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Special Session 70: Modeling and Dynamics of Infectious Diseases

Abba Gumel, University of Manitoba, Caada
Tufail Malik, University of Manitoba, Canada

The mini-symposium will focus on the modeling and dynamics analysis of mathematical models for the
spread of emerging and re-emerging infectious diseases in populations. An essential feature of the mini-
symposium is the emphasis on the use of state-of-the-art techniques, theories and new applications associated
with the use of dynamical systems in modeling the spread of diseases in populations. Current modeling and
mathematical challenges will also be discussed.

E↵ects of mixed Plasmodium malariae and
Plasmodium falciparum infections on the dy-
namics of malaria

Christinah Chiyaka
University of Florida, Emerging Pathogens Institute,
USA
chrischiyaka@gmail.com
Zindoga Mukandavire, Prasenjit Das, Farai
Nyabadza, Senelani D. Hove Musekwa, Henry
Mwambi

Malaria continues to threaten the lives of people
around the world, despite being preventable and
treatable. Di↵erent factors a↵ect the epidemiology
and clinical outcomes of malaria. To investigate im-
portance of mixed species infection, in the spread of
malaria, a deterministic model for dual infection of
Plasmodium malariae and Plasmodium falciparum is
presented. Qualitative analysis of the model is per-
formed. In addition to the disease free equilibrium,
we show that there exists a boundary equilibrium
corresponding to each species. The isolation re-
productive number of each species is computed as
well as the reproductive number of the full model.
Conditions for global stability of the disease free
equilibrium as well as local stability of the boundary
equilibria are derived. The model has an interior
equilibrium which exists if at least one of the iso-
lation reproductive numbers is greater than unity.
Among the interesting dynamical behaviors of the
model, the phenomenon of backward bifurcation
where stable boundary equilibrium coexists with a
stable interior equilibrium, for a certain range of the
associated invasion reproductive number less than
unity is observed. Results from analysis of the model
show that, when cross-immunity between the two
species is weak, there is a high probability of coex-
istence of the two species and when cross-immunity
is strong, competitive exclusion is high. Further, an
increase in the reproductive number of species i in-
creases the stability of its boundary equilibrium and
its ability to invade an equilibrium of species j.
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Mathematical Analysis of Chikunguya Model
with Time Delay

Salisu Garba
University of Pretoria, South Africa
Salisu.Garba@up.ac.za

Chikungunya is a viral disease that is spread by
mosquitoes. The disease, which resembles dengue
fever, is spread in Africa, Asia and the Indian sub-
continent (and also, in recent decades, in Europe
and the Americas). It accounted for over 1.25 mil-
lion cases in India alone in 2006. In this talk, a
deteministic model with time delay (accounting for
the incubation period of the disease) is used to study
the transmission dynamics of the disease in a given
population. Qualitative analyses of the model reveals
the presence of the phenomenon of backward bifurca-
tion in the model when the associated reproduction
number (R0) is less than unity (this, in turn, makes
disease control di�cult). Simulations are carried out
to investigate the e↵ect of time delay on the disease
dynamics (and control). Analysis of the model shows
that, the disease will persist, whenever R01. Further-
more, an increase in the length of incubation period,
increases the chikungunya burden in the community
if a certain threshold quantities, denoted by �b and
�v are positive.
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Backward bifurcations in disease transmission
models

Abba Gumel
University of Manitoba, Canada
gumelab@cc.umanitoba.ca

Backward bifurcation, a phenomenon where a stable
disease-free equilibrium typically co-exists with a sta-
ble endemic equilibrium, is known to have important
consequences on the e↵ective control or persistence of
the disease in a population. The talk discusses some
common and new causes of backward bifurcation in
Kermack-McKendrick-type deterministic compart-
mental models for the spread of some emerging and
re-emerging diseases.
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The e↵ects of pre-existing immunity on infec-
tious diseases

Jane He↵ernan
York University, Canada
jmhe↵er@yorku.ca

Immune system memory (or immunity) is gained
as a result of primary infection or vaccination, and
boosted by later vaccinations or secondary infec-
tions. The components of immune system memory
(i.e. T-cells, antibodies) are primed to react and fight
quickly against future infections of strains related to
those previous experienced by an individual. The ex-
istence of immunity, thus a↵ects an individual, but
will also a↵ect the spread of a disease in a population
by reducing transmission. The extent of the e↵ects of
immunity on an individual, and how this translates
to the population are not well understood. In this
talk we will focus on di↵erent aspects of immunity
with di↵erent diseases as case studies.

�!1 ⇧1 �

Modeling recent outbreaks of Dengue Fever
in Pakistan

Adnan Khan
Lahore University of Management Sciences, Pakistan
adnan.khan@lums.edu.pk
Mudassar Imran, Kanwal Rizvi

Dengue is a mosquito borne disease prevalent in
the tropical and subtropical countries including Pak-
istan. We evaluate Pakistans dengue situation and
compare this to epidemic trends in di↵erent coun-
tries including Brazil. We propose a deterministic
mathematical model incorporating the transmission
of di↵erent strains of dengue and identify a num-
ber of factors related to the spread of the disease
in Pakistan. Using data from recent outbreaks we
determine the value of basic reproductive number
and compare it with the basic reproductive number
evaluated in di↵erent countries including Brazil.
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Mathematical insights in evaluating e↵ective-
ness of interventions for HIV prevention

Yang Kuang
Arizona State University, USA
kuang@asu.edu
Yuqin Zhao, Hao Liu, Dobromir Dimitrov

Mathematical models have been used to simulate
HIV transmission and to study the use of chemopro-
phylaxis among men-who-have sex with men. Often
a single intervention outcomes based on cumulative
number or fractions of infections prevented, on re-
duction in HIV prevalence or incidence have been

used to evaluate the e↵ectiveness of PrEP interven-
tions. These indicators express a wide variation over
time and often disagree in their forecast on the suc-
cess of the intervention. We develop a deterministic
mathematical model of HIV transmission to evaluate
the public-health impact of oral PrEP interventions,
compare PrEP e↵ectiveness with respect to di↵erent
evaluation methods and analyze its dynamics over
time. We compare four traditional evaluation meth-
ods including relative reduction in HIV prevalence
and incidence which are considered to avoid the am-
biguity associated with commonly used indicators
based on the absolute number of prevented infec-
tions. We consider two additional methods which
estimate the burden of the epidemic to the public-
health system. We also investigate the short term
and long term behavior of these indicators and the
e↵ects of key parameters on the expected benefits
from PrEP use.
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A data driven spatiotemporal rabies model
for skunk and bat interaction in Northeast
Texas

Hao Liu
Arizona State University, USA
robertnsfz86@gmail.com
Rebecca K. Borchering, Mara C. Steinhaus,
Carl L. Gardner, Yang Kuang

We formulate a simple partial di↵erential equation
model in an e↵ort to qualitatively reproduce the
spread dynamics and spatial pattern of rabies in
northeast Texas region with overlapping reservoir
species (skunks and bats). Most existing models
ignore reservoir species or model them with patchy
models by ordinary di↵erential equations. In our
model, we incorporate interspecies rabies infection
in addition to rabid population random movement.
We apply this model to the confirmed case data
from northeast Texas with most parameter values
obtained or computed from existing literatures. Re-
sults of simulations using both the skunk only model
and our skunk and bat model demonstrate that the
model with overlapping reservoir species more accu-
rately reproduces the progression of rabies spread in
northeast Texas.
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The impact of an imperfect vaccine and Pap
cytology screening on the transmission dy-
namics of Human Papillomavirus and Cervi-
cal Cancer.

Tufail Malik
University of Manitoba, Canada
malik@cc.umanitoba.ca
J Reimer, A B Gumel, E H Elbasha, S M
Mahmud.

The talk will address the problem of the transmission
dynamics of human papillomavirus in a population.
A new sex-structured model, which takes into ac-
count the associated multiple cervical intraepithelial
neoplasia stages, will be used to assess the combined
impact of Pap cytology screening and a vaccine on
the disease dynamics and the associated dysplasia.
Rigorous qualitative analysis will be presented. Sim-
ulation results, using a realistic set of parameter
values, will also be discussed.
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Avian influenza: Modeling and implications
for control

Maia Martcheva
University of Florida, USA
maia@ufl.edu

At present H5N1 avian influenza is a zoonotic disease
where the transmission to humans occurs from in-
fected domestic birds. Since 2003 more than 500 peo-
ple have been infected and nearly 60% of them have
died. If the H5N1 virus becomes e�ciently human-
to-human transmittable, a pandemic will occur with
potentially high mortality. A mathematical model
of avian influenza which involves human influenza
is introduced to better understand the complex epi-
demiology of avian influenza and the emergence of a
pandemic strain. The model is parameterized based
on demographic and epidemiological data on birds
and humans. The di↵erential equation system faith-
fully projects the cumulative number of H5N1 human
cases and captures the dynamics of the yearly cases.
The model is used to rank the e�cacy of the cur-
rent control measures used to prevent the emergence
of a pandemic strain. We find that culling without
repopulation and vaccination are the two most e�-
cient control measures each giving 22% decrease in
the number of H5N1 infected humans for each 1%
change in the parameters. Control measures applied
to humans, however, such as wearing protective gear,
are not very e�cient, giving less than 1% decrease
in the number of H5N1 infected humans for each
1% change in the parameters. Furthermore, we find
that should a pandemic strain emerge, it will invade,
possibly displacing the human influenza virus in cir-
culation at that time. Moreover, higher prevalence
levels of human influenza will obstruct the invasion
capabilities of the pandemic H5N1 strain. This e↵ect

is not very pronounced, as we find that 1% increase
in human influenza prevalence will decrease the inva-
sion capabilities of the pandemic strain with 0.006%.
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General comments on the construction of
mathematical models for predator-prey in-
teractions

Ronald Mickens
Clark Altanta University, USA
rmick23756@aol.com
Ronald E. Mickens

Mathematical modeling of interacting populations
can provide valuable insights into important features
of these systems. Further, when combined with rel-
evant mathematical analysis and data, these models
may also give rise to a fundamental understanding
of the nature of the systems. However, a critical
issue is that a priori no universal set of rules exist for
the (unique) construction of the models. In spite of
this weakness, broad classes of mathematical models
predict essentially the same general features for the
properties of their solutions. The main purpose of
this presentation is to discuss these issues and, in
particular, examine the role of dynamic consistency
in the modeling construction process. Explicit ex-
amples will be given to illustrate some consequences
of the application of dynamic consistency.
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Evaluation of diagnostic test for Lymphatic
Filariasis in Papua New Guinea using a math-
ematical model

Anuj Mubayi
Northeastern Illinois University, USA
anujmubayi@yahoo.com
Anuj Mubayi, Daniel Tisch, Marian Gidea,
Carlos Castillo-Chavez

Lymphatic Filariasis (LF) is a debilitating disease
endemic in developing countries around the world.
The prevalence of the LF in Papua New Guinea
(PNG) is considered the highest in the world. The
most feasible strategy for LF in many countries has
been Mass Drug Administration (MDA). But in
PNG previous rounds of MDA have not been suc-
cessful in eliminating LF. Optimal use of such con-
trol programs depends on our ability to accurately
identify infected individuals after populations have
received multiple rounds of MDA. Available diagnos-
tic tests have low and varying e�cacy and the value
of the tests for monitoring the end points of trans-
mission has not been validated. This study provides
a framework to test the value of new and existing
diagnostic/monitoring tools as prevalence decreases
because of MDW. In our model analysis, we use data
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from the ongoing and previous MDA field trials as
well as literature review from the PNG. The talk
will show results of the impact on the elimination
of Lymphatic Filariasis of the errors in five available
tests that include microfilarial level-, antigen- and
antibody-based tests.
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Understanding cholera transmission and in-
terventions using mathematical models

Zindoga Mukandavire
University of Florida, USA
zmukandavire@gmail.com

Cholera, a preventable disease, remains a global
cause of morbidity and mortality, capable of causing
periodic epidemic disease. Implementation of appro-
priate disease control e↵orts, including vaccination,
requires an understanding of transmission dynamics,
which may be best quantified by mathematical mod-
els. We explore the utility of mathematical models in
understanding transmission dynamics of cholera, and
in assessing the magnitude of interventions necessary
to control epidemic disease
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Mathematical models of binge drinking,
heroin epidemics, anorexia and bulimia

Giuseppe Mulone
University of Catania, Italy
mulone@dmi.unict.it

We introduce some mathematical models in the
Dynamics of Infectious Diseases. In particular, we
first develop a two-stage (four component) model
for youths with serious drinking problems and their
treatment. The youths with alcohol problems are
split into two classes, namely those who admit to
having a problem and those who do not. We study
the stability of the equilibria of a model of heroin
epidemics. Then, we propose a mathematical model
to study the evolution of the number of anorexic and
bulimic people, by analyzing the e↵ect of an educa-
tion coe�cient and the possible influence of media
on the spread of eating disorders. Finally, epidemic
models with evolution are considered where the dif-
fusion of individuals is influenced by intraspecific
competition pressures and are weakly a↵ected by
di↵erent classes. The nonlinear stability of some of
the models is proved by introducing new Liapunov
functions in the PDEs model.
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Impact of enhanced Malaria control on the
competition between Plasmodium falciparum
and Plasmodium vivax

Olivia Prosper
University of Florida, USA
prosper.olivia@gmail.com
Maia Martcheva

The primary focus of malaria research and control
has been on P. falciparum, the most severe of the
four Plasmodium species causing human disease.
However, there is substantial overlap between the
spatial distributions of Plasmodium falciparum and
Plasmodium vivax. We developed a mathematical
model describing the dynamics of P. vivax and P.
falciparum in the human and mosquito populations
and fit the model to clinical case data to under-
stand how improving malaria interventions a↵ects
the competition between the two species. We ad-
dressed the uncertainty in parameter estimates by
performing a parametric bootstrapping procedure.
This procedure predicted that P. vivax outcompet-
ing P. falciparum is the most likely outcome based on
our model. Moreover, the predictions of our model
are counter to what one expects based on the case
data alone. Although the proportion of cases due to
falciparum has been increasing, the fit of our model
to the data reveals that this observation is insu�cient
to draw conclusions about the long-term competitive
outcome of the two species.
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Robust uniform persistence and competitive
exclusion in a nonautonomous multistrain SIR
epidemic model with disease-induced mortal-
ity

Paul Salceanu
University of Louisiana, Lafayette, USA
salceanu@louisiana.edu
Azmy S. Ackleh

We consider a nonautonomous version of the (au-
tonomous) SIR epidemic model of Ackleh and Allen
(2003), for competition of n infection strains in a
host population, and focus on new questions, mainly
regarding robust uniform persistence of the total
population, as well as of the susceptible and infected
subpopulations. We show that the first two forms
of persistence depend entirely on the rate at which
the population grows from the extinction state, re-
spectively the rate at which the disease is vertically
transmitted to o↵spring. We also discuss the com-
petitive exclusion among the n infection strains,
namely when a single infection strain survives and
all the others go extinct. Numerical simulations
are also presented, to account for the situations not
covered by the analytical results. The approach we
developed here is general enough to apply to other
nonautonomous epidemic models.
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Global dynamics of cholera models with dif-
ferential infectivity

Zhisheng Shuai
University of Victoria, Canada
zshuai@uvic.ca

Cholera is a bacterial disease that can be transmitted
to humans directly by person-to-person contact or
indirectly via the environment (mainly contaminated
water). An ordinary di↵erential equation model for
cholera dynamics is formulated that includes these
two transmission pathways with nonlinear incidence,
as well as stages of infection and infectivity states
of the pathogen. Lyapunov functions and a graph-
theoretic approach are used in the model analysis
to show that a basic reproduction number gives a
sharp threshold determining whether cholera dies
out or becomes endemic. A further model that in-
cludes temporary immunity using distributed delays
is formulated. Numerical simulations show that os-
cillatory solutions may occur for parameter values
taken from the literature on cholera data, and di↵er-
ential infectivity may alter the existence, amplitude
and period of oscillations in cholera prevalence.
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Heterogeneity in the infectiousness of humans
in the dynamics of malaria transmission and
control.

Miranda Teboh-ewungkem
Lafayette College, USA
tebohewm@lafayette.edu
Abba Gumel, Chandra Podder

The purpose of this talk is to present an exploration
and a discussion of a heterogeneous population-level
model for assessing the role of gametocyte density on
malaria transmission dynamics. Studies have shown
a positive correlation between gametocyte density
and infectiousness to mosquito, but this correlation
was qualified as loose. In fact, other studies have
shown that there are low or non-infectious high-
density gametocyte carriers and highly infectious
low-density gametocyte carriers with infectious in-
dividuals having undetected levels of gametocytes.
Hence, the successful transmission of parasites to a
mosquito is more about ”quality” than quantity and
infectiousness cannot be simply explained by parasite
density. Therefore, we seek to present and analyze
a model that takes into account the heterogeneous
nature of infectious humans based on ”quality” and
quantity which may seriously impact the contact
rates and infectiousness of humans to mosquitoes
and the overall dynamics of malaria transmission
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Mathematical analysis of a virus dynamics
model with general incidence rate and cure
rate

Abdessamad Tridane
ASU, USA
tridane@asu.edu
Khalid Hattaf, Noura Yousfi

The rate of infection in many virus dynamics models
is assumed to be bilinear in the virus and uninfected
target cells. In this paper, the dynamical behavior
of a virus dynamics model with general incidence
rate and cure rate is studied. Global dynamics of
the model is established. We prove that the virus is
cleared and the disease dies out if the basic reproduc-
tion number R0 = 1 while the virus persists in the
host and the infection becomes endemic if R0 > 1.
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The impact of temperature on the establish-
ment of Lyme disease Tick Vector Ixodes
Scapularis

Xiaotian Wu
York University, Canada
wxt1109@mathstat.yorku.ca
Yijun Lou, Venkata R.Duvvuri, Nicholas
H.Ogden, Jianhong Wu

A stage-structured periodic deterministic model was
formulated to simulate the impact of temperature on
the tick (Ixodes scapularis) survival and seasonality
at Long Point, Ontario, Canada. 7 season-based
model coe�cients were parameterized using Fourier
series analysis by fitting temperature and tick data.
We derived the basic reproduction number for the
tick population, R0, as the number of new female
adult ticks produced by an index female adult tick
when there are no density dependent constraints
acting anywhere in the life cycle of the tick popula-
tion. We confirmed that, both mathematically and
numerically, the tick would go to extinction when
R0 < 1, and found the successful tick invasion and
persistence when R0 > 1. A minimum degree-days
threshold in a one year to identify whether the tick
population extinct or not was found. A global sen-
sitivity analysis based on popular Latin Hypercube
Sampling (LHS) sampling method was performed
which demonstrated the mean monthly temperature
in June, July, August would more significantly sen-
sitive to establish the tick population. Therefore
temperature would significantly influence the risk of
tick establishment in a habitat.
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