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Introduction

The last four decades have been particularly marked
by devastating diseases. During this period, humanity has
experienced plagues such as SARS, bird Flu, Ebola, Chikun-
gunya, COVID-19 in addition to diseases that were already
decimating populations.

Health agents have set to work fighting these scourges
by putting their own lives in danger. Their work has been
remarkably supported by researchers in Mathematics and
Computer Science in the sense that, when an effective cure
for a disease lacks, measures could be taken to minimize its
spread. Recently, equation-based models (from Mathematics)
and agent-based models (from Computer Science) have
proven effective in the fight against infectious diseases.

However, there are two points of view when one deals
with the dynamics of a disease spread: the first point of view
concerns the disease evolution in the host organism (intra)
and the second one concerns its evolution in the population
(extra). In many scientific publications, the two aspects are
studied separately even if they contribute to the understanding
of the same phenomenon.

Since the seminal work of Ross in the 1910s and of
MacKendrick in the 1920s-1930s, different mathematical
models have been proposed both in the intra and extra context.

The first model used in epidemiology that described
smallpox infection was published in 1766 by Daniel Bernoulli
[1]. It was the first time that the whole epidemiological
observations on smallpox were collected, combined with
demographic data of that time, and inserted into a mathe-
matical model in order to verify hypotheses and to assess the
cost-benefit ratio of variolation (preventive inoculation of
smallpox for immunization of the subject) [2].

In the continuation of the above-mentioned work, several
other researchers have contributed to the study of infectious
disease dynamics. In [3], a SEIAR (Susceptible-Exposed-
Infectious-Asymptomatic-Recovered) model is compared to
an agent-based one to understand the dynamics of COVID-19
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spread. A SEIRD (Susceptible-Exposed-Infected-Recovered-
Deceased) with three forms of infection (benign, respiratory,
and severe forms) is presented in [4]. Other mathematical
models to control the spread of infectious diseases are studied
in [5-15].

The remainder of the paper is organized as follows: First,
I define some key concepts (Section 2), then I suggest a novel
approach to study the spread of infectious diseases (Section 3).
Finally, I conclude the study and give some recommendations
for future works (Sections 4,5).

Basic terminology

Model: A model is a representation of a reality obtained
by retaining only the aspects essential to its understanding. It
is a reality simplified representation. Thus, a model is never
an exact reproduction of reality but rather its clarified and
purified image. A model always relates to what one hopes to
deduce from it. Different models may refer to the same object
depending on what one is interested in. Modeling is the action
of constructing a model.

Equation-Based Model (EBM): An EBM is a model
consisting of mathematical equations (generally differential
equations). One must evaluate these equations to execute the
model.

Most mathematical models are built on EBMs. Particularly
in epidemiology, it has been shown that in case of a lack of
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a cure for an infectious disease, certain measures should
be taken to mitigate the damage. Mathematical models
supported by computer simulations allow for determining the
factors that most influence the spread of disease. Thus, such
an approach can help to decide on one measure rather than
another to fight against the disease.

Among such models, we can mention SI, SIS, SIR, SEIR,
SEIRS, SEIRD, etc. This approach provides an analysis of
the model’s pure mathematical characteristics such as the
positivity of the solution, the uniqueness of the solution,
the endemic and the disease-free equilibria, the stability of
equilibrium points, and the basic number of reproduction [3].

Agent-Based Model (ABM): ABMs derive from artificial
intelligence, essentially from multi-agent systems (MAS). Such
models allow the description of each agent’s behavior using
an algorithm [5]. They are more precise and very close to
reality. Biologists, mathematicians, and computer scientist’s
work together to develop high-tech tools in order to simulate
models for infectious diseases spread [16].

Intra modeling: In epidemiology, an intra-model is
a representation of the evolution of a disease in the host
organism. Most diseases do not show up immediately. They
need an incubation time to make the host sick. Even during
the incubation period, some of them are often transmitted
from person to person. Hence the need to take this reality into
account in the model.

Extra modeling: An extra model concerns the way a
disease spreads in the population. Compartmental models
study the different states of this evolution (compartments
of susceptible, exposed, infected, asymptomatic, recovered,
quarantined, deceased, etc.).

Combining intra and extra models

In this paper, I advocate the hybridization of intra and
extra points of view when dealing with infectious disease
spread. Such an approach has already been used to study the
dynamics of malaria and TB spread [17,18]. Proceeding in this
way would make it possible to take into account, in the model,
the incubation period of the disease as well as the other
parameters, both endogenous and exogenous.

For example, the cure and the quarantine could be
combined to study both intra and extra-disease evolution.

In[17] arigorous mathematical analysis is given along with
the basic reproduction number (R ) for TB dynamics control
in DRC. The study shows that loss to follow-up and transferred
people constitute a risk, but still less than germ-carrying cases.
Latent/exposed rapidly evolving cases are responsible for the
increase in incidence in the short and medium term, while
the evolution of latent/exposed cases will be responsible for
the long-term persistence of the incidence and maintenance
of tuberculosis and to delay elimination in the population.
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Finally, the authors prescribe contact monitoring, detection of
latent people, and treatment to control TB in the population.

An EBM is presented in [18] to model the spread of malaria
in human and mosquito populations. Authors find that the
disease-free equilibrium is locally asymptotically stable when
the basic reproduction number is less than 1 and unstable
when R > 1.

In Figure 1 below, [ propose a model to study infectious
disease spread phenomena. Intra and extra models are to be
placed in the places indicated in the suggested model.
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Figure 1: A hybrid model for infectious disease dynamics.

Conclusion

In this article, I advocate the combination of intra and
extra-modeling to study the spread of infectious diseases.
Such a representation is more realistic than those that have
chosen to study the problem using a single point of view.

Hybridizing intra and extra points of view allows for
dealing with a complex and realistic model taking into account
endogenous and exogenous parameters. Then, ABM or EBM
can be used solely or combined to build the entire model.

Future works

The greatest challenge in an epidemiological study is to
combine these two approaches (intra and extra) in modeling
an epidemic such as Ebola, Cholera, or even COVID-19. It will
be a question of adequately placing the intra and the indicated
places while considering that the entry to the intra phase is
consecutive to the infection. Thus, susceptible (S), exposed (E),
and infected (I) compartments, if they have to be considered
in the model, will be placed before the intra-phase.
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