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Abstract

Background The COVID-19 pandemic has impacted the world negatively with huge health and socioeconomic
consequences. This study estimated the seasonality, trajectory, and projection of COVID-19 cases to understand the
dynamics of the disease spread and inform response interventions.

Method Descriptive analysis of daily confirmed COVID-19 cases from January 2020 to 12 March 2022 was con-
ducted in four purposefully selected sub-Saharan African countries (Nigeria, Democratic Republic of Congo (DRQ),
Senegal, and Uganda). We extrapolated the COVID-19 data from (2020 to 2022) to 2023 using a trigonometric time
series model. A decomposition time series method was used to examine the seasonality in the data.

Results Nigeria had the highest rate of spread (3) of COVID-19 (3 =381.2) while DRC had the least rate (3=119.4).
DRC, Uganda, and Senegal had a similar pattern of COVID-19 spread from the onset through December 2020. The
average doubling time in COVID-19 case count was highest in Uganda (148 days) and least in Nigeria (83 days). A
seasonal variation was found in the COVID-19 data for all four countries but the timing of the cases showed some vari-
ations across countries. More cases are expected in the 1% (January-March) and 3rd (July-September) quarters of the
year in Nigeria and Senegal, and in the ond (April-June) and 3 (October-December) quarters in DRC and Uganda.

Conclusion Our findings show a seasonality that may warrant consideration for COVID-19 periodic interventions in
the peak seasons in the preparedness and response strategies.
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Background

The SARS-CoV-2 infection, which causes the COVID-
19 disease continues to be a public health concern since
the outbreak of the disease was recorded in late 2019.
The disease has affected almost every country around
the world and as of 7% February 2022, close to 400 mil-
lion cases had been reported with over 5.5 million deaths
[1]. The Covid-19 case fatality rate of 0.015% is one of the
highest among emerging and re-emerging diseases glob-
ally [1, 2]. The three countries with the highest burden
of disease are found in the North-America, Europe, and
Asia. Amongst other countries that recorded at least a
case of the disease, the United States of America has the
highest number of cases (78,017,402) with 926,029 deaths
and 2,772 deaths per 1,000,000 population followed by
India with 42,272,014 cases, Brazil and France, respec-
tively. South Africa, was the most affected country in
Africa with 3,623,962 confirmed cases and 1,584 deaths
per 1,000,000 population [1]. Some African countries
like Morocco, Tunisia, Ethiopia, Libya, and Egypt also
recorded cases of above 400,000 [1, 2].

Despite the extensive spread of COVID-19, mortality
was greatly concentrated in developed countries. Devel-
oping countries which account for 85% of the world
population, had about 20% of the global COVID-19-re-
lated deaths [2, 3]. Variations in atmospheric conditions,
demographic profile, socioeconomic status, surveillance
system, and policy responses possibly account for this
difference [4]. Pre-existing medical conditions such as
cardiovascular disease, diabetes, chronic respiratory dis-
ease, hypertension, and cancer, among others increase
the risk of dying due to COVID-19 [3, 5]. Although the
severity of deaths that are attributable to COVID-19 is
higher in North America, Europe, and Asia than in the
most affected sub-Saharan African countries, the socio-
economic consequences and health impact of the disease
were enormous in the region [6]. Therefore, it is perti-
nent to conduct a critical appraisal of the trajectory of the
COVID-19 pandemic in sub-Saharan Africa. In the cur-
rent study, the dynamics of COVID-19 were examined
in four purposefully chosen countries — the Democratic
Republic of Congo, Nigeria, Senegal, and Uganda, using
the trigonometric regression model.

The trigonometrical ratio method has been used in
the past for modeling the dynamics of infectious dis-
eases. Several studies have used trigonometric regres-
sion in the analysis of public health surveillance data to
examine the seasonality and dynamics of other infec-
tious diseases, including multiple sclerosis relapse,
among others [7-9]. Central to the success of the pre-
vious studies that used this modeling approach was its
flexibility in terms of description, prediction, and con-
sistency in patterns like the annual cycle of peaks and
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troughs usually experienced in biological phenomena
that have seasonality tendencies. Analysis of season-
ality, the growth patterns of the disease, and periodic
forecasting at different points in a year can guide plan-
ning, preparedness, and prioritization of resources
to alleviate the disease spread during the period. This
model has not been fully utilized to guide the COVID-
19 response. In this study, trigonometrical regression
was used to model the pattern of COVID-19 cases in
Nigeria, the Congo Democratic Republic, Senegal, and
Uganda.

The seasonality of flu-like COVID-19 in tropical
countries can be attributed to; mobility to low/high-risk
locations, meteorological drivers, seasonal allergens,
overcrowding, poor living arrangements, and popula-
tion susceptibility. Other factors that can drive seasonal
patterns in the dynamics of infectious diseases include
periodic variations in; human activity and behavior, the
human immune system, vitamin D levels, melatonin,
and pathogen infectivity [10]. While environmental fac-
tors can impact the abundance of pathogens through
housing ventilation and outdoor activity in natural
ultraviolet light, adequate vitamin D may be needed
during the cold season to decrease infection rates [10].
During the rainy season, flu spreads more easily [10].
Therefore, to what extent is COVID-19 spreading faster
during the rainy season in the studied tropical African
countries? This primary question about the seasonality
of COVID-19 remains unresolved, particularly in tropi-
cal regions, where little is known about the seasonality
of the disease.

Previous study has established that there was a similar-
ity in the incidence of the community outbreak and sea-
sonal patterns of COVID-19 and other Influenza-Like
Illnesses (ILI) [11]. The first and second wave of COVID-
19 also suggests seasonality, analogous to the Influenza-
Like Illnesses (ILI) seasonality [12]. These assertions are
based on mere speculations but are not evidence-based.
The seasonality of COVID-19 has been confirmed,
especially in the temperate climate zone countries [13].
Therefore this study, intending to establish the season-
ality of COVID-19 in tropical and sub-tropical climate
zones as well, is of great interest. Therefore, time series
analysis was used to examine the seasonality of COVID-
19 in each of the studied countries. In addition, the pat-
tern of COVID-19 was modeled and the COVID-19
doubling time was examined from January 2020 to 12t
March 2022. Identification of the seasonality of COVID-
19 may offer the possibilities for preventive strategies
and can promote the development of effective policies,
and provides an opportunity for the efficient and effec-
tive allocation and use of resources particularly in a poor
resource setting like Nigeria.
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Methods

Study area

Four countries were selected for this study; the Demo-
cratic Republic of Congo, Nigeria, Senegal, and Uganda.
The countries had coordination structures that permitted
multi-sectorial engagement in the COVID-19 response
including non-governmental organizations and inter-
national agencies like WHO. In Nigeria, a Presidential
COVID-19 Taskforce was constituted than comprised
ministries and government agencies, and an inter-minis-
terial multi-sectoral technical working group with a sec-
retariat at the Federal Ministry of Health. The DRC had a
multisectoral response committee (Comite multisectoral
de reposte) with a secretariat at the Ministry of Health.
Senegal had a National Epidemic Management Commit-
tee (CNGE) that allowed for multi-sectoral engagement.
Uganda had a National Taskforce that included various
ministries as well as a strategic-level committee. Addi-
tionally, the countries were included in this study because
of their historical experience in managing public health
emergencies of international concern [14-17].

While Nigeria and Senegal are countries from West
Africa, the Democratic Republic of Congo and Uganda
are from Central and East Africa respectively. The coun-
tries have a similar age structure with a predominantly
young population (Fig. 1) and are classified as low-
income according to World Bank. Nigeria has the high-
est population (215,746,933), followed by the Democratic
Republic of Congo (95,240,781), Uganda (48,432,873),
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and Senegal (17,653,669). Life expectancy was 55.75
in Nigeria, 61.60 in the Democratic Republic of Congo,
64.38 in Uganda, and 68.87 in Senegal [18]. The countries
are among the tropical countries in sub-Saharan Africa
and they have hot, wet, and humid weather. They have
a tropical climate, in which the average monthly temper-
atures are about 18 °C or higher and the year consists of
two seasons: the wet/rainy season, in which most rainfall
occurs, and the dry season [19].

The first case of COVID-19 was confirmed on the
27" of February, 2020 in Nigeria, the 2" of March,
2020 in Senegal, the 10" of March, 2020 in the Demo-
cratic Republic of Congo (DRC), and the 21% of March in
Uganda [1]. Data on basic COVID-19 indices and popu-
lation density are contained in Table 1 [1, 20].

The countries demonstrated variation in their COVID-
19 responses, both in terms of the scope and intensity of
non-pharmaceutical interventions and in their outcomes;
they had historical experience in managing epidemics of
global concern, such as yellow fever, Ebola virus disease,
and Marburg virus disease [21-23]; there were exist-
ing partnerships between local research institutions and
government offices which eased access to COVID-19
and other health systems data and enabled the transla-
tion of research findings to evidence-based policy and
practice; and the mixture of Francophone (the DRC and
Senegal) and Anglophone (Nigeria and Uganda) coun-
tries enhances South-to-South cross-learning networks
and communities of practice. The research was led by
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Fig. 1 Population pyramid of Nigeria, DRC, Senegal, and Uganda. Source: https://www.populationpyramid.net/uganda/2022/
Table 1 Basic COVID-19 indices in Nigeria, DRC, Senegal and Uganda
Country Population Density/  Total Cases Total Deaths CFR Total Cases/IM Deaths/1 M
km? Population Population
Nigeria 246 254,953 3,142 0.0123 1,187 15
DRC 18 86,315 1,335 0.0155 917 14
Senegal 92 85,806 1,964 0.0229 4906 112
Uganda 242 163,517 3,594 0.0220 3394 75

Sources: https://www.worldometers.info/coronavirus/ & https://worldpopulationreview.com/: Data accessed on 12 March, 2022
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partners at the Makerere University School of Public
Health in collaboration with the University of Kinshasa,
Université Cheikh Anta Diop, and the University of
Ibadan.

Data source and extraction

The data on the daily confirmed COVID-19 cases up to
12" March 2022 were extracted from the data repository
of the Worldometer [1] and European Centre for Disease
Prevention and Control [2]. The data were aggregated
on monthly basis for those months where complete data
were available and aggregated quarterly afterward. The
quarterly classifications were: Quarter 1: January—March,
Quarter 2: April-June, Quarter 3: July—September, and
Quarter 4: November—December.

Data analysis

Microsoft Excel and SPSS packages were used for data
analysis. Charts and line graphs were used to present the
data for each of the countries. The COVID-19 data were
available for 2 years and as such not suitable to examine
the quarterly trend and seasonal variation in COVID-19
cases which requires a minimum of 3 years. To ensure
that the data span through a period of at least 3 years, a
trigonometrical time series model was used to extrapo-
late the data to 2023 with the assumption that the present
trend in COVID-19 daily confirmed cases is sustained
throughout the period. The processes involved in the
projection and time series modeling are itemized below.

Time series

The COVID-19 data was plotted for the preliminary
examination of the trend for each country. Auto corre-
lations were calculated and used to examine the exist-
ence of serial correlation in the series. Correlogram was
also plotted as a preliminary check to ascertain whether
the series had a seasonal variation of the trigonometri-
cal type or not. A periodogram and spectra density was
plotted afterward. The periodogram was used to ascer-
tain the dominant frequencies or cyclical behavior in
the COVID-19 cases observed over a period of time.
The periodogram graphs measure the relative impor-
tance of the exact frequency values that explain the pat-
tern of oscillation exhibited in the observed COVID-19
cases. The spectra analysis reveals the periods or finite
time intervals where COVID-19 data are concentrated.
In addition, the spectral analysis was used to view the
observed COVID-19 cases as a sum of cosine waves
with varying amplitudes and frequencies. To assess the
seasonality in the data, the data were aggregated in 3
months to represent four quarters in a year. Thereafter,
a regression model was used to fit a trigonometric curve
to the data. Seasonality occurs when data experiences
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regular and predictable fluctuations that persist at a
particular period in every calendar year. Seasonality in
the pattern and growth of an infectious disease might be
due to weather and the occurrence of activities that pro-
mote interactions of the population in a specific period
of a year. It provides a clear picture of the yearly spread
of the disease.

Building trigonometrical model

The trigonometrical model was used to smooth the avail-
able data beyond 2 year. Trigonometric functions are
periodic and tie together time points one cycle apart. It
has the advantage of smoothening the irregularities in
the data through the imposition of a certain continu-
ity between neighboring points [7-9]. The plot of daily
observed COVID-19 cases shows that the data repeats
itself at an interval of time but is not fixed and may be
considered a a periodic pattern and as such this may sug-
gest a sinusoidal function of the form. The amplitude
of a sinusoidal function is the distance from either the
average value to the maximum value or from the aver-
age value to the minimum value. The functions oscillate
above and below the average value, are periodic, and
repeat values in set cycles.

Y: = + acos(w(t + k) + 0) + & (1)

where: @ = mean number of COVID-19 cases per
month. Y, = the number of COVID-19 cases occurring
in the t-th ordinal month starting from the month when
the outbreak occurs in each country, ® = frequency of
the periodic variation = 2nf (since f = 1/T and T = 12
months), t = Time period (in a month), a = Amplitude
of the data, 8 = phase which locates the peak, ¢, = Error
or residual term, and k = Adjustment factor used to fit
the data. The parameter (ot + 0) is measured in radians.
Through re-parameterization, Eq. 1 was transformed into
a linear multiple regression of the form.

Ye =+ o1que + oot + & (2)

where; @; = acosf; a, = —asinb; q;; = coswt; q,, = sinwt;
_ o1
a= \/a%—l—a%;O:tan L ity
(2]

. . 1 N
W is estimated by X = ﬁzt=1xt

2 N 2 N )
o] = ﬁztletcosa)t, oy = ﬁztletsmwt,

The justification that is in the introduction can be
moved and brought here.
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Decomposition of the time series model

Decomposition models are useful when the parameters
describing a time series are not changing over time which
is the case for the trigonometrical model built for the data
for each country. This is with the view to separating the
time series into several factors: trend, seasonal, cyclical,
and irregular (error). The plot of the smoothed data for
each country follows an additive time series model. This
is because the parameters describing the series are not
changing over time with the assumption that the varia-
tion in the trend is constant over a period of time [24]. The
model is as follows:

Or=Tit+S+Cc+ Lk (3)

O,=the observed quarterly COVID-19 data in time
t; T,=the trend component in time t; S,=the seasonal
component in time t; C,=the cyclical component in
time t; I, =the irregular component in time t. The quar-
terly pattern of the smoothed COVID-19 cases in each
of the studied countries has no indication of C, and L.
Therefore, C,=0 and I,=0, Eq. (3) is then transformed to
St = Ot - Tt

The smoothed monthly confirmed cases of COVID-19
were aggregated for each quarter of the year (Oy). A 3-point
moving average method was used to determine the trend
line (T¢) for the quarterly data. The moving average method
was used to eliminate seasonal variations and irregular
fluctuations from the data. The trend line was deseasonal-
ized using St = Ot — T to determine the seasonal index
and this was adjusted afterward.

Zi,j Stij
L
(4)

.
Adjustment factor (AF) = Zr ) <Zl£t”> (5)
}:
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Ei,j St,J r Zi,j St,J
Adjusted Seasonal Index (ASI) = - 2
L j=1 L

(6)
Yeari=1,2,3,4; Quarterj =1,2,3,4

where; L is the number of years where the S, is available,
and r is 4, the number of quarters in a year. The adjusted
seasonal index (ASI) was used to assess the seasonality of
COVID-19 in each country. A quarter with a higher ASI
value is expected to experience high cases of COVID-19.

Results

The cumulative daily cases of COVID-19 as of 12" March
2022 in each of the countries are presented in Fig. 2. The
number of confirmed cases and the rate of spread () of
the disease were highest in Nigeria (= +381.24), fol-
lowed by Uganda (f = +255.68), Senegal (B = +132.25),
and DRC (B= +119.4). The data show a similar pattern
of the spread of COVID-19 in DRC, Uganda, and Senegal
from the onset of the disease through December 2020.
While this pattern was sustained in DRC and Senegal till
12" March 2022, deviation from the pattern was experi-
enced in Uganda.

The data in Fig. 3 depict that the average doubling
time in COVID-19 case count was 148 days in Uganda,
129 days in the Democratic Republic of Congo, 107 days
in Senegal, and 83 days in Nigeria. The cubic model fits
perfectly well with the doubling time observed for daily
confirmed cases in all the countries with their coefficient
of determination (R?) being 99.4%, 99.0, 96.7%, and 94.2%
in DRC, Senegal, Nigeria, and Uganda respectively. This
implies that in DRC for instance, 99.4% of the variation
in the data can be attributed to double case count while
0.6% is attributed to other factors (Table 2).

In Fig. 4, the periodogram was used to identify the
dominant cyclical periods in the COVID-19 data and
the possible frequency values that might explain the
oscillation pattern of the observed data. The dominant

y =381.24x - 16441 e DR C

R2=0.976

. = Nigeria

257y — 255.68x - 38855 Senegal
..... = Uganda
oy = 132.25x - 11766 .
R = 0.9578 Linear (DRC)
------ Linear (Nigeria)

y=119.4x - 13046
R2=0.9372 Linear (Senegal)

> > > DD

...... Linear (U; ganda)

Day/Month

Fig. 2 Cumulative daily Cases of COVID-19 in DRC, Nigeria, Senegal and Uganda
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Fig. 3 Distribution of Doubling Time against Doubled Case Counts in DRC, Nigeria, Senegal and Uganda

Table 2 Model summary and parameter estimates for the fitted cubic model for confirmed COVID-19 cases in DR, Senegal, Nigeria,

and Uganda
Country Model Summary Parameter Estimates

R? F df1 df2 Sig Bo B, B, Bs
Nigeria 0.967 126.590 3 13 0.000 35.641 0.005 -1.986E-008 2.160E-014
Senegal 0.990 408.845 3 12 0.000 20.301 0.021 -4.387E-007 3.618E-012
Uganda 0.942 70479 3 13 0.000 46.880 0.014 -1.808E-007 8.097E-013
DRC 0.994 639.085 3 12 0.000 20.855 0.018 -1.600E-007 4.797E-013

df Degree of freedom

frequencies were used to describe the important perio-
dicities in the series. Parameter estimates for the fitted
trigonometric model for confirmed COVID-19 cases are
displayed in Table 3. The trend and trigonometrical mod-
eling of COVID-19 data in CDR, Nigeria, Senegal, and
Uganda are shown in Fig. 5.

In Table 4, the data presented therein are the quarterly
number of projected COVID-19 cases and the trend
obtained through the moving average method. The pro-
jected values assume that the current state of COVID-19

as of the 12" of March, 2022 is sustained throughout the
projection period (13" March, 2022 to 31% December,
2023). The seasonal variation was obtained as a difference
between the projected and trend values.

The data as presented in Table 5 shows the adjusted
seasonal variation index (SVI) of COVID-19 in the
studied area. This was done with the view to ascertain-
ing what the exact variation should be in each quarter
of the year. The data show higher seasonal variation in
the first (SVyigeria=10,593.81 & SVIge=1899.368)
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Fig. 4 Periodogram and spectra analysis of COVID-19 data in DRC, Nigeria, Senegal, and Uganda

Table 3 Parameter estimates for the fitted trigonometric model for confirmed COVID-19 cases in DR, Senegal, Nigeria, and Uganda

Country Parameters in the Equation

M b, b, a w 0 k
Nigeria 10,326.08 2328.6398 -3767.837 4429.352 05233 -1.61884 35
DRC 3729.87 95.74851 -793.029 798.7883 05233 -1.45064 -0.5
Senegal 3691.261 -242.9 979.3778 1009.05 05233 -0.24311 35
Uganda 6594.82 -2726.92 1202.406 2980.249 0.5233 -1.1555 -0.8

and third (SVlyge, =10,593.78 & SVIgye = 1899.785)
quarters in Nigeria and Senegal than the second
(SVInigeria = -10,603.2 & SVIgeq0=-1903.3) and fourth
(SVlyigeria="10,584.4 & SVIgepee0=-1895.85) quarters.
The reverse pattern to what was found in Nigeria and
Senegal was found in DRC and Uganda where higher sea-
sonal variation was observed in the second and fourth
quarters. The pattern found in Nigeria and Senegal shows
that more cases of COVID-19 are expected in the first
(January — March) and third quarters (July —Septem-
ber) of a year whereas, in DRC and Uganda, more people
infected with COVID-19 are likely to be reported in the
second (April-June) and fourth (October—December)
quarters.

Discussion

In this study, the trajectory of the daily confirmed cases
of COVID-19 was assessed to ascertain whether there is
seasonality in the occurrence of the disease or not. The
trigonometric model, a time series model, was fitted
using estimated parameters to project 3-year COVID-
19-related data. The seasonality of the data for Nigeria,
Uganda, DRC, and Senegal was assessed afterward. We

found that the rate of spread of COVID-19 was highest in
Nigeria followed by Uganda and Senegal while the low-
est rate was observed in DRC. This pattern of the rate of
spread is expected since Nigeria and Uganda are more
densely populated than DRC and Senegal. The spread of
infectious diseases like COVID-19 can be accelerated by
large population size [25, 26]. Densely populated areas
are characterized by overcrowding, close contact, and
poor living conditions including poor sanitation, which
serve as breeding grounds for infectious agents and
therefore, have the tendency to facilitate disease trans-
mission. The response approaches used in mitigating
the spread of the disease in these countries could also be
responsible for the observed patterns.

The study revealed that the COVID-19 related deaths
per one million population was highest in Senegal, fol-
lowed by Uganda, Nigeria, and the Democratic Republic
of Congo. The Case Fatality Rate (CFR) deviates slightly
from this pattern with the highest observed in Sen-
egal, Uganda, DRC, and Nigeria in that order. Despite
the demographic and health system similarities among
these countries, the differences in political architecture,
health workforce, response to the COVID-19 pandemic,
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Table 4 Monthly cases and Trend line of COVID-19 cases in CDR, Nigeria, Senegal, and Uganda
Year Qtr Nigeria CDR Senegal Uganda
Projected Trend Projected Trend Projected Trend Projected Trend
2020 Q1
Q2 23,083 - 11,377 - 9667 - 20,381 -
Q3 38,881 28,344 11,005 11,251.26 12,483 10,604 19,199 19,980
Q4 23,068 33,614.67 11,372 11,1289 9662 11,544.33 20,360 19,592.67
2021 Q1 38,895 28,339 11,010 11,249.37 12,488 10,602 19,219 19,972.67
Q2 23,054 33,619.67 11,366 11,130.79 9656 11,546 20,339 19,599.67
Q3 38910 28,334.67 11,016 11,247.49 12,494 10,600.67 19,241 19,966
Q4 23,040 33,624.67 11,360 11,132.68 9652 11,548 20,318 19,607
2022 Q1 38924 28,330 11,022 11,245.6 12,498 10,598.67 19,262 19,959
Q2 23,026 33,629.33 11,355 11,134.57 9646 11,549.33 20,297 19614
Q3 38,938 28,325.33 11,027 11,243.71 12,504 10,597.33 19,283 19,951.33
Q4 23,012 33,634 11,349 11,136.46 9642 11,551.33 20,274 19,620.33
2023 Q1 38,952 28,320.67 11,033 11,241.82 12,508 10,595.33 19,304 19,943.67
Q2 22,998 33,638.67 11,343 11,138.35 9636 11,552.67 20,253 19,627.67
Q3 38,966 28316 11,039 11,239.92 12,514 10,594 19,326 19,937
Q4 22,984 - 11,338 - 9632 - 20,232 -
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Table 5 Estimated seasonal variation adjustment per quarter for number of COVID-19 cases in DRC, Nigeria, Senegal, and Uganda

Country Year Quarter Adjustment
1 2 3 4 Factor
Nigeria 1 10,537 -10,547
2 10,556 -10,566 10,575 -10,585
3 10,594 -10,603 10,613 -10,622
4 10,631 -10,641 10,650
Average 10,593.78 -10,603.2 10,593.75 -10,584.4 -0.03472
0.034722 0.034722 0.034722 0.034722
Adjusted Seasonal Index 10,593.81 -10,603.2 10,593.78 -10,584.4
DRC 1 - - -247 243
2 -239 235 -232 228
3 -224 220 -216 213
4 -209 205 -201 -
Average -22394 220.1616 -223.937 2277188 0.000618
-0.00062 -0.00062 -0.00062 -0.00062
Adjusted Seasonal Index -223.941 220.1609 -223.938 227.7182
Senegal 1 - - 1879 -1882
2 1886 -1890 1893 -1896
3 1899 -1903 1907 -1909
4 1913 -1917 1920 -
Average 1899.333 -1903.33 1899.75 -1895.89 -0.03472
0.034722 0.034722 0.034722 0.034722
Adjusted Seasonal Index 1899.368 -1903.3 1899.785 -1895.85
Uganda 1 -781 767
2 -754 739 =725 711
3 -697 683 -668 654
4 -640 625 -611
Average -696.778 682.5556 -696.333 710.6667 0.027778
-0.02778 -0.02778 -0.02778 -0.02778
Adjusted Seasonal Index -696.806 682.5278 -696.361 710.6389

and compliance with the public health measures could
explain the variation in the observed COVID-19 death
patterns among the countries [27-29]. There is also the
possibility that factors such as an aging population, poor
dietary intake, pre-existing comorbidities like hyperten-
sion, ischemic heart disease, smoking, history of cancer,
chronic liver disease, and obesity might be more preva-
lent in countries where higher COVID-19-related deaths
per 1,000 population or CFR have been reported. Earlier
studies have established that COVID-19 patients with
these attributes have higher risks of dying than those
where such are absent [30, 31].

Epidemic doubling times depict the sequence of inter-
vals at which the cumulative incidence of the disease
doubles. A longer doubling time indicates a slowdown
in the COVID-19 disease propagation if the underlying
reporting rate remains unchanged [10]. The assessment
of the growth rate of COVID-19 cases at the early stage
of the disease may not be perfect mainly due to poor

testing and difficulties in establishing the cases. However,
more accurate figures were obtained over time as bet-
ter mechanisms and protocols were designed for testing
and data streaming. The average doubling time (ADT)
for COVID-19 cases in this study reveals a striking diver-
gence in patterns of change across countries. The ADT
was highest in Uganda followed by DRC, Senegal, and
then Nigeria. Interaction within the population, espe-
cially in the absence of vaccines during the first wave of
the disease, and differences in the preventive and con-
trol measures might explain the observed variation in
doubling time across the studied countries. Aside from
the general systemic causes like biological characteris-
tics of the virus and incubation period that are the same
for all societies, other factors which might contribute to
the variation in ADT of COVID-19 across the analyzed
countries included differences in the; age structure, sex
composition, immune system, poor hygienic practice, air
pollution, meteorological conditions, daily inter-personal
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contacts, and societal context [32]. These factors are
important predictors of diffusion of viral infectivity [32].

Seasonal patterns in infectious disease occurrence are
common in both temperate and tropical climates. Fac-
tors like human activity, variability in human immune
system function, variations in vitamin D levels, season-
ality of melatonin, and pathogen infectivity have been
flagged and proposed to explain the seasonality of infec-
tious diseases [10, 33, 34]. For instance, Vitamin D sup-
plementation tends to reduce the incidence of acute
respiratory infection by controlling the expression of
specific endogenous antimicrobial peptides in immune
cells, modulating the immune response, and the course
of autoimmune processes [35]. It prevents loss of neu-
ral sensation in COVID-19 by stimulating the expres-
sion of neurotrophins like Nerve Growth Factor (NGF):
Vitamin D: Induction of key neurotrophic factors [36].
The hormone melatonin is effective in combating vari-
ous bacterial and viral infections. It can influence sea-
sonal changes in immune function observed in humans
through changes in the duration of melatonin secretion
which often account for the seasonal pattern of symp-
tom expression shown by infectious diseases [10]. Gen-
erally, the coronavirus is a seasonal virus. These data
showed that more cases of COVID-19 are expected in
the first (January — March) and third quarters (July —
September) of a year in Nigeria and Senegal whereas, in
DRC and Uganda, more cases of COVID-19 may likely
be reported in the second (April — June) and fourth
(October—December) quarters. The pattern of season-
ality demonstrated by the data is interesting in that the
countries that shared the same pattern are from the same
regional blocks in Africa—while Nigeria and Senegal
are from western Africa, the DRC and Uganda are two
neighboring countries in Central and East Africa. These
within-region similarities may be due to resemblances in
response, sociocultural and ecological factors. In Nigeria
and Senegal, the first quarter of each year is character-
ized by cold weather, the third quarter is often the peak
of the rainy season and is known for cultural celebrations
which possibly could facilitate higher COVID-19 spread
than the second and last quarter of the year.

The episode of the COVID-19 pandemic is not up
to 3 years, therefore examination of seasonality in the
data based on 2-year data might face the challenge of
robustness. However, the use of a trigonometric model
to predict for an additional year before the seasonal-
ity’s assessment adjusted for this challenge. It is there-
fore pertinent to note that the observed third-year
data might deviate from the assumption-based gen-
erated data predicted through the use of the trigono-
metric model. Especially, if the constellation of causal
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and preventive factors like vaccination and restric-
tive measures are different from the current situation
in the third year. The assumption that all things being
equal (ceteris paribus) i.e. if the current situation is sus-
tained over the projected period might not be realistic
at that time. Therefore, the readers must be cautious of
this fact while interpreting the findings. The analyzed
data relied on the COVID-19 database of an institu-
tion which is often updated on daily bases, this may not
fully reflect the exact number of COVID-19 cases cap-
tured within the country. The inadequate state of data
from the disease surveillance system peculiar to less
developed countries cannot be ignored from the ana-
lyzed COVID-19 data. Therefore, there is the possibility
of some minor errors in the data which we envisaged
that the use of the trigonometric model has resolved.

Conclusion

The COVID-19 spread in Senegal, Nigeria, DRC, and
Uganda followed an increasing trend and exhibited
seasonality in the pattern of spread with a short dou-
bling time. There was also substantial variation in the
timing of the cases of COVID-19 between countries.
More cases were reported in the first and third quar-
ters of the year in Nigeria and Senegal and the second
and third quarters of the year in Uganda and the Demo-
cratic Republic of Congo. These variations emphasize
the need to target particular seasons of the year for
COVID-19 preparedness and response action.

Abbreviations

ADT Average Doubling Time
CFR Case Fatality Rate
SvI Adjusted Seasonal Variation Index
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