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Abstract
Background: COVID-19 is an emerging public health emergency of international concern. The trajectory of
the global spread is worrisome, particular in heavily populated countries such as Nigeria.  The study
objective was to assess and compare the pattern of COVID-19 spread in Nigeria and seven other
countries during the �rst 120 days of the outbreak.  

Methods: Data was extracted from the World Bank’s website. A descriptive analysis was conducted as
well as modelling of COVID-19 spread from day one through day 120 in Nigeria and seven other
countries. Model �tting was conducted using linear, quadratic, cubic and exponential regression methods
(α=0.05).

Results: The COVID-19 spread pattern in Nigeria was similar to the patterns in Egypt, Ghana and
Cameroun. The daily death distribution in Nigeria was similar to those of six out of the seven countries
considered. There was an increasing trend in the daily COVID-19 con�rmed cases in Nigeria. During the
lockdown, the growth rate in Nigeria was 5.85 (R2=0.728, p<0.001); however, it was 8.42 (R2=0.625,
p<0.001) after the lockdown was relaxed. The cubic polynomial model (CPM) provided the best �t for
predicting COVID-19 cumulative cases across all the countries investigated and there was a clear
deviation from the exponential growth model. Using the CPM, the predicted number of cases in Nigeria at
3-month (30 September 2020) was 155,467 (95% CI:151,111-159,824, p<0.001), all things being equal.

Conclusions: Improvement in COVID-19 control measures and strict compliance with the COVID-19
recommended protocols are essential. A contingency plan is needed to provide care for the active cases
in case the predicted target is attained.

Background
The novel Coronavirus disease (COVID-19) is one of the diseases that have constituted global threats in
human history. The global burden of disease attributable to COVID-19 is enormous [1–3]. It is challenging
to control the pandemic because of the high epidemic potential of the disease and the lack of potent
vaccines to ramp up the herd immunity of populations. Thus, COVID-19 has spread to almost all
countries of the world including Nigeria [3]. The �rst case was con�rmed in Nigeria on 27 February 2020
[2] and by day 120 (25 June 2020), the cumulative cases had risen to 22,614 [2]. There was a suspicion
that the reported con�rmed cases did not re�ect the true situation because of the low level of testing.

COVID-19 testing rate in Nigeria has been considerably low compared to other African countries and
countries with similar population size. This has been attributed sometimes to delays in kits and reagent
supplies during the border closures although, the Nigeria Centre for Disease Control (NCDC) claimed that
the strict adherence to COVID-19 protocol and guidelines was partly responsible for the low level of
testing [2]. However, the number of testing centres has now increased and the COVID-19 testing capacity
has improved tremendously across the country.
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Nigeria is a low-income country with a fragile health system. The control strategies instituted against
COVID-19 spread in the country appeared insu�cient as the number of daily cases continued to record
new highs. With densely populated cities and towns, infectious diseases spread would be challenging to
contain. In this study, we attempted to monitor and assess the COVID-19 situation in Nigeria using the
120-day data for con�rmed cases. In addition, we compared the disease spread patterns, death, and the
�tted model with seven other countries. Two research questions were consequently addressed: (i) How
does COVID-19 spread and mortality compare with other countries in the �rst 120 days? (ii) Given the
prevailing testing regime, interventional efforts and all other things being equal, what is the 3-month
projected cumulative cases of COVID-19?

Methods
The cross-sectional study was conducted in Nigeria using data from February 27 to June 25, 2020.
Nigeria has a population of about 200 million, many international land borders and a few international
airports. As at the time of writing this report, situation assessment showed that the compliance with the
government directive on precautionary measures against COVID-19 was low in Nigeria [2].

The secondary data utilised for this study was extracted from the World Bank Database on COVID-19 [1].
Seven other countries (Ghana, Egypt, Cameroun, South Africa, Bangladesh, Indonesia and Mexico) were
purposively selected from Africa, Asia and South America. These countries were selected because they
experienced the outbreak of COVID-19 almost concurrently as Nigeria and the magnitude of the
cumulative con�rmed cases was relatively similar to that of Nigeria on the World COVID-19 table as at the
time of data extraction for this study. Additionally, the countries were similar in terms of their economic
development being classi�ed as Low-Middle Income countries by the World Bank. The extracted data
were restricted to the �rst 120 days of the outbreak of COVID-19 in these countries. The population �gure,
population density [4] and number of con�rmed cases of COVID-19 as at day 120 of the outbreak in the
selected countries are represented in Table 1. 
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Data were presented with charts and line graphs. Four classes of regression model were used to �t the
cumulative data on COVID-19. These are: linear, quadratic, cubic and exponential models. The equations
representing each model are presented in Table 2.

Further, the model with the best �t was used to predict a 3-month (30 September 2020) cumulative
con�rmed COVID-19 cases in Nigeria.

Results
The data as presented in Fig. 1 shows an increasing trend in the daily con�rmed cases of COVID-19 in
Nigeria, from day 1 through day 120. There was a consistent increase in the number of cases after the
relaxation of lockdown measures.  During the lockdown, the growth rate of COVID-19 in Nigeria was 5.85
(95% CI:5.41,6.29; R2=0.728; p<0.001) and this increased to 8.42 (95% CI:8.41,8.43; R2=0.625; p<0.001)
after the lockdown was relaxed.
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Fig. 2 shows the cumulative daily con�rmed cases of COVID-19 in the �rst 120 days after the outbreak in
eight countries. The pattern of Nigeria’s cumulative daily con�rmed cases aligned with three (Ghana,
Egypt and Cameroun) of the seven countries, particularly within the �rst 97 days. The trajectory of the
spread of COVID-19 in Nigeria aligned perfectly with Ghana's pattern and slightly differs from the pattern
exhibited by Cameroun after the 97th day. There was a clear difference in the pattern observed between
Nigeria and Mexico, Bangladesh, South Africa and Indonesia respectively.

The distribution of deaths associated with COVID-19 within the �rst 120 days after the outbreak shows
that the observed pattern for Nigeria was nearly the same with six of the seven countries compared. In
particular, the Nigeria’s pattern was identical to other countries in Central and West Africa (Cameroun and
Ghana) (Fig. 3).

The summary of the model and estimated parameters are shown in Table 3. Across all the eight countries
included in the analyses, the Cubic Polynomial Model (CPM) was identi�ed as the best �t to model
COVID-19 data. The CPM perfectly �ts the Mexico data with an R-square of 100%. The R-square for
Nigeria was 99.9%, an indication that 99.9% of the variation in the cumulative daily con�rmed cases of
COVID-19 in Nigeria can be explained by the model with time as the main covariate. The predictive
models for Nigeria are:
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The data as presented in Fig. 4 depict the observed and predicted cumulative cases of COVID-19 in the
selected countries as at day 120 of the outbreak. The trajectory of observed COVID-19 cumulative cases
in Nigeria deviated from the exponential and linear models but perfectly �ts the quadratic and cubic
regression models. The exponential model �ts the data for South Africa and, to some extent, Egypt in the
�rst 70 days of the outbreak in these countries. The simple linear regression model did not �t the data for
any of the studied countries.
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The observed and estimated values of cumulative cases of COVID-19 in Nigeria using both quadratic and
cubic polynomial models are presented in Fig. 5. The 30 September 2020 predicted COVID-19 cumulative
case was: 93,988 (95% CI: 91,209-96,767) – Quadratic; 155,467 (95% CI:151,111-159,824) – Cubic.

Discussion
The goal of this paper was to assess the COVID-19 spread and attendant deaths in Nigeria and selected
countries during the �rst 120 days of outbreaks. First, our analysis showed the spread of the pandemic
increased following the relaxation of lockdowns. Both spread and mortality patterns in Nigeria compared
closely with other African countries (Ghana, Cameroun and Egypt). Lastly, the �ndings suggested that
different predictive models �tted the data for different countries.  

In this study, the COVID-19 data in Nigeria showed an increasing trend. The epidemic curve for Nigeria
differed from the typical propagated epidemic curve that would have been expected for COVID-19 and
other infectious diseases with person-to-person mode of transmission. COVID-19 reproduction number
appears to gain traction with time as estimated to be from 1.4 to 2.5, 3.6 to 4.0, and 2.24 to 3.58 from
earlier studies [3, 5–7]. This indicates that the infection rate continues to increase. Therefore, the
observed pattern found in our study agrees with the known pattern of spread of the disease. We also
found that a higher number of cases was reported after the relaxation of lockdown than was reported
during the lockdown period. The increased spread of the disease after the relaxation of lockdown could
be due to poor adherence to the recommended preventive measures in Nigeria. This may be expected
because when restrictive measures are lifted, exposures to disease risks become higher. Consequently, an
increased number of infections is likely to follow. This is in tandem with evidence from developed
countries where the transmission dynamics and effectiveness of control measures have been rigorously
studied [8,9]. However, another plausible explanation for the increase in the number of con�rmed cases
could be the improved testing capacity in the country which coincided with the lockdown relaxation.
Compared with Ghana and South Africa, the testing capacity in Nigeria was generally low. While Nigeria
had only 2,755 persons tested for COVID-19 per 1,000,000 people, the estimate was 16,206 and 76,067
for Ghana and South Africa respectively [10].

We found a similar pattern in the number of cumulative cases of COVID-19 in Nigeria, Ghana and
Cameroon possibly due to similarity in the capacity for testing in the �rst 120 days of the disease
outbreak.  Conversely, a difference was observed in the pattern exhibited by Nigeria compared to four of
the seven countries investigated (Mexico, Bangladesh, South Africa and Indonesia). As at day 120in these
four countries, the total COVID-19 tests per 1 million population was strikingly higher than that of Nigeria
over the same period [1, 10]. Only Indonesia had a population size that was similar to that of Nigeria
while the other countries had a considerably lower population than that of Nigeria. Mexico, Bangladesh,
South Africa and Indonesia had environmental factors such as temperature and humidity that were
comparable to that of Nigeria [11, 12]. Thus, the reasons that could explain the differences in disease
spread pattern between these countries and Nigeria is not immediately clear except for the differences in
COVID-19 testing rate. The implication is that community testing has not commenced fully in Nigeria as it
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is done in South Africa. The disease currently exhibited a sporadic cluster of local transmission in
Nigeria.

We further found that the distribution of COVID-19-associated deaths observed for Nigeria was
comparable to six of the seven countries investigated and aligned perfectly with the Cameroun and
Ghana patterns. COVID-19-related death trajectory in Mexico may be explained by the higher number of
observed COVID-19 cases recorded within the study period compared to other countries. The similarity in
COVID-19 deaths between Nigeria, Ghana and Cameroon may be attributed to other factors different from
the COVID-19 testing capacity and case management capabilities.

Cubic Polynomial Model (CPM) was identi�ed as the best �t model among the four models used in this
study. Next to the CPM is the quadratic model (QM). The CPM and QM have been identi�ed in some
previous studies as the best predictive models for some infectious diseases including Ebola and COVID-
19 [13, 14]. None of the country data was suited for the exponential model except South Africa, which
was suitable for the �rst 70 days of the outbreak. A similar observation was reported previously on the
suitability of the exponential model for �tting the epidemic curve of infectious diseases [15]. Nonetheless,
differences in the levels and modes of testing across countries could be responsible for South Africa’s
exemption. In South Africa, a community testing approach was instituted early unlike in other African
countries such as Nigeria, Ghana and Cameroon. In addition, the marked differences in atmospheric and
environmental conditions between countries may constitute potential explanatory variables [11,12].

In our study, the predicted COVID-19 cumulative case for 30 September 2020 using QM and CPM was
93,988 and 155,467 respectively. This is premised on the assumption that the present COVID-19 testing
capacity and the level of compliance with the preventive measures to mitigate the spread is sustained.
The wide gap between the two estimates could be linked to differences in the equations governing the
use of QM and CPM, which implied that different parameters were used for the estimation. In this study,
the model with the best �t differed across countries indicating variations in the epidemiological contexts,
transmission dynamics and control efforts. Although some of these countries shared similarities in
demographic and developmental pro�le, there were potential differences in other factors such as testing
capacity, risk pro�le, enforcement of containment measures and the level of exposure to infected
individuals.

The public health implication of our study is that there is a need for adequate emergency preparedness.
The identi�ed trajectory of COVID-19 infection in Nigeria is an impetus for increased surveillance,
enhanced testing capacity and proactive planning for clinical management of cases as well as
psychosocial management of discharged cases. Also, the preventive measures may have to be
strengthened for containment of disease spread in Nigeria and the other countries.

Limitations

The Nigeria data was premised on testing suspected cases who reported at the testing centres or
symptomatic individuals who called the NCDC response team lines at their various homes for help. The
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differences in the scale of testing and the environmental conditions in different countries should be
considered in interpreting our �ndings. This is because evidence suggests a relationship between weather
conditions and transmission risks of COVID-19 [11,12]. Inaccessibility to data on socio-demographic
pro�le and health history of the COVID-19 patients and survivors limited the opportunity to perform
further statistical and mathematical modelling.

Conclusions
The spread of COVID-19 is increasing daily and the projection provides insight into what the situation
could be in days ahead in Nigeria. Thus, enhanced emergency preparedness and contingency plans to
mitigate the COVID-19 spread are urgently required. There is a need to increase testing capacities both at
State and Local government levels as current testing is limited. Improvement in COVID-19 control
measures and strict compliance with the COVID-19 recommended protocols are strongly recommended.
Preparation should be made for the case management of COVID-19 cases in Nigeria.
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Figures

Figure 1

Daily COVID-19 con�rmed cases as at the �rst 120 days of the outbreak in Nigeria
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Figure 2

COVID-19 cumulative con�rmed cases in some countries as at the �rst 120-day of the outbreak

Figure 3
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COVID-19 cumulative daily deaths for the �rst 120 days in some countries

Figure 4

Predictive model of cumulative cases of COVID-19 in Nigeria
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Figure 5

Observed and projected COVID-19 cumulative cases in Nigeria
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