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Abstract
The COVID-19 pandemic has posed a serious threat to the lives of many people across the globe. In
Nigeria, the first COVID-19 case was reported on 27th February 2020, after an Italian citizen tested
positive for Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2), the causative agent
of COVID-19. The spread of SARS-CoV-2 remained stable until 21st April 2020, when the number of
infections in three digits emerged and as of June 20th, 2020, Nigeria recorded a total of 19,808
confirmed cases, a total discharged 6,718 and 506 deaths recorded. The severity of SARS-CoV-2 by
far surpasses the coronaviruses that were so far discovered in 2003 and 2012. In this study, a
Susceptible Infectious and Recovered (SIR) model for transmission of the COVID-19 pandemic in
Nigeria has been developed to obtain the overall picture of the severity of the disease in Nigeria. The
model is applied to the Nigerian COVID-19 data recorded from 28 February 2020 to 20 May 2021.
The dataset comprised three variables, daily confirmed positive, death, and recovery cases. The
parameters of the model are estimated by minimizing the negative log-likelihood function using the
Nelder- Mead method. Based on the simulation of the fitted model, it can be concluded that the basic
reproductive number, Ro, is 1.533931. The value of R0 obtained showed that on average one infected
individual would spread the COVID-19 virus to two susceptible individuals. And an infected
individual required 9 days to recover from the disease. The Ro is computed using the estimated model
parameters. The findings indicated that the fitted model satisfactorily mimicked the actual data

reported by the Nigeria Center for Disease Control (NCDC).
Keywords: Coronaviruses, COVID-19, Basic Reproductive Number, SIR Model, Severity.

1. Introduction
Novel coronavirus which also called COVID-19 or 2019-nCoV is a lethal respiratory disease caused
by a newly coronavirus known as Severe Acute Respiratory Syndrome Coronavirus two (SARS-CoV
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2) which was first emerged in December, 2019 in Wuhan in Hubei Province of China (Ling et al.
2020; Zhu et al. 2020; Li et al. 2020). SARS-CoV-2 has so far spread rapidly to 210 countries and
territories around the world and 2 international conveyances with 8,687,390 confirmed cases,
4,577,476 recovered cases and 459,098 deaths recorded as of June 19", 2020, 18:34 GMT
(Worldometer, 2020). World Health Organization (WHOQO) had declared COVID-19 as a global
pandemic owing to its sustained transmission on six continents (Muhammad et al. 2020; Roberto et al.
2021; Giuseppe, 2021).

As all the continents reported confirmed cases of COVID-19, Africa confirmed its first case on
14™ February, 2020 in Egypt (Muhammad et al. 2020; Marius et al. 2020). While in Sub-Saharan
Africa, the first case of the COVID-19 has been confirmed in Lagos State, Nigeria on 27" February,
2020 where Italian citizen who works in that country appears to have tested positive for the virus
(Muhammad et al. 2020; Adegboye et al. 2020). The victim was reported to have been flown from
Milan to Nigeria on 25" February, 2020 (BBC, 2020). Immediately, Emergency Response Team
(ERT) in Nigeria for public health emergencies known as Multi-Sectoral National Emergency
Operation Center activated at level three which was led by Nigeria Center for Disease Control
(NCDC) to trace the close contact of the patient. It was found that 27 suspected cases had been
identified on 9th March, 2020 across five states namely Lagos, Edo, Ogun, Abuja and Kano, out of
which two were confirmed to be positive (NCDC, 2020; Bassey and Akaninyene, 2020).

As of June 21%, 2020, a total of 19,808 SARS-CoV-2 confirmed cases, 6,718 discharged and
506 deaths recorded in 35 states and Federal Capital Territory, Abuja (NCDC, 2020). The first case of
COVID-19 pandemic in Nigeria did not lead to immediate outbreak, due to the public intervention
implemented in Nigeria, which reduced the local transmission of the pandemic and importation from
other counties especially China (Adegboye et al. 2020; NCDC, 2020). Some of the prompt public
intervention implemented in Nigeria include prompt activation of Multi-Sectoral Emergency
Operation Center, risk transmission and commutation campaign across the country, two Rapid
Response Teams of NCDC were deployed to Ogun and Lagos States. Lagos and Ogun States
respectively activated State-Level Emergency Operation Centers with press briefing by their
respective governors.

On 30" March, 2020, the President of Nigeria signed THE QUARANTINE ACT (CAP Q2
LFN 2004) for COVID-19 Regulation, 2020, in which the restriction/cessation of movement in Lagos,
FCT and Ogun States were enforced. Moreover, the citizens are advice to stay at home, all travel to or
from states are banned, all businesses and public offices are closed excluding hospital and all related
medical; establishments, organizations in health care related manufacturing and distribution
(Algehyne et. al, 2022, Alsayed et. al,2021). Suspension of passenger aircraft, both commercial and
private were also enforced. Although several models for COVID-19 pandemic have been developed

as reported by NCDC (2020), Li (2020) an Kucharski et al. (2020), however, Nigeria is still lagging

26



Journal of Statistical Modelling and Analytics Vol 5(1), 25-35. 2023
https://doi.org/10.22452/josma.vol5Snol.2

behind. Proper understanding of the Susceptible Infectious and Recovered (SIR) model for human-to-
human transmission via three mutually exclusive stages of infection namely susceptible, infected and
recovered is very important. This study is not only intending to fulfill the lagging of the model used in
Nigeria but also the main key to planning effective control strategies for COVID-19 pandemic in
Nigeria. Thus, documenting the knowledge for severity of COVID-19 pandemic in Nigeria using SIR
model is of significant importance since it would properly guide the government at all levels to handle
and manage the pandemic effectively. In this study, daily confirmed cases, daily death cases and daily
recovery cases of COVID-19 in Nigerian dataset were obtained and SIR model for transmission of
COVID-19 pandemic in Nigeria was developed with the main aim to prepare for an effective control s

trategy for Nigeria policy maker.

2. Materials and Methods

2.1 Dataset

The dataset of COVID-19 daily confirmed cases, daily death cases and daily recovery cases was
obtained from official website of Nigeria center for disease control (NCDC), https://ncdc.gov.ng/.
The dataset comprised of 456 days from 28" February, 202 to 20" May, 2021. The dataset contains
the daily confirm cases, death cases, recovery cases, active cases reported on the website. The data an
alysis was performed using desolve package in R statistical package.

2.2 Susceptible Infectious and Recovered (SIR) Model

The SIR model is the model that was first used by Kernmack and McKendrick in 1927 and was
subsequently used and applied to a variety of diseases particularly airborne childhood disease with
lifelong immunity upon recovery such as rubella and measles (Kermack and McKendrick, 1927). In
this study, SIR model is used to model and predict the severity of COVID-19 infections in Nigeria. In
SIR model, size of population N is divided into three components, known as susceptible (S), as an
healthy individual but are at risk of being contracted with the virus, Infectious (I), as an infected
individuals, and Recovered (R), as the people that contracted the virus but either died or recovered

from the disease. Figure 1 shows the transition process from the susceptible group to the recovered

group.

Susceptible Infectious Recovered

Figure 1. Transition Process from Susceptible Group to the Recovered Group
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The susceptible individuals decrease at @ when they contract the virus and move to the
infectious group, therefore, as the infected individuals recovered or died they move from of the
infectious group at the rate y to the recovered group. Therefore, to model the COVID-19 pandemic in
Nigeria, three differential equations have been used to describe the rate of changes in each

compartment. The Equation 1, Equation 2 and Equation 3 can be seen as follows:

ds aSl

e__ot 1
dt N M
dl oSl

—==ql 2
o 2
drR

v 3
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where « is the infection rate, which controls the transition from the susceptible group to the infectious
group, and y is the removal rate, which controls the transition from the infectious group to recovered
group. The assumption of standard SIR model is that the population is fixed, N = S (t) + I(t) +
R (t) at time ¢, no births or deaths. Equation 1 states that the number of susceptible individuals
decreases with the number of people infected with the disease. Meanwhile, Equation 2 states that the
number of individuals in the infectious group increases with the newly infected individuals (aSI)
minus the individuals previously infected but recovered (yl). Equation 3 states that the number of
individuals in the recovered group increases with the number of people in the infectious group but

either recovered from the disease or died.

The expected duration of recovery from infection, in days, is given by o and a significant

parameter which shows the speed at which a disease is spreading is the basic reproductive number

(Ro). The parameter, Ry, indicates the number of secondary infections arising from the first case in a

susceptible population. It is given as Ry = % . When Ry > 1, implies that an infected individual will on

average spread the disease to more than one person. While, when Ry = 1 indicates that an infected
person spread the disease to only one person. The target always we intend to achieve is to obtain Ry <

1 which implies that an infected individual will not spread the disease to another person.

3. Results and Discussion

The daily reported COVID-19 positive cases were obtained from the official website of the NCDC
with the data covers 456 days, from 28™ February 2020 to 20™ May 2021. The data are categorized
according to the two Covid-19 waves in Nigeria, first wave, from 28" February 2020 to 7" December
2020, and the second wave, from 8™ December 2020 to 20" May 2021. The plotting and model fitting
have been analyzed by using Rstudio, deSolve package, and R package version 3.6.3. The daily new

and cumulative positive cases for the two waves have been visualized by using Line plots, Figures 2
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and 3. During the first wave, the trend of the virus's spread shows stable situation from the first-day
infections were discovered until 22" April 2020, when we started a spike in the number of positive
cases. Despite the movement control order (MCO) and other policies imposed by the Nigerian
government, the number of cases kept increasing with fluctuations up to date. The increasing trend of
number infections might be as a result of inadequate health facilities and other issues in the country. |
n addition, for the second wave, the rate of infection increased rapidly and recorded its highest peak
on the 23" January 2021. However, the number of new infections started dropping and remained
stable from 18" February 2021 to date.
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Figure 2. Line Plots of the Nigerian COVID-19 First Wave Reported Positive Cases, (a) for Daily Pos
itive and (b) for Cumulative Positive.
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Figure 3. Line Plots of the Nigerian COVID-19 Second Wave Reported Positive Cases, (2) for Daily

Positive and (b) for Cumulative Positive.

4. Model Simulation

In this study, using the initial values, N = 1000, S(0) = N — 1, I(0) = 1, and R(0) = 0 for SIR
model, for the first wave infections, we obtained the values of the infection and removal rates as
0.1793670 and 0.1169329. Thus, Ry is 1.533931, and the expected number of days of recovery from
the infection is 9 days. The value of Ry obtained indicates that an infected individual will on average
spread the virus to 2 susceptible individuals. The fitted SIR model satisfactorily mimics the trend of

the actual reported cases. It can be seen in first wave, Figures 4 and 6, at the initial stage of the

30



Journal of Statistical Modelling and Analytics Vol 5(1), 25-35. 2023
https://doi.org/10.22452/josma.vol5no1.2

outbreak, the fitted infection cases are close to the observed cases, from day 1 to day 60, but there are
discrepancies afterward, due to sudden spikes in the number of actual cases. The trend of the
simulated individuals in the susceptible compartment started declining after day 60 meanwhile, the
simulated infected individuals started inclining from day 50. The trend of the simulated recovered
compartment also increases after day 60. Similar trend is obtained during the second wave, but with
high number of infections (see Figures 5 and 7).

A similar study, though it was aimed at stimulating the propagation dynamics of COVID-19 on
the Cape Verde Islands, Da Silva (2021) obtained the values for the infection and removal rates, f§
and a, to be 0.7555025 and 0.6977990, and the basic reproductive number, Ry = 1.08269. A related
research by Lounis & Bagal (2020) who fitted the classical SIR model to COVID-19 epidemic in
Algeria using data from February 25th, 2020 to August 12th, 2020 obtained the values for the
infection and removal rates, f and «, to be 0.0561215 and 0.0455331, and the basic reproductive
number, Ry = 1.23254. And also predicted that the peak of the epidemic in Algeria will be reached on
September 8th, 2021. Using a different model parameters optimization approach, maximum likelihood
estimation using the Nelder-Mead algorithm, Yimeng (2021) predicted that the epidemic peak of
Coronavirus cases in Nigeria to be reached around 20" May 2020. Alshomrani et al. (2021) study
compared classical SIR model and the Caputo SIR model in modeling the Pakistan covid-19 cases and
found that the Caputo SIR model better fits the data. A research by Roberto et al. (2021) described the
mathematical asymmetric patterns of susceptible, infectious, and recovered (SIR) model equation
application in the light of coronavirus disease 2019 (COVID-19) skewness patterns worldwide. In
estimating the time-varying infection rate, Shapiro et al. (2021) fitted the adaptive SIR (aSIR) model
for United states covid-19 cases. The aSIR model showed an excellent fit for the number of reported

COVID-19 cases.

Humber of subjects

Figure 4. The Simulation of SIR Model for the Nigerian COVID-19 First Wave Cases of three
Population Size, Susceptible, Infected and Recovered Present by Line Blue, Red and Black
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Figure 5. The Simulation of SIR Model for the Nigerian COVID-19 Second Wave Cases of three
Population Size, Susceptible, Infected and Recovered Present by Line Blue, Red and Black
Respectively.
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Figure 6. The Fitted and the Observed Nigerian First Wave COVID-19 Cases, Red: Cases Obtained
Using the Fitted Model and Blue: Observed Cases.
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Figure 7. The Fitted and the Observed Nigerian Second Wave COVID-19 Cases, Red: Cases
Obtained Using the Fitted Model and Blue: Observed Cases.

5. Conclusion
In conclusion, the SIR model for the transmission of the COVID-19 pandemic in Nigeria was
developed. The basic reproductive number, R, obtained indicates that the pandemic is under control
but, the government needs to urgently come up with new measures to curb the spread of the virus.
The COVID-19 pandemic, which is now becoming endemic, might live longer than expected and
affect many people in Nigeria. Therefore, documenting the knowledge of the severity of the COVID-
19 pandemic in Nigeria will guide the stakeholders, especially the government of various levels, to
dramatically plan effective control strategies for policymaking.

Research should be set up in the future to study the propagation dynamics of COVID-19 in
Nigeria, like Da Silva's (2021) work. Also, only the classical SIR model is developed in this research

other advanced models should be considered in the future.
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