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ABSTRACT

This study uses the Ebola virus disease (EVD) post-death transmission analytical power spectral density (PSD) prediction
model to understand the dynamics of the COVID-19 pandemic. This is because the steady-state analysis and calculation of
the Susceptible-Infected-Recovered-Dead (SIRD) analytical PSD model of the Ebola epidemic are equivalent to an
asymptomatic infection (Al) SEIR model under the same conditions. This study aims to investigate the significant impact
of the infection transmission routes, asymptomatic proportion, and latency period of the COVID-19 pandemic using an
analytical PSD, Al-SEI model. The results show that the latent infections and asymptomatic proportion are challenging to
identify using the infected equation (I(t)) to describe the disease dynamics. Despite the challenges, the observation shows
the negative impact of asymptomatic infection transmission depends on the degree at which an infected individual becomes
infectious (latency period).

Keywords: COVID-19 Pandemic, Ebola Epidemic, Post-Death Transmission, Spectral Density.
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CHAPTER ONE
INTRODUCTION

» The Background of the Study:

The 2019 coronavirus disease (COVID-19) is a severe respiratory viral infection in humans with a case fatality risk of 2.02%
as of November 2021(Worldometer, 2021). COVID-19 is assumed to be a zoonotic disease, suspected of coming from bat species
like the Ebola virus disease (EVD). In addition to the severe acute respiratory syndrome and Middle East Respiratory Syndrome,
COVID-19 is the third coronavirus disease found to infect human populations(PerIman, 2020; C. Wang et al., 2020), and it has
become a public health emergency of international concern and a pandemic(WHO (World Health Organization), 2020b). Unlike
previous coronaviruses, up to the time of writing this paper, the outbreak has spread to 213 countries and territories and caused the
highest numbers of infections and deaths (WHO (World Health Organization), 2020a). This problem has increased because the
disease started in a densely populated area. A person with the virus and no symptoms of the disease (asymptomatic) can spread the
virus(Anastassopoulou et al., 2020).

The spread of the COVID-19 pandemic requires an uninfected person to inhale air from an infected or asymptomatic person,
either through breathing within 1.8 meters or direct contact with a respiratory droplet from coughing and sneezing(CDC, 2020a).
The most noticeable symptoms are a high body temperature, coughing, difficulty breathing, a sore throat, a runny nose, and
nausea (CDC, 2020b). Although there is a trial vaccine currently available to combat the spread of the virus, high percentages of
those infected can recover from the illness globally (WHO (World Health Organization), 2020a).

Mathematical models are usually used to understand the dynamics of an infectious disease by separating the individuals in
the population into compartments (Kermack & McKendrick, 1927). According to (Black & McKane, 2010b) and (Rozhnova &
Nunes, 2010), contagious diseases such as COVID-19 have an incubation period before individuals who contracted the virus
transmit it using the Susceptible-Exposed-Infectious-Recovered (SEIR) model. The susceptible is the population that has not yet
been infected. The exposed are those infected but do not manifest symptoms. The infectious are the populations confirmed with
the virus and those who overcome the illness.

In (Otunuga, 2017), the effects of stochastic fluctuations in the disease transmission rate were studied using latent (E) and
infectious (1) infection transmissions, which are also applicable to the COVID-19 pandemic. The author discussed the stochastic
fluctuation analysis using the Ito version in the sense of a Stratonovish stochastic SEI model. The author assumed the transmission
rates would fluctuate around the mean value due to an external fluctuation. In doing so, the noise does not affect the visible
infected states and the fluctuating terms are not adequate enough to show at which time the strength of the noise intensity is weak
or strong.

Power spectral density (PSD) is a technique that has recently been used to show the strength of energy as a function of
frequency. In other words, it shows at which frequencies the variations are weak. It has been used by several authors to understand
the dynamics of an infectious disease (Black & McKane, 2010a, 2010b; Herrerias-Azcué & Galla, 2017a; Kamara et al., 2020a;
Rozhnova & Nunes, 2009, 2010; Simdes et al., 2008; R. H. Wang et al., 2012).

In (Kamara et al., 2020a), the authors proposed an analytical PSD model for the EVD epidemic using the SIRD model,
where D is an infection compartment representing the population’s individual deaths with the Ebola virus. Without intervention or
recovered person reinfection, in terms of structures, the stochastic Fokker-Plank equation (SFPE) of the Ebola SIRD model
(Kamara et al., 2020a) is equivalent to a SFPE asymptomatic infection SEIR (AL-SEIR) model. In other words, theoretically, the
deterministic SID model of (Kamara et al., 2020a) and the AI-SEI model of (Otunuga, 2017) are equivalent under the same
conditions. Therefore, the Ebola analytical post-death transmission model (Kamara et al., 2020a) can serve as a classical model to
understand the dynamics of the current COVID-19 pandemic using PSD as a statistical tool to understand the dynamics of
CoVID-19.

In this research, we aim to study the significant impact of sensitive routes like infection transition, asymptomatic proportion,
and latency period using an analytical PSD model, the AI-SEI model. The model was formulated by transforming the
deterministic model in (Otunuga, 2017) to a Langevin equation (Black & McKane, 2010b; Rozhnova & Nunes, 2010). The
asymptomatic infection periodicity effects around the persistence (endemic) state of the COVID-19 pandemic are studied. As
there are more asymptomatic cases for the COVID-19 pandemic (WHO (World Health Organization), 2020c), there is a need to
investigate the significant impact of asymptomatic infection.

» Statements of the Problem:

The 2019 coronavirus disease is a current health problem that was first discovered in Wuhan, China. Due to its asymptomatic
mode of transmission, infection and mortality rates are very high globally. Because of this, there is a need to investigate the
significant impact of the asymptomatic infection of the pandemic.
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» Aims:
The main aim of this study is to show the significant impact of sensitive routes like infection transition, asymptomatic
proportion, and latency period using an analytical PSD, Al-SEI model.

» Objectives:
The main objective of this work is to investigate whether, using an analytical Al-SEI-PSD model, the impact of
e The direct and indirect asymptomatic infections can be noticeable.
e The latency period can be noticeable.
e The population compartment of the model can explain the behavior of the disease.

» Significant of the Research:

The analysis of the SARS-covid2 epidemic is of paramount importance to understand the dynamics of the coronavirus
spread. This can help health and government authorities take the appropriate measures and implement suitable policies aimed at
fighting and preventing it.

» Limitation of the Study:

The COVID-19 pandemic has represented a challenge for humanity, which has sought to seek alternatives for the prevention,
control, mitigation, and eradication of the disease. This has led to an ‘explosion’ of information from different parts of the world,
which seeks to describe or propose alternatives for action in the face of the pandemic. Much of this information has a risk of bias
or limitations of external validity, related to the availability of health technologies or the configuration of the health systems and
services of the countries where the studies were carried out. As a limitation of this study, mobility, social distancing and self-
quarantine have been applied. Moreover, health institutions advise people to practice good hygiene to keep from being infected.
All these efforts have been made to reduce the transmission rate of the virus.

For the time being, COVID-19 infection is still on the rise. Government and research institutions scramble to seek antiviral
treatment and vaccines to combat the disease. Several reports list possible drugs combination to apply, yet it is still unclear which
drugs could combat the viral disease and which won’t.

Several mathematical models have been proposed from various epidemiological groups. These models help governments as
an early warning device about the size of the outbreak, how quickly it will spread, and how effective control measures may be.
However, due to the limited emerging understanding of the new virus and its transmission mechanisms, the results are largely
inconsistent across studies.

» Definition of Terms:

e CDC- Centre of disease control

EVD- Ebola virus disease

WHO- World health organization

SEI- Susceptible exposed infection
PSD- Power spectral density

SFPE- Stochastic Fokker-plank equation
SID- Susceptible infected disease

VHF - Viral hemorrhagic fever

Pandemic - Is an epidemic of an infectious disease that has spread across a large region.

Epidemic - Is the rapid speed of disease to a large number of people in a given population within a short period of time.

Latent - Is the time interval between when an individual or host is infected by a pathogen and when he/she becomes infector
i.e. capable of transmitting pathogen to other susceptible individual.

v" Infectious Disease - Infectious diseases are transmitted from person to person by direct or indirect contact. Certain types of
viruses, bacteria, parasites, and fungi can all cause infectious disease. Malaria, measles, and respiratory illnesses are examples
of infectious diseases.

ANANEN

» Organization of the Study:

This research is divided into five chapters starting with chapter one contains the following items: introduction, statement of
the problem, Aims and Objectives, significant of the study, Limitation of the study, Definition of terms, organization of the study
and Ethical consideration.

Chapter two present: Literature Review; overview, Description of the Epidemic model, Transmission for Covid-19, Covid-

19 Pandemic Mathematical Model, Transmission of Ebola, Mathematical model of the Ebola Virus Disease and Power Spectral
Density Modeling of Disease Transmission.
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Chapter three; Research Methodology - Materials and methods, Model specification, the asymptomatic infection PSD-SEI
Model.

Chapter four: Analysis and Outcomes; Analysis of the AI-SEI Numerically Simulation.

Chapter five: Findings thought and recommendation.
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CHAPTER TWO
LITERATURE REVIEW

> Overview:

This section presents different studies about COVID-19 and Ebola virus diseases. A mathematical formulation is a powerful
method for developing and testing dynamic, complex multi-parameter models, such as those for the spread of a pandemic. A
pandemic is an epidemic that develops in many countries or continents, whereas an epidemic disease influences enormous
numbers of people within a community, population, or region.

However, statistical modeling helps in prediction, while epidemiology provides a method to understand why and how
infections spread and how they might be prevented or restricted. For instance, when a new infectious disease emerges or there is
an outbreak of a known infectious disease, epidemiologists are the scientists who collect, analyze, and interpret information to
indicate interventions for halting further dissemination. Many infectious diseases do not respect national boundaries, color, creed,
caste, communities, etc., initially affecting only one region of the world, rapidly disseminating to other regions and ultimately
becoming pandemics like COVID-19. These diseases may have several types based on their nature of spread.

When an epidemic is spreading to a larger extent than the expected number of cases, it is called an outbreak. It may be one
case in a new locality. If it is not registered soon, there may be an outbreak causing the epidemic.

Outbreaks of viral hemorrhagic fevers (VHFs) like Ebola and Lassa fever and other respiratory viruses, such as influenza or
COVID-19, typically attract the attention of the media and politicians due to the potentially high rate of infectivity and mortality
(Dicker, 2006). However, the statistical and empirical analysis in the discipline of epidemiology allows us to take information
from individuals and aggregate it into logical groups (defined by the characteristics of the person, the environment, or time points)
(Dicker, 2006). It may help us to logically understand where the infection has originated, how it might be disseminating, and thus
the potential means for prevention and its containment in the restricted zones. Several mathematical models for epidemiological
predictions of COVID-19 have been made. Most of them are based on the classical model of SIR (Susceptible—Infected—
Recovered), initially described by (Kermack & McKendrick, 1927).

However, because this pandemic is unprecedented with multiple influencing factors, the mathematical models developed are
not completely accurate and still need validation (Anirudh, 2020).In a comparative study (Anirudh, 2020), they evaluated the
accuracy of several mathematical models used for the COVID-19 pandemic prediction. The majority of them are based on the SIR
and its derivations, such as the Susceptible—Exposed—Infectious—Recovered (SEIR), Susceptible-Exposed-Infectious-Recovered-
Undetectable (Liu et al., 2020), Simple Susceptible Infected-Recovered-Deaths (Fanelli & Piazza, 2020) to name few.

» Description of the Epidemic Model:

In 1927, Kermack and McKendrick introduced the idea of having a general procedure to analyze the spread of contagious
epidemics (Kermack & McKendrick, 1927). This general procedure is known today as the "SIR model." The process of disease
modelling begins with an interaction between an infected individual and a group of individuals who are at risk of being infected
(susceptible). Several susceptible people will then become infected, thus joining the infected group. Infected people then either die
or recover from the disease, and in both cases, they are removed from the infected compartment. When there is an epidemic, the
number of susceptible populations decreases while the removed population increases without intervention(Dietz, 1982).

In constructing epidemic models, during an early phase of the model, demographic effects are ignored due to the fact that
demographic time scales are ordinarily much longer than the disease timeframe. Then again, since endemics may endure for a
longer time, it becomes important to include demographic effects in endemic models (Dietz, 1982).

The SEIR model is a modified SIR model that describes the incubation period between the infected period (entry of
pathogen) and the stage of infectiousness (shedding of pathogen). It is very important to model the incubation period (E) explicitly
since the individual during the incubation period has been exposed to a pathogen that may be active or dormant. It has been used
in the study of epidemiological patterns and disease control since it was proposed by (Cooke & Van Den Driessche, 1996; Wei &
Xue, 2020).

The SEIR model, like the SIR model, describes the progression of an epidemic by considering the total population to be
equally likely to get infected. Here, immunity after infection is assumed, which means individuals do not return to the susceptible
compartment after recovery (Kermack & McKendrick, 1927). These outbreaks recur until the majority of the populace develops
immunity.

The formulation of the SEIR model was one of the first breakthroughs in mathematical epidemiology. It has aided in the

investigation of the transmission dynamics of infections such as cerebrospinal meningitis, malaria, and hepatitis A and B (Side et
al., 2017; Turner et al., 2015).
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In (Weinstein et al., 2020) the authors studied the global dynamics of the SEIR model with varying population sizes and they
also included latent and infection fraction of the population. In their study of the SEIR model they found the analytical solution to
the model by recasting the SEIR model as a single second order nonlinear ordinary differential equation. Also (Upadhyay et al.,
2019) proposed and studied the SEIR model for controlling highly contagious diseases. They recommended the use of the model
in related studies. In their investigation to identify rational intervention strategies to control the dissemination of COVID-19 in
India, (Mandal et al., 2020) employed the SEIR. More recently, (Mbogo & Odhiambo, 2021) studied the impact of social
distancing and mass-testing in Kenya using a modified SEIR epidemic model. Furthermore, (Kamara et al., 2021) also used the
SEIR model with latent infection to understand the dynamics of the COVID-9 pandemic.

» Transmissions for COVID-19:

Covid-19 is associated with high morbidity and mortality levels and neither has a known cure nor a vaccine. The disease is a
respiratory infection that can be transmitted through droplets of different sizes. When the droplet particles are greater than five to
ten micrometers (m) in diameter, they are referred to as respiratory droplets, and when they are less than five micrometers (5m) in
diameter, they are referred to as droplet nuclei (Harko et al., 2014). According to current evidence, the COVID-19 virus is
primarily transmitted between people through respiratory droplets and contact routes(Burke et al., 2020; Chamie et al., 2021;
Chan et al., 2020; Huang et al., 2020; Q. Li et al., 2020). Droplet transmission occurs when a person is in close contact (within 1
m) with someone who has respiratory symptoms (e.g., coughing or sneezing) and is therefore at risk of having his/her mucosae
(mouth and nose) or conjunctiva (eyes) exposed to potentially infective respiratory droplets. Transmission may also occur through
fomites in the infected person's immediate environment (WHO, 2020).Therefore, transmission of the COVID-19 virus can occur
by direct contact with an infected person and indirect contact with surfaces in the immediate environment or with objects used on
the infected person (e.g., stethoscope or thermometer).

Airborne transmission is different from droplet transmission as it refers to the presence of microbes within droplet nuclei,
which are generally considered to be particles of 5 m in diameter and can remain in the air for long periods of time and be
transmitted to others over distances greater than 1 m. In an analysis of 75,465 COVID-19 cases in China, airborne transmission
was not reported (Burke et al., 2020)

» COVID-19 Pandemic Mathematical Model:

COVID-19 Mathematical modeling is confidentially working to comprehend and predict how the infections spread. The use
of mathematical models is to create a simplified depiction of infection spread in a population and to understand how an infection
might increase in the future. These forecasts could help us make better use of public health resources such as vaccination
programs, treatments, prevention, and interventions. The development of computational models used to simulate dynamical
equations for coronavirus disease. Clinicians and administrators are accepting the conclusions drawn from modeling, often
without realizing the data is simulated.

(Oke et al., 2021) co-operatively developed a mathematical model for understanding the transmission dynamics and control
of COVID-19 in Nigeria, one of the main epicenters of COVID-19 in Africa. Rigorous analysis of the (Kermack & McKendrick,
1933) type compartmental epidemic model we developed, which takes the form of a deterministic system of nonlinear differential
equations, it was revealed that the model has a continuum of disease-free equilibriums which is locally asymptotically stable
whenever a certain epidemiological threshold, called the control reproduction, is less than unity. The epidemiological implication
of this result is that the pandemic can be effectively controlled (or even eliminated) in Nigeria if the control strategies
implemented can bring (and maintain) the epidemiological threshold to a value less than unity.

(Ahinkorah et al., 2020) Propose a compartmental mathematical model to predict and control the transmission dynamics of
the COVID-19 pandemic in India with epidemic data up to April 30, 2020. They computed a basic reproduction number, which
was used to further study the model simulations and predictions. They perform local and global stability analyses for the infection-
free equilibrium point as well as an endemic equilibrium point with respect to the basic reproduction number. Moreover, this
research shows the criteria of disease persistence. They further conducted a sensitivity analysis to determine the relative
importance of model parameters to disease transmission. Their model simulation demonstrates that the disease transmission rate is
more effective at mitigating the basic reproduction number. Based on estimated data, their model predicts that in about 60 days,
the peak will be higher for COVID-19 in India, and after that, the curve will plateau, but the coronavirus diseases will persist for a
long time.

(Kucharski et al., 2020) acknowledge many effects on humans that are ignored in deterministic models for COVID-19. In
their paper, they formulated a stochastic susceptible—infected—recovered model and devoted full strength to the sufficient
conditions for extinction and persistence. They also examine the threshold of the proposed stochastic COVID-19 model when the
noise is small or large.

In (Hethcote, 2005), a mathematical model which explains the transmission dynamics of the COVID-19 pandemic in
Bangkok, Thailand was discussed. The result shows that asymptomatically stable if the reproductive number is greater than one.
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The mathematical model analysis of the model is supported by numerical simulations, and the results prove that the consistent use
of face masks would go a long way towards reducing the COVID-19 pandemic.

(Liu et al., 2020) explain the outbreak of coronavirus disease 2019 (covid-19) with the help of a mathematical model using
both ordinary differential equations (ODE) and fractional differential. This research uses the data of COVID-19 cases in Nigeria
for the numerical simulation that has been fitted to the model. They brought in the consideration of both asymptomatic and
symptomatic infected individuals with the fact that an exposed individual is either sent to quarantine first or moved to one of the
infected classes, with the possibility that a susceptible individual can also move to a quarantined class directly. The proposed
model was discovered to have two equilibrium points. One of the most important goals of the mathematical models was to predict
disease epidemiology in advance and thus assist governmental authorities in developing public health policies to avoid or reduce
overcrowding of health facilities during epidemics. The model showed a good relationship between the predicted number of new
cases and the total number of inpatients and deaths associated with COVID-19 over the period of the country's five regions,
highlighting the potential relevance of the model in the combat of the COVID-19 pandemic. Another important role of the
mathematical models is to predict the duration and end of epidemics. They performed a preliminary analysis of the relationship
between the sensitive parameters of the model and the period where the numbers of new cases start to decrease by 20% or more in
the last 14 days.

(Fanelli & Piazza, 2020) propose a mathematical model to predict the evolution of COVID-19 and evaluate the impact of
governmental decisions on this evolution, thus attempting to explain the pandemic's long duration among the twenty-six Brazilian
states and capitals, as well as in the Federative Unit. The prediction was made based on the growth rate of new cases in a stable
period, and the graphics were plotted with the significant governmental decisions to evaluate the impact on the epidemic curve in
each Brazilian state and city.

(Z. Hu et al., 2020) reveal a control strategy preventing subclinical transmission that differed among countries. A stochastic
transmission model was used to assess the potential effectiveness of control strategies in controlling the COVID-19 outbreak.
Three strategies include a lack of prevention of subclinical transmission (Strategy A), partial prevention using testing with varying
degrees of accuracy (Strategy B), and complete prevention by isolating all at-risk people (Strategy C, Taiwan policy). The high
probability of containing COVID-19 in Strategy C is observed in different scenarios and has varied in the number of initial cases
(5, 20, and 40), the reproduction number (1.5, 2, 2.5, and 3.5), the proportion of at-risk people being investigated (40%, 60%,
80%, to 90%), the delay from symptom onset to isolation (long and short), and the proportion of transmission that occurred before
symptom onset (1%, 15%, and 30%). Strategy C achieved a probability of 80% under advantageous scenarios, such as low initial
cases and high coverage of epidemiological investigation, but Strategies B and C rarely achieved that of 60%. Considering the
unsatisfactory accuracy of current testing and insufficient resources, isolation of all at-risk people, as adopted in Taiwan, could be
an effective alternative.

One of the early studies was conducted by (M. Y. Li et al., 1999) to unveil the causes of the rapid dissemination of the
coronavirus disease. Their analysis was done by observing the reported data from December 2019 to January 2020 in Wuhan
using a network dynamic meta population model. They estimated that about 86% of all infections are undocumented, with a 95%
confidence interval of 82-90% (M. Y. Li et al., 1999). Thus, there were some undetected individuals present in the population who
had been exposed to the virus and were facilitating its spread.(Sabbih et al., 2021) proposed the SEIS model to study the disease
transmission dynamics, suspecting that individuals who had recovered from COVID-19 were still susceptible to reinfection. They
also proposed a viral replication model to help comprehend virus-host cell interactions (Turner et al., 2015). (Yang & Wang,
2020) proposed the SEIR model in their study of the COVID-19 outbreak in Wuhan, the disease's epicenter at the time, based on
current clinical diagnosis of reinfection cases. Through numerical simulation and mathematical analysis, they predicted that the
coronavirus disease would persist and become epidemic.

In their investigation to identify rational intervention strategies to control the dissemination of COVID-19 in India, (Mandal
et al., 2020) employed the SEIR. Their analysis was limited to quarantine and airport screening as intervention programs. They
recommended more intervention programs to aid in the mitigation response needed.

More recently,(Mbogo & Odhiambo, 2021) studied the impact of social distancing and mass-testing in Kenya. Their analysis
was conducted using the SEIHQRD model, a modified SEIR epidemic model. Their findings also suggested that a more dedicated
effort from individuals and the government was required to decrease the infection rate in Kenya (Mbogo & Odhiambo, 2021).
(kamara et al., 2021) also used the SEIR model with latent infection to understand the dynamics of the COVID-9 pandemic. They
showed that the impact of the direct and latent infections of the COVID-19 pandemic is detrimental to the susceptible population.
Though several studies have been done to understand the dynamics of the current pandemic, research on the total impact of
awareness programs created is scarce.
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(Kamara et al., 2021) also used the SEIR model with latent infection to understand the dynamics of the COVID-9 pandemic.
They showed that the impact of the direct and latent infections of the COVID-19 pandemic is detrimental to the susceptible
population.

» Transmission of Ebola:

Ebola virus disease (EVD) is one of the deadliest diseases in Africa. It was first discovered in 1976 in the Democratic
Republic of Congo (DRC), previously known as Zaire, and has a potential fatality rate of up to 90%(Chowell et al., 2004;
Ndanguza et al., 2013). While the virus has been found in other parts of the world, the majority of cases and outbreaks are
African(Centers Disease Control and Prevention(CDC), 2018). Since 1976, African countries like Sudan, Gabon, Uganda, and the
DRC have experienced more than three outbreaks each (Legrand et al., 2007).

There are six strains of the virus: Zaire, Sudan, and Tai Forest; Bundibugyo, Reston, and Bombali Ebola viruses. Of these,
only the first four are known to cause disease in humans (Chowell et al., 2004; WHO, 2018a). The Reston virus can cause disease
in nonhuman primates and the Bombali Ebola virus, which was discovered in Sierra Leone in 2018, has not yet been confirmed as
causing disease in either animals or humans (Chowell et al., 2004).

However, post-death transmission plays an active role in infection transmission, causing susceptible populations to become
infected either by a living host or by a host that died with the virus. (Weitz & Dushoff, 2015; WHO, 2018b). Almost all initial
cases of EVD have resulted from spillover events. (2009), when an uninfected person meets a dead infected animal, such as a fruit
bat or nonhuman primate (Herrerias-Azcué & Galla, 2017b; Judson et al., 2016; Rao et al., 2012) The transmission process then
continued with human-to-human contact. The persistence of the virus in a community has been decisively linked by scholars to
funeral practices(McKane & Newman, 2005; Van Kampen, 2007). Direct contact with the blood or bodily fluid of an infected
individual showing signs and symptoms of the virus (e.g., vomit, high fever, diarrhea, generalized pain) can also cause
transmission. Since the virus can survive outside of a living host for several days, it has the potential to spread through
contaminated objects (Gillespie, 1976; Van Den Driessche & Watmough, 2002; Yamazaki, 2018). There is no confirmed source
indicating where the virus originated, but various studies have proven that the African fruit bat is a known animal reservoir for the
virus (Bermejo et al., 2006; Leroy et al., 2005). Most recently, there has been a vaccine for the Ebola virus. There were several
research studies that were based on the Ebola vaccination.

» The Mathematical Model of the Ebola Virus Disease:

(Do & Lee, 2016; Fasina et al., 2014; K. Hu et al., 2015; Kiskowski et al., 2016; Lekone et al., 2006; Meakin et al., 2018;
Nieddu et al., 2017; Salem & Smith, 2016; X.-S. Wang & Zhong, 2015; Weitz & Dushoff, 2015) collaborated on the Susceptible
Exposed-Infectious-Recovered-Deceased (SEIRD) type model, which has been used to study the dynamics of EVD outbreaks
with the Although an analytical application can give a better understanding of an epidemic model using a nonlinear differential
equation, (Black & McKane, 2010a) further explain that numerical simulations are the most common computer application
considered to study the dynamics of the disease with these models.(Meakin et al., 2018) used a numerical simulation on a simple
stochastic meta population model to study the dynamics of the 2018 DRC Ebola outbreak with time-series data for three health
care centers in Equateur province. (Do & Lee, 2016) provided analytical and numerical analyses of EVD dynamics without vital
dynamics (that is, the birth and death processes are neglected) using the SLIRD model (Lis latently individual) to identify
sensitive transmission areas in Nigeria during the 2014-2016 West Africa outbreak. They reported that safe burial was a targeted
area that required effective intervention strategies to combat the spread of the disease. Their findings were reinforced by(Salem &
Smith, 2016), who used the SEIRD model and provided a sensitivity analysis with a Partial Ranking Correlation Coefficient
(PRCC) and Latin hypercube sampling. The major difference between these two studies is that, in (Levin-Sparenberg et al., 2015),
transmission by latently infected deceased individuals was included in the model, whereas for Salem and Smith (2016), the model
was deterministically analyzed with vital dynamics. Also,(Agusto et al., 2015) used PRCC to assess the impact of population-level
on the basis of non-pharmaceutical control measures during the 2014 EVD outbreak in West Africa by incorporating the effects of
traditional belief systems and customs, along with disease transmission within health-care settings and by Ebola-deceased
individuals. The authors reported that in the absence of anti-Ebola public health interventions, traditional/cultural/custom belief
systems through which the interaction between an uninfected individual and Ebola-deceased individuals is very high. It is one
parameter that has the most influence on the Ebola transmission dynamics in Guinea.

(Weitz & Dushoff, 2015) reported that there was an identifiability problem when the SEIR was modelled with post-death
transmission using epidemic growth rate data with the infective equation as a response function. This was accomplished by
comparing the growth rates of the SEIR and SEIRD models using numerical simulation. It was shown that, for the latter, different
transmission parameter values produced almost the same pattern of epidemic curves, indicating challenges in understanding the
dynamics of the disease, as epidemiology parameters for EVD are difficult to identify.

(M.S.M. et al., 2012) shows that traditional funerals and burial costumes played a significant role in the spread of EVD

during the 2000 Uganda and 1995 DRC Ebola epidemics. Augusto et al. combined traditional belief systems and customs with
transmission within healthcare settings and transmission by Ebola human-deceased individuals to assess the effect of population-
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level based on non-pharmaceutical preventive measures during the West African EVD outbreak. The authors showed that, besides
the lack of anti-Ebola public health interventions, cultural (traditional or custom) beliefs were one of the parameters that showed
the most influence on the transmission of Ebola in Guinea. Also, in (Rao et al., 2012), the authors incorporated disease relapses
and reinfection to analyze the Ebola disease dynamics, showing that the model is locally asymptotically stable. They showed that
the total number of new cases increases when both relapses and reinfection parameters increase.

(Altaf & Atangana, 2019) used the Caputo fractional derivative and showed how accurately the method could predict the
Western African Ebola outbreak data. Also,(Nieddu et al., 2017)used the Hamiltonian method to describe the EVD dynamic with
the hospital, community, and funeral transmission models, taking into account the transition from the Ebola virus reservoir (fruit
bat) transmission in the model. The authors showed how reservoir transmission, post-death transmission, and stochastic
population dynamics impacted the persistence and recurrence of the EVD in the human population.

However,(Berge et al., 2017) introduced a deterministic SIR-DP model and showed that the complete model has one
endemic state and is locally asymptotically stable. They also showed that for the SIR-DP model to be globally stable at its
endemicity levels, the shedding parameters of the model must be zero. (Yamazaki, 2018) included a diffusive term inthe S, I, R,
and P compartments of the Ebola partial differential equation model. This showed that the Ebola partial differential equation
model is not well-posed and the stability analyses do not hold. Differential operators that possess crossover properties and fade out
(Caputo, Caputo-Fabrizio, and Atangana-Baleanu) were used by Altaf and Atangana to inspect the dynamics of EVD in Africa
using the SIR-DP model. Also, an extension was made to the SIR-DP model in Berge et al. (2018) by including the Ebola
reservoir dynamics process and providing theoretical and numerical analyses to assess how the Ebola reservoir impacts the disease
dynamics. Moreover, in (Kamara et al., 2020a), the SEIR was modelled with environmental transmission and also showed
negative implications for the transmission from a contaminated environment.

» Power Spectral Density Modeling of Disease Transmission:

To understand the interplay between the deterministic and stochastic models and also to give a better description of the
dynamics of an epidemic, an analytic power spectral density (PSD) has been considered; (Heida et al., 2013), purposed a
parametric analytical definition for Power Spectral Density functions (PSD) coherent with a wide range of response spectra
defined by several international seismic codes with different shapes. The reliability of such a powerful tool is then assessed
through an extensive numerical campaign by comparing stochastic analysis and Monte-Carlo simulations.

(Heida et al., 2013) explain that the signals recorded from the extremities of Parkinson’s disease patients showing rest and/or
action tremor reveal a distinct high power resonance peak in the frequency band corresponding to tremor. They further said
Parkinson’s disease patients continuously balance between tremor and tremor suppression or compensation expressed by power
shifts between the low frequency band and the tremor frequency band during rest and voluntary motor actions. This balance shows
that the pathological trmor is either on or off, with the latter state not resembling that of a healthy subject. Deep brain stimulation
can increase the spectral density of physiological, rest, and action tremors in Parkinson’s disease patients treated with deep brain
stimulation.

(Melek Manshouri, 2022) proposed that sound signals from the respiratory system be used as a proxy for human health. It
was suggested that early diagnosis is of great importance because, if delayed, it exerts an irreversible effect on human health. The
coronavirus pandemic, which is deeply shaking the world, has revealed the importance of this diagnosis even more. During the
pandemic, it has become the focus of researchers to differentiate symptoms from similar diseases such as influenza. Among these
symptoms, the difference in cough sound played a distinctive role in the research. Also, Clinical data collected under the
supervision of doctors in a reliable environment was used as the dataset, consisting of 16 subjects suspected of COVID-19 with a
specific patient demographic to undergo this research.

(Alonso et al., 2007) presented an analytic PSD model to investigate stochastic amplification in an epidemic model,
considering internal and external transmission. It was shown that demographic noise could shift the damped oscillation of the
deterministic period, and the oscillating infective curve of the PSD expression moved to a higher frequency as the transmission
value increased. Moreover, a stochastic SIR model with seasonal forcing was also used with analytic PSD techniques in (Simdes
et al., 2008) to separate the connection between external forcing and stochasticity in an epidemic model. Also, to investigate the
performance of the resonant fluctuation of the stochastic SIR model in (Simdes et al., 2008), an analytical PSD solution was
presented by relaxing the random mixing assumption and including a mixing network by(Simdes et al., 2008). In (R. H. Wang et
al., 2012), the environmental compartments are added to the SIR Model to show the impact of environmental transmission in an
influenza outbreak. Also in (Kamara et al., 2020b), the death compartments were added to the SIR Model to show the impact of
post-death transmission in an Ebola outbreak.
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CHAPTER THREE
RESEARCH METHODOLOGY

» Materials and Methods:

The aim of this study is to investigate the propagation of the COVID-19 pandemic using the (Kamara et al., 2020b)
analytical post-death transmission for the Ebola model as a classical model. Indeed, the degree of disease propagation within a
community (a country or a city) highly depends on parameters such as the infection rate and the latency period. Each parameter
contributes to the evolution of the pandemic with a certain probability. The principal parameters affecting the spread rate are the
focus of this research work. Hence, the aim of this work is to identify those parameters allowing the slow-down of COVID-19
propagation in order to maintain control of the disease dynamics.

» Model Specification:
e The Asymptomatic Infection Model for SEI:

In this section, we formulate the AI-SEI model as in (Otunuga, 2017), but assume birth and natural death are equal and
disease-induced death only occurs in the infectious state. The model is used under the following assumptions:

v' The population is constant but large.

v The only way a person can leave the susceptible state (S) is to become infected, either from the exposed (E) or visibly infected
(1) state or die of natural causes.

The only way a person can leave the E state is to show signs and symptoms of the illness or die of natural death.

The only way a person can leave the state is to recover from the disease, die from natural death, or die as a result of the
disease.

A person who recovered (R) from the illness received permanent immunity.

Age, sex, social status, and race do not affect the probability of being infected.

Each member of the population has the same contact with one another equally.

All births are in the susceptible state, and it is assumed that the birth and natural death rates are equal.

In view of this, the rates of transition in the latent and infected periods are denoted as S, and, g;respectively. The susceptible
population is increasing and decreasing at an equal rate, which is the rate when an exposed individual moves to an infectious
state. The disease-induced death rates are referred to as the "recovery rate constant." Figure 1 represents the latent infection

SEIR mode.
uN QS,B(I + KE)/NQ o m ¥ q
\< ’\< Mi i
u K /6 :

Fig 1 The Latent Infection SEIR Model Flow Diagram.
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The total population is = S + E + I , and the modification of the AI-SEI model in (Otunuga, 2017) to a fixed population size
model can give us a deterministic nonlinear differential equation which in proportional form is given as:

Ay = pt = Bese — Bisi — s,
Ay = Bese + Bisi — (u+y)e
A;=ye—(u+a+6)i
Where B, = kBand(s,e, i) = (1,2,3),4, = ds/dt,A, = de/dt, andA; = di/dt (1 = 1,2,3); ands =S/N,e=E/N,i=

I/N, which is equivalent to the mean-field equation of (Otunuga, 2017). The dynamics of the outbreak is numerically investigated
with this model in equation (1) using the Gillespie Stochastic Simulation Algorithm. The endemic state of the outbreak is of
interest for this work, and it is the state when the outbreak continues to persist in the population as time increases. It is believed
that the endemic equilibrium state occurs when R, > 1.
» The Asymptomatic Infection PSD-SEI Model:

Since in (kamara et al., 2021) it was showed that at the endemic equilibrium states the AI-SEI model has negative real part
for all it eigenvalues we then considered a set of Langevin equation defines as:
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4y _

4
dt - ZAkl Vi + (k(t)! (k,l = 1l2I3 ) (2)
=1

Where(, represent the Gaussian white noise with zero mean andf,; is the Jacobian matrix of the microscopic equations with
respect to the endemic stated, (s*, e*, i*). The cross-correlation structure is determined by the expansion.

(Zk(t)ik(t’)) =p(t —t")By

WhereB,;the noise covariance matrix is also evaluated at the endemic equilibrium states. Hence, following (Kamara et al.,
2020a) the noise covariance matrix for the Al-SEI model of equation (1) is gives as

By, = u+ Bese + Bisi + s,
By; = Bese + Bisi+ (u+y)e
Bys =ye+ (u+a+6)i
By, = By; = —s(ef, + iB;) 3)
By3 = B3, = —ye
The Langevin equation of equation (2) is then transform to a linear system using Fourier series transformation since we are

interested in cycles. In doing so we derive the power spectral density (PSD) that is correspond to the normalized fluctuation,
independent of the community size N. From the Langevin equation above, taking temporary Fourier transform we get:

4
07 (@) = ) A (@) + G @) @
=1

Wherew is the angular frequency, 7,(w), (I = 1,2,3) are the stochastic corrections to the deterministic variables s,e and i.
Also

(G (@)¢ (") = By 2m)p(w + @)
This leads us to three linear algebraic equations represented in matrix form as:
_iw - All '_A12 _A13 gl 5:1
—Ayq —iw — Ay, '_Azs Yo | = {2
0 —Az, —iw — Azz/ \J3 {3
However, it is easy to see that the Jacobean matrix (drift term (4,; matrix) of the Langevin equation) and fluctuating

matrix (B,; matrix) structures in this work are the same as that of (Kamara et al., 2020a) . That is, Jacobean matrixes for drift
term are

/Kamara et al.(2020)model /Propose model
S I D S E I
Akl = I A11 A12 A13 I and Akl = I A11 A12 A13 I;
\ A21 A22 A23 A21 A22 A23
0 Az Az 0 Az Az
Where

Ay = 0A,/0s,
A12 = aAl/ae,
Ay = 04,/0i
Ay, = 04,/ 0s,
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A,, = 04,/ de,
Ays = 04,/ 0i
Az, = 045/ 0e,
Az = 0A5/0i
Also, the fluctuating matrixes are demonstrated as
/Kamara et al.(2020)model /Propose model\
S I D S E I
Bkl = I Bll BlZ 0 I and Bkl = I Bll B12 0 I
\ 321 BZZ BZS Bz1 B22 BZS
0 B;s; Bss 0 Bs; Bs;

Moreover, the focus is to use the infectious equation (I(t)) to describe the trajectories of epidemic curve which in this paper
is the PSD death (P, (w)) expression in (Kamara et al. 2020) as we can see from the matrixes. That is, the I(t) equation we are

using to study the COVID-19 dynamic is not the same as the Ebola post-death transmission SIRD model in (Kamara et al.,
2020a).

The analysis is done using the endemic equilibrium points (E* = (s*, e*, i*)) where the A, and B, parameters are defined
using

L1
S —R—O,
. _ Ry — 1)
(u+7v)Ry
Y 1y (R — 1)
C = WFDwtat R, )
And
1 YBi
Ro = (,u+y)<ﬁe +(,u+a+k)>' (6)

R,is the basic reproduction number. It is well known that when R, > 1, the disease is in its endemic equilibrium state.
Hence from (Kamara et al., 2020a) the real part of the P, (w) prediction model for our AI-SEI model is given as

(a; — R;w? + Bjgw*)
D(w) ’ ®)

P (w) =

Wherek = 1,2,3 and
a; = By1ep® + Byy6q® + Byzer? — 2By,epe, — 2Bysg e,
R, = 2By3A3,(Ay; + Agy) + 2(Bsse, — Bz3sq) — (By2A%3; + B33 (A4 + Azy)?),
&p = Az14z,;
&g = A4z ;
& = A1 Ay — A1 An
D(w) = w® + (2L, — LY)w* — 2L, L; + L3)w* — L5

Ly = A1 + A5 + Az,
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L, =A11(Ayy + Ayy) + Ayp Ay — ApsAyy — A Ay
Ly = A1 (Ay3A5, — AypAss) + Ay (A1pA53 — Aj3Asy)
Ay =—u—eBe— "B,
Ay =—5"Be,
Az =—s"B;,
Az =—(u+a+k),
Ay =e* B + i,
Ay =5"Be — (1 +7),
Ayz =s"Bi,

Az =,

The parameter values are taken from the global COVID-19 pandemic literature as of 10 June 2020. We estimated the case
fatality rate as the ratio of total confirmed cases(World Health Organization 2020, 2020)

408025
" 7145539

= 0.057.

The incubation period has a mean average of 5.2 days, and the recovery period is 5.8days (Li et al.2020), that is.

1
y=g5=019
k= i =0.172
5.8
The natural death rate is assumed to be.
1 = 0.00005,
The direct transmission as in (Lin et al., 2020)
B; = 0.533
And B, = oB; = 0.267,

where o = 0.5is the proportion of asymptomatic infection rate of human (Chan et al., 2020), hence

R, =3.32
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CHAPTER FOUR
RESULT AND DISCUSSION

» Analysis of the Al-SEI Numerically Stochastic Simulation:

In this section, we illustrate numerically the stochastic simulation for equation (1) using the Gillespie Stochastic Simulation
Algorithm to investigate the patterns of the susceptible, exposed, and visible infectious population. The model parameter values
are used as obtained in the previous chapter, and we focus our analysis on a small settlement of approximately 1,000 people.

We investigate the endemic equilibrium, showing in Figure 2 that, as E and | increase, the S population declines. We also
noticed that at a certain point in time, there is a decrease in the trajectories for the E and | states. The decrease trajectories for the
E state are due to an increase in asymptomatic individuals to the visibly infectious state and natural death, whereas the decrease
trajectories for the | state are due to an increase in recovered individuals and those who may have died of natural causes or from
the virus.

Stochastic Simulations SEl Model

I Susceptible
B Exposed
B |Infectious

Populations
100 200 300 400 500 600

II | | |
10 20 30 40 50 60

Time (days)
Fig 2 The Numerical Stochastic Simulation of the AI-SEI Model the Analytic Al-SEI Power Spectral Density Analysis.

» Analysis of SEI Model Behavior in the Presence of Asymptomatic Infection:

In this section, we only consider analysis using the analytic equation to observe how the SEI model trajectories behave with
asymptomatic infection using R-software. As in Kamara et al. (2010), an insightful description of the parameters of the model is
recognized if, for the best fit frequency ranges, the peak of the oscillating curve changes positively with different magnitudes. The
parameter values are substituted manually into the expression and vary the infections, latency period, and asymptomatic
proportion parameters as shown in the figures with a reduction of 5%.

In Figure 3, we observe that for a decreasing degree of the transition routes, Figures 3 and 4 show that the significant
negative impact of asymptomatic and direct infection transmission cannot be recognized using the infective equation. The Al-SEI
model infective curve pattern in this research is in agreement with the SEIRD model in (Weitz & Dushoff, 2015) and
(Mouanguissa et al., 2021a), where it was shown that with two transmission routes, the SEIR model is very challenging to give
insightful characteristics of an outbreak. As in (Weitz & Dushoff, 2015) and (Mouanguissa et al., 2021b), the same trajectories
produce increasing values for the infectious and the new infection routes.

IJISRT23MAR1851 WWW.ijisrt.com 2201


http://www.ijisrt.com/

Volume 8, Issue 3, March — 2023 International Journal of Innovative Science and Research Technology
ISSN No:-2456-2165

Asymptomatic transmission increment

Ty)
g _ B (0.267
Bl (0254
B (0241
<
Q —
o
E
f— D —
2 ©°
w
)
-
T o
o O 4
g o
w
S
[ ]
o
o
o
| | | | |
0.2 04 06 0.8 1.0

Angular frequency
Fig 3 The Analytic Spectral Density Asymptomatic Transmissions SEI Model Analysis.
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Fig 4 The Analytic Spectral Density Visible Infection Transmissions SEI Model Analysis.
However, we extend our analyses to differ from those of (Weitz & Dushoff, 2015)and (Mouanguissa et al., 2021b) to
identify significant parameters in the model to give us an insightful characterization of the COVID-19 outbreak. It is observed that

when the magnitude of the latency period is decreased, the spectral infective curve moves significantly. This means that the
magnitude of the latency period determines whether or not an asymptomatic transmission has a significant negative impact.
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Fig 5 The Analytic Spectral Density Asymptomatic Latency Period Analysis.
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CHAPTER FIVE
SUMMARY, CONCLUSION AND RECOMMENDATIONS

» Summary:

In this paper, we used an Ebola virus disease analytical PSD post-death transmission model of the SIR class (Kamara et
al.2020) to understand the dynamics of the COVID-19 pandemic. The model in this work uses the SEIR model to take into
account latent and infectious infections, which makes the PSD-SIRD model calculation (Kamara et al.2020) equivalent to our
PSD asymptomatic infection SEIR model but uses different prediction equations to investigate the trajectories patterns when the
infected equation is of paramount interest. The analysis focuses on the steady-state solutions of the current COVID-19 as the data
has shown that the basic reproduction number is greater than unity (Read et al., 2020; Zhao et al., 2020).

» Conclusion:

It is demonstrated that both visible and asymptomatic infection transmissions have a significant negative impact on the
analytical PSD model, which is difficult to recognize. Because of this, estimating important parameters from an Al-SEI model has
many implications and challenges in giving accurate predictions for the COVID-19 pandemic. This can be a result of the novelty
of the disease, as there is more to learn about the disease's propagation. A better understanding of COVID-19 is necessary to
improve the asymptomatic infection estimation that would alleviate this problem of identification. Because the asymptomatic
infection is more scary for COVID-19, it is not appropriate to study the disease dynamic by neglecting it because it would
miscalculate the parameters that show the severity of the disease (i.e., The magnitude of under-estimation depends on the rate of
asymptomatic infection, which in turn depends on the time spent in the hospital, community, and infection risk. Such
undervaluation would be concerning for the ongoing effort to develop an accurate model to understand the dynamics of COVID-
19 and its preventable strategies.

A relevant feature identified in this research to prevent the asymptomatic infection spread is the reduction rate of those from
the asymptomatic population progressing to an infectious population. Therefore, identifying all asymptomatic cases and providing
treatment for them are significant response interventions to reduce the spread of asymptomatic infection and put an end to the
COVID-19 pandemic. Other responses required vaccinations, individual behavioral changes, and intervention. Identifying all
asymptomatic cases is believed to have contributed to the reduction of COVID-19 transmission in many initial hot spot countries
like China. A better understanding of asymptomatic infection can help understand the COVID-19 pandemic and provide
preventable strategies to control and eliminate the current pandemic.

» Research Recommendation:

Furthermore, for future research, the study can consider control strategies such as vaccination and isolation in order to
reinvestigate the negative impact of the COVID-19 pandemic's visible direct and asymptomatic infection routes. Wavelet
approach is another technique used in recent years to study the propagation of an infectious disease. We recommend that this
approach be considered in future research.
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