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Abstract: Corona Virus (COVID-19) is a contagious disease. Unless an effective vaccine is available, various techniques such as lockdown, social distancing, or business Standard operating procedures (SOPs) must be implemented. Lockdown is an effective technique for controlling the spread of the virus, but it severely affects the economy of developing countries. No single technique for controlling a pandemic situation has ever returned a promising result; therefore, using a combination of techniques would be best for controlling COVID-19. The South asian association of regional corporation (SAARC), region contains populous and developing countries that have a unique social-cultural lifestyle that entails a higher rate of contact and R0. The per-capita income and economic conditions of these countries are dismal in comparison with those of advanced countries. With no lockdown policy, their healthcare systems would be unable to provide support. In this study, an intelligent smart lockdown strategy is proposed, which is dynamically implemented with the Susceptible, infectious, or recovered (SIR) model by calculating the R0 value after a certain number of days to implement multi-stage lockdowns with social distancing and SOPs for conducting business. Only 4.28% of the population of SAARC countries would be affected by COVID-19 after July 22, 2021 under the proposed strategy. Nearly 38% of the population would be affected after March 8, 2021 without lockdowns, whereas 18% of the population would be affected according to the simple SIR model after May 30, 2021. Furthermore, less than 1% of the population would be affected after April 13, 2021 under full lockdown and recession. Thus, the proposed strategy shows promising long-term results for controlling COVID-19 without negatively affecting the economy.
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1  Introduction

Severe respiratory syndrome (SARS) is a respiratory illness caused not long ago by various coronavirus types. The novel coronavirus (2019-nCoV), which is a newly discovered virus of the SARS-CoV family, is responsible for a new epidemic that began in Wuhan City, China on December 12, 2019 [1]. This new disease COVID-19 is linked with cases of pneumonia reported in a local seafood wholesale market [2]. The most frequent symptoms of COVID-19 patients included dry cough, headache, high fever, breathing difficulties, and pneumonia in the most severe cases. Due to the extended incubation period of this coronavirus, which ranges from 7 to 14 days [3], there may be no apparent symptoms initially. After the incubation period, the patient shows the symptoms mentioned, but has already transmitted the virus to the non-infectious population. One danger of COVID-19 is that it slowly makes the respiratory system non-functional and leads patients toward immediate death. The CDC has reported that this virus is now a worldwide respiratory disease that can be transmitted from person to person. Due to the unavailability of effective vaccines, there is no way to control it directly, so the World health organization (WHO) and CDC have recommended various indirect techniques, including social distancing, cleanliness especially handwashing habits, patient isolation, and self-quarantine.

The South asian regional corporation association (SAARC) is a regional development organization for South Asian countries, including Pakistan, India, Bangladesh, Sri Lanka, Nepal, the Maldives, Bhutan, and Afghanistan. Pakistan, India, Nepal, and Bhutan have an important border with China, where coronavirus outbreaks were first reported. Pakistan and Afghanistan have a common border with Iran, another main source of COVID-19 outside of China. The SAARC countries have a limited healthcare system. India reserves only 1.28% of its Gross domestic product (GDP) for its healthcare system [4], thus they cannot cope with the exponential growth of COVID-19 patients. Another aspect of the SAARC countries is the low average monthly income, which leads to the ineffectiveness of lockdowns in controlling COVID-19. As overall border security is quite obscure, several illegal border crossings have already been reported, so the increase in virus spread in any country will lead to equivalent risk in other SAARC countries. As only 3.46 tests out of 100 in India and 3.10 tests out of 100 in Pakistan were carried out on June 8, 2020, the COVID-19 situation was adequately managed in the SAARC countries, while 7.143 tests out of 100 were carried out in Italy [5], so the spread of the virus was much higher there.

The proposed strategy was implemented dynamically with the SIR model to predict the size of the epidemic in the SAARC countries. Several researchers have already implemented the simple SIR model and its modified forms to predict the spread of past epidemics, as well as the novel COVID-19 pandemic, but they could not forecast the outcome without knowing the impact of social distancing, lockdown, and quarantine, which reduce the extent of virus spread. Thus, the expected outcomes of these models are not practical to predict. The proposed multi-stage intelligent smart lockdown is implemented using a dynamic SIR model with the impact of social distancing and lockdowns. It automatically switches between lockdown stages to overcome the effects of the epidemic and maintain the country’s economic stability. So, the proposed strategy is a better solution for making a more accurate prediction of COVID-19 spread and delaying the period of peak infection to prepare people to cope with the pandemic situation effectively and carry out business activities to maintain the economy [6–8].

The COVID-19 situation is one that has not occurred before. Some countries have adopted a 100 percent lockdown and have faced poor economic results. We propose an intelligent smart lockdown strategy that, if adopted in this situation, will have less severe effects on the economies of the SAARC countries, which are already below the world average due to economic factors natural resources, infrastructure, gross domestic product, technology, and law.

The rest of this research work is organized as follows: Section II gives a brief review of the research related to this area. Section III gives the details of the data collection and methodology used to conduct this research. Section IV discusses the experimental setup and results. Lastly, the article is concluded with a discussion in Section V.

2  Related Work

An infectious disease is the main reason for any pandemic situation, and the risk of its propagation becomes greater and more dangerous for human health due to the social networks of people and animals. Infectious diseases can be controlled by restricting interactions between individuals [9]. The use of quarantine, health awareness, and large-scale screening can also effectively control such epidemics [10]. Social distancing and isolation slow down the spread of COVID-19, minimize its intensity, and support the healthcare system by preventing a bottleneck [11]. Intensive testing and screening, the use of quarantine and isolation, and limiting contact were effectively applied to minimize the effect of COVID-19 in Bhutan, whereas Pakistan and India did not perform intensive testing [12]. The Spanish flu killed millions of people in 1918 because they did not follow any proper lockdown or social distancing policies [7]. In contrast, an epidemic of the African cassava mosaic disease in 1988 was adequately controlled by following appropriate social distancing techniques and a complete lockdown [6]. The size of the novel COVID-19 pandemic was also estimated by using a simple SIR model in [6–8]. Researchers from the SAARC countries have also tried to study machine learning to conclude how we can minimize the cost of the selection process in the diagnostic model for COVID-19 [8]. To control such a disease that has no vaccine is not easy, so some researchers have proposed artificial intelligence-oriented methodologies to obtain useful information from the large-scale dataset of the infected and susceptible populations [8].

2.1 COVID-19 in SAARC Countries

The first case in SAARC countries was reported on 24 January 2020 in Nepal in a traveler who had returned from China [13]. In the SAARC countries, the number of cases continuously increased rapidly after that. The SAARC region is a new hot spot of coronavirus due to a higher value of R0, the reproduction number, of 2.13, which is more than the 1.92 of Italy but less than the 2.22 of the USA. As there has been a declining trend in the R0 value in the SAARC countries due to lockdown, it has remained between 2.0 and 2.5 over the last two months, as shown in Fig. 1. The high value of R0 and poorly managed conditions of COVID-19 foretell the spread of the virus and high death tolls in the SAARC region for the expected second wave in the coming days. However, the SAARC countries are in a better position in terms of mortality rate (ϑ), which indicates mild effects of COVID-19 due to the large size of the young generation and their excellent immune systems. However, due to the low level of resources and weak healthcare systems, the risk of virus spread may be significant in the SAARC countries.

2.2 Controlling the Pandemic Situation

Any pandemic situation can be controlled by social distancing and lockdowns. The use of both techniques improves the transmission rate (γ), ultimately overcoming the spread of an epidemic. If there is no such technique to restrict transmission, then it grows exponentially. If one infectious person can infect x other persons each day and render them infectious, then the infectious population (I) grows according to Eq. 1. If one infected person can infect only one person, then all the SAARC region population will be infected within 42 days according to Eq. (1), where x =1. Various techniques, such as social distancing and lockdown, are needed in controlling exponential growth, and indirectly impact epidemic growth.


I=(1+x)n−1
(1)

2.2.1 Social Distancing

Maintaining a reasonable social distance and avoiding crowded areas is the most effective technique for controlling the transmission of COVID-19. To limit virus transmission while performing business operations, social distancing must be imposed to prevent close contact. It is challenging to implement without educating and training people. Social distancing is a good technique for controlling an epidemic situation without affecting the economy of the country. It would be practical to isolate patients and separate suspects in quarantine centers to obtain more desirable social distancing results. The most important thing is to control the epidemic by minimizing the contact ratio (α) of infected patients with others, which must be ensured with the proper isolation of patients in the isolation ward with proper SOPs. Precautionary measures are also implemented in hospitals, such as surgical face masks, safety kits, and hand sanitizer.
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Figure 1: Comparison of R0 of the SAARC region with the USA and Italy

2.2.2 Lockdown

Lockdown is another strategy for controlling the epidemic quickly, as the Wuhan lockdown efficiently controlled the virus spread to other parts of China. However, intensive screening and social distancing are required to further restrict the local spread of the virus [14]. A strict, preplanned country-wide one-month lockdown in France showed an 83% reduction in predicated deaths, when more than one quarter of the French population was infected by COVID-19 before 19 March 2020 [15]. One study analyzed the effect of lockdown in various Indian states and recommended lockdown if the mortality rate was higher there [16]. The ill effects of lockdown on the economy outweigh its benefits if it is not properly planned [17]. Therefore, the success of a lockdown strategy largely depends on the activities planned to control the spread of the virus and the damage due to the spread of the virus; otherwise, it affects a country’s economy. A lockdown aims not to contain the disease, but rather to train people to learn the scientific strategies for treating patients with COVID-19; if this is not achieved, the lockdown can no longer help [18].

The healthcare systems of these countries are already unable to serve the large populations and are not efficient enough to provide on-the-spot health facilities. Infectious diseases, such as TB, cholera, hepatitis, and many others, are almost diminished in developing countries due to hygienic and standard medical services but are common in SAARC countries. Lockdown would also assist the SAARC nations in developing healthcare services and successfully delaying the peak period of infection.

2.3 Controlling COVID-19 in the SAARC Countries

These tactics, especially lockdowns, have been applied to a varying degree in the SAARC countries, depending on the decisions of their governments. These tactics are also intended to teach the public to navigate the COVID-19 crisis. Compared with the USA and Italy, SAARC countries have fewer financial resources and have done fewer experiments, but they focus primarily on lockdown tactics that make their financial conditions much worse.

2.3.1 Social Distancing

Pakistan, India, and Bangladesh are among the ten most populous countries in the world. Due to their large populations and poor economic conditions, their lifestyle is entirely different from other developed countries. Most people live in the same household as several other family members and commonly share resources without restriction. The living habits are also unhygienic, such as taking food without hand washing, drinking polluted water, and having close social contact. The working conditions in factories and offices are also not healthy, and workers must work in close contact with each other due to the limited working space and manual labor. So, it is difficult to apply social distancing in these countries.

Restricting mass movements would be an efficient means of regulating COVID-19 in China, but it is not easy to enforce due to the large population and family size. Restrictions may include limiting social events, banning public movement, wearing a face mask, and accepting work from home to produce positive results [18]. The death rate in the United States is significantly influenced by social isolation, but numerous social standards impede these calculations [19]. Due to a shortage of infrastructure, it is challenging to establish adequate isolation wards in hospitals in SAARC countries. India and Pakistan have already reported several cases of mismanagement during patient care in hospitals and quarantine. When treating COVID-19 patients, doctors, and paramedical personnel themselves are not fitted with appropriate protection kits. Hospitals must be supported with proper quarantine centers to retain suspected patients and patients with initial symptoms for the incubation period to minimize the transmission rate. Due to mismanagement in quarantine facilities in the SAARC countries, as reported at the Taftan border in Pakistan during the initial outbreak of COVID-19, the chance of virus spread is much higher [20].

2.3.2 Lockdown

In the SAARC countries, due to different factors such as the slow economic growth rate, low average monthly wages, high inflation rate, and diversified cultural and social life patterns, the implementation of lockdown is not feasible. Pakistan is significantly affected by COVID-19 [21], and the lockdown could magnify the situation. The governments of these countries have limited resources, so they cannot provide proper relief packages for an extended period. Any relief package distribution would lead towards an increased risk of virus spread due to the large population that would not be managed properly.

The SAARC countries imposed an early lockdown to control COVID-19; otherwise, the situation would not be under control. The initial R0 in the early stage of the outbreak in the SAARC region was much higher and represented a rapid increase in virus spread. Due to the lockdown, a decreasing trend in R0 was also observed, as shown in Fig. 1. The lockdown must be continued to obtain a value of R0 < 1, but it adversely affects the economy and living conditions of poor and middle-class families. Therefore, it would be better to continue smart lockdown with social distancing and strict SOPs to continue business operations. The government of Pakistan has already announced a smart lockdown to block only those areas where positive cases of COVID-19 have been identified and has developed SOPs for operating various businesses [22].

2.3.3 Smart Lockdown Scheme

Smart lockdown simply blocks a part of the city having positive COVID-19 cases, whereas other adjoining areas without COVID-19 cases do not have lockdown. It would not be effective in reducing the value of R0, as restricting all movement in the infected part of the city would not be possible due to the layout of populous cities in the SAARC countries. Due to low monthly revenue, a complete, indefinite lockdown would not be productive for a long time. In such a scenario, individuals try to breach lockdowns to earn their livelihood, making the situation more complicated. Any technique to improve the value of R0 will largely depend on educating the public about social distancing and business SOPs. In the case of COVID-19, the decline in number of infected persons depends only on the strong human immune system, the transmission rate is not controllable but can be lowered by using precautionary measurements. Due to the local social-cultural lifestyle of the SAARC nations, the implementation of these techniques is not easy, so some strict mechanisms in the form of a smart lockdown are needed. The SAARC countries lifted almost all forms of lockdown and social distancing in government offices, schools, universities, and public gathering areas at the end of September 2020, but it was not a wise decision, as suggested in the strategy proposed in this paper.

3  Methodology

3.1 Proposed Multi-Stage Intelligent Smart Lockdown

A modified scheme of smart lockdown, a multi-stage intelligent smart lockdown strategy, is proposed in this paper, which is entirely different from smart lockdown. There is no option to implement lockdown indefinitely, as it would be detrimental to the economy. In the same way, lifting lockdown would result in a rapid increase in the virus. The impact of a lockdown or its lifting cannot be observed if the duration of lockdown or lifting is less than the incubation period. For this purpose, various lockdown strategies are implemented dynamically in different stages, which are automatically adjusted based on the data of the last ten days. A simple SIR model cannot be implemented due to social distancing and precautionary measurements, which may minimize the spread of the virus. A continuous no-lockdown will increase the contact ratio, which increases the rate of virus spread.

Thus, we propose the dynamic SIR model based on an R0 updated every ten days, as shown in Fig. 2. The R0 value is critical to determining epidemic growth if other parameters are assumed to be constant. Four stages are defined for implementing various levels of lockdown, as shown in Tab. 1. A full lockdown approach will be implemented in the case of a high value of R0 and exponential growth of the disease. If the value of R0 is below 3.5, the country will enter stage-2 and implement lockdown for twenty days followed by ten days of business activities with specific SOPs, maintaining social distancing, and adopting precautionary measures.
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Figure 2: Intelligent smart lockdown strategy working model

Table 1: Intelligent smart lockdown stages
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Just after starting the business activities for the first ten days, complete lockdown is again applied for the remaining days of the month, as more than a one-month lockdown is not feasible in the SAARC countries. There is no benefit of lockdown if strict policies and SOPs do not follow the proposed strategy. This practice continues until the overall value of R0 declines to 2.5, and the country enters stage-3 lockdown. Now twenty days of business activities are followed by ten days of lockdown. As the value of R0 further improves to 1.5, the country enters stage-4 when no lockdown is needed, but strict SOPs must be followed. If the value of R0 decreases to 1.0 or less, then some of the business SOPs may be revised while a minimum level of SOPs and social distancing are maintained until the COVID-19 vaccine is available.

The data are used to implement the SIR model to identify the average R0, contact ratios, and mortality rate using the data from the last 30 days for different countries, which is further used to implement the proposed strategy. In implementing the proposed strategy, R0 is adjusted every ten days using the rate of change in R0 to decide on the lockdown stage.

3.2 Parameters used in the Proposed System

The average value of R0, which is recalculated every 10 days using data for the infected, recovered, and susceptible population, is the main parameter used in the proposed system to determine the country’s lockdown strategy, as shown in Tab. 1. The rate of change in R0 is also an important parameter to determine the current lockdown stage dynamically to manage the COVID-19 pandemic.

3.3 Data Source

The reported cases of COVID-19 in the SAARC countries were collected from the COVID-19 information portal from February 15, 2020 to October 24, 2020 [23]. As shown in Tab. 2, the sample data includes cumulative infectious cases, cumulative active infectious cases, cumulative recovered, and cumulative deaths each day for each of the SAARC countries. It is impossible to show the complete data here, but some data are represented and the dots in Tab. 2 show the continuity of the dataset up to the most recent 30 days.

Table 2: Actual COVID-19 data and parameters of the SIR model in the SAARC countries
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3.4 The SIR Model Dynamic Implementation

The SIR model is a simple but important mathematical model for understanding the impact of the epidemic. It divides the overall population N into three groups: susceptible, infectious, and recovered. As there is no vaccine or medicine available to cure the coronavirus, all the population is considered susceptible, S, and can get the disease through interaction with other infectious persons. Every person who tests positive for the coronavirus is in an infectious group called I. With special care in quarantine and support facilities in hospitals, a patient may recover. Due to the non-availability of medical equipment, or a severe coronavirus attack, a patient may die. In both cases, the case will be added to the third group, R.


s(t+Δt)−s(t)=−β(t)s(t)NΔt
(2)


i(t+Δt)−i(t)=−βi(t)s(t)SΔt−μi(t)Δt
(3)


r(t+Δt)−r(t)=μi(t)Δt
(4)

s(t) is the proportion of those who are susceptible in the total population. As all have an equal chance of getting the disease, N = s(t). By changing Eqs. (2) and (3):


s(t+Δt)−s(t)=−βi(t)Δt
(5)


i(t+Δt)−i(t)=βi(t)Δt−μi(t)Δt
(6)

On day t, the model represents i(t) cumulative infectious patients, r(t) recovered or deaths, and s(t) non-infected population. β is the effective daily infection rate, further divided into transmission rate (γ) and contact ratio (α). If an infectious person has several contacts in a day, then the chance of transmission is greater, and the value of β is increased. The value of µ, the recoverability rate, is the number of days needed for a patient to recover. In the case of coronavirus, the patient will recover after 7–14 days. In the case of elderly patients with severe conditions, it takes more time. A high mortality rate of 22.8% is reported in patients above 70 years old [24]. In this paper, a dynamic SIR model is implemented by recalculating the contact ratio and R0 every ten days and assuming all other parameters remain constant. After finding the new contact ratio and R0 value, the SIR model is implemented to forecast the epidemic threat.

3.4.1 SIR Model Assumptions and Initial Settings

The SIR model is implemented with some assumptions. There is no change in the facilities already available, as it could be challenging to add new medical facilities during the epidemic. A recovered person will not be infected again because they have developed immunity against the virus. The transmission rate is uncontrollable and can only be lowered if an infected person has fewer contacts. Every person can be infectious if they contact other infected persons. It is only the immune system that helps one recover, as no vaccine is available, although isolation wards, quarantine centers, and other facilities provide recovery support. Thus, the value of µ remains constant for the duration of an epidemic. The contact ratio is the only way to reduce the impact of the epidemic. A low contact ratio through a properly managed lockdown and social distancing can delay the impact of the epidemic.

To implement the initial model, it is assumed that i(0) = 1, r(0)=0, and s(0) = S. As there is no vaccine, S=N, where N is the total population, N = S + I + R. In the case of our dynamic SIR model implementation, the initial setting is adjusted with actual active cases i(t), actual recovered patients r(t), and actual deaths d(t) on a particular day t, whereas r(t) includes both current recoveries and deaths.


i(t)=it
(7)


r(t)=rt+dt
(8)


s(t)=S−i(t)−r(t)
(9)

3.4.2 Reproduction Number R0

The R0 is a standard number representing the severity of the epidemic—the number of new cases due to an infectious person’s contacts with a healthy population in a day. Different diseases have different standard R0 values, which indicate the level of spread of those diseases if an epidemic breaks out in an area, as shown in Tab. 3 [25]. In the SIR model, the high R0 value means there is a high risk of virus spread, and a high R0 results in a high death toll, whereas R0 = 1 means there may be risk, but there is no outbreak of the virus. There will be no further epidemic in the area, and disease will soon dissipate if R0 is less than zero. The R0 values of some of the most dangerous diseases indicate that the novel coronavirus is not more dangerous than those diseases, as shown in Tab. 3, but it is more dangerous than any other disease due to the non-availability of vaccines. Recently in the SAARC countries, a higher value of R0 for COVID-19 between 3.5 and 4.5 has been observed, which indicates a higher risk and many deaths in the coming days than already observed in the previous months.

Table 3: R0 of some most infectious diseases
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The value of R0 depends upon the transmission rate and contact ratio. The transmission rate is the probability of a healthy person getting an infection due to contact with an infected patient. It depends upon the person’s immune system and vaccine. As there is no vaccine available, the transmission rate is usually fixed and cannot be changed during the span of the epidemic. The second component of R0 is the contact ratio: the number of contacts between an infected person and other healthy persons in a day. It can be controlled by social distancing and restricting the movements of people. Due to a more extended incubation period and the ability of carriers to transmit the virus to other susceptible people, the risk of transmission of the virus is high, and it can be controlled with extensive scaled screening to identify the infection at an early stage and separating infected patients immediately in quarantine centers to reduce the contact ratio.

3.4.3 Impact of R0 on Virus Spread

The R0 largely depends upon the number of contacts between an infected person and others in a day, and the number of days needed for a patient to recover, which directly affects the value of R0. Due to the lifestyle in the SAARC countries, R0 value can be expected to be very high. It was 4.92 on March 29, 2020 after seven days of outbreak in Pakistan, which indicates a high risk of virus spread, as can be observed over the following days. To reduce the R0 value, governments must take serious steps. Only the contact ratio can be controlled by following specific SOPs and precautions, whereas the transmission rate is not controllable.

In the same way, the number of days needed for a patient to recover remains fixed due to the non-availability of new healthcare systems during that period. In SAARC countries, the average recovery time was 19.5 days based on the initial data from COVID-19 patients. By implementing quarantine centers, it was observed that the value of R0 had decreased to 1.74 in Pakistan by October 24, 2020. A consistent but prolonged increase of 5.6% in infection was observed during the initial phase on April 6, 2020, due to the population not following lockdown seriously. As a result, to control this infection, we observed a reduction of almost 74% in contact ratio on May 16, 2020 compared with the highest contact ratio on March 19, 2020 in Pakistan.

3.4.4 Impact of Lockdown on Contact Ratio (α)

As in the implemented dynamic SIR model, when the R0 is highest on March 19, 2020, the contact ratio is 14.31 in Pakistan, which is dangerously high. A high contact ratio is only controlled by an effective lockdown strategy with strict SOPs. The proposed smart, intelligent lockdown strategy will be implemented to control the rising value of the contact ratio and prevent an economic shutdown by following certain SOPs and social distancing. If strict SOPs are not implemented during the smart lockdown, then the infection will increase more rapidly, and the benefits of lockdown will vanish within a few days.

3.4.5 Find Value of α and R0

The values of β and other SIR model parameters are calculated by using the actual data from February 15, 2020 to June 15, 2020, as shown in Tab. 2. The active infectious cases can be calculated first by subtracting the recovered patients discharged from hospitals and the number of deaths on that day. From Eq. (5), we obtain Eqs. (10) and (11) through simplification.


didt=βi(t)−μi(t)
(10)


didt=(β−μ)i(t)
(11)

By integrating the above Eq. 11, we obtain Eq. 13.


∫t=1t=∞didt=∫t=1t=∞⁡(β−μ)i(t)
(12)


i(t)=e(β−μ)t×C
(13)

As i(0) = 1, C is 1, and it is reduced to Eq. 14.


β=ln(i(t)−μt)t
(14)

By taking the logarithm of Eq. 14, we simplify it to obtain β.


β=ln(i(t)−μt)t
(15)

To calculate contact ratio, we assume γ = 2%, whereas β = α × γ. α is calculated as:


R0=βμ
(16)

The values of β and µ are used to calculate R0 using Eq. 17.


R0=βμ
(17)

After applying the SIR model on the actual dataset, the average parameters for all the SAARC countries on October 24, 2020 were found and are shown in Tab. 4.

Table 4: Current SIR model parameters and ISL stage of the SAARC countries on October 24, 2020
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The average R0 value is much higher than the current R0 value in America and Italy, the countries most affected by COVID-19. India’s R0 value of 2.12 is the highest in the region; due to the high contact ratio there and because it has the largest economy of the SAARC countries. The average figures of the SAARC region are also critical. The value of R0 is much improved in Pakistan, but it is still in stage-3 lockdown, where lifting the entire lockdown is not yet feasible. The mortality rate of 3.71% in Afghanistan is the highest of the SAARC countries. In the Maldives, the current value of R0 indicates the COVID-19 situation is somewhat under control, and in the near-future there would be no need of any further lockdown. In Sri Lanka, the current situation is better than the previous, but due to the rise in the R0 value, the second wave of COVID-19 is in the initial phase, and it can be controlled by implementing the proposed strategy. Similarly, the contact ratio in Nepal, Bangladesh, and Afghanistan is also much higher indicating an impeding second wave of COVID-19.
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Figure 3: Comparison of intelligent smart lockdown in the SAARC countries with other strategies

Bhutan is the luckiest country with no deaths and in stage-4 lockdown in South Asia, where the current value of R0 is 1.32, and never exceeds 2.13. The overall situation of the SAARC region is not out of danger, as the contact ratio is still greater than 5, which indicates the implementation of some lockdown strategy instead of lifting all types of lockdowns.

The current lockdown stages of the intelligent smart lockdown strategy with the SIR model are derived from the current R0 values of the SAARC countries, as shown in Tab. 4. Only Bhutan is in stage-4 due to their effective strategies for dealing with COVID-19, whereas all other SAARC countries are in stage-3 lockdown, and they are permitted to conduct business for twenty days in a month following a ten-day lockdown. There is no need for complete lockdown in any of the SAARC countries.

The proposed intelligent smart lockdown strategy is implemented with the dynamic SIR model and compared with other strategies, such as the no-lockdown strategy with the dynamic SIR model, and the full-lockdown with the dynamic SIR model. It is also compared with the simple SIR model as implemented in [6–8] to predict the infected, active infected, and recovered cases along with deaths in the SAARC countries.

4  Results and Discussion

The predicted results of the proposed multi-stage intelligent smart lockdown strategy with other techniques for controlling COVID-19 are shown in Fig. 3. The full lockdown approach shows the flattened curve of the infected population, but it will have destroyed the economy in the end. This shows that our proposed strategy is an effective method for delaying the peak period with fewer infected people compared with the simple SIR model and the no-lockdown approach, which is currently being followed by all SAARC countries. Without the subsequent lockdown, the sharp curve of the infected population indicates another wave of COVID-19 and an uncontrollable situation in the region. This can also be observed in all SAARC countries, and our proposed strategy shows a flattening curve compared with the no-lockdown and simple SIR model. It shows an infected population of less than 1% except in India, as all the SAARC countries are currently in stage-3 or stage-4 lockdown, along with performing business activities. In Pakistan’s case, we see only 0.012% of the population, as shown in Tab. 5, is affected by the proposed strategy, whereas 37.31% population will be affected without lockdown on April 24, 2021. It also shows a delay in the peak period, which would be May 3, 2021 in the case of the proposed strategy, whereas without any lockdown, it would be April 24, 2021 with the dynamic SIR model and September 19, 2021 with the simple SIR model.

It also shows that the positions of all the SAARC countries except India and Nepal would be better with the proposed strategy, and that the infected population would be less than 1% only, as shown in Tab. 5. Destruction due to COVID-19 is at a peak in India in the SAARC region, where 4.36% would be affected by the proposed strategy by July 19, 2021, and nearly 38% would be affected without a lockdown, as shown in Tab. 5.

Table 5: Predicted results of COVID-19 using various strategies

[image: images]

Pakistan, India, and Bangladesh are the most affected countries in the SAARC region due to their large population and the mismanagement in controlling COVID-19. India has the highest number of infections due to COVID-19, as shown in Tab. 5. Simultaneously, there would be no severe problems in Sri Lanka and Bhutan due to their strategy to control COVID-19. Less than one thousand persons are infected due to COVID-19 in Bhutan with no deaths reported. The overall situation of the SAARC countries is satisfactory in stage-3 lockdown. However, a rising trend in R0 is observed for most of the SAARC countries, which is a clear indication of a second wave in the region, so without implementing a proper lockdown strategy, they will not be able to control a new wave of COVID-19. Without a lockdown strategy, nearly 38% of the SAARC population will be affected, as shown in Fig. 4. They must implement an intelligent smart lockdown strategy to avoid the negative impact of the coming wave of COVID-19 while simultaneously mitigating the negative impact on their economies.
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Figure 4: Overall impact of intelligent smart lockdown strategy in the SAARC region

It will delay the peak infection period and reduce the infected population to nearly 4%, as shown in Fig. 4. In this way these three SAARC countries Pakistan, India and Bangladesh can also manage resources to provide better healthcare services to patients and to minimize the mortality rate.

COVID-19 is a new virus with no remedy or vaccine. Moreover, the current healthcare systems of all the SAARC countries are insufficient to manage it. The healthcare systems of developed countries like Italy and the USA have also collapsed due to the high value of R0 there. The SAARC countries, except Bhutan, are still hot spots of COVID-19 due to the rising trends in the value of R0. The value of R0 decreased from 7.43 to 2.13 after more than four months of various lockdowns from July, 2020 to October, 2020 in SAARC countries. Because of their financial problems, they must lift the lockdown due to continuous pressure from the public. Because of the slowdown in their economies, they cannot continue the lockdown. Over one-third of the SAARC population would be infected by March 3, 2021 without lockdown, and nearly 18% of the population would be infected by May 30, 2021 according to a simple SIR model. Due to the unique culture and social lifestyle of these countries, the contact ratio would rapidly increase without lockdown and would result in a higher value of R0, and the SAARC countries will have become a danger for 1.56% of their infected population. The economic situation will be further worsened by the international economic crisis, which will lead to greater unemployment and poverty in the region. The ideal value of R0 is less than one. It can be attained with a continuous lockdown of more than six months, which is not a feasible solution in the SAARC countries. Financial crises were observed in the region after two months of lockdown, with unemployment and slow economic growth. Thus, it is not a wise strategy for the SAARC countries, where per-capita income is much less than that of developed countries and 15.1% of the population was living below the poverty line in 2013 [27]. Therefore, a complete lockdown or curfew will adversely affect SAARC countries’ economy and the lives of the poor. With the implementation of the multi-stage intelligent smart lockdown strategy, only 4.28% of the population will be infected after July 22, 2020 with no adverse impact on the economy.

5  Limitation of Research

The multi-stage intelligent smart lockdown strategy with a dynamic SIR model would be a practical solution compared with a simple SIR model. However, its implementation is the responsibility of the government, so actual evaluation of this technique is not possible until it is implemented in a metropolitan city and fully managed to observe the value of R0 and to implement the lockdown stages dynamically to control the COVID-19 pandemic situation.

6  Conclusion

Various SAARC governments have already implemented a smart lockdown after executing the full lockdown, which is not beneficial due to the virus’s incubation period. An intelligent smart lockdown strategy is suggested in this paper: a multi-stage lockdown with social distancing and SOPs for doing business. It is implemented dynamically by calculating the R0 value after a specified period. There are four lockdown stages to implement, based on the value of R0. A high value of R0 means a country must follow a stage-1 lockdown without business operations. As the value of R0 decreases due to the stage-1 lockdown, the next stage of lockdown with economic activities for a certain period is implemented. There is no physical lockdown in the stage-4 lockdown, but strict SOPs must be followed until R0 becomes less than one. Some of the SOPs offer flexibility, but a certain number of SOPs must be followed strictly until the vaccine is available. Implementing this strategy brought about a visible improvement in contact ratio and economic conditions. It is much better than a no-lockdown situation and does not affect the economy, as in the case of a full lockdown. This strategy also emphasizes social distancing, smart lockdowns, and specific SOPs for conducting businesses. It is useful for reducing psychological stress and fear about the financial crisis due to COVID-19. Due to the risk of a second wave of COVID-19, this strategy would be an effective solution for controlling it in less time. Thus, an intelligent smart lockdown strategy to manage COVID-19 would be an effective, desirable, and long-term solution for the SAARC and other countries of the world.
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