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A B S T R A C T

Following the emergence of COVID-19 outbreak, numbers of studies have been conducted to curtail the global spread
of the virus by identifying epidemiological changes of the disease through developing statistical models, estimation of
the basic reproduction number, displaying the daily reports of conﬁrmed and deaths cases, which are closely related to
the present study. Reliable and comprehensive estimation method of the epidemiological data is required to understand the actual situation of fatalities caused by the epidemic. Case fatality rate (CFR) is one of the cardinal epidemiological parameters that adequately explains epidemiology of the outbreak of a disease. In the present study, we
employed two statistical regression models such as the linear and polynomial models in order to estimate the CFR,
based on the early phase of COVID-19 outbreak in Nigeria (44 days since ﬁrst reported COVID-19 death). The estimate
of the CFR was determined based on cumulative number of conﬁrmed cases and deaths reported from 23 March to 30
April, 2020. The results from the linear model estimated that the CFR was 3.11% (95% CI: 2.59 – 3.80%) with R2 value
of 90% and p-value of < 0.0001. The ﬁndings from the polynomial model suggest that the CFR associated with the
Nigerian outbreak is 3.0% and may range from 2.23 to 3.42% with R2 value of 93% and p-value of <0.0001. Therefore, the polynomial regression model with the higher R2 value ﬁts the dataset well and provides better estimate of CFR
for the reported COVID-19 cases in Nigeria.
© 2020 Chinese Medical Association Publishing House. Published by Elsevier B.V. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction
Coronavirus disease 2019 (COVID-19) is a novel viral disease caused by
severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), which led
to a global pandemic. The virus was ﬁrst discovered and reported in
Wuhan, China, in December 2019, which were later reported in other countries [1]. As of 30 April 2020, more than three million conﬁrmed cases of
COVID-19 were reported globally with 217,769 deaths [2]. However,
Nigeria had 1,932 conﬁrmed, 319 discharged and 58 death cases of
COVID-19 spreading across 34 states and the Federal Capital Territory
FCT on that day [3].
Nigeria reported ﬁrst COVID-19 conﬁrmed case on 27 February 2020,
when an Italian citizen tested positive for the virus. Consequently, the
government, like other governments of affected countries, implemented
non-pharmaceutical interventions to contain the spread of the virus in the
country. As of 20 March 2020, the Nigerian government restricted international travel on 15 high incidence countries namely, China, Italy, Iran,
Norway, South Korea, Spain, Japan, France, Germany, United States of
America, United Kingdom, Netherlands, Switzerland, Sweden and Austria

[4]. The temporary closure of schools was imposed on 20 March 2020 [5].
Among others interventions including border restriction, work-from-home
arrangements for civil servants, restrictions of social and religious gatherings, wearing of facial masks, social distancing, states and national lockdowns were implemented on 30 March 2020.
Following the emergence of COVID-19 and its global spread, numbers
of studies have been conducted to examine statistical model of epidemiology data [6]. The COVID-19 cases were investigated using dynamic statistical techniques [7], estimation of fatality rate of COVID-19 was studied [8]
and, the transmission dynamics of the virus was examined [9].
Despite the rapid spread of the virus and continuous rising cases and
deaths in the recent days especially in Nigeria, there is still lack of studies
estimating the CFR of the outbreak in timeline of the pandemic. The CFR
is one of the pivotal parameters required to understand the basic epidemiological features of the outbreak [10]. As a result, the present paper estimates the CFR of COVID-19 during the ﬁrst weeks of ﬁrst reported death
of the pandemic in Nigeria through statistical regression analysis. The
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CFR represents the proportion of cases who eventually die from a disease
[11]. Hopefully, the estimated CFR could provide a better understanding
of near future trends for successful control of the global COVID-19 pandemic in Nigeria.
2. Methods
2.1. Source of data
The data used in this work were obtained from the Nigeria Center for
Disease Control (NCDC) and World Health Organization (WHO) situation
reports, which have been publicly released on their websites [2]. The collected data include cumulative number of COVID-19 conﬁrmed cases and
deaths, which are essentials indicators for determining CFR of the
epidemic.
Fig. 2. Distribution of COVID-19 epidemiological data in Nigeria Showing top ten
states with highest reported cases.

2.2. Statistical model
In this study, simple linear and polynomial regression models were
used to estimate the CFR of COVID-19 epidemiologic data in Nigeria. In
all cases, the cumulative number of conﬁrmed cases termed as predictor
variable while cumulative deaths a response variable of the model. The
slope of the ﬁtted line was considered as an estimate of the CFR, and
the conﬁdence interval (CI, 95%) of CFR was calculated from the standard error of the slope. In order to minimize variation in the course of estimation of the CFR in the initial stage of outbreak when no death
occurred, the time since ﬁrst reported death was used as the starting
point of these models. The values of coefﬁcient of determination (R2,
value of 0.91–0.99) usually quantify a tight linear trend and could be as
an effective parameter in estimating a good ﬁt for the model [12]. Details
of these models were provided in [13]. The expression of linear and polynomial regression model that were used in this study are respectively
given in equation. 1 and equation. 2:
Number of Deaths ¼ I þ S  number of cases

ð1Þ

Number of Deaths ¼ I þ S1  number of cases þ S2  number of cases2

ð2Þ

situation report by NCDC was given; 15,759 samples were tested, 1,932
conﬁrmed cases, 319 discharge cases and 58 conﬁrmed fatalities were reported in Nigeria. The highest daily number (204) of COVID-19 conﬁrmed
cases was reported. The new reported cases in Nigeria increased in a daily
basis due to a series of factors, which would facilitate the spread of the
virus. The factors may include inadequate of medical supplies, poor medical conditions [16] and scarcity of virus testing centers.
Fig. 1 displays COVID-19 spreading patterns since the conﬁrmation of
the ﬁrst index. The ﬁgure suggests that there was a rapid increase in the
number of conﬁrmed cases which may lead to gradual increase in deaths
cases. Fig. 2 shows the distribution patterns of the epidemic across the
top 10 affected states. The selected states for this graph are Lagos, Kano,
FCT, Gombe, Borno, Ogun, Edo, Katsina, Bauchi and Sokoto. The graph indicates that the distribution patterns of the epidemiological data could be
skewed due to lack of adequate testing centers among other factors in the
country. Furthermore, the epidemiological data in Table 1 suggests that
Lagos state has the highest number of conﬁrmed cases (50.52%), taking

where I is the intercept, S, S1, and S2 are the respective slopes of the
models.

Table 1
Distribution pattern of top 10 selected COVID-19 states based on cumulative number of conﬁrmed cases since ﬁrst index in Nigeria. The percentage of cumulative
cases (PCC) and mortality rates (MR) in each state were listed.

3. Results and discussions
3.1. Distribution patterns of the collected epidemiological data of COVID-19 in
the early phase of the outbreak in Nigeria
The ﬁrst COVID-19 conﬁrmed case was reported in Nigeria on 27 of
February, imported by an Italian citizen. The ﬁrst fatal death due to the
global pandemic was reported on 23 March 2020 [14]. As of 14 April
2020, Nigeria had 12 functional testing facilities in eight states, with a capacity to conduct a minimum of 1,500 tests per day in Lagos state and
1,000 tests per FCT and other states [15]. Until 30 April 2020, the updated

Fig. 1. Distribution of COVID-19 epidemiological data in Nigeria showing the trend
patterns of cumulative number of conﬁrmed cases and deaths since ﬁrst reported
index.

Sates

Conﬁrmed cases

PCC (%)

Deaths

MR(%) rounded down

Lagos
Kano
FCT
Gombe
Borno
Ogun
Edo
Katsina
Bauchi
Sokoto

976
219
178
76
66
56
44
40
38
36

50.5
11.3
9.2
3.9
3.4
2.9
2.2
2.0
1.9
1.8

21
3
3
0
6
1
3
2
2
4

2.1
1.3
1.6
0.0
9.0
1.7
6.8
5.0
5.2
11.1

Fig. 3. Distribution of mortality rates by states for top ten selected states.
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4. Recommendations
The estimated CFR level of 0.03% in Nigeria will be maintained in the
near future only if there are no signiﬁcant changes in healthcare facilities,
detection methods, continuous clinical treatments, and other factors. Government and relevant stakeholders should provide sufﬁcient bed space and
associated clinical care services in order to achieve a successful and effective
control of COVID-19 in Nigeria. However, based on our estimate of the CI
derived from polynomial regression model, the estimated CFR in Nigeria
will be less than 0.3%, if the aforementioned factors will be improved.
5. Conclusion
Since the outbreak of COVID-19 pandemic in China, the virus has been
documented across the globe. By 30 April 2020, Nigeria had 1,932 conﬁrmed, 319 discharged and 58 death cases of COVID-19 across 34 states
and the FCT. This paper showed the distribution patterns and estimates
the CFR of COVID-19 epidemiological data of Nigeria during 44 days of outbreak since ﬁrst reported death. Since the ﬁrst pandemic death in Nigeria
reported on March 18th, we collected a 44 day epidemic data and computed CFR based on regression model. Compared to other mathematical
models like the dynamic transmission model our model is straightforward
and does not require complex parameter assumptions. Our ﬁndings suggest
that the regression mode provides comprehensive estimation of CFR, which
could be served as a threshold for successful control of COVID-19 in
Nigeria, by studying the future trends of CFR.
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Fig. 4. Estimation of CFR using statistical regression models for COVID-19
epidemiological data of 44 days since the ﬁrst reported death on April 30th,
2020. (4A) is the estimation of CFR by simple linear regression model ﬁtting. (4B)
is the estimation of CFR by polynomial regression model ﬁtting.
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up more than half of the total number of conﬁrmed cases in Nigeria, which
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state. But, Sokoto state, with 36 (1.86%) conﬁrmed cases and number of
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