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Abstract 

Despite ranking amongst the highest in medical systems in Africa        

and spending a substantial amount on health sector than other African 

nations, Algeria suffered a major blow in the first wave of the          

Covid-19 pandemic. Vaccine hesitancy also affected the country 

adversely in subsequent waves of the disease. This study estimates         

the number of Covid-19 cases for Algeria in January 2022 using            

two numerical methods Multi-step Differential Transform Method 

(MsDTM) and Repeated MsDTM. Stability analysis of the pandemic 

for the country has also been discussed in the paper. 

1. Introduction 

Algeria is the largest African nation in terms of area and tenth largest 

nation in the world. Till early sixties, Algerian economy was agro-based and 

shifted gradually to export economy, primarily dealing with petrochemical 

products [20]. It ranks amongst the highest in terms of health care systems in 

the African countries, though still lacking behind the wealthier countries 

[12]. Post the first case of Covid-19 being reported on February 25, 2020 

[22]; Algeria implemented all the basic preventive measures like lockdown, 

use of masks, social distancing and many more, to contain spread of the 

disease. Even though Algeria’s expenditure on health sector is considerably 

high in comparison to other African countries, still due to lack of 

preparedness the country suffered a lot of casualties and struggled a lot to 

control the Covid-19 spread. Strictly implementing all the necessary 

preventive measures in the initial wave, Algeria managed to lower the peak 

of daily new cases by the end of May 2020, until a rise in cases again in July 

2020 followed by another wave of the disease in November, in the same 

year. 
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Algeria initiated vaccination campaign on January 30, 2021, by 

inoculating a 65-year-old man with Russia’s Sputnik-V vaccine [23]. Algeria 

was amongst the many African country who ordered many vaccines like 

AstraZeneca, Sputnik V, and Sinovac, but hesitancy for taking the vaccine 

created a problematic situation in the country. In fact, many researchers 

worked on studying the safety concerns and ill-effects of these vaccines                 

[8, 14]. The slow pace of vaccination resulted in an increase of Coronavirus 

cases again in June 2021, reaching the peak in the end of July 2021. Even by 

the end of January 2022, only about 13 percent of the Algerian population 

was vaccinated against the disease [18]. A new wave of Covid-19 infection 

caused by Omicron variant, hit Algeria in December 2021 and the reported 

number of infected cases almost doubled in comparison to the earlier waves. 

With the initial cases of Covid-19 reported from Wuhan, China in late 

2019, the disease eventually turned into a pandemic in early 2020 [19], 

affecting almost the entire world. Managing the spread of the disease 

required enforcement of restrictions like lockdowns, travel-bans, etc. Despite 

these measures, owing to the medical systems in various countries being 

caught unawares, there was a huge loss of lives. Many countries faced 

tremendous financial crisis. Overall, to save lives and prevent financial 

crisis, the countries needed to be prepared in advance for future waves of the 

pandemic. An estimation of the number of cases that might be needed to be 

handled in future was a necessity. Many researchers worked with this aim, to 

understand and predict the future course of this disease [4, 6, 7, 15]. This 

paper is also an attempt in the same direction. 

The paper is organized as follows: In Section 2, the model under 

consideration has been discussed. Further, we discuss Differential Transform 

Method (DTM) and Multi-step Differential Transform Method (MsDTM). 

The study of Covid-19 situation in Algeria from January 1 to January 30, 

2022 using MsDTM is undertaken in Section 3. Section 4 deals with stability 

analysis and the states of equilibrium of the model. Section 5 presents the 

use of Repeated MsDTM, as an improvement over the method used in 

Section 3, to obtain estimates of Covid-19 cases in Algeria. Section 6 

presents conclusion of the results. 
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2. Mathematical Model 

Modelling is an important tool which assists in understanding the spread 

of diseases. It also helps us to do predictions based on scientific calculations 

which further facilitate planning and taking informed decisions. 

In this paper, we have considered a nonlinear deterministic mathematical 

model to study the dynamics of spread of Covid-19 in Algeria. The model 

under consideration is a compartment based SIR model which was first 

introduced by Kermack and McKendrick [9]. In this model, the whole 

population ( )tn  is divided into three disjoint compartments - susceptible 

( ),ts  infectives ( )ti  and recovered ( ).tr  While constructing the model, 

following assumptions were considered: 

• New individuals are added to the susceptible compartment through 

natural births at the rate µ. 

• Persons in the infectives compartment can infect the susceptible 

population at the rate β. 

• The recovered compartment has those individuals who have either 

recovered or died and hence removed from the previous compartment i.e., i 

compartment with the rate γ. 

• Those who have recovered cannot get infected again. 

• Rate of birth and rate of death µ are considered as same so that total 

population ( )tn  or n is constant, for a short duration of time. 

The changes that take place during the spread of the disease over a 

period of time t is depicted in Figure 1. Here, the rate of infection is denoted 

by β, the rate of recovery is denoted by γ and µ represents the rate of 

birth/death. 
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Figure 1. SIR model with natural birth and death. 

Based on the dynamics of the spread of the Covid-19, the SIR 

Mathematical model is governed by the following system of nonlinear 

differential equations [3]: 

.,, ri
dt

dr
iisi

dt

di
ssin

dt

ds µ−γ=γ−µ−β=µ−β−µ=  (1) 

For the sake of convenience, we denote ( ) ( )tits ,  and ( )tr  by s,                   

i, r, respectively. We solved the above system of equations by Multi-step 

Differential Transform Method (MsDTM) and Repeated Multi-step 

Differential Transform Method (RMsDTM) to obtain estimates of s, i, and r 

for Algeria from January 1 to January 30, 2022. Both these methods are 

based on Differential Transform Method (DTM), introduced in 1984 by 

Zhou [17]. 

DTM is used to solve boundary value differential equations [1, 11]. In 

this method, the kth coefficient of Taylor series of an analytical function is 

called its kth differential transform. The function is then defined in terms of 

this transform and is called the inverse differential transform. So, for an 

analytical function φ defined on [ ]ba,  whose Taylor series about [ ]bac ,∈  
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transform, is given by 
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S, I and R thus obtained are used to find the susceptible, infectives and 

recovered (the inverse differential transform, as given in (2)) at time t. 

Multi-step differential transform method (MsDTM) [16] is an 

improvement of the DTM. In MsDTM the time period under consideration, 

say [ ]T,0  is divided into p equal sub-intervals, say [ ] pitt ii ,,1,,1 …=−  of 

length 
p

T
 each; where 00 =t  and .Tt p =  Initially DTM is applied to the 

function φ on the first sub-interval [ ]1,0 t  with given initial condition ( )0φ  

on the function φ. The values of φ are obtained on this interval (denoted by 

)1φ  and the last value, ( ) ( )( )111 or tt φφ  is used as the initial condition for the 

second interval to obtain the function (denoted by )2φ  on second interval. 

The method is repeated for all subsequent intervals to determine the 

complete function φ on [ ]T,0  as follows: 
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for .,,1 pi …=  In this manner, updated values of the function are used               

as initial conditions at various levels, giving a better approximation of the 

function. 

In certain situations, further better approximation may be obtained by 

considering different values of the parameters at equal time intervals and 

applying MsDTM on these intervals thereafter. This is desirable in case the 

parameters show variation in that time period. Use of different parameters at 

equal intervals is followed in Repeated MsDTM [ ],10,2  making it more 

accurate than MsDTM. 

3. Numerical Simulation: MsDTM 

Multi-step Differential Transform Method is used to obtain solution of 

system of equations given in (3). The computational part is executed using 

programming in Mathematica software [13]. The initial conditions used are 

the susceptible, active infected and recovered in Algeria on December 31, 

2021 [21, 24]. Initial values of the parameters β and γ are found using these 

initial values of s, i and r. The initial conditions are stated in Table 1. 

Table 1. Initial conditions 

( )0s  44940254 

( )0i  62072 

( )0r  156360 

β 10
10497191.3

−×  

γ 3
10933459.7

−×  

µ 5
1029671.1

−×  

With these initial conditions, using MsDTM the number of susceptible, 

active infectives and recovered are obtained for the chosen period. The 

estimates are plotted with the actual numbers in Figure 2 and Figure 3. 
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Figure 2. MsDTM estimation for infectives vs actual infectives. 

 

Figure 3. MsDTM estimation for recovered vs actual recovered. 

We observe that for β and γ calculated over a period of 30 days, the 

graph coincides with actual data in the beginning and towards the end of the 

considered period. In between, the values are differing from the actual ones. 

4. Stability Analysis 

To find the disease-free equilibrium points and endemic equilibrium 

points for Covid-19, stability analysis is done for the non-linear differential 

equations (1). 

Since we are trying to find the equilibrium points, so ,0=
dt

ds
 ,0=

dt

di
 

.0=
dt

dr
 Thus, for equilibrium we get the following conditions from (1): 

,0=µ−β−µ ssin  (4) 
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,0=γ−µ−β iisi  (5) 

.0=µ−γ ri  (6) 

We linearize the above system of equations (1) and find the Jacobian 

Matrix based on the equations as 
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By solving differential equations (4), (5) and (6); we obtain the          

disease free equilibrium point and endemic equilibrium point. Disease free 

equilibrium point is ( ) ( ).0,0,,, 0000 nrisE →=  When we attain disease 

free equilibrium, the disease will not spread further as in this case 0=i  and 

.0=r  The endemic equilibrium point ( )∗∗∗
ris ,,  for Covid-19 is obtained 

as 

( )
,β

µ+γ=∗ n
s  

( ) ,ni µ







µ+γβ
µ−γ−β=∗  

( )
( ) .

µ+γβ
µ+γ+β−γ−=∗ n

r  

For ,45158686=n  ,10497191.3 10−×=β  0310933459.7 −×=γ  and 

,1029671.1 5−×=µ  the endemic point thus obtained is 

( ).102399763.2,106612021.3,102722311.2 747 ×××  

The characteristic equation of the matrix J at the endemic point ( )∗∗∗
ris ,,  

is given by 

 ( ) .00000387.0100207960.1103193431.1 32712 =λ−λ−λ×−×− −−  (7) 
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Now, from equation (7), we obtain 

,0003187.00000129.0,0000129.0 21 i−−=λ−=λ  

.0003187.00000129.03 i+=λ  

We observe that the characteristic equation (7) has one real root which is 

negative and two complex roots with negative real parts, implying that the 

endemic equilibrium point is asymptotically stable. This shows that the 

disease will eventually be eradicated [5]. 

5. Numerical Simulation: RMsDTM 

The estimates for Covid-19 cases using MsDTM were calculated in 

Section 3. In this method, the initial values of s, i and r (or the function being 

calculated) are updated at each iteration. However the rate of transmission, 

rate of recovery and birth/fatality rates (or the parameters used in an 

equation) are taken to be same throughout. Sometimes this results in an 

approximation which is not very correct, especially in situations where these 

parameters are changing rapidly or showing much variation. Repeated 

MsDTM takes this into consideration and uses the variation of parameters 

with change in circumstances. In the case of Algeria, the rate of transmission 

for Covid-19 was showing much variation during January 2022. So, we 

divide the period of 30 days into 5 intervals of 6 days each and consider the 

values of parameters in accordance with the time, as given in Table 2. The 

value of μ, the birth/fatality rate is same as given in Table 1. 
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Table 2. Parameters and inverse differential polynomials for s, i, r 

Days β γ Inverse differential polynomials 

( ) 44940254743.396343.292
2 +−= xxxs  

( ) 62072766.139156.0
2 ++= xxxi  1-6 10

10432411.1
−×  0.004172650 

( ) 156360977.256290.0
2 ++= xxxr  

( ) 72
1049414.4459.493093.292 ×+−= xxxs  

( ) 3.62916872.177249.0
2 ++= xxxi  7-12 10

10755153.1
−×  0.005047816 

( ) 157912542.315447.0
2 ++= xxxr  

( ) 72
1049419.4988.619556.291 ×+−= xxxs  

( ) 6.63992079.255504.0
2 ++= xxxi  13-18 10

10165543.2
−×  0.005733323 

( ) 159822818.364729.0
2 ++= xxxr  

( ) 72
1049416.46.1817855.278 ×+−= xxxs  

( ) 4.6554183.1006696.7
2 ++= xxxi  19-24 10

10180224.6
−×  0.012400290 

( ) 162037632.810237.6
2 ++= xxxr  

( ) 72
1049337.435.1919981.278 ×+−= xxxs  

( ) 4.7186741.1036432.7
2 ++= xxxi  25-30 10

10952624.5
−×  0.012313220 

( ) 167132751.882375.6
2 ++= xxxr  

For RMsDTM, using the parameters given in Table 2 for five periods of 

6 days each, MsDTM is applied to each period. The approximations of the 

Covid-19 cases are thus obtained. These numbers are depicted in Figure 4 

and Figure 5. 
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Figure 4. RMsDTM estimation for infectives vs actual infectives. 

 

Figure 5. RMsDTM estimation for recovered vs actual recovered. 

It is evident from these figures that the method gives a very close 

estimation. In both the graphs of infectives and recovered, the estimated 

values are almost overlapping the actual values. 

The errors in estimated number of infectives and estimated number of 

recovered calculated using MsDTM and RMsDTM are tabulated in Table 3 

and Table 4. 

From Table 3 and Table 4, it can be seen that the errors in the 

estimations using RMsDTM is very less in comparison to the errors in 

estimations using MsDTM. The error in estimated number of infectives 

found using RMsDTM is sometimes as less as 1.47 (Day 7) and error in 

estimated number of recovered goes as low as 0.36 (Day 24), whereas in 

MsDTM there is at least an error of 196.18 (Day 30) in estimated number of 

infectives and an error of 205.09 (Day 28) in estimated number of recovered. 

This shows that RMsDTM is an improvement over MsDTM. 
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Table 3. Comparison of error in estimated number of infectives using 

MsDTM and RMsDTM 

Day MsDTM RMsDTM Day MsDTM RMsDTM 

1 330.17 14.08 16 5432.11 166.03 

2 731.06 39.15 17 5701.45 146.72 

3 1130.67 87.71 18 5890.98 44.43 

4 1476.02 78.58 19 5672.70 283.96 

5 1772.09 16.77 20 5347.60 427.87 

6 2130.48 13.28 21 4842.36 402.94 

7 2447.75 1.40 22 4202.47 254.86 

8 2790.89 12.02 23 3676.92 233.44 

9 3138.90 24.15 24 3041.74 114.36 

10 3510.79 56.78 25 2166.90 299.79 

11 3878.17 80.93 26 1667.11 329.08 

12 4171.57 27.59 27 1294.84 219.82 

13 4480.00 60.17 28 1083.10 60.73 

14 4748.47 49.76 29 1042.87 524.28 

15 5109.95 129.39 30 196.18 192.57 

Table 4. Comparison of error in estimated number of recovered using 

MsDTM and RMsDTM 

Day MsDTM RMsDTM Day MsDTM RMsDTM 

1 260.33 25.27 16 3512.50 90.74 

2 502.48 29.11 17 3657.12 49.18 

3 721.44 6.54 18 3772.02 24.90 

4 954.23 5.44 19 3754.22 207.96 

5 1202.84 4.84 20 3658.72 371.31 

6 1449.71 9.66 21 3450.00 429.70 

7 1664.56 5.33 22 3028.76 283.96 

8 1926.37 64.21 23 2578.97 118.67 

9 2202.16 134.00 24 2166.65 0.36 

10 2394.92 117.68 25 1696.79 174.23 

11 2526.11 36.27 26 1220.91 346.36 

12 2686.44 19.24 27 658.68 596.18 

13 2872.89 7.69 28 205.09 728.88 

14 3096.47 38.32 29 282.87 886.89 

15 3310.18 71.79 30 322.82 57.60 
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6. Conclusion 

In Section 3, we estimated the number of Covid-19 cases for the chosen 

period using MsDTM. In this method, the parameters β and γ were 

calculated over a period of 30 days. We note that the estimated values so 

obtained matched with the actual data in the beginning and towards the end 

of this period. However, in between the numbers differed from the actual 

number of cases. In Section 5, the number of Covid-19 cases for the same 

period was calculated using RMsDTM. We observed that the errors in the 

estimations using RMsDTM in comparison to the errors in estimations using 

MsDTM was significantly low. This is due to the fact that in RMsDTM         

the parameters β and γ were updated 5 times at an interval of 6 days, in 

coherence with the prevailing trend of the infection at that point of time. 

This resulted in more accurate estimation. Stability analysis of the Covid-19 

pandemic in Algeria has been attempted in Section 4. The disease-free 

equilibrium points and the endemic equilibrium points for Covid-19 in the 

country have been obtained. 

From the analysis, we may conclude that the disease will eventually be 

wiped out (post the endemic equilibrium point) as the endemic equilibrium 

point is asymptotically stable. 

References 

 [1] F. S. Akinboro, S. Alao and F. O. Akinpelu, Numerical solution of SIR model 

using differential transformation method and variational iteration method, General 

Mathematics Notes 22(2) (2014), 82-92. 

 [2] Ritu Arora, Surbhi Madan, Poonam Garg and Dhiraj Kumar Singh, Analysis               

of Covid-19 spread in Himalayan countries, Advances and Applications in 

Mathematical Sciences 21(6) (2022), 3249-3263. 

 [3] B. Barnes and G. R. Fulford, Mathematical Modelling with Case Studies Using 

Maple and MATLAB, 3rd ed., CRC Press, 2015. 

 [4] Ian Cooper, Argha Mondal and Chris G. Antonopoulos, A SIR model assumption 

for the spread of COVID-19 in different communities, Chaos Solitons Fractals 

139 (2020), 110057, 14 pp. 



Estimation of Parameters and Stability Analysis of Coronavirus … 133 

 [5] Saber Elaydi, Eleonora Messina and Antonia Vecchio, A note on the asymptotic 

stability of linear Volterra difference equations of convolution type, Mathematics 

Faculty Research 13(12) (2007). 

 [6] Ryad Ghanam, Edward L. Boone and Abdel-Salam G. Abdel-Salam, SEIRD 

model for Qatar Covid-19 outbreak: a case study, Letters in Biomathematics          

8(1) (2021), 19-28. 

 [7] Aayah Hammoumi and Redouane Qesmi, Impact assessment of containment 

measure against COVID-19 spread in Morocco, Chaos Solitons Fractals            

140 (2020), 110231, 8 pp. 

 [8] Mohamed Amine Kerdoun, Abdellah Hamza Henni, Assia Yamoun, Amine 

Rahmani, Rym Messaouda Kerdoun and Nazia Elouar, COVID-19 vaccine 

hesitancy among Algerian medical students: a cross-sectional study in five 

universities, 2021, pp. 1-22. https://doi.org/10.1101/2021.08.29.21261803.  

 [9] W. O. Kermack and A. G. McKendrick, A contribution to the mathematical theory 

of epidemics, Proc. Roy. Soc. Lond. A 115 (1927), 700-721. 

 [10] Surbhi Madan, Poonam Garg, Ritu Arora and Dhiraj Kumar Singh, Estimating  

the parameters of Covid-19 cases in South Africa, Biosciences Biotechnology 

Research Asia 19(1) (2022), 153-162. 

 [11] J. M. W. Munganga, J. N. Mwambakana, R. Maritz, T. A. Batubenge and G. M. 

Moremedi, Introduction of the differential transform method to solve differential 

equation sat undergraduate level, International Journal of Mathematical Education 

in Science and Technology 45(5) (2014), 781-794. 

 [12] Selma Nihel Klouche-Djedid, Jaffer Shah, Maya Khodor, Salah Eddine Oussama 

Kacimi, Sheikh Mohammed Shariful Islam and Hani Aiash, Algeria’s response to 

COVID-19: an ongoing journey, The Lancet Respiratory Medicine 9(5) (2021), 

449. 

 [13] Wolfram Mathematica, https://www.wolfram.com/mathematica. 

 [14] E. Qunaibi, I. Basheti, M. Soudy and I. Sultan, Hesitancy of Arab healthcare 

workers towards COVID-19 vaccination: a large-scale multinational study, 

Vaccines (Basel) 9(5) (2021), 446. 

 [15] Adekunle Sanyaolu, Chuku Okorie, Sadaf Younis, Henry Chan, Nafees Haider, 

Abu Fahad Abbasi, Oladapo Ayodele, Stephanie Prakash and Aleksandra 

Marinkovic, Transmission and control efforts of Covid-19, Journal of Infectious 

Diseases and Epidemiology 6(3) (2020). 



Poonam Garg, Ritu Arora, Surbhi Madan and Dhiraj Kumar Singh 134 

 [16] Do Younghae and Jang Bongsoo, Enhanced multistage differential transform 

method: application to the population models, Abstract and Applied Analysis          

14 (2012), Article ID 253890. 

 [17] J. K. Zhou, Differential Transformation and its Applications for Electrical 

Circuits, Huazhong University Press, Wuhan, China, 1986 (in Chinese). 

 [18] https://www.arabnews.com/node/2012691/middle-east. 

 [19] https://www.bbc.com/news/world-51839944.  

 [20] https://www.britannica.com/place/Algeria/Economy. 

 [21] https://covid.ourworldindata.org/.  

 [22] https://english.alarabiya.net/News/north-africa/2020/02/25/Algeria-reports-first-

caseof-coronavirus.  

 [23] https://www.france24.com/en/africa/20210130-algeria-launches-its-covid-19-

vaccination-campaign.  

 [24] https://www.worldometers.info/coronavirus/.  


