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Abstract

Severe acute respiratory syndrome coronavirus-2 (SARS CoV-2) has been a
global threat spreading in Sierra Leone, and many studies are being conducted
using various Statistical models to predict the probable evolution of this pan-
demic. In this paper, we use the autoregressive integrated moving average
(ARIMA) model with the aim of forecasting the cumulative confirmed cases
of SARS CoV-2 in Sierra Leone. The Akaike Information Criterion (AIC) was
applied to the training data as a criterion method to select the best model. In
addition, the statistical measure RMSE and MAPE were utilized for testing
this data, and the model with the minimum RMSE and MAPE was selected
for future forecasting. ARIMA (3, 2, 1) was confirmed to be the optimal mod-
el based on the lowest AIC value. This model was then applied to study the
trend of SARS CoV-2 from 1st February 2022 to 30th February 2022. The re-
sult shows that incidence of SARS CoV-2 from 1st February 2022 to 30th
February 2022, increasing growth steep in Sierra Leone (7718.629, 95% con-
fidence limit of 6785.985 - 8651.274).
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1. Introduction

Severe acute respiratory syndrome coronavirus-2 (SARS CoV-2) is a novel co-
ronavirus that broke out in Wuhan China in December 2019 and has rapidly
spread across the world causing a global pandemic [1] [2]. To date, SARS CoV-2
is the seventh coronavirus known to affect human beings. It affects the lower

respiratory tract and causes symptoms ranging from mild fever, cough and sore
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throat to severe and fatal complications including acute respiratory distress syn-
drome (ARDS), severe pneumonia, septic shock, pulmonary edema, hypercoa-
gulable state, other organ failure and subsequent death [3] [4]. Patients with un-
derlying comorbidities like diabetes mellitus, cardiovascular diseases, malignan-
cies, chronic respiratory diseases and elderly people are more prone to develop-
ing complications of SARS CoV-2.

According to the Worldometer as of January 29th, 2022, there had been
372,153,572 confirmed cases, 5,672,345 reported deaths and 293,778,361 recov-
ered SARS CoV-2 cases worldwide [5]. The spread of this disease has been a
growing public health concern as it affects and poses significant challenges to a
country’s economic, political and social development. Several nations have tried
to curtail this spread by imposing strict hand hygiene and imposing national
lockdown. Unfortunately, given their large genetic diversity, frequent genome
recombination, multiple viral strains with identified genetic polymorphisms, com-
plex disease manifestation, and multiple routes of transmission of SARS CoV-2,
control measures have not been very successful [6].

Sierra Leone reported its first case in March of 2020 [7] and since then there
have been 7608 confirmed cases of SARS CoV-2 with 125 deaths [8]. As of 26
January 2022, a total of 1,409,313 vaccine doses have been administered [8]. A
recent cross-sectional, nationally representative, age-stratified serosurvey on
SARS-CoV-2 antibody prevalence in Sierra Leone shows that overall weighted
seroprevalence was 2.6% (95% CI 1.9 - 3.4) which is 43 times higher than the
reported number of cases [9]. Despite this relatively low rate of infection and
spread of SARS-CoV-2 in Sierra Leone, there is still a lot of uncertainty regard-
ing this ever-changing coronavirus. The healthcare system in this country is very
frail and unequipped for large number of admissions at a go and with an econ-
omy that is largely dependent on imports and exports; long-term border closure
is not feasible.

Therefore to help predict the trajectory of the disease and for short-term fore-
casting of new cumulative confirmed cases, we utilized a univariate autoregressive
integrated moving average (ARIMA). The ARIMA models have been successful-
ly applied to predict the incidence of infectious diseases, such as influenza mor-
tality [10], malaria incidence [11], as well as other infectious diseases [12] [13].
This model is vital for understanding and estimating the disease progression in
Sierra Leone, which will help inform policy planning regarding curtailing further

spread and future containment measures.

2. Methods

2.1. Data Source

The data for this study consists of confirmed SARS CoV-2, cases per day from
13th March 2020 to 30th January 2022. The daily SARS CoV-2, cases were
obtained from Our World in Data, an official website for all SARS CoV-2,
(https://covid19.who.int/region/afro/country/sl). We use R statistical software to
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analyze the SARS CoV-2, data.

2.2.Unit Root Test

Before estimating the parameters for the ARIMA model, the data were tested for
stationarity using the Augmented Dickey-Fuller (ADF) test, for which the null
hypothesis H, of the time series is said to be non-stationary. The result of the
ADF test suggested that the time-series data was non-stationary (p > 0.05). After
applying the second difference, e, d (0) , the p-value obtained was less than
the significance level (p < 0.05) and the statistical ADF is lower than any of the

critical values, so the null hypothesis was rejected.

2.3. The Model

The autoregressive integrated moving average (ARIMA) model, is a generaliza-
tion of the ARMA model with non-stationary series. ARIMA is non-stationary
means that it has non-constant mean and variance over time. The integrated
part refers to a differencing initial step, which can be applied to eliminate the
non-stationarity of the series. An ARIMA model is unequivocal by its three
components:
* Auto regression (AR) model is the model which represents a variable that re-
gresses on its lagged, or prior, values.
* Integrated (I) shows the differencing of basic observations so that the time
series may be stationary.
* Moving average (MA) provides the docility between an observation and a re-
sidual from the MA model for lag observations.
The autoregressive time series regression model of order p, signified by AR(p)
is given by
X =@+ P Xt P Xt o+ QX &
@, #0
E(g)=0, Var(g)=0?, E(gée,)=0, s=t
E(x&)=0, Vs<t

where {got},i =1---,p is the model parameter, {gt},t =1---,p is a normally
distributed random process with mean 0 and a constant variance o~ which is
assumed to be independent of all process values.

White noise series properties with mean 0 and variance o’ are moving av-
erages, with order g expressed as MA (q). The weighted linear sum of previous

forecast errors is given by
X =p+E 06 06 ,——0,6
0, # 0
E(g)=0, Var(g)=0’, E(gé&,)=0, s=t

where {Qt},i =1---,p is the model parameter, {et},t =1---,p is a normally

distributed random process with mean 0 and a constant variance o’ which is
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assumed to be independent of all process values.
The ARMA (p, ¢) model composes of two main polynomials which are AR(p)
and MA (q). It is expressed thus:

X =@+ O X+ QX F QX FE —OE =08
¢, #0, 6,#0

E(e)=0, Var(gt):of, E(ee)=0, s=t
E(ngt)zo, Vs <t

where X, =@ + QX 1+ @ X, + e H P X HE —OE — - 06 s

(I)(B)Adxt =0(B)s,. {(ot},i =1---,p and {49t},i =1---,p are the model pa-
rameters, {31} ,t=1---,p is a normally distributed random process with mean
0 and a constant variance o which is assumed to be independent of all proc-
ess values.

The ARIMA (p, d, g¢) model is a widely used statistical method used in statio-
nary time-series analysis such as forecasting. To build such a model, the primary
step is to investigate whether the statistical stationery of a time series can be sa-
tisfied or not. Then, the next phase is estimating the numerical values of p and ¢
parameters for AR and MA models. Thus, the essential idea of the ARIMA mod-
el is based on the assumption that the predicted value of the variable x is gen-
erated from a linear equation of several previous observations with random er-

rors. A process % is an ARIMA (p, d, ¢) when it satisfies the form
®(B)A‘x, =0(B)g
E(g)=0, Var(g)=0?, E(gé&,)=0, s=t
E(x&)=0, Vs<t

where ¢(B) and 6(B) are polynomial operators. A% = (1- B)d X, , for
d >1, where A=1-B is the difference operator.

2.4. Performance Measures
To evaluate the prediction models, we use the following statistical measures.
Root Mean Square Error (RMSE):

13 A \2
RMSE =, [—> (% — %)
N i

Mean Absolute Percentage Error (MAPE):

N
MAPE = @z
N i3

X — X

X

where X, denotes actual value and X, denotes the predicted value for the ith

instance.

3. Results

Figure 1 shows a strong upward trend of SARS CoV-2, cases in Sierra Leone

showing that the series is not stationary. This is confirmed by results of the unit
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Figure 1. Cumulative confirmed cases of SARS CoV-2 from 3rd March 2020 to 31st Jan-
uary 2022.

root tests ADF as presented in Table 1, where the p-values are all greater than
5% level of significance. Thus, there is not enough evidence to reject the null
hypothesis that the SARS CoV-2, series of Sierra Leone is nonstationary. None-
theless, a second difference in the series made it stationary, as confirmed by the
ADF.

The autocorrelation function (ACF) plot is also useful for identifying nonsta-
tionary time series. For a stationary time series, the ACF will drop to zero rela-
tively quickly, while the ACF of non-stationary data decreases slowly. Therefore,
differencing can help stabilize the mean of a time series by removing changes in
the level of a time series, and therefore eliminating (or reducing) trend. Conse-
quently, we will take a second difference in the data. The second differenced data
are shown in Figure 2.

Residuals are useful for testing the model’s suitability to capture the informa-
tion in the data. The estimated autocorrelations between the residuals at various
lags are depicted in Figure 3.

From the ACF and PACEF graph (as shown in Figure 2) and the models trace
summary table (Table 2), we were able to observe the following candidate mod-
els and also using the AICc model selection criterion, we detect that the ARIMA
(3, 2, 1) with drift as the model with lowest AICc value.

The ARIMA (3, 2, 1) model predicts the number of cumulative confirmed
cases over the next 30 days using the previously observed data as shown in Table
3 with lower and upper confidence limits. Although the increasing trend is visi-

ble, the model has better performance.
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Figure 2. ACF and PACEF plot for second-order differenced cumulative confirmed cases
of SARS CoV-2.

Table 1. ADF unit root tests on log levels of variables.

Augmented Dickey-Fuller test for unit root, Number of obs. = 669

Interpolated Dickey-Fuller

1% 5% 10%
Test . . .
L. Critical  Critical Critical
Statistics
Value value  Value
Z(t) -2.307 -3.960 -3.410 -3.120

Mackinnon approximate p-value for Z(t) = 1.00

D. Cum. Cases Coef. Std. Err. t p> |t [95% Conf. Interval]
D.Cum. Cases
L1. -0.0030118 0.0013057 -2.31 0.021 -0.0055757 —0.004479
LD. 0.3847551  0.0350505 10.98 0.000 0.315932  0.4535783
L2D. 0.4267533  0.0350943 12.16 0.000 0.3578442 0.4956624
_trend 0.329497 0.0146564  2.25 0.025 0.0041712  0.617281
_cons 2.527277 1.043666 2.42 0.016 0.4779936  4.57656

Source: STATA software.
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Figure 3. Residual plots form the ARIMA (3, 2, 1) model total confirmed cases of SARS

CoV-2.

Table 2. AIC, MAPE and RMSE values for various ARIMA models applied for cumula-
tive confirmed cases of SARS CoV-2.

Models AIC MAPE RMSE
ARIMA (2,2,1) 5284.94 0.8542741 12.39312
ARIMA (3,2,1) 5283.07 0.8444274 12.35716
ARIMA (3,2,2) 5284.04 0.8432304 12.34766
ARIMA (2,2,2) 5284.42 0.8514826 12.36977
ARIMA (1,2,1) 5283.05 0.8536747 12.39417
ARIMA (1,2, 0) 5355.04 0.9176175 13.10052
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Table 3. Performance of ARIMA (3, 2, 1) model with 80% and 95% CI.

Date Forecast 80% Lower  80% Upper  95% Lower  95% Upper
2/01/2022 7626.395 7610.535 7642.254 7602.139 7650.650
2/02/2022 7629.309 7603.505 7655.113 7589.845 7668.773
2/03/2022 7632.785 7595.976 7669.595 7576.490 7689.081
2/04/2022 7635.893 7587.686 7684.100 7562.167 7709.619
2/05/2022 7639.095 7578.075 7700.115 7545.773 7732.418
2/06/2022 7642.247 7567.443 7717.050 7527.844 7756.649
2/07/2022 7645.443 7555.903 7734.983 7508.503 7782.383
2/08/2022 7648.622 7543.530 7753.715 7487.897 7809.347
2/09/2022 7651.807 7530.345 7773.269 7466.046 7837.568
2/10/2022 7654.987 7516.385 7793.589 7443.013 7866.961
2/11/2022 7658.170 7501.685 7814.654 7418.847 7897.492
2/12/2022 7661.352 7486.277 7836.426 7393.598 7929.105
2/13/2022 7664.534 7470.186 7858.882 7367.304 7961.763
2/14/2022 7667.716 7453.436 7881.996 7340.002 7995.429
2/15/2022 7670.898 7436.047 7905.749 7311.724 8030.072
2/16/2022 7674.080 7418.039 7930.121 7282.499 8065.661
2/17/2022 7677.262 7399.430 7955.094 7252.354 8102.170
2/18/2022 7680.444 7380.235 7980.653 7221.314 8139.574
2/19/2022 7683.626 7360.471 8006.782 7189.402 8177.850
2/20/2022 7686.808 7340.150 8033.467 7156.639 8216.977
2/21/2022 7689.990 7319.285 8060.696 7123.045 8256.936
2/22/2022 7693.173 7297.889 8088.456 7088.638 8297.707
2/23/2022 7696.355 7275.972 8116.737 7053.435 8339.274
2/24/2022 7699.537 7253.546 8145.528 7017.452 8381.621
2/25/2022 7702.719 7230.620 8174.818 6980.706 8424.732
2/26/2022 7705.901 7207.204 8204.598 6943.209 8468.593
2/27/2022 7709.083 7183.306 8234.860 6904.976 8513.190
2/28/2022 7712.265 7158.935 8265.595 6866.020 8558.510
2/29/2022 7715.447 7134.099 8296.795 6826.352 8604.542

2/30/2022 7718.629 7108.806 8328.453 6785.985 8651.274

4. Discussion and Conclusions

The ARIMA model is one of the most widely used time-series forecasting tech-

niques because of its structured modeling basis and acceptable forecasting per-
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formance [14]. In this paper, we applied an ARIMA (p, d, g) model to analyze
the surveillance data of SARS CoV-2, infection in Sierra Leone. We have ob-
tained an ARIMA model that closely fits the spread of SARS CoV-2, in Sierra
Leone. According to the results above, the conducted model is reliable with high
validity. Once a satisfactory model has been obtained, it can be used to forecast
expected numbers of cases for a given number of future time intervals [15]. The
forecast results suggest that the cumulative confirmed cases of SARS CoV-2, in
Sierra Leone will experience strong growth in the next 30 days (22nd January
2020 to 19th February 2022).

As mentioned above, for adequate ARIMA modeling, a time series should be
stationary with respect to mean and variance [16]. If the mean increases or de-
creases over time, or if the variance does, the series may need to be transformed
to make it stationary, before being modeled. Otherwise, the prediction effect of
the model will be poor. In order to improve the model, updating the forecasts is
very important. A model without seasonal terms will need to be updated fre-
quently. Confidence intervals that widen rapidly as time increases from the
starting point of the forecasts also indicate a model that needs frequent updating.
Generally speaking, there are two ways to implement the update. The model can
be reapplied to the original series with extra observations added at the end to
give forecasts based on a later starting point. Alternatively, a new model can be
fitted to the longer series. This is probably preferable, since fitting a model is
quick, especially when the old model is used as a guide, and it makes better use
of the additional observations.

Government of Sierra Leone through the National SARS CoV-2. Emergency
Operations Center (NACOVAC) can apply the forecasted trend of much more
spread to make more informed decisions on the additional measures in place to
curb the spread of the virus. Application of the model can also assist in studying

the effectiveness of the lockdown on the spread of SARS CoV-2 in Sierra Leone.
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