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Abstract
The resurgence of the coronavirus (COVID–19) disease is rapidly taking its toll on many nations across the globe. As the

situation rapidly evolves, the entire world is faced with difficult and challenging moment and the need to be safe from the
disease. Several international efforts are geared towards the production of effective vaccine for curing the disease. But, pending
the availability of such vaccine, the need to flatten the curves is now the top priority of both governmental and non-governmental
organisations in Nigeria. Estimation of the basic reproduction number of the disease is crucial to understanding its dynamics
and making suitable preventive policies that will slow the spread and ultimately flatten the curves. In this work, we propose a
compartmental–based model for analysing the dynamics of the pandemics’ second wave in Nigeria taking into consideration,
the current control measures. Using the Quasi–Newton algorithm, the model is fitted to the available data provided by Nigeria
Centre for Disease Control (NCDC), World Health Organization (WHO) and accessible on the Wolfram Data Repository. The
basic reproduction number of the second wave of the disease in Nigeria is estimated using the model. The model was also used
to estimate the infection rate, average latent time, average recovery rate and average mortality rate of the disease. Efficiency
of the current control measures is also measured. Forecast of the turning points and possible vanishing time of the virus in
Nigeria are made. The infection rate, average latent time, average recovery rate and average mortality rate of the disease are
estimated. Also, the basic reproduction number of the disease in Nigeria is estimated. Predictions on the turning points and
possible vanishing time of the virus in Nigeria are made. Recommendations on how to manage the resurgence of the disease in
Nigeria are also suggested.
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1. Introduction

The resurgence of the novel CoronaVirus (COVID-19) pandemic in Nigeria and the world at large
has raised the quest for standard and scientific methods in the provision of suitable solution to a pan-
demic is of great concern especially. In understanding the dynamics of an epidemic, [7, 10] showed that
epidemiological models are particularly suitable. Compartmental–based models have been shown to be
effective in epidemiological modeling [3, 13] for predicting, determining, validating and analyzing the
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rate of susceptibility, exposure, infection, recovery and mortality of a pandemic [7]. Usually, it is assumed
that the incidence rate of a disease is given by an unspecified nonlinear function constrained by a few
biologically motivated conditions. Due to the uniqueness of the Coronavirus pandemic, assessing the im-
pacts of responses and determining a number of qualitative parameters of the disease has made this work
a bit complex. Like other nations, the resurgence of the pandemic in Nigeria has been met with renewed
enforcement of some social and health policies [1]. These measures are steps to reducing the contact
parameter of the disease [8, 21]. With the daily cases on the rise, it becomes necessary to understand the
dynamics of the pandemic and hence, provide the best strategy to slow the spread and eventually flatten
the curves in Nigeria. Ordinary differential equations which are deterministic in nature [11, 14, 16] are
often use in epidemic models to analyse the dynamics of a disease by estimating the crucial parameters
of the model [18]. Authors in [2, 4] have presented models to visualize the geographical spread of the
disease. Many authors have proposed several epidemiological models [5, 9, 15, 19, 20, 22] in the efforts
to estimate some parameters that can be used to study the dynamics of the disease. The pandemic data
for the period of December 01, 2020 to February 07, 2021 provided by the Nigeria Centre for Disease
Control (NCDC) and accessible on the Wolfram Data Repository was use in this research [19, 20]. Here,
we present a Susceptible–Exposed–Infectious–Recovered–Deceased (SEIRD) model for analyzing the dy-
namics of the COVID–19 pandemic in Nigeria. The lack of vaccine has significantly reduced the options
for controlling the pandemic in Nigeria. Current control policies are now focused on ’social distancing’,
’mask usage’ and ’personal hygiene’ designed to reduce transmission of the virus. Our proposed model
incorporates a control parameter µ ∈ [0, 1] to indicate the effectiveness of these efforts. Increase in the
value of µ implies improved effectiveness of the control efforts. The objectives of this research include the
following: exploration of the impacts of the control policies on the spread of the pandemic, estimation
of the infection rate, average latent time, average recovery rate and average mortality rate. The basic
reproduction number of the second wave of the disease in Nigeria is also estimated. Predictions on the
turning points and possible vanishing time of the virus in Nigeria are made. Recommendations on how
to manage the resurgence of the disease are also suggested.

2. Model and method

In this section, we present a five–state compartmental model for the analysis of the dynamics of the
second wave of the COVID–19 pandemic in Nigeria. It consists of Susceptible S(t), Exposed E(t), Infected
I(t), Recovered R(t) and Deceased D(t) compartments denoting at time t the respective number of the
susceptible cases, exposed cases, infectious cases, recovered cases and deceased cases. This model shall
be referred to as SEIRD model. The description of the interactions between the states is represented by
the system of ordinary differential equations given as

dS

dt
= −(1 − µ)βS(t)λ(t),

dE

dt
= (1 − µ)βS(t)λ(t) − γE(t) − δ1E(t),

dI

dt
= γE(t) − δ2I(t) − σI(t),

dR

dt
= δ1E(t) + δ2I(t),

dD

dt
= σI(t),


(2.1)

where µ ∈ [0, 1] is the measure of the overall effectiveness of the current control policies, λ(t) = I(t)
N−D(t)

is the force of infection. For a communicable disease like the COVID–19, it is more realistic to consider
the force of infection as a fraction of the number of infectious persons with respect to the non–deceased
population N. The constant N = S + E + I + R +D is the total population, β, γ−1 , δ1 , δ2 and σ are
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the infection rate, average latent time (days), average recovery rate of exposed persons, average recovery
rate of an infected person and average mortality rate among infected persons respectively. Unlike other
models discussed in the literature, this work considered the fact that some persons might have very mild
symptoms and can move from the exposed category to the recovered category and will never get sick
enough to be in the infectious category. This assumption is based on the fact that when a person gets a
viral or bacterial infection, a healthy immune system makes antibodies against one or more components
of the virus or bacterium. The antibodies help fight the infection, but they might not offer protection
against getting reinfected in the future.

3. Parameter estimation

Estimation of the model parameters is crucial in understanding the dynamics of the pandemic. In this
section, (2.1) is first solved in terms of the model parameters. To obtain initial values needed in the curve
fitting, the parameters were manually tuned to get the initial guess. The solution of the model with the

Table 1: Initial values of model parameters.

µ β γ δ1 δ2 σ

0.4802248 0.6556878 0.0445182 0.0035958 0.0453949 0.0002931

initial parameter values is seen in Figure 1.
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Figure 1: Model solution with initial parameter values.

To obtain the best estimated values of the parameters that appropriately fits the available data, we use
the Quasi-Newton algorithm to obtain optimal estimated values of the parameters. The best parameter
estimates that fit the data as obtained are presented in Table 2.

Table 2: Estimated values of model parameters.

µ β γ δ1 δ2 σ

0.4790797 0.6855964 0.0422891 0.0030572 0.0459513 0.0002737
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The standard error, t-Statistic, p-value and confidence interval of each estimate of the model parameter
are given in Table 3.

Table 3: Optimal estimated values of model parameters.

Parameter Estimate Standard Error t-Statistic P-Value Confidence Interval

µ 0.4790797 0.0021081 227.2548 3.6424229× 10−255 (0.474924,0.483235)

β 0.6855964 0.0079689 86.0345 7.6802054× 10−167 (0.669888,0.701305)

γ 0.0422891 0.0007791 54.2775 2.5494184× 10−126 (0.040753,0.043825)

δ1 0.0030572 0.0007459 4.0984 5.9228000× 10−005 (0.001587,0.004528)

δ2 0.0459513 0.0012561 36.5828 1.5042285× 10−093 (0.043475,0.048427)

σ 0.0002737 0.0001120 2.4441 1.5338400× 10−002 (0.000053,0.000494)

4. Interpretation of model solution

The dynamics of the second wave of the pandemic in Nigeria is described by the 5–compartmental
model (2.1) presented in this work. Optimal estimates of the model parameters show the rates of move-
ments from one compartment to another. The model solution indicates that infected curve is likely to
peak in late February, 2021 and the mortality curve is fast approaching flattening around mid February,
2021. It can be seen that effectiveness of the control policies are central in the quick peaking and fast–
flattening of the curves. The infection rate was estimated as β = 0.6855964 and the overall effectiveness
of the control policies was approximately estimated as 47.91%. The average latent time of the disease
was estimated as γ−1 ≈ 23 days while the average infective time was estimated as δ−1

2 ≈ 22 days. The
mortality rate was measured as σ = 0.0002737. The basic reproduction number (R0) which represents
the number of secondary infections in the population caused by one initial primary infection is given by
R0 =

(1−µ)β
δ2−σ

≈ 8.

5. Sensitivity analysis

In order to determine how well the model fits the data, we present a variety of goodness-of-fit statistics.
In this work, the R–Squared statistic is calculated as 99.97254%. The asymptotic parameter correction and
covariance matrices are respectively given in Table 4 and Table 5. The fitted curve based on the optimal
parameter estimates can be seen in Figure 2.

Table 4: Asymptotic parameter correction matrix.

µ β γ δ1 δ2 σ

µ 1. 0.104884 0.0831307 0.227435 -0.224832 -0.0475515

β 0.104884 1. -0.49581 0.0590378 -0.233606 -0.140426

γ 0.0831307 -0.49581 1. -0.782047 0.842937 0.160654

δ1 0.227435 0.0590378 -0.782047 1. -0.953537 0.00878173

δ2 -0.224832 -0.233606 0.842937 -0.953537 1. 0.00147833

σ -0.0475515 -0.140426 0.160654 0.00878173 0.00147833 1.
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Table 5: Parameter covariance matrix.
µ β γ δ1 δ2 σ

µ 4.4442× 10−06 1.7620× 10−06 1.3654× 10−07 3.5765× 10−07 −5.9535× 10−07 −1.1226× 10−08

β 1.7620× 10−06 6.3503× 10−5 −3.0784× 10−06 3.5094× 10−07 −2.3383× 10−06 −1.2531× 10−07

γ 1.3654× 10−07 −3.0784× 10−06 6.0704× 10−07 −4.5452× 10−07 8.2494× 10−07 1.4017× 10−08

δ1 3.5765× 10−07 3.5094× 10−07 −4.5452× 10−07 5.5644× 10−07 −8.9344× 10−07 7.3358× 10−10

δ2 −5.9535× 10−07 −2.3383× 10−06 8.2494× 10−07 −8.9344× 10−07 1.5778× 10−06 2.0795× 10−10

σ −1.1226× 10−08 −1.2531× 10−07 1.4017× 10−08 7.3358× 10−10 2.0795× 10−10 1.2540× 10−08
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Figure 2: Sensitivity plot with optimal parameter estimetes.

6. Conclusion and recommendation

A SEIRD model (2.1) for analysing the dynamics of the second wave of the COVID–19 pandemic in
Nigeria has been presented in this work. The model was used to obtain estimates of major parameters:
the overall effectiveness of the control policies, infection rate, average latent time, average infective time
and the mortality rate influencing the dynamics of the disease. The model fits the deceased compartment
well. Also the infected and recovered curves fit the data almost exactly. The R–Squared statistic was
calculated as 99.97254%. The infection rate was estimated as β = 0.6855964 and the overall effectiveness
of the control policies was approximately estimated as 47.91%. The average latent time of the disease
was estimated as γ−1 ≈ 23 days while the average infective time was estimated as δ−1

2 ≈ 22 days. The
mortality rate was measured as σ = 0.0002737. The basic reproduction number which was estimated as
R0 ≈ 8 > 1 clearly shows that the disease is already spreading. It is clear that the control policies are not
properly adhered to. We recommend a strict enforcement of the control policies in order to help manage
the resurgence and ultimately flatten the curves of the second wave of the pandemic in Nigeria.
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