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The epidemic trend of COVID-19 in SAARC countries: 

a predictive modelling and analysis 
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Abstract: This paper aims to integrate novel coronavirus daily cases in SAARC countries; India, Pakistan, Bangladesh, 

Nepal, Sri Lanka, Afghanistan, Maldives and Bhutan to forecast the epidemic trend of COVID-19 by using logistic model. 

The recent trend of coronavirus cases were analyzed from the COVID-19 epidemiological data for SAARC countries from 

23 January 2020 to 31 May 2021. The final size, growth rate parameter and point of inflection of COVID-19 for each 

countries were calculated by fitting the logistic curve with the cumulative cases. The graphical patterns of COVID-19 daily 

cases reflect that its second wave impact is more devastating than the first wave in SAARC countries. The increasing trend 

of COVID-19 cases in these countries was well described by logistic model with coefficient of determination greater than 

0.96. The predictive final size of the second wave infections is maximum for India which is 19.8 million with growth rate 

parameter of 0.08 and inflection time of 68 days whereas the predictive final size is minimum for Afghanistan which is 

0.041 million with growth rate parameter of 0.06 and inflection time of 71 days. The logistic model is helpful in predicting 

the trajectory of the infected cases in a country if the current scenario of this type of infectious disease remains same. Also, 

it helps the government to frame policy decisions and necessary actions that controls the transmission of COVID-19 in the 

South Asian region. 
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Introduction 

Coronaviruses are a large family of respiratory viruses that 

cause disease in mammals and birds1. A coronavirus 

consists of non-segmented positive-sense, enveloped and 

single-stranded ribonucleic acid (RNA) genome having size 

of about 30 kilobase (kb) which is found as one of 

the longest knowngenome2, 3. It is classified into four 

genera: alpha, beta, gamma, and delta with many 

stereotypes. The alpha and beta types are found infectious 

to humankind (CoVs)3 whereas the gamma and delta 

types infect birds4, 5. The alpha coronaviruses are HCoV-

229E and HCoVNL63, and the beta coronaviruses are 

HCoV-HKU1, HCoV-OC43, severe acute respiratory 

syndrome coronavirus (SARS-CoV), Middle East 

respiratory syndrome coronavirus (MERS-CoV), and 

SARS-CoV-2 which infect humans6, 7. Coronavirus disease 

(COVID-19) which ranks among the 10 deadliest plagues 

in history is caused by SARS-CoV-2. As an extremely 

pathogenic virus, it was first detected in Wuhan, China in 

December 2019 and subsequently spread worldwide. It 

was declared a global health emergency in 2020 by World 

Health Organization (WHO)8. SARS-CoV-2 main protease 

takes part in viral transcription and replication and acts as 

an active target for the drug candidates as explained by 

different interactions9, 10. Recently, Pelinovsky et al. (2020) 

used both generalized and simple logistic model to their 

study and analyzed COVID-19 data in few countries such 

Author for correspondence: Tika Ram Lamichhane and Madhav Prasad Ghimire, Central Department of Physics, Tribhuvan University, 

Kathmandu, Nepal. 

Email: tika.lamichhane@cdp.tu.edu.np; madhav.ghimire@cdp.tu.edu.np 

Received: 26 Aug 2021; First Review: 10 Sep 2021; Second Review: 23 May 2022; Accepted: 25 May 2022. 
Doi: https://doi.org/10.3126/sw.v15i15.45669 

mailto:tika.lamichhane@cdp.tu.edu.np


114                                                 Scientific World Vol. 15, No. 15, June 2022 

 

 

as Austria, Switzerland, Italy, Turkey and South 

Korea. They also compared the simple logistic with 

generalized logistic growth model which best fits the data 

of coronavirus disease 2019 with coefficient of 

determination greater than 0.8. The previous findings and 

relevant interpretations revealed that the most appropriate 

growth curves for these countries were from 

the generalized logistic model but not from the crude 

logistic model8,11,12.    

Attanayake et al. (2020) used Gompertz, logistic, Weibull 

and exponential models in order to interpret the  COVID-19 

epidemic data and described the growth rate of COVID-19 

cases for Sri Lanka, Italy, USA, and Hubei province of 

China. They forecasted the epidemic trend of COVID-19 by 

calculating the final size of the pandemic, growth rate 

parameter and coefficient of determination (COD) along 

with Akaike information criterion (AIC), Bayesian 

information criterion (BIC) and residual mean squared error 

(RMSE). The results revealed that order of more to less 

appropriate model for the selected countries is 

logistic, Weibull and Gompertz model, respectively.  By 

studying the growth curve for each country, they interpreted 

the outbreaks in Italy and Sri Lanka. Currently, the 

coronavirus spreading rate is slower in Italy and Sri 

Lanka, however it is expected to be stopped in Hubei, 

China13. Jain et al. (2020), used phenomenological models, 

such as generalized logistic growth, logistic growth and 

generalized growth model for COVID-19 pandemic in 

India. They estimated growth rate in early stage and 

epidemic final size with 95% confidence interval by 

plotting growth curve which signified the growth of 

cumulative number of cases and the future trend 

of pandemic14. Wang et al. (2020) fitted the epidemiological 

data for COVID-19 using logistic model for the estimation 

of trend of the pandemic15. They explored global data of 

COVID-19 outbreak and analyzed for several countries like 

Brazil, India, Russia, Peru, and Indonesia.   Thus, the 

hybrid Logistic and Prophet model has been proved to 

be highly effective for forecasting the epidemic trend of 

COVID-19. The physical parameters (growth rate, point of 

inflection and final size of infections) estimated from the 

data modeling under proper statistical analysis are expected 

to be useful for policy making in restricting the community 

transmission of deadly viruses12.  

Methodology 

Dataset sources 

To evaluate the trend of COVID-19 in SAARC countries, 

the data were collected from the site of Worldometer and 

Ministry of Health and Population, Nepal16, 17 from 23 

January 2020 (the initial day of the COVI-19 case appeared 

in Nepal) to 31 May 2021. The data includes total number 

of cases and daily new cases which are used to model out 

and forecast the epidemic trend of COVID-19 in SAARC 

countries. 

Logistic method 

Modelling of infectious disease helps us to predict future 

impact of disease on the basis of current trend18. The most 

common approaches for the study of infectious disease are 

mathematical, statistical and computational modelling. We 

have used a logistic model proposed by Verhulst in 183819. 

The logistic model has approximately exponential growth 

nature at the initial phase, continuous growth with a reduced 

rate and finally reaches maximum resulting in a sigmoid 

curve defined by equation (1)20, 21. 

𝑠(𝑡) =
𝑘

1 + 𝑒−𝛼(𝑡−𝑡0)                                              … (1) 

Here, 𝑠(𝑡) represents cumulative number of cases, 𝑘 is 

maximum value or final size of the model as 𝑡 → ∞, 𝛼 is 

growth rate parameter and 𝑡0 corresponds to inflection point 

which marks a critical turning point at which transmission 

of the disease begins to decline showing a flat curve. The 

final size of the cumulative cases were estimated with 95% 

confidence interval. In this paper, the values of four 

parameters 𝑘, 𝑎, 𝑡0 and 𝑅2 were calculated by using logistic 

regression tool of Desmosgraphing calculator 2021. 

Model evaluation 

The fitting ability of logistic model is given by coefficient 

of determination (COD). The COD represents proportion of 

variance in dependent variable due to independent variable 

which can be calculated by using equation (2)22,23: 
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𝑅2 = 1 −
∑ (𝑆𝑗 − 𝑆�̂�)

2

𝑗

∑ (𝑆𝑗 − 𝑆̅)
2

𝑗

                                    … (2) 

Here, 𝑆𝑗 represents the actual cumulative confirmed cases, 

�̂�𝑗 is the predicted cumulative confirmed cases, 𝑆̅ is an 

average of actual commutative confirmed cases. The value 

of 𝑅2 lies in between 0 and 1. The value of  𝑅2  near to 0 

cannot predict the change in dependent variable due to the 

change in independent variable, i.e. the results obtained 

from the fitting are not statistically significant. The value of 

𝑅2 near to 1 signifies that the results obtained from the fitted 

equation are significant. 

Results and discussion 

Although there is no exact definition for a second or third 

wave, a new wave of pandemic is defined as a rise of new 

infection after initial fall in the number of cases. Most of the 

countries in the world are recently experiencing fast 

evolving new wave of pandemic with new strain of COVID-

19 which is more transmissible than previous one24, 25.  This 

new wave can be assumed as a second or third wave with 

respect to last wave seen for daily cases versus time. South 

Asian region is among the most densely populated region 

compared to other region in the world with poor economy24. 

Thus, this can be one reason that SAARC countries are 

vulnerable countries and are considered the epicenter of 

second wave of COVID-19 pandemic. Figure 1 shows the 

waves of COVID-19 cases in SAARC countries. Starting of 

new wave of pandemic differ from one country to another. 

In most of these countries, the new wave starts between 

March and April, 2021. Pakistan and Afghanistan have 

already experienced the small magnitude of second wave 

and are seen to be switched into peak of third wave. India, 

Nepal, Sri Lanka, Bangladesh and Maldives have the 

greater impact of COVID-19 pandemic appearing with the 

larger magnitude of second wave after about 400 days from 

23 January 2020 (the date of first case appeared in South 

Asian region, i.e. in Nepal) as shown in Figure 1.  

The first COVID patient in Bhutan was confirmed on 6 

March 2020.  After the first case reported, there was a 

gradual increase in the number of cases due to which 

country’s borders were sealed and national lockdown was 

declared26. Finally, Bhutan conquered the rise in cases on 

March 2021 with zero active cases from 5 to 18 March 

(longest period). The cases, however, started to increase 

from April 2021 showing very small peak at the end of May 

2021. Since there is very small rise in cumulative cases, it 

seems difficult to study the logistic model for such case with 

Figure 1: COVID-19 daily cases in SAARC countries from 23 January 2020 to 31 May 2021. 
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very low coefficient of determination22. As of April 2021, 

over 93% of adult population have completed vaccinating 

themselves. Among them, 85% have vaccinated by first 

dose within a week. Thus, while the pandemic continues to 

worsen in south Asia, this country has managed to control 

the pandemic27. 

 

Figure 2 illustrates the fitting of cumulative cases with the 

logistic model which is obtained to describe the epidemic 

trend in the countries. The thick line in Figure 2 represents 

the observed cumulative confirmed cases whereas thin solid 

curve represents that estimated by logistic model. The 

parameters of a time dependent logistic model defined by 

equation 1 and calculated for each country are listed in 

Table 1. 

From Table 1, we observe that the values of four parameters 

differ from one country to another following different 

growth trend. The early phase of pandemic have similarities 

in the nature of curve. This means that as the time rises, the 

new cases are found to increase in daily basis creating an 

alarming situation. India is the world’s second populated 

country and has the highest number of COVID-19 cases in 

the second wave of pandemic. The final pandemic size 

estimated from this model has its highest value for India and 

lowest for Afghanistan. Meanwhile, the highest value of 

point of inflection is for Afghanistan followed by India, 

Nepal, Pakistan, Maldives, Sri Lanka and Bangladesh. 

The logistic curve has been fitted very well with observed 

cumulative cases in each of the SAARC countries. The 

estimated curve after 31 May 2021 shows that there is rapid 

increase in the cases which is approximately exponential up 

to time (𝑡0) which is corresponding to the inflection point 

Table 1. The different parameters of the model described by equation 

1 with 95% confidence interval of k values for the COVID-19 second 

wave infections 

Countries 𝑘 𝛼 𝑡0(days) R2 Conf. Interval 

Afghanistan 41352 0.06 71 0.99 38802, 43902 

Bangladesh 90499 0.12 14 0.97 83517, 97418 

India 19800000 0.08 68 0.99 18614357, 

20985643 

Maldives 47087 0.13 35 0.99 43425, 50749 

Nepal 307291 0.13 43 0.99 285075,329511 

Pakistan 319206 0.07 37 0.99 297352,341060 

Sri Lanka 108312 0.11 34 0.99 100163,116461 

Figure 2: Estimated cumulative cases (thin curves) fitted with observed cumulative cases (thick curves) for the COVID-19 new wave in SAARC 

countries from 1 March 2021 to 31 May 2021 using a logistic model. 
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and at maturity, growth ends showing flat curve as shown 

in Figure 2. Thus, this model predicts not only the number 

of cases accurately for long time but also the new cases per 

day. Also, the logistic model suggests prediction of future 

trend which will be an alarming if same situation is 

continued. It encourages us to take the precaution and safety 

measure before situation get worst. 

As an impact of second wave of COVID-19 pandemic 

starting from mid-March 2021, the estimated final size of 

cumulative cases for India is about 20 million with 

inflection time of 68 days and that for Nepal is about 3 lakhs 

with the inflection time of 43 days denoted by purple and 

red color curves in Figure 2.From the observations it has 

been found that India has alarming situation among all the 

SAARC countries. The situation is getting more flared as 

each day passes. For India, the peak of second wave seen on 

6th May 2021. During these time COVID-19 cases reached 

more than 4 lakhs per day. This proves the current situation 

is more alarming and devastating than the first wave caused 

by the double mutant coronavirus. This mutant virus is 

found to have more efficient transmission rate with lesser 

incubation period28. Other factors for sudden spike in cases 

in countries like India could be failing to implement 

lockdown policy. Further the biggest spike in cases is 

recorded during festivals such as Holi and Kumbha Mela, 

local assembly and state elections in India that occurred in 

March 2021. This has caused adverse effect on the health 

care system that includes shortage of oxygen cylinder, 

ventilators, ICU, beds in hospitals, medicine, vaccines, etc. 

The impact of COVID-19 second wave has been observed 

to be more intensive in South Asian region than the first 

wave. According to Daun et al. (2020), predicted size of the 

first wave outbreak in India was around 2.5 million with the 

inflection point arriving July 26, 202027.  

In our study of logistic regression analysis, India has the 

predicted size of second wave infections of about 20 million 

with the inflection point on 68th day from its starting on mid-

March 2021. Since Nepal shares open boarder with India, 

many Nepalese went India for job in cities like Delhi, 

Mumbai and other states where daily cases are rapidly 

increasing. When COVID-19 impact started to rise again 

after the first wave in India, most of the Nepalese people 

returned home through the open boarder. This caused 

significant rise of COVID-19 cases in Nepal resulting in the 

shortage of oxygen cylinder, ventilators, ambulance, 

hospital beds and medicines29. This type of scenario appears 

in most of the SAARC countries getting impact of the 

second wave caused by double mutant coronavirus. Timely 

vaccination, effective implementation of lockdown, making 

the country's healthcare system stronger and the people's 

awareness by wearing mask, washing hands and 

maintaining social distance can reduce the growing impact 

of COVID-19 pandemic. 

Limitations of study 

This study does not consider the effect of quarantine, 

isolation, lockdown and governmental measures such as 

social-distancing policy and vaccination implemented to 

control COVID-19 transmission. Mathematical modelling 

assumes that the growth rate of COVID-19 in a particular 

region remains constant, however in actual practice, it 

remains changing with time. 

Conclusion 

In the SAARC countries, the new impact of COVID-19 

pandemic caused by doubly variant coronavirus appeared in 

March 2021. India is the most affected and Bhutan is the 

least affected by this pandemic to the date of 31 May 2021. 

Observing the daily cases, the SAARC countries having the 

decreasing order of impact of this infectious disease are: 

India, Nepal, Sri Lanka, Pakistan, Bangladesh, Maldives, 

Afghanistan and Bhutan, respectively. For all SAARC 

countries except Bhutan, the curve of logistic model is well 

fitted with the observed cumulative cases resulting the 

coefficient of determination greater than 0.95. Out of these 

seven countries, final size of the second wave pandemic is 

the highest for India with estimated cumulative cases 19.8 

million (95% confidence interval: 18.61 to 20.98 million), 

growth rate parameter 0.08 arriving inflection point on 

71thday of COVID-19 second wave impact.  The final size 

of the estimated cumulative cases is the lowest for 
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Afghanistan which is 0.041 million (95% confidence 

interval: 0.038 to 0.044 million) with growth rate parameter 

0.06 and inflection time of 71 days.  For Nepal, the 

estimated final size of the cases is 0.32 million (95% 

confidence interval: 0.28 million to 0.32 million) with 

inflection time of 43 days.  It is found that the COVID-19 

epidemic curve reached peak for Bangladesh in 14 days 

earlier than other countries. Though the growth rate is 

higher, infection period of second wave in Bangladesh is the 

least. Also, the peak occurred in 71 days and in 68 days for 

Afghanistan and India, respectively. The peak of pandemic 

occurred later in Afghanistan than in India. In case of 

Nepal, the peak arrived in 43 days which is earlier than 

Afghanistan and India and later than Bangladesh, Sri Lanka, 

Pakistan and Maldives. This type of data modelling 

provides the scientific idea to the policymakers about the 

future status of the infectious disease on the basis of present 

trend. By analyzing the results obtained from the explicit 

mathematical modelling, one can set a strategy for the 

control of this disease that provides awareness among the 

individuals. 
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