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Abstract

Coronavirus disease (Covid-19) is the latest infectious disease to have
stormed the world all at once. This study aimed to simulate and compare
the trends of the Covid-19 epidemic between Azerbaijan and Nigeria
using SIR model. Data about the number of infections, recoveries, and
deaths were obtained from Azerbaijan’s Report News Agency and the
Nigerian Centre for Disease Control (NCDC) respectively. Applying
data from February 2020 to May 2022, we predicted the epidemic on a
case-by-case national basis over a period of twenty-seven months. We
optimized the parameters using the forward Euler method and created an
algorithm on Excel software. Our simulation showed Covid-19 epidemic
in Azerbaijan peaked on 11 September 2020 when 37.8% of its population
was infected, while in Nigeria it peaked on 14 January 2021 when 25.2%
of its population was infected. The difference in peak time is most likely
due to higher temperatures limiting the daily spread of Covid-19 in Nigeria
(warmer climate) unlike in Azerbaijan (colder climate).
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Introduction

The Coronavirus epidemic situation broke out in December 2019, as China
reported cases of pneumonia with an uncertain cause in Wuhan City. The first
case in China was reported on 12 December 2019, and the Chinese authorities
finished and reported the sequencing of the virus to the United Nations on 7
January 2020. On 23 January, the Chinese government announced the shutting
down of Wuhan City to control the further spread, especially during the
Chinese Spring Festival. This epidemic continues to spread among other cities
in China and starts to cause infections around the world. On 11 February 2020,
the World Health Organization (WHO) codenamed Coronavirus Covid-19
officially and announced the epidemic situation as a pandemic on 11 March
2020 [1]. On 28 February 2020, Azerbaijan confirmed the first positive case of
Covid-19 within its border (a day after Nigeria did). Data used for this study
spanned from 27 February 2020 to 27 May 2022 (a period of twenty-seven
months). We relied on publicly profiled data (by the Azerbaijan Report News
Agency and NCDC) of confirmed cases and mortality to provide a SIR-model
comparative analysis of SARS-CoV-2 transmission between Azerbaijan and
Nigeria. The choice of countries in this research was due to their marked
differences in terms of population density and climatic conditions. According
to 2022 United Nations data, Azerbaijan has a population of 10,351,040,
making 0.13% of the total world population while Nigeria has a population of
218,989,714, making 2.64% of the total world population [9]. We sought to
assess the possible role climate and national geography might have played in
SARS-CoV-2 transmission.
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SIR Model

The SIR Model is one of the disease models that track
and predict epidemics. It represents each population using
a single system of three different functions: the function of
the susceptible group, the infected group, and the removed
group. In our application, the removed group consists of
both recovered individuals as well as the deaths caused
by Covid-19. While forming this model, the following
assumptions were made:

* once recovered, individuals will no longer be susceptible
* deaths will only be caused by the infection
» there will be no births introduced to the population

» each individual has the same chance of susceptibility,
infection, and removal.

This model will be represented by a system of ordinary
differential equations (ODE) [2]. The system of ODEs that
represent the changes across the population is given by

In these equations, the parameters B (the infection rate)
and v (the recovery or removal rate of infectives) [3] are
constants: § controls the transition between S and I, equation
(1), while y controls the transition between I and R, equation
(3) [4]. Based on ecarlier stated assumptions of SIR model,
the initial condition of this model must satisfy the condition
S(0) +1(0) +R(0) = N, where N is the population size. Basic
reproduction number (R ) is the average number of people
who will catch the disease from a single infected person, the
basic reproduction number R =B/y [5].

Comparing Data:

On 28 February 2020, Azerbaijan confirmed the first
positive case of Covid-19 within its border (a day after Nigeria
did). We, therefore, compared data from both countries
from February 2020 to May 2022 (a period of twenty-seven
months). We optimized the parameters (S, I, R) using the
Forward Euler method, and created an adaptive algorithm
(one that varies output based on changing input values).

Modelling the ODE:

We first used an ordinary differential equation solver that
will return the rate of change of each population into the
algorithm.

For the susceptible population, we have:
dS/dt = (-pSI)
dS = (-pSI).dt

dS(r)
dt

dit)
dt

dR(t)
dr

= BS()i(r)

= BS(0)(t) - yi(t)

= 7ylr).
.......................................................... eqn 1,2 and 3
Figure 1: The SIR Equation Model.
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S,.,—S,= (-BS1).dt
S,.,=S.—(BS]).dt

For the infected population, we have:
dl/dt = (BSI - yI)

dI = (BSI - yI).dt

L, -L=(BSI-yl).dt

L, =L+ (PSI-yL).dt

For the removed population, we have:

dR/dt=y1

dR = (y1).dt

R.,-R= (}/Ii)'dt

Ri+1 = Ri + }/Ii.dt
eqn 6

In this model, the infection parameter ( Azerba].jan) is0.49, and
the removed parameter (y Azerbaijan) is 0.15, while the infection
parameter (BNigeria) is 0.30, and the removed parameter («{Nigeria)
is 0.12. The two values give the basic reproduction number
R,, where R = B/y.

, For Azerbaijan, Rj=B, ... /"7, ..
R,=0.49/0.15=3.26

, For Nigeria, R = BNigeria/
R,=0.30/0.12=2.5

YNigeria

Creating algorithm:

Then we construct a function to represent the SIR model.
It allows passing in the parameters, 3, and vy, as well as the
three populations at a given time. For the first time interval
(i.e. when dt = 1) code is as follows:

Susceptible S =B2-(SE$4*B2*C2)*$ES$2
Infected I, = C2+(SE$4*B2*C2-$E$6*C2)*$SES2
Removed R, = 1-B3-C3

To better capture the Covid-19 dynamics, we represented
both populations as 1.0; thus, expressing S, I, and R in
percentages. Usually, if the R value is greater than one, the
infection rate is greater than the recovery rate, and thus the
infection will grow throughout the population [6]. IR is less
than one, the infection quickly will die out since people are
healing faster than they are spreading it. Basic reproduction
number (R ) for Covid-19 is 1.4-5.7
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Figure 2: Simulated COVID effects in Azerbaijan
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Figure 3: Simulated COVID effects in Nigeria

Results and Discussion

From the simulation of the SIR model, the first day
starts with less infection then the infection rate increases
exponentially with the increasing number of newly infected
people until it peaks. This infection rate is called the
‘epidemic curve’. Oftentimes, epidemiologists are said to
be making attempts to flatten the curve, this means lowering
SARS-COV-2 transmission. It is observed that Covid-19
cases and deaths were lower in Nigeria than in Azerbaijan
(A1-A4). We deemed more rapid testing to have accounted
for higher reported cases in the latter. This is because we had
assumed an identical strain of coronavirus was spread amidst
both populations.

Also, as seen in Figure 2 and 3, the epidemic peak in
Azerbaijan was at “week 28” while in Nigeria it was at
“week 46”. In both cases R > 1 which explains why at least
one-quarter of both populations were infected in the first 52
weeks of spread. The subsequent drop in infection could be
attributed to herd immunity among the remaining susceptible,
immune resistance in those fully recovered, and government

containment strategies such as social distancing, mask-
wearing, hand washing, etc

Conclusion

Our simulation predicted that the Covid-19 epidemic in
Azerbaijan peaked on 11 September 2020 when 37.8% of its
population was infected (Fig 2), while Nigeria peaked on 14
January 2021 when 25.2% of its population was infected (Fig
3). The difference in peak time is most likely due to higher
temperatures limiting the daily spread of Covid-19 in Nigeria
(warmer climate) unlike in Azerbaijan (colder climate). Our
research model only gives a rough analysis of the Covid-19
epidemic; in reality, the trend might have been slightly
different because of some factors we did not consider such
as the introduction of vaccines in early 2021, unlikelihood
of some of the assumptions made, and possibility of different
virus strains.
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Figure 1: Total coronavirus cases in Azerbaijan
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Figure 2: Covid deaths in Azerbaijan
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Figure 3: Total coronavirus cases in Nigeria
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Figure 4: Covid deaths in Nigeria
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