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Abstract

The COVID-19 pandemic is a major health threat and its global spread has led gov-
ernments worldwide to take a series of public health and social measures and restric-
tions, aiming to reduce its transmission. As COVID-19 outbreak continues, there
is a crucial need for further analysis and evaluation of the main features that seem
to affect the clinical status of a patient infected by SARS-CoV-2. In this context,
the present paper introduces a Covid Patient Assessment Analysis (CPAA) based on
operational research, which examines the patient profile, taking into consideration
characteristics like gender and age, and also categorizes the experiencing COVID-
19 symptoms and the dependency of patient’s clinical status from potential comor-
bidities. Finally, evaluating all the aforementioned features, CPAA ranks COVID-19
cases based on the severity of each case in low-, medium-, and high-risk groups.
For the modeling and the implementation of the CPAA, the Pairwise Comparison
(PWC) has been used as an integral part of a decision-making process. The out-
comes of the paper are the first step towards an overall operational research frame-
work that would be used to evaluate the clinical status of patients and take automate
decisions for their potential hospitalization.

Keywords COVID-19 - Pairwise Comparison - Covid Patient Assessment Analysis

1 Introduction

The COVID-19 or SARS-CoV-2 pandemic, also known as the coronavirus pan-
demic, is an ongoing global pandemic caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). The novel virus was firstly identified as an outbreak
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in the Chinese city of Wuhan in December 2019 and was spread all over the world
[1]. This major global health threat has proved that the diseases arising from a single
country may also affect other countries and the health risks are over the national
borders. The global spread of the pandemic has led governments around the world to
take a series of public health and social measures and restrictions, aiming to reduce
the COVID-19 transmission.

As the COVID-19 outbreak continues, there is a crucial need for further research
in the wider impacts of this crisis on the society. Numerous mathematical and pre-
diction models have been adopted to help medical, government and public services
to respond to the COVID-19 pandemic by performing decisions about pandemic
planning, resource allocation and implementation of social distancing measures and
other interventions.

Infection by COVID-19 has been associated with various features such as symp-
toms, comorbidities, age and gender. The frequency, variety and severity of the
symptoms are difficult to be distinguished in a patient with COVID-19. The pre-
sent paper introduces a Patient Assessment Analysis (CPAA), which examines the
patient profile, taking into consideration characteristics like gender and age, and also
categorizes the experiencing COVID-19 symptoms and the dependency of patient’s
clinical status from potential comorbidities. Finally, evaluating all the aforemen-
tioned features, CPAA ranks COVID-19 cases based on the severity of each case
in low-, medium-, and high-risk groups. CPAA aims to help health professionals,
decongest the health system offering guidance to patients. It is pointed out that in
COVID-19 cases the frequency of a symptom is not highly related to the severity
of a case, thus frequency is not taken into account. For the modeling and the imple-
mentation of CPAA, the Pairwise Comparison (PWC) has been used as an integral
part of a decision-making process. Such methods are used in operational research
as problem-solving techniques applied in the pursuit of improved decision-making
and efficiency, such as decision analysis and the analytic hierarchy process. The pro-
posed CPAA is the first step towards an overall operation research framework that
would improve the health systems related to COVID-19 pandemic and more specifi-
cally the evaluation of patients’ clinical status taking automated decisions for their
potential hospitalization.

The rest of the paper is organized as follows: Section 2 presents the related work,
while Sect. 3 introduces the motivation of the paper. In addition, Sect. 4 describes
the PWC method, Sect. 5 defines the COVID-19 features considered in this paper.
Section 6 presents and analyses the outcomes of this research. Finally Sect. 7 con-
cludes the paper.

2 Related Work

There are several papers that discuss health assessment analysis, adopting decision-
making methods such as the pairwise comparisons. In this context, the body of the
relevant literature includes studies that address health care decision-making.

In [2] a telehealth system for Parkinson’s disease was introduced. The work
described a tool called PERFORM that offered a preliminary assessment of
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Parkinson patients. In [3] authors addressed a health assessment analysis and a
multi-criteria analysis was implemented through a simulation model. The evaluation
of two biological prostheses for incisional infected hernias was presented, assessing
the effectiveness of the model. In [4] a disease risk analysis and prediction model
was introduced, supporting chronic disease management and clinical research for
schizophrenia patients. Based on metal health information and intelligent data pro-
cessing platform, an automatic framework was designed that analyzed and predicted
the disease risks of schizophrenia patients.

In addition in [5] a complex decision-making process was carried out through
selection, rating, weighting and analyzing of multiple criteria. Spacial analysis was
also integrated in the proposed approach. The present study used 10 decisions mak-
ing factors that were chosen based on their relative importance in mosquito growth
and diseases. The Analytic Hierarchy Process (AHP) was adopted for the implemen-
tation of the decision-making approach.

After the COVID-19 outbreak, several papers introduced decision-making
approaches and predictions tools for this pandemic. Towards this direction, in [6] the
authors established laboratory predictors of mortality in COVID-19 disease, which
can help to identify high-risk patients. This approach can dynamically predict mor-
tality risk in patients admitted to hospital due to SARS-CoV-2 infection in different
occasions during the hospital stay.

In [7] an effective model using risk monogram was introduced that aimed to early
identification of cases at high risk. Through this study 372 non-severe COVID-
19 patients during hospitalization were followed for more than 15 days after their
admission. Finally in [8] a tool based on machine learning monogram was devel-
oped, predicting the risk of getting severe coronavirus disease. In this study, 590
COVID-19 patients during hospitalization were enrolled and using two machine
learning methods in the training set, 5 out of 31 clinical features were chosen into
the model building to predict the risk for severe COVID-19 disease.

Several papers examine and prediction of COVID-19 impact on hospitalized
patients. The present paper proposes COVID-19 CPAA (CPAA) and fills a gap in
previous literature, since it evaluates the patients’ symptoms combined with their
demographic profile, their potential comorbidities and ranks the patients in low-,
medium-, or high-risk case. The evaluation of each COVID-19 case by CPAA ena-
bles patients to self-assess their clinical condition throughout quarantine days, offer-
ing personalized diagnosis.

3 Motivation

On January 30th, 2020, the World Health Organization (WHO) announced the out-
break of COVID-19 in China as a public health emergency, raising global concern,
especially for countries with vulnerable health systems. The Emergency Committee
stated that the spread of COVID-19 can be stopped by early detection, isolation,
immediate treatment and implementation of a powerful case detection system have
come in contact with the coronavirus [9].
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The most common symptoms are fever, dry cough and fatigue. Less common
symptoms that may affect some patients are: loss of taste or smell, nasal conges-
tion, conjunctivitis, sore throat, headache, muscle or joint Pain, different types of
skin rash, nausea or vomiting, diarrhea, chills or dizziness. The severe symptoms
of COVID-19 include breathing difficulty or shortness of breath, loss of appetite,
confusion, persistent chest pain or pressure, high temperature. Other less often
symptoms are irritability, confusion, anxiety, depression, and sleep disorder [10].

With more that 437 millions confirmed cases of coronavirus worldwide [9],
it is obvious that symptoms are varied and strange, they can be mild or debilitat-
ing, and the disease may progress in unpredictable ways. Despite the hundreds of
published studies on COVID-19 symptoms, any given symptom depends on the
patient group examined. Patients in hospitals typically have more severe symp-
toms. Older patients are more likely to have cognitive problems. Younger patients
are more likely to have mild disease.

In this context, the proposed CPAA examines the profile of each patient based
on specific characteristics such as gender and age, and also categorizes and ranks
patients’ experiencing symptoms. Eventually, CPAA evaluates the symptoms
combined with patient profile and categorize the patient in low-, medium-, or
high-risk case. The purpose of the proposed framework is to decongest the health
system and health professionals, but also provide guidance to patients being in
home isolation. Figure 1 illustrates CPAA concept.

Even though the Scientific Community created effective vaccines against
SARS-CoV?2, with the aim of reducing the evolution of pandemic, the number of
COVID cases is constantly increasing, since new mutations have reduced the vac-
cines’ effectiveness. WHO states, in its instruction to patients with mild symp-
toms, that the initial treatment of the disease starts individually at patient’s home.
In case of more symptoms are appeared or the existing ones worsen, the patient is
asked to contact a health care professional for appropriate guidance.
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Therefore, the evaluation of each COVID-19 case by CPAA could enable patients
to self-assess their clinical condition during home isolation days. In addition, health
professionals could use CPAA and offer to their patient a correct diagnosis. CPAA
can be an innovative operational research proposal in the field of Telemedicine and
could be used as a first step to develop a patient evaluation system based on opera-
tional research to improve health care systems related to COVID-19.

4 Pairwise Comparisons Framework

A fundamental problem in decision-making is to grade the importance of a set of
attributes and assign a weight to each of them. Their importance usually depends on
several criteria which can be evaluated within the decision-making processes. Pair-
wise comparisons are widely used in multi-criteria decision analysis (MCDA) and
have successfully been applied in many practical decision-making problems either
as a standalone method or as an essential ingredient of MCDA processes, such as
the AHP [11], the Weighted Product Method (WPM) allowing the Preference rank-
ing organization method for enrichment evaluation (PROMETHEE) and the Ana-
lytic Network Process (ANP) [12]. PWC provides a structured process for the effec-
tive ranking of attributes, aiming at identifying their importance of influence on a
general goal [13, 14].

The PWC framework enables the ranking of attributes by allowing a number of
end-users, say M, to compare the various attributes A;, (1 <i < N) in pairs, instead
of assigning their priorities in a single step [11]. This reduces the influence of sub-
jective point of views, associated with eliciting weights directly. According to PWC,
each end-user compares all possible combinations of A; and A;. The outcome of
these judgments for the m™ end-user are stored in a square N X N reciprocal matrix
P = [P('")] which will henceforth be referred to as a PWC matrix. The value of the
element P( ™ reflects the importance of attribute A; over A;. The end-user needs to

complete only the upper triangular elements (i < j) of P(’”) since by definition we
have P(W') 1 /P(m) and P(m) = 1for a reciprocal matrix. The weights w(m) of attribute
A, accordlng to end -user m can be calculated with various ways. The most widely
adopted approach is to solve the eigenvalue problem P(’”)x;’”) =2 x(’") where 4, are
the eigenvalues of P™ and x"™ = [x"] are the corresponding elgenvectors Assum-
ing that the eigenvalues are ordered so that A, is the largest eigenvalue, then the
weight of attribute A; is estimated by normalizing the elements of the principal
eigenvector x(m) as follows [11]

Wl(m) (M) Z ( x(m) (1)

i=1

In order to further simplify the comparisons, introduced the nine-level scale
shown in Table 1.

One way of measuring the inconsistency of a pairwise comparison matrix is
to calculate the Consistency Ratio (C.R.) defined as C.R. = C.I./R.I., where C.I.
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Table 1 The nine-level o)

. % Explanations
fundamental comparison scale ij

1 A; and A; are equally important

3 A, is slightly more important than A;

5 A, is strongly more important than A,

7 A, is very strongly more important than A;
9 A, is absolutely more important than A;
2,4,6,8 intermediate values

Reciprocals of above used in analogous manner when A; is

more important than A;

= (4, = N)/(N — 1) is the Consistency Index and R.IL. is an average random consist-
ency index derived from a sample of randomly generated reciprocal matrices with
elements scaled according to [11]. If C.R. is smaller or equal than 0.1 is considered
acceptable and in this case, the matrix is said to be nearly consistent [11]. After all
the comparisons have been completed, the average weight wk for each attribute A, is
calculated by averaging out the weights w ™ obtained by the M end-users, F

1 X
()
MZ: @

The weights w, define the priorities of the attributes and hence the outcome of
the PWC process.

In this paper, in order to rate the features of COVID-19, one must first evalu-
ate the weights of the primary features and sub-features, denoted by wy and f,
respectively, affecting the health status of a patient being infected by SARS-CoV-2.
Towards this end, each expert m performs a series of PWCs according to the afore-
mentioned procedure and the weights are finally estimated.

5 Analysis of COVID-19 Features

The health status of a patient infected by SARS-CoV-2 is assessed based on the
following primary features: Gender, Age, Symptoms and Comorbidities. We
define as Comorbidities the potential underlying diseases that a patient may have.
According to the PWC framework, each feature is further analyzed into further
sub-features. Present health studies for disease prevention and treatment should
include future analyses related to gender. However, there are only few literature
references so far that deal with gender disproportion in the impact and progress
of COVID-19 disease and there is no clear analysis of the underlying causes. The
Independent Gender Equality Initiative in Global Health 50/50 presents an over-
view, from countries worldwide, with COVID-19 cases depending on gender. The
result of this research showed that there was a similar number of COVID-19 cases
in women and men, but increased mortality in men. In cases there are the same
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COVID-19 cases in women and men, there is a higher frequency of the disease
in older men, given that older men are numerically less than older women due to
their shorter life expectancy [15].

In a sample of 262 patients in Beijing, the mean age of the patients was 47.5
years, of which 48.5% were male [16]. In Shanghai, from a total number of 249
patients, the mean age of patients was 51 years and 126 (50.6%) of them were men
[17]. The collection of data by the Emergency Medical Service of Beijing showed
that of a sample of 60 elderly patients, 56.7% were men. However there was no
significant difference between men and women in the age group of “50-64"" and
“65-79>" years old [18]. Other studies report that the larger age and some comor-
bidities are associated with higher rates of infection and mortality, explaining in part
the deaths observed in men. It is likely twice higher the risk for men to die due to
COVID-19, compared to women according to [19].

A study of European Commission (EC) states that gender differences in relation
to immune system have been observed in infectious diseases, autoimmune diseases
and inflammations. Women seem to respond more strongly to viral infections and
produce more antibodies in response to infection and vaccination [20]. The mecha-
nisms that lead to these differences may be hormonal, that is the different effects
of testosterone, estrogen or progesterone, or may be related to differences in the
intestinal flora. A stronger immune system may cause a higher risk of autoimmune
diseases in women, but also better ability to fight the infection. Other studies men-
tioned that there are more antibodies, called IgG, in women rather than in men after
the SARS-CoV?2 infection [21]. In fact, mortality is rising depending on the age and
it was observed to be higher in male patients [22].

Gender is a controversial factor that has not yet been described as COVID-19
evaluation criterion, however in this paper it has been introduced as a feature, based
on its importance and its role in the disease of COVID-19, according to previous
literature. The doubt if the gender finally influences the COVID-19 infection is
the reason why there is no comparison between men and women, in this paper, in
order to determine the importance of each sex for the disease. The weight of gender
importance on COVID-19 is estimated from its comparison with the other features.

e Age. In many demographic studies, the patient’s age has been identified as one
of the key factors of high concern for the progress of clinical status of patients
infected by SARS-Cov-2, including rate mortality and severity of symptoms.
However, the way the disease of COVID-19 can affect different age groups of
patients has not been thoroughly investigated yet. A thorough impact analysis of
this kind requires a sequence of thousands samples in different nationalities and
age groups.

In this paper, age is divided into five (5) sub-features (age groups) as presented
in Fig. 2. The age group between 0 and 20 was considered of major importance
in order for the study to capture all the age range and be more reliable [23].

e Symptoms. The feature of Symptoms consists of twenty-one (21) sub-fea-
tures. The symptom of Oxygen Saturation is examined only if it is lower than
or equal to 93%, which leads to a serious clinical status of the patient. Typi-
cally, the NPHO gives the following guidelines for dealing with a confirmed

@ Springer



15 Page8of19 Operations Research Forum (2023) 4:15

0-20 (Younger Age Group)

21-40 (Young Age Group)

AGe & 41-60 (Middled Aged Group)
61-80 (Older Aged Group)
>81 (Eiderly Age Group)

Covid-19

Rhinorrhea Features

Loss of speach or movement nesp.,.-.(ory systom

Blush lips

Sore Throat

Oxygen Saturation °“’;’,",’:§,5:v“;§;,“,',;‘:

Fatigue

Chest Tightness

Chiis Immunosuppression

g‘;;‘;‘n':::'ms Diabetes Mellitus

Headache, Kidney diseases

Male

Female

Haemoptysis
Fever

Cough

Nausea
Inappetence
‘Oxygen Saturation
Myalgia

Skin Rash

Sputum

Liver diseases
Obesity

Fig.2 Covid-19 Features

case out-of-hospital: “If the patient is experiencing respiratory distress or has
02 < 93% saturation, regardless of risk group has to go to the hospital [24].

In March 2020, a meta-analysis was performed analyzing twenty-one (21)
surveys, in a total of 47,344 patients, of whom 24,419 were men and 22,925
women. It was observed that the most predominant clinical symptoms were
Fever with rate of occurrence 85.6%, Cough with 65.7%, Fatigue 42.4% and
Difficulty breathing, i.e., Shortness of breath with 21.4% [25]. In a total of
249 patients, the most common symptoms were Fever in 217 patients with a
rate of 87.1%, Cough in 91 people with 36.5% and Fatigue in 39 patients with
arate of 15.7%. Less common symptoms were Dizziness and Headache, Short-
ness of breath, Rhinorrhea, Sore throat, Diarrhea and Anorexia [26]. Similarly
in a review of 43 studies with 3600 patients, Fever (83.3%), Cough (60.3%)
and Fatigue (38.0%) were the most common clinical symptoms, followed by
increased Sputum production, Dyspnoea and Myalgia [27]. Another research
shows that the most common symptoms at the beginning of COVID-19 infec-
tion are Fever, Cough and Fatigue, while other symptoms include Sputum pro-
duction, Headache, Hemoptysis, Diarrhea, Dyspnoea and Lymphopenia (labo-
ratory result not examined in the present study) [28].

A study examining 303 people of all ages mentions that Fever was the most
common clinic symptom (80%), followed by Cough (69%), Dyspnoea (45%),
Fatigue (30%), Diarrhea (17%) and Anorexia (12%). More specifically, for the
age group between 20 and 40, Chest pain was more common (13%), Dysp-
noea (22%), less common, while about 13% of young people had no clinical
symptoms. In the Middle Age group (41-60) the most common symptoms
were Cough (80%), Dyspnoea (58%), Fatigue (39%), Diarrhea (21%), Myalgia
(15%) and Gastroenterology. In older people (61-80), Gastrointestinal symp-
toms (Diarrhea, Nausea and Vomiting) were more common. In the elderly, the
most common symptoms were Fever (75%), Cough (53%), Shortness of breath
(38%), Fatigue (34%) and Anorexia (25%) [23].
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Loss of taste and smell is a clinical condition that resembles symptoms of a
single influenza and has been observed in individuals diagnosed with COVID-19
[29, 30]. The existence of this symptom in combination with Fever and Short-
ness of breath could signal worsening of the patient’s health status and lead to
severe pneumonia [22].

It is not yet clear if COVID-19 is related to Conjunctivitis. Further studies
stressed the importance of recognizing possible early ocular symptoms and draw
attention in the examination of Conjunctivitis as a symptom [29, 31]. The World
Health Organization (WHO) has ranked it among the lowest common Symptoms
along with Skin Rash [9].

At the moment, there are limited data on skin manifestations after SARS-
CoV-2 infection. Given the importance of early diagnosis of COVID-19 during a
global pandemic, it is necessary to highlight the possible dermatological events
and characterize their morphology. In fact, there is a variation in the clinical
presentation of dermal findings after SARS-CoV-2 infection [32].

Loss of speech and movement is considered by the WHO to be one of the
most important symptoms of the disease, along with Shortness of breath and
Tightness/Pain/Pressure in the chest [9]. Cyanosis is considered, according to the
Centers for Disease Control and Prevention (CDC), as one of the symptoms that
ring the bell for COVID-19 patients. Immediate medical care is recommended,
as Cyanosis indicates poor oxygen circulation in the bood and hence may lead to
blue discoloration of the skin [33].

Based on the aforementioned analysis, the symptoms considered as sub-features
are depicted in Fig. 2.

e Comorbidities. The most demanding and at the same time complex part of the
research, was the feature of Comorbidities. This feature refers to the underlying
diseases that the patients with COVID-19 may have and it is the most important
feature to consider, because it highly affects the clinical condition of the patient,
as revealed from the evaluation of features, using PWC, as shown in Fig. 2 pre-
sented in the following Section.

The completion of the pairwise comparison matrices was considered a chal-
lenge for the doctors participating in the research, because the underlying dis-
eases cannot be examined separately, as one comorbidity may be unbreakable
connected to another. Therefore, a disease of a vital organ may lead to multiple
organ dysfunction. Every health professional performed the comparisons, based
on his academic knowledge, his personal experience from the cases that dealt
with, following the instructions of the WHO.

A review study of 27 articles revealed that in a total of 22,753 patients with
COVID-19, from major centers worldwide, the main comorbidities were Cardio-
vascular disease with a rate of 8.9%, Hypertension with 27.4%, Diabetes Mellitus
with 17.4%, Chronic Obstructive Pulmonary disease with 7.5%, Cancer or Malig-
nancy with 3.5%, Chronic Kidney Disease with 2.6% and other diseases with a
rate of 15.5% [30]. In mortal cases, it was estimated that 84.1% had one or more
comorbidities. Significant mortality occurred in patients with Cardiovascular Dis-
eases (34.9%), Hypertension (35.2%) and Diabetes Mellitus (33.2%). Compara-
tively lower mortality was observed in people with Chronic Obstructive Pulmonary
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Disease (13%), Chronic Renal Disease (8.3%), Cancer (9.6%) and other diseases
(11.6%). According to the statistics of WHO for chronic diseases, the aforemen-
tioned diseases are the most common and major causes of mortality worldwide, for
patients with COVID-19. Therefore, health professionals believe that the presence
of any comorbidity puts the patient with COVID-19 in a high risk [30]. There are
also other studies on comorbidities statistics related to COVID-19 cases as [34-36].

In the present paper, the categorization of comorbidities was based on the data
of NPHO (NPHO Out-of-Hospital Case Management, 2020). As revealed in pre-
vious studies, Hypertension is one of the most dominant factors of health status
worsening or even a factor of high mortality. However, it is a subset of Cerebrovas-
cular disease and may cause Cardiovascular and Nephrological diseases [37]. The
examination of individual diseases increases the complexity of the research and for
this reason the diseases that affect vital organs of the human will be considered as
a whole (e.g., Cardiovascular Diseases). Most diseases have multisystemic nature,
meaning the pathology that regardless of its origin may affect the stability of more
than one body systems. The Diabetes is the only disease that will be considered
as a unit, because is a multisystem disorder that affects the functions of different
systems of the human body. Therefore, it is important to take into account the total
level of systemic instability caused by Diabetes [38].

Therefore the present research takes into account the comorbidities depicted in
Fig. 2.

6 Evaluation of COVID-19 Features
6.1 Surveys Design

The number of experts participating in the surveys was equal to twelve (12), which
constitutes a sufficient group size according to the literature [39]. The experts are
health professionals (doctors) working at the National Health System (NSS). They par-
ticipated in the surveys based on their professional experience and knowledge gained
from their daily involvement with COVID-19 disease.

The specialities of doctors include the Pathological sector (5 of them belong to Pul-
monology - Tuberculosis, 1 in Endocrinology, 2 in Cardiology, 1 in Gastroenterology
and 3 in Special Pathology). Moreover, among the participants there were eight (8)
men and four (4) women.

The surveys carried out were the following:

e Evaluation of COVID-19 features.
e Evaluation of sub-features

6.2 Evaluation Results

In this section the results of the pairwise comparisons are presented and analyzed.
All the features were pairwise compared and the results are presented in Fig. 3.
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Fig. 3 Features Evaluation

Symptoms

Comorbidities

The outcomes reveal that Comorbidities is the most dominant feature that seems
to have the major impact on the health status of a patient influenced by SARS-
CoV-2. It is interesting to notice that based on the analysis performed in Sect. 5,
patients with comorbidities are more prone to COVID-19 disease and their clinical
status may impair based on the type of their comorbidity.

Regarding the feature of Age, the different age groups were pairwise compared.
The mean weights are shown in Table 2.

Inspection of the results reveals that the most affected age group is the elderly
over 81 years with a weight of 48.23%. The older age between 61 and 80 years fol-
lows with a weight of 26.78%. The middle-aged group is ranked with a weight of
14.25%, while young people ranged between 21 and 40 years old have a weight of
6.75%. Finally the younger ones belonging to the age group 0-20 have a weight of
3.99%. The ranking of the age groups is presented in Fig. 4.

As far as the Symptoms are concerned, the PWC results are presented in Table 3.

Inspection of the results reveals that the Loss of speech and movement is the most
dangerous symptom for patient’s health with a weight of 21.16%. The Cyanosis fol-
lows with 17.31%, Oxygen Saturation < 93% with a weight of 13.32%, and Tight-
ening/Pain/Chest Pressure with 10.58%, while Dyspnoea was ranked with a weight
of 9.74%. In the sixth place we may find Hemoptysis with 7.06%, in the seventh
the Fever with weight of 3.6%, and Ptyella, Diarrhea follows with 2.43% and 1.99%,

Table2 Age Groups

Age Groups Age Groups
Mean Weight %

0-20 3.99

21-40 6.75

41-60 14.25

61-80 26.78

> 81 48.23
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respectively. It is observed that Cough and Nausea/Vomiting are in the tenth posi-
tion, with a total weight of 1.79%. Similarly, the Skin Rash or Finger Discoloration
and Conjunctivitis have the same weight of 1.04%, while the other symptoms are

Table 3 Symptoms

@ Springer

Symptoms Symptoms Mean
Weight %
Loss of speech or movement 21.16
Bluish lips or face 17.31
Oxygen Saturation<= 93% 13.32
Chest Tightness 10.58
Dyspnoea 9.74
Haemoptysis 7.06
Fever 3.6
Sputum 243
Diarrhea 1.99
Cough 1.79
Nausea/Vomiting 1.79
Skin Rash/Finger or Toe Discolouration 1.04
Conjunctivitis 1.04
Loss of taste and smell 0.98
Headache 0.95
Rhinorrhea 0.91
Sore Throat 0.9
Fatigue 0.88
Myalgia 0.85
Chills 0.85
Inappetence 0.84
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below < 1%. In more detail, Loss of Taste and Smell has a weight of 0.98%, Head-
ache around 0.95%, Catarrh 0.91%, Pharynx 0.9%, Fatigue 0.88%, Chills and Myal-
gia 0.85% and finally Anorexia has a weight of approximately 0.84%. The ranking of
the symptoms is presented in Fig. 5.

Regarding the important feature of Comorbidities, results are presented in
Table 4.

The predominant disease that aggravates the health status of a patient with
COVID-19 and leads to high mortality rates is Obesity with a weight of 24.05%,
followed by Cardiovascular Diseases and Cerebrovascular Disease with rates around
22.48%. The latter diseases are closed to Diabetes which has a weight of 20.73%.
The Chronic Respiratory Disease participates with a weight of 13.94%, Liver Dis-
eases with a weight of 6.44%, Immunosuppression with 6.35% and finally Kidney
Disease almost 6%.

Although it is stated in the literature that the main comorbidities aggravating the
condition of a patient are Hypertension, Cardiovascular Diseases and Diabetes, we
could not overlook the doctors points of view, derived from real cases of patients
they have been treated. We have also to consider that the present research is related
to the case study of Greece. In a previous Greek study examining 90 patients in
critical condition, mean age 65.5 years old, 80% of them being men, it turned out
that Obsesity and Diabetes Type 2 were the predominant comorbidities that may
worsen the health status and lead to mortality as well [40]. Therefore, with Obesity
in Greece being the second risk factor after smoking and with an obesity rate of 17%
[41], it is correctly confirmed that the underlying disease of Obesity is the domi-
nant comorbidity according to the results of the present study for the case study of
Greece. The graphical illustration of the results is presented in Fig. 6.

Fig.5 Symptoms Evaluation
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Table 4 Comorbidities

Comorbidities Comorbidities
Mean Weight %

Respiratory system diseases 13.94
Cardiovascular and cerebrovascular diseases 22.48
Immunosuppression 6.35

Diabetes Mellitus 20.73

Kidney diseases 6.00
Haemoptysis 7.06

Liver diseases 6.44

Obesity 24.05

6.3 Categorization of Symptoms

Based on the estimated weights of the present study and according to previous lit-
erature, Symptoms are classified in three categories, Mild, Moderate and Severe.

Fever is a symptom that may belong to the three categories. Regarding Mild and
Moderate categories, Fever is considered to be less than 38.5 °C, while in the Severe
category the fever is equal to or greater than 38.5 °C [24]. However, Fever is not
examined separately (<38.5 °C and > 38.5 °C) in the present study, since the scien-
tists indicated that the level of Fever that is important to be evaluated is the one that
is greater than or equal to 38.5 °C and is persistent for many days. In the same con-
text, Fever smaller than 38.5 °C is considered minor for COVID-19 disease. How-
ever, in an attempt to gradually examine (> 38.5 °C), additional questions arose from
doctors on how many days the fever remains, what is the general clinical status of
the patient, what other symptoms appear etc. This symptom is characterized by a
multi-variant complexity and therefore it was decided to participate without grading,
like all other symptoms (with the exception of Oxygen Saturation).

Fig.6 Comorbidities Evaluation Obesity

Kidney

suppression

discases

system
discases
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Mild symptoms include those that have a low impact on the clinical status of
patients and indicate the possibility of SARS-Co-V2 infection. They usually give the
feeling of a “simple flu” or a cold. The category with Mild symptoms is characterized
as a Low-Risk Group and home monitoring is recommended. In case of no improve-
ment or worsening of the symptoms, medical assessment is recommended and prob-
ably hospitalization [24]. The symptoms belong to the mild category: Anorexia, Myal-
gia, Chills, Fatigue, Pharynx, Catarrh, Headache, Loss of taste and smell, Skin rash or
discoloration of fingers, Conjunctivitis, Cough, Nausea/Vomiting and Diarrhea.

Moderate symptoms include those that have a greater impact on patient’s health than
mild symptoms and look like severe influenza. We cannot overlook the fact that some of
the mild symptoms get worse and hence the clinical status of the patient may aggravate.
Some of them may be the stubborn Dry Cough, Chills, intense Myalgia etc. However, in
this category, these mild symptoms are not included, because it was no possible to create
a percentage range that indicates the worsening of a symptom over time. After all, not
all symptoms get worse in the same way for every patient, as they are not expressed with
the same seriousness in everyone. The category with the moderate symptoms is classi-
fied as an Intermediate-Risk Group and in this case home monitoring in conjunction
with clinical and laboratory monitoring is recommended (General blood, CRP examina-
tion). In case of no improvement or worsening of the symptoms, medical assessment is
recommended in order to assess the possibility of hospitalization [24]. In the category of
moderate symptoms we may find Sputum, Fever and Hemoptysis.

Severe symptoms are those that burden the patient’s health. In this case, the clini-
cal status of the patient is very bad and there is a need for immediate medical treat-
ment in order to avoid the worst consequence of death. The category with severe
symptoms is characterized as a High-Risk Group and immediate hospitalization is
recommended [24]. The severe symptoms are Shortness of breath, Tightening/Pain/
Chest pressure, Oxygen Saturation, Cyanosis, Loss of speech and movement.

An overall categorization of the symptoms is presented in Fig. 7.

Fever

_ Hemoptysis
Sputum

Shortness of breath

Tightening / Pain/Chest pressure

Conjunctivitis
Skin rash |

Loss of taste and smell —___ __catarh
_— Loss of speech and movement

Headache
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~———Pharynx

- T
Fatigue \ ~_Catarrh Oxygen Saturation
~

hils _—
ohills Cough

Headache
Diarrhea

Anorexia |
NauseaVomiting ~ Myalgia

Fig.7 Symptoms Categorization
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7 Conclusions

The present paper introduces a CPAA examining the patient profile, taking into
consideration the features of age, gender, symptoms and comorbidities. In this con-
text, the importance of the COVID-19 features has been evaluated using the PWC
approach. It is interesting enough that the frequency of occurrence of a feature does
not automatically rank it in the same scale of importance. There are symptoms
which appeared in a small portion of the population but they had significant impact
on the clinical status of a patient infected by SARS-CoV-2.

Inspection of the evaluation outcomes reveals that Comorbidities is the feature
with the highest importance, since it significantly affects the health status of the
patient. A potential comorbidity not only complicates the patient’s condition, but it is
also associated with high rates of mortality, mainly for specific underlying diseases.

Regarding comorbidities, Obesity seems to be the dominant comorbidity accord-
ing to the results of the present study for the case study of Greece. Obesity is closely
followed by Cardiovascular and Cerebrovascular diseases. As far as the age feature
is concerned it turns out that the most risky age group for SARS-CoV-2 are the
elderly people over 81 years old.

Regarding the feature of symptoms the predominant symptoms that affect the
patient’s clinical condition are the Loss of speech and Movement, Cyanosis, Dysp-
noea, Tightening/Pain/Chest Pressure and finally Satiety Oxygen.

Finally, evaluating all the aforementioned features, CPAA ranks COVID-19 cases
based on the severity of each case in low-, medium-, and high-risk groups.

The present paper is an operation research application in the health sector using a
decision-making method. The outcomes of this study are the first steps towards the
development of an operational research system/framework that evaluates the clinical
status of the patients with COVID-19 and take decisions related to their health status
and the potential hospitalization. This system may give the appropriate guidelines to
the patients and inform them if they have to go to the hospital or not, according to
the features related to each patient. The framework proposed is based on operational
research and provides a decision-making system that assesses the situation of posi-
tive patients, who monitor the disease at home and inform them about whether and
when they should be hospitalized. The development of such an operational research
framework would be of paramount importance for improving the outcome of health
care systems related to COVID-19 pandemic.
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