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The expanding area of Artificial Intelligence is playing a vital role in healthcare practices
and research, and as medical field is rich in data can become difficult to interpret, the Al
techniques present the preeminent solution to enhance the medical field achievements, thus
as novel epidemiology and pathogens presents a critical and emerging issue for global
health, the aim of the work presented in this paper is to structure a CBR framework that aid
in the patients diagnosis of novel epidemiology presence, the novel pandemic Corona-virus
disease (COVID19). The objective of this study is to highlight the Case Based Reasoning
(CBR) Al method which is one of the most successful applied methods in the medical field,

used for analysis, prediction, diagnosis, and recommendation treatment. This study
proposes a CBR conceptual framework for COVID-19 disease prediction, able to aid in the
diagnosis, to provide self-health assistant and to guide people in self testing and checking.

1. INTRODUCTION

Artificial intelligence applied to medical domain has
recently made headlines, as health systems became
overburdened and under resourced to handle the new
challenges of daily life with the growing populations, a
massive number of researches is ongoing and with machine
learning tools models are developed to predict diseases, illness,
aid in early diagnosis, drug discovery and manufacturing, and
as novel epidemiology and pathogens presents a critical and
emerging issue for global health, especially viral diseases that
are instantaneously and easily transmissible, highly
contagious and have uncharacteristic infectious periods, like
the major current pathogen that is targeting the human
respiratory system, the novel pandemic Corona-virus disease
COVID-19, which resulted in major quarantines throughout
the world to prevent further spread, caused by severe acute
respiratory syndrome (SARS-COV?2) [1], that represents the
causative agent of a potentially lethal disease.

Precedent outbreaks of corona-viruses are the severe acute
respiratory syndrome (SARS) and the Middle East respiratory
syndrome (MERS) and they are characterized as agents of
massive public health threat, the incubation period of this virus
is set from 2 to 10 days [2], depending on the age and the
health status of the patient within 6 to 40 days with a median
of 14 it can cause death, the major symptoms of COVID-19
illness are fever, cough, shortness of breath, sore throat and
fatigue among other [2], and since COVID-19 symptoms are
very similar to other respiratory diseases and no definitive
vaccine exists yet, the treatment of patients is based on past
situations and similar or close viruses which is an identical
process of an artificial intelligence method the Case Based
Reasoning system (CBR) [3], that summarizes a common
human daily behavior in solving problems to a reasoning
method applied in the field of artificial intelligence by
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developing a computer programs that generates solutions to
new problems based on past cases, presented as a set of related
facts and knowledge.

CBR models the human cognitive thinking and reasoning,
it imitates the same mechanism of reusing past experiences
and projecting them on new encountered problems. Previous
solved problems, or cases, are reused in an intelligent form of
knowledge, relying on the basis that the more two problems
are similar or close, more similar their solutions will be.

CBR first roots were in the work of cognitive psychologist
and artificial intelligence theorist, Roger Schank [3], studying
the way humans solve problems he found out that most people
when they encounter new problems derives solutions based on
past experiences with the same or close conditions and
situations.

Applications fields of CBR ranges from law to medical to
machine learning and engineering to management and finance,
etc.

In the medical field CBR is modeled for all the tasks of
diagnosis, treatment, planning and aiding, achieved by
gathering cases and implemented by identifying significant
features that construct a case, the same way clinicians doctors
and physicians relies on past experiences to determine a new
patient status.

CBR system as learning method in the area of Al stores the
cases referred as the training examples in order to access them
later to solve new problems or to get a prediction by extracting
those cases that are similar or close to the new ones, and this
is achieved by accumulating data to build a model of
understanding of a new problem by storing the conditions of
the new problem, then establishing a collection of rules that
dictate when a given situation, we have one or more actions to
resolve it, the system is then focused on recognizing the
similarity of new problems to existing ones, where a case is a
record of a past situation or a problem that has been already
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solved, information are recorded considering the domain the
case will be associated with, detailed specifications of the
situation, description of all the attributes and circumstances of
the environment, along with the solution of that case with all
the facts and the steps making it successful solution and a
solved case, and it can be represented in different types and
formats which makes CBR the most flexible method.

This cases are indexed in a form of a computational data
structure that can speed up the search on the stored cases in
memory and to pres-elect cases according to some criteria for
example with important words such as terminologies (e.g.
nausea, itching, vomiting...) and their synonyms, or adjectives
(e.g. contagious, inflammation, abdominal pain or
discomfort...) and verbs (e.g. occur, function, cause...) that
make cases more precise. The input for the search process to
find similarities can be mapped in different formats, and
different methodologies are applied whether manual or
automated such as prototypes, symbols, vocabularies, clusters,
generalized cases, inverted indexes and networks.

CBR system consists on searching for past experiences,
adapting them to the new one, testing the solution to see
whether it works or not, storing the new one into memory if
efficient and is performed with a 4R process [4] (Figure 1).

Retrieval phase which consists on finding a case that is close
to the current one to retrieve the adequate solution.

Mechanism of finding a solved case that is similar to the
present situation, this phase is achieved by relying on
similarity algorithms or heuristic functions. A criterion and a
mechanism of control are required to search and retrieve the
most suitable and close case to the current one from the stored
cases.

This search can be conducted in two different ways:
whether a search for a whole case with all its features or by
portions as often features of many cases are built from other
cases, also the process of retrieving cases relies on the case
base model and the normalizing procedures that has been used
to store the cases and making it possible to apply distance
metrics.

Reuse phase where the retrieved case is proposed as a valid
solution to the current case, when it’s a simple case, this phase

is applied without any changes but in most cases it may
involve adapting it as needed in order to fit the features and
conditions of the new case.

Adaptation process recognizes the differences between the
new and retrieved cases by very different methods as
substitution, transformation, and derivation.

Revision phase is basically mapping the solution of the
previous retrieved case to the current one in real, it can be
achieved through a series of simulations or tests to evaluate the
proposed solution performance and to determine how well it
fits the new case.

Retention phase after a successful execution, this final
phase occurs to store and update the resulting case in memory
of the case base by determining whether it’s useful or not,
some cases may be rejected, other cases can involve removing
old ones from the case base to improve the CBR system and
making the CBR a learning system.

Each of these phases interact with the collection of cases,
by editing the case base or retrieving the solutions, which
makes CBR an incremental learning method being constantly
edited as the system searches for the closest case to the current
one and constantly updates the case base.

This 4R process of the CBR system provides a problem-
solving system that can generalize its previous experiences
allowing an application for the solutions of solved problems
made in similar and close circumstances to new situations.

In this paper, we propose a conceptual CBR framework
applied to the medical domain for the diagnosis and prediction
of the novel epidemiology the COVID-19 virus.

This framework compares COVID-19 patients of the CBR
system case base and predicts patients who have symptoms
related to COVID-19 disease.

The rest of the paper is organized as follows: Section 2
presents the medical CBR related work with the existing
applications of CBR in medical field. Section 3 provides a
summary of the new epidemiology. Section 4 describes the
proposed framework of CBR for the prediction of COVID-19
disease, and Section 5 concludes this work and presents the
future work.
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Figure 1. Case based reasoning cycle



Table 1. Medical CBR systems

CBR system Description
CASSEY Analyses a set of symptoms of patients with heart disease and delivers a diagnostic explanation [5]
BOLERO Diagnosis pneumonia, the cause of it and learns from its success and failures [6]
SHRINK Helps in psychiatric diagnosis [7]

MNAOMIA Treating psychiatric eating disorder [8]
AUGUST Helps prescribing neuroleptic drugs for Alzheimer patients [9]
SOMNUS Assists with the respiratory therapy in the sleep disorders [10]

CARE PARTNER Supports long term follow up care of stem cell transplant patients [11]

KASIMIR Diagnosis of breast cancer [12]
SIDSTOU Aid in tutoring of tourette syndrome [13]

MARLING Diabetes diagnosis and decision [14]

2. CASE BASED REASONING AND THE MEDICAL
FIELD

Medical field is rich in data and previous experiences and
it’s known that the diagnosis systems use previous records as
a source of base experiences to interpret and determine new
patient problems.

Clinicians and doctors generally start to practice with initial
experiences, then they use these previous experiences to derive
a solution for the new problems or situations, they use the
diagnosis of the previous cases and develops a hypothesis
about the diagnosis of the new one.

As obvious remembering past experiences or cases has the
main advantage of avoiding and repeating past errors and
faults, that way CBR focuses only on the significant features
of the new problem, no knowledge or rules are required to
solve problems, the system learns through the reuse.

The knowledge task is reduced as it consists on only
collecting relevant past cases representing them and storing
them.

In the approach of medical CBR application, the knowledge
task is just resembling the physicians reasoning about patients
and copying how they use the expertise in cases.

No explicit knowledge of the domain is needed, it can be
applied even if the existing rules are least possible.

No need for full knowledge of all clinic experts to build the
system, CBR is automated and based on existing cases.

The major problem of incomplete data that can decrease the
efficiency of other methods and systems is not an obstacle,

CBR relies just on similarity between cases to find the solution.

It can be adjusted to simply fulfill the requirements of a
certain surgeon or a clinician and can be abstracted by
generalizing the cases for adequate hypothesis.

An intuitive and dynamic learner as cases are added over
time to the case base, CBR reasons with a large variety of
situations, provides a much higher success and presents
solutions to the diagnosis of diseases or medical conditions,
classification of patients their status and history, planning a
procedure for therapy or treatment, creating promising
opportunities to handle increasingly large, complex,
incomplete, and uncertain data in clinical environments.

The process is transparent and easily understandable by
users which justifies decisions and increases approval. Below
a summary of the most famous CBR medical applications is
presented (Table 1).

Researchers are working on medical CBR with diverse
applications, ranging from diagnosis and decision support
systems, classification systems, planning systems to tutoring
systems in order to deliver a preeminent method to aid and
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enhance the efficiency of the healthcare domain, and it has
been proven that CBR is very useful for problem solving in
health science.

3. THE EPIDEMIOLOGY AND PATHOGENESIS OF
CORONA VIRUS DISEASE (COVID19)

Corona virus is one of the crucial pathogens and an
infectious disease that deteriorates the human respiratory
system, the disease name is corona virus disease (COVID-19)
and the virus name is severe acute respiratory syndrome
corona virus 2 (SARS-CoV-2) [1].

Precedent outbreaks of corona viruses are the severe acute
respiratory syndrome (SARS) and the Middle East respiratory
syndrome (MERS) and they are characterized as agents of
massive public health threat.

In late December 2019, a group of patients with an initial
diagnosis of pneumonia of a strange etiology was admitted to
hospitals, then these patients were epidemiologically
associated to a seafood and wet animal market in Wuhan,
Hubei Province, China [1].

Early reports predicted the beginning of a potential Corona
virus given the estimation of the reproduction number for the
2019 Novel Corona virus [10], named after by World Health
Organization on Feb-2020 COVID-19.

3.1 Chronology of COVID-19

The first cases were reported in December 2019 [11]. From
December 18, 2019 to December 29, 2019, five patients were
admitted to hospital with severe respiratory distress syndrome
and one of them died [1].

January 2, 2020, 44 patients had been identified as having
laboratory confirmed COVID-19 infection. January 22, 2020,
a total of 571 cases of COVID-19 were reported in 25 districts
and cities in China, and the China National Health
Commission reported the details of the 17 deaths. January 25,
2020, a total of 1975 cases were confirmed with the COVID-
19 infection in mainland China with a total of 56 deaths.
January 30, 2020, 7734 cases have been confirmed in China
and 90 other cases have also been reported from a huge
number of countries including Taiwan, Thailand, Vietnam,
Malaysia, Nepal, Sri Lanka, Cambodia, Japan, Singapore,
Republic of Korea, United Arab Emirates, United States, The
Philippines, India, Australia, Canada, Finland, France, and
Germany [12]. And then the situation escalated to a pandemic
declared officially by World Health Organization on March 11,
2020 leading to a global lock-down of millions of people.
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Figure 2. COVID-19 symptoms rate
3.2 Symptoms and incubation period of COVID-19

The symptoms of COVID-19 virus manifest after an
incubation period of 2 to 10 days [13].

The period from the beginning of first symptoms to death
ranges from 6 to 41 days with a median of 14, this period
depends also on the age and the health status of the patient.
The most common symptoms of COVID-19 illness are fever,
dry cough, and fatigue among other, with the following rates
[14] (See Figure 2).

4. CASE BASED REASONING FRAMEWORK FOR
COVID-19 DIAGNOSIS

As mentioned, Al has a vital role in fighting and helping
against the new epidemiology crisis, with different methods
and approaches, in this section, a presentation of a CBR
framework will be detailed as Case Based Reasoning is stated
one of the most successful applied Al methods in the medical
field.

As explained above the process of CBR reasons with
previous experiments and in this framework cases are used to
find a match for a particular set of symptoms in order to
conclude a diagnosis or a detection of COVID-19 virus
infection, below an explanation on how CBR works based on
the 4R process [4], retrieve phase, reuse, revisit and retain (See
Figure 3).
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Figure 3. CBR process

This framework has two main processes:
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= C(lassification process in the retrieval phase with
K-Nearest Neighbor algorithm [4], that classifies
the patient records, based on age, gender, and
symptoms.

= Prediction process in final phase, to predict and to
determine whether the patient has the COVID-19
or not.

The overview of the method is in (Figure 4) and detailed
below.
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Figure 4. CBR framework for COVID-19 diagnosis

e Case Base: the cases are structured as a pair of

case/solution:
Patient 1.0 Patient 1.1
Problem (Sympt ) Problem (Symp )
Fever X Fever &/
Cough X Cough v
Fatigue X Fatigue X

Nasal congestion X Nasal congestion X

Nausea or vomitingv” Nausea or vomitingX

Headache X Headache X

Dyspnea «/ Dyspnea X

Sore throat X Sore throat ¥

Figure 5. Case base cases

The case Ci=(aj, vi) is organized as attributes vector a;=(ai,
aiy, ..., aip) and vector values vi=(vii, Vi, ..., viy) defining the
patient detected symptoms (Figure 5).

The solution S; is represented as vectors Si—(si,,. . siy)
defining the related disease to the given set of symptoms
(Figure 6).

e Retrieval phase: to calculate the distance and
define the similarities between the new patient and
the stored cases (Figure 7), two measurements are
conducted:



1. Local similarity measurement to define
the similarity metric for the attributes of
the case: sim(Chewi, Cji).

2. Global similarity measurement to define
global similarity metric to compare cases:
Sim(cnew: C]) Z?:l w; Simi (Cnewiv Cji)
with X7, w; = 1 where 0<wi<l is the
weight of i-th attribute, and as a metric
measurement the weighted Euclidean
distance is applied.

Patient 1.0 Patient 1.1
Symptoms Symptoms
Y
Not Self
CovID-19 quarantine
Other CallER
disease
Figure 6. Case base solutions
New Patient Patient 1.0 Patient 1.1
Problem (Symptoms) Problem (Symptoms) Problem (Symptoms)
Fever o Fever X Fever
Cough X Cough X Cough
Fatigue X Fatigue X Fatigue X
Nasal congestion X Nasal congestion X Nasal congestion X
Nausea or vomiting %/ Nausea or vomitingw” Nausea or vomitingX
Headache X Headache X Headache X
Dyspnea X Dyspnea + Dyspnea X
Sore throat X Sore throat ¢ Sore throat ¥

Figure 7. Retrieval phase

e Reuse phase: reuse of the chosen solution based on
the K-NN retrieval with similarity measurements,
the solution of the new situation sy is the solution
of the chosen case sk.vv (Figure 8).

e Revision phase: decision and verification are based
on simulation as cases are collected from real
medical data of hospitals.

e Retain phase: after processing cases one by one,
the output will be sent to the users showing
percentage results in the terms of an estimation
and proposes actions such as should the user be
self-quarantined, calls ER or that their symptoms
are not related to COVID-19 virus, and then the
result of the new case will be stored in the CBR
case base for future reuse (Figure 8).
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Figure 8. Retain phase

The CBR system for COVID-19 diagnosis and prediction
can help in decision making for the users whether simple
individuals to check their status when they fell like they have
symptoms related to the virus, or for clinicians to help ease the
diagnosis as the symptoms of this virus and the respiratory
diseases like flu or bronchitis are very close.

The case based reasoning (CBR) system relies on the same
cognitive thinking and reasoning of doctors, biologists,
physicians and all human beings, thusly when first the novel
virus appeared, first insight was to search for previous viruses
that manifest alike, therefore CBR is one of the most suited
reasoning methodology in medical field, particularly when it’s
about unknown diseases, or when basic rules do not apply.

5. CONCLUSION AND FUTURE WORK

CBR is the most suitable method for the medical field as it
presents the cognitive reasoning, explicit experiences,
automatic decision making with detailed explanation and can
aid in building intelligent diagnosis systems and as developed
in this paper it can help in fighting against the new
epidemiology.

In this paper, we have proposed a conceptual CBR
framework for COVID-19 disease diagnosis, the result of this
framework is quite significant especially that this disease
manifestation is very similar to respiratory diseases at first and
can mislead an interpretation of symptoms by that this work
helps clinicians in decision making for patient's status, warn
and comfort users depending on the situation.

To ensure the CBR efficiency, competence, and
performance, to avoid errors and inaccuracies, maintenance
process should be applied.

Therefore, as a future work, we aim to build a system that
works for a long period of time and deals with large amount of
data by introducing a maintenance phase to the CBR system,
and we aim to compare our framework with other prediction
techniques with different data bases of various diseases.
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