developed for the SDE model, and the switching points related to the smog seasons
have been estimated. Our modelling-based simulations concluded that, in terms of respiratory
infection risk reduction, the persistent control of emission in the China's blue-sky programme
is much more effective than substantial social-economic interventions implemented only during
the smog days. Finally, I would like to mention that the non-smooth Filippov system could also
be used to model the smog season and non-smog season (switching system), and then to analyze
its dynamics.



HIV low viral load persistence under treatment: Insights from
a model of cell-to-cell viral transmission
8 [EREIMTEER

Abstract: In this talk, we develop a mathematical model that includes cell-to-cell viral
transmission to study HIV persistence. During cell-to-cell transmission, it is assumed that
various number of virus particles are transmitted with different probabilities and antiretroviral
therapy has different effectiveness in blocking their infection. We analyze the model by
deriving the basic reproduction number and investigating the stability of equilibria. Sensitivity
analysis and numerical simulation show that the viral load is still sensitive to the change of the
treatment effectiveness in blocking cell-free virus infection. To reduce this sensitivity, we
modify the model by including density-dependent infected cell death or HIV latent infection.
The model results suggest that although cell-to-cell transmission may have reduced
susceptibility to HIV drugs, HIV latency represents a major reason for HIV persistence in
patients on suppressive treatment.

Effect of spatial and temporal heterogeneity on disease transmission dynamics
e TIZREARF

Abstract: There are many challenges to quantifying and evaluating the impact of spatial and
temporal heterogeneity on infectious diseases transmission dynamics. In this talk, we initially
proposed a delay differential model, associated with the response time for mass media to cover
the current infection and for individuals’ behavior changes to media coverage. With two time
delays, we comprehensively investigated the local and global bifurcation by considering the
summation of delays as a bifurcation parameter. Main results show that either the media
described feedback cycle, from infection to the level of mass media and back to disease
incidence, or time delays can induce Hopf bifurcation and result in periodic oscillations. This
indicates that the delayed media impact leads to a richer dynamics that may significantly affect
the disease infections. We then proposed a SEIRS-type reaction-diffusion model to examine
the spatial heterogeneity and obtained the basic reproduction number (RO), which is connected
with the principal eigenvalue of a linear cooperative elliptic system. Threshold-type results on
the global dynamics in terms of RO are established. The monotonicity of RO with respect to the
diffusion rates of the exposed and infected individuals is established in several cases. This is
joint work with Dr Pengfei Song and Prof Yuan Lou.

Mathematical analysis and application of a cholera transmission model with waning
vaccine-induced immunity

I PR

Abstract: Cholera is a common infectious disease caused by Vibrio cholerae, which has
different infectivity. In this work, a cholera infection model with vaccination is investigated, in
which hyperinfectious and hypoinfectious vibrios, both human-to-human and environment-to-
human transmission pathways, and waning vaccine-induced immunity are considered. The
basic reproduction number is calculated and verified to be a threshold determining the global
dynamics of the model. In addition, an application is demonstrated by investigating the cholera
outbreak in Somalia, and the relevant control measures in the short term are given by elasticity
and sensitivity analysis.
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Noise-induced transitions in a nonsmooth producer—grazer model
with stoichiometric constraints

F=9 EEEITKE

Abstract: Stoichiometric producer—grazer models are nonsmooth due to the Liebig’s Law of
Minimum and can generate new dynamics such as bistability for producer—grazer interactions.
Environmental noises can be extremely important and change dynamical behaviors of a
stoichiometric producer—grazer model. In this paper, we consider a stochastically forced
producer—grazer model and study the phenomena of noise induced state switching between two
stochastic attractors in the bistable zone. Namely, there is a frequent random hopping of phase
trajectories between attracting basins of the attractors. In addition, by applying the stochastic
sensitivity function technique, we construct the confidence ellipse and confidence band to find
the configurational arrangement of equilibria and a limit cycle, respectively.

Modeling and dynamics of Zika transmission with contaminated
aquatic environments
BYE  FEEMEMRKE

Abstract: Since the outbreak in Brazil, Zika has received the worldwide attention. Zika virus
is mainly transmitted via the bites of Aedes mosquito. Recently, experimental evidence
indicates that Zika virus in contaminated aquatic environments can be transmitted to aquatic
mosquitoes through breeding. To study the effects of contaminated aquatic environments on
Zika transmission, we propose a new Zika model by introducing a general incidence function.
We calculate the basic reproduction number, analyze the stability of disease free equilibria, and
give general conditions with the occurrence of backward bifurcation. Analysis results suggest
that transmission force from contaminated aquatic environments to aquatic mosquitoes plays
an important role in generating complex dynamics.

Traveling waves for a nonlocal viral infection dynamical model
KR THRKRE

Abstract: In this paper, the minimal wave speed problem of a viral infection dynamical model
with nonlocal diffusion operator is studied. Firstly, the existence of traveling semi-front
connecting to the virus-free steady state for ¢ > c* is obtained by using Schauder’s fixed point
theorem and limiting arguments, where cx is the minimal wave speed. In order to use Lyapunov
method to show that such traveling semi-front is indeed a traveling front connecting to the
positive steady state, some boundedness estimations about the wave are given by adopting
rescaling methods and comparison principle. Secondly, the existence of traveling front for ¢ =
c* is established via limiting arguments, and the nonexistence of traveling front is shown by
Laplace transform. Finally, the relationships between minimal wave speed and asymptotic
spreading speed, and the influences of diffusion mode and diffusion ability on minimal wave
speed or asymptotic spreading speed are investigated via simulations.
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Mathematical modeling about the scheduling of combination
cancer therapy with immune checkpoint inhibitors

BHEZ FEARKE

Abstract: There has been much progress in recent years in developing checkpoint inhibitors,
primarily PD-1 antibodies and PD-L1 antibodies. However, because of lack of tumor-
infiltrating effector T cells, many patients in clinical trials do not respond to checkpoint
inhibitor treatment. It was recently suggested that the combination of an immune checkpoint
inhibitor and another anti-tumor drug, such as a chemotherapy drug or radiotherapy, may
function synergistically to induce more effective antitumor immune responses. The questions
in the design of cancer clinical trials with combination of two drugs includes in which
proportion (dosage) and in which order to administer the drugs. In this talk, I will address the
scheduling question by mathematical modeling approaches. We considered the combination
therapies of cancer with a checkpoint inhibitor and a cancer vaccine (or anti-VEGF) using
mathematical models. We use mathematical models to explore the efficacy (synergistic or
antagonistic) of the two drugs and the appropriate dosage and timing of the combination
treatment.

From single-cell based modeling to population dynamics
EE REIWRE

Abstract: In understanding the evolution process of a multicellular system, it is challenging
issue to establish the relationship that connects the microscopic state of individual cells with
the macroscopic population dynamics. In this talk, I will introduce a framework of individual-
cell based computational modeling and the related mathematical model. Moreover, in order to
describe the dynamics of intrinsic state of individual cells, we introduce the concept of single-
cell entropy (scEntropy) based on single cell RNA sequencing data, which can be used to
describe the order parameter of gene expressions in a single cell. The main point of this talk is
trying to establish a connection between microscopic information and macroscopic states in
multicellular systems.
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Landscape and flux quantify the stochastic transition dynamics for
p53 cell fate decision

FHEH RBEXR%¥

Abstract: The p53 transcription factor is a key mediator in cellular responses to various stress
signals including DNA repair, cell cycle arrest, and apoptosis. In this work, we employ
landscape and flux theory to investigate underlying mechanisms of p53-regulated cell fate
decisions. Based on a p53 regulatory network, we quantified the potential landscape and
probabilistic flux for p53 system. The landscape topography unifies and quantifies three cell
fate states, including limit cycle oscillations (representing cell cycle arrest), high p53 state
(characterizing apoptosis), and low p53 state (characterizing normal proliferative state).
Landscape and flux results provide a quantitative explanation for the biphasic dynamics of p53
system. In the oscillatory phase (first phase), landscape attracts the system into the ring valley
and flux drives the system cyclically moving, leading to cell cycle arrest. In the fate decision-
making phase (second phase), the ring valley shape of landscape provides an efficient way for
cells to return to normal proliferative state once DNA damage is repaired. If the damage is
unrepairable with larger flux, the system may cross the barrier between two states and switch
to apoptotic state with high p53 level. By landscape-flux decomposition, we revealed a trade-
off between stability (quaranteed by landscape) and function (driven by flux) in cellular systems.
Cells need to keep a balance between appropriate speed to repair DNA damage and appropriate
stability to survive. This is further supported by flux landscape analysis showing that flux may
provide dynamical origin of phase transition in non-equilibrium system by changing landscape
topography.

Dynamics of a structured predator-prey system with predator cannibalism

FEE BRAARBRE

Cannibalism as a behavioral trait is prevalent in some species. A structured predator-prey
system with predator cannibalism is investigated, where the growth of the prey is subject to two
ways, the exponential form and the logistic model, in the absence of the predator. The effects
of the cannibalism attack rate and the corresponding benefit rate of cannibals on model
dynamics are analyzed. Complex phenomena, including the bistability, the existences of two
positive equilibria and stable/unstable periodic solution, are found. Some quantities with clear
biological meanings are defined. Conditions determining the local and global dynamics of the
model in terms of these quantities are established. The sufficient conditions ensuring the global
stability of equilibria are found by constructing appropriate Lyapunov functions. Our results
show that, when the growth of the prey is subject to the logistic model, the final states of
populations would depend on not only the related model parameters but also the initial
conditions of solutions for certain cases.
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Modeling tissue hierarchical architecture
A& EITRE#
Abstract: Many fast renewing tissues are characterized by a hierarchical cellular architecture,
which would minimize the risk of the accumulation of genomic damage in the long-term self-
renewing stem cells. In this talk, we will review some mathematical models about the cellular

hierarchy. Specifically, we are concerned about different modes of cell proliferation, cell
differentiation and de-differentiation, cell competition, and their effects on the risk of cancer.

BB BB G T7 30 A Y
EfRM PURKE

Abstract: | first introduce the mathematical models of prostate cancer, where stochastic noises
are introduced or immunotherapy using dendritic cells as antigen-presenting cells is
incorporated. The threshold conditions between extinction and persistence in mean for the
stochastic system are obtained where noises play an important role in persistence and extinction
of tumor cells. Then | talk about the second model where immunotherapy is considered. It is
shown that the model admits the complex behaviors such as a saddle-node bifurcation, Hopf
bifurcation, Bogdanov-Takens bifurcation and generalized Hopf bifurcation. These suggest that
the vaccines amount and T-cells killing efficiency of tumor cells have a significant effect on
tumor cells, which provides new insights to improve treatment outcomes even for patient with
a weak immune system.

Quantitative integration of radiomic and genomic data improves survival
prediction of low-grade glioma patients

AFHF DK
Abstract: Brain tumors are considered to be almost the most fatal type of cancer. In this study,
we combine the machine learning method and network analysis to integrate radiomic and

genomic data for lower grade gliomas. Results demonstrate that the proposed method and
integrated index can improve survival prediction of lower grade gliomas.
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