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Abstract

Rationale, aims, and objectives: The recent outbreak of coronavirus (COVID-19) has

infected around 1 560 000 individuals till 10 April 2020, which has resulted in

95 000 deaths globally. While no vaccine or anti-viral drugs for COVID-19 are avail-

able, lockdown acts as a protective public health measures to reduce human interac-

tion and lower transmission. The study aims to explore the impact of delayed

planning or lack of planning for the lockdown and inadequate implementation of the

lockdown, on the transmission rate of COVID-19.

Method: Epidemiological data on the incidence and mortality of COVID-19 cases as

reported by public health authorities were accessed from six countries based on total

number of infected cases, namely, United States and Italy (more than 100 000 cases);

United Kingdom, and France (50 000-100 000 cases), and India and Russia

(6000-10 000 cases). The Bayesian inferential technique was used to observe the

changes (three points) in pattern of number of cases on different duration of expo-

sure (in days) in these selected countries 1 month after World Health Organization

(WHO) declaration about COVID-19 as a global pandemic.

Results: On comparing the pattern of transmission rates observed in these six coun-

tries at posterior estimated change points, it is found that partial implementation

of lockdown (in the United States), delayed planning in lockdown (Russia, United

Kingdom, and France), and inadequate implementation of the lockdown (in India and

Italy) were responsible to the spread of infections.

Conclusions: In order to control the spreading of COVID-19, like other national and

international laws, lockdown must be implemented and enforced. It is suggested that

on-time or adequate implementation of lockdown is a step towards social distancing

and to control the spread of this pandemic.
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1 | INTRODUCTION

The 2019 Coronavirus (COVID-19) outbreak is caused by Severe

Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), which

affects the respiratory system.1,2 The disease was first identified in

Hubei Province, People Republic of China, in late 2019 and has spread

globally. The World Health Organization (WHO) declared3 it as a

global pandemic on 11 March 2020; however, by then COVID-19 had

already spread to over 100 countries and infected more than 100 000

people, taking over 4000 lives. By 10 April 2020, this outbreak has

affected more than 1 560 000 people across the globe (https://

ourworldindata.org/coronavirus-source-data). The virus is primarily

spread from person-to-person via close contact, either through small

droplets released during sneezing, coughing, or talking.4

The world had already experienced a COVID-19 like pandemic

situation a century ago (ie, 1918-1919), regarding H1N1 influenza

(commonly known as Spanish flu).5 During the H1N1 pandemic, some

countries, particularly the United States, tried a range of non-

pharmaceutical interventions (NPIs)—measures intended to shrink the

spread by avoiding person-to-person contact in the general

population.6

For any epidemic or pandemic various national7 and international

laws8-10 are available for slowing down the spread of any infectious

disease. Laws should have been prioritized as per the requirement of

the situation and supplement the other measures that to be taken in a

public healthemergency10,11to control the spread of the infection;

whereas, law-enforcement takes the action or activity compliance

with the objective stated in law, and it includes over governmental

bodies like police officials, government officials or officers, etc. Gov-

ernmental bodies have also tried to reduce the transmission of infec-

tious diseases through the legislative system (International Health

Regulations 1981,12 200513; National Health Act, 200313).14,15,16 Law

can also contribute to the prevention of infectious diseases by

improving access to vaccinations,17,18 facilitating screening,12,19

counselling, and education of those at risk of infection. Additionally,

law has a responsive role, such as supporting access to treatment,

empowering public health authorities to reduce contact with infec-

tious individuals, and to exercise emergency powers in response to

disease outbreaks. Essential treatment orders should restrict individ-

ual liberty only to the extent necessary to most effectively reduce the

risks to public health.12 The consequences of infectious disease can

also induce negative economic effects, leading to economic instability

and poor socio-economic growth.20,21 Governments in each country

have come forward to support those who have suffered economic

loss due to any infectious disease outbreak.22-24

Globally, the core rationale for opting for lockdown was to pro-

tect human life from the COVID-19 infection by stopping the trans-

mission of disease across the communities. The other purpose of

lockdown was to provide health care services to those infected with

COVID-19 virus as well as continuing to facilitate all other general

health care facilities.

Governments in most of the countries have adopted lockdown

and tried in all possible ways to reduce the human interaction for

controlling the spread of COVID-19. However, transmission rate of

COVID-19 was found to be increasing even after the implementation

of lockdown. In this context, the objectives of the present study are

to explore the impact of delayed planning or lack of planning for the

lockdown of the country and inadequate implementation of the lock-

down, on the transmission rate.

2 | METHODOLOGY

In order to assess the impact of lockdown against the spread of

COVID-19; a multiple change point model using the Bayesian regres-

sion technique (discussed in Appendix) was adopted for describing the

intermittent behaviour in number of registered cases due to the infec-

tion by following the stochastic procedure. Here, a change point

denotes an instance of the duration of exposure to infection, where

the statistical properties before and after that time differ. The change

was observed in the rates of transmission, with the duration of expo-

sure (in days). Multiple change points technique derived through

Bayesian inferential procedure will provide the maximum litheness in

terms of daily registered COVID-19 cases by defining the changes

observed in pattern of number of cases on different duration of expo-

sure (in days). The model (Bayesian regression based multiple change

point model25,26) considered for the present analysis is based on the

basic assumptions that (a) number of daily registered cases due to the

infection is a linear function of duration of exposure to the infection;

(b) number of daily registered cases across the countries is indepen-

dent. The methodological aspect of Bayesian estimation27 of change

occurred in the pattern of number of daily registered cases in a coun-

try due to COVID-19 and its related 95% credible interval were

obtained through the posterior distribution. The simulation was per-

formed using R software version 3.6.2.

2.1 | The data

In order to study three shifts or changes in pattern of daily COVID-19

cases, the epidemiological data on the incidence and mortality of

COVID-19 cases as reported by public health authorities worldwide

was accessed till 11 April 2020 from the website of Our World in

Data (https://ourworldindata.org/coronavirus-source-data). For the

present study, we considered date-wise number of infected cases due

to COVID-19 of six selected countries: Russia, United Kingdom, India,

France, Italy, and United States, where country-wide lockdown was

scheduled either fully, partially, or not implemented. From an exten-

sive reporting of COVID-19 data across the globe, about 50% of cases

were registered from these selected countries. The criteria for selec-

tion of these countries were based on total number of infected cases,

which was classified in three categories namely more than 100 000

cases (United States and Italy), 50 000 to 100 000 cases (United King-

dom and France), and 6000 to 10 000 cases (India and Russia). Here,

the first date of reporting COVID-19 cases, corresponding to each

selected country, was considered as the starting day. We have also
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obtained the full lockdown-related information about India, United

Kingdom, France, and Italy from the online published news.

3 | RESULTS

Table 1 summarizes posterior mean estimates of Equation (A1) includ-

ing each change points (sj), regression coefficients (β), SD (σ), and their

credible intervals (CrI) for each of the selected countries. Based on

the pattern of daily registered cases of COVID-19, the shortest poste-

rior estimate duration of exposure (95% CrI) for first change

point(Cp 1) in the daily infected cases, was observed in Italy on 42nd

day (40-44 days) of exposure followed by France on 48th day

(13-60 days), United Kingdom on 49th day (47-54 days), Russia on

50th day (48-52 days), and India on 54th days (49-63 days). The pos-

terior estimate duration of exposure at first changing point was

highest (60th day with 95% CrI [59-62 days]) for the United States

compared to other countries in the pattern of daily infected cases.

As far as posterior estimate of second change point(Cp 2) is con-

cerned, the pattern of daily infected cases shifted with respect to first

change point within 5 days in Russia, 6 days in the United States,

7 days in United Kingdom and Italy, and highest was 9 days in India

and France. If we compare the posterior estimate of third change

point (Cp 3) with respect to second change point, shift in the pattern

of daily infected cases were observed within 4 days in France, 5 days

in India, 6 days in Russia, United Kingdom and United States, and

11 days in Italy.

The six selected countries (Russia, United Kingdom, India, France,

Italy, and United States) reported 50% of world's COVID-19 infection

cases till 10 April 2020. The posterior estimates of the parameters

(in Table 1), β,σ, sj, of Bayesian regression-based multiple change point

model. Non-informative choice of priors for β and σ provided an

apparently good fit to the number daily registered cases. The 95%

credible interval of their posterior estimates of β and σ shows a nar-

row interval. As our parameters of interest are the point in duration of

exposure, where there were shifts in pattern of number of daily regis-

tered cases, the 95% credible interval of their posterior estimates for

each of the change points were showing a narrow interval and consis-

tent pattern with posterior density as depicted in Figure S1.

In order to understand the impact of delaying lockdown and

whether its implementation was effective on the number of daily reg-

istered cases of COVID-19 in each of the selected country, two-way

comparisons are presented in Table 2. Firstly, we compared posterior

estimate of point for first change with the lockdown, which will

answer the question whether the lockdown was on time. Secondly,

we compared the posterior estimates of consecutive change points to

review whether the lockdown was properly implemented. Here,

reported days refer to days where COVID-19 cases were registered;

therefore, it is different from the length of time interval.

Table 2 presents the date of first COVID-19 infected cases for

each of the selected countries, their duration of exposure experienced

(days), and number of infected cases reported on dated 11 March

2020, when WHO declared COVID-19 outbreak as a pandemic.T
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Corresponding to each of the selected countries, duration of exposure

experienced (days), and number of infected cases reported on the

date scheduled for lockdown, was also presented. In order to visualize

the shift in pattern of daily infected cases, for each country, the num-

ber of infected cases reported on the posterior estimate of change

points, first (Cp 1), second (Cp 2), and third (Cp 3), were also reported.

The pattern of daily infected cases and its posterior densities

corresponding to each country and their change point were depicted

pictorially in Figure S1. The pattern of cumulative COVID-19 cases

and its associated deaths was presented in Figure S2.

The country wise change trend for reporting COVID-19 cases are

described as follows.

In Russia, the first case of COVID-19 was registered on

31 January 2020, with the first change in trend for reporting COVID-

19 cases was posterior estimated as 50th day with 95% CrI

(48-52 days), on that day, there was a total of 658 cases registered.

Lockdown was scheduled in Russia on the 55th day of reporting, on

31 March 2020, which was the second change point posterior esti-

mate with 95% CrI (54-56 days). The posterior estimate of third

change point was observed on 61st days having 95% CrI (60-62 days)

with 5389 cases of COVID-19.

In United Kingdom, the first case of COVID-19 was registered on

31 January 2020 and the first change in trend for reporting of

COVID-19 cases was posterior estimated as the 49th day with 95%

CrI (47-54 days), on that day, there was a total of 2630 cases regis-

tered. Lockdown was scheduled in the United Kingdom on 53rd day

of reporting cases, on 23 March 2020, The second occasion of change

point posterior estimate was on the 56th days (95% CrI, 55-57 days)

with reporting of 9529 COVID-19 cases in the country. The posterior

estimate of third change point was observed on 62nd days having

95% CrI (61-63 days) with 25 150 cases of COVID-19.

In India, the first case of COVID-19 was registered on 30 January

2020 and the first change in trend for reporting of COVID-19 cases

was posterior estimated as 54th day with 95% CrI (49-63 days), on

that day, there was a total of 492 cases registered. Lockdown was

scheduled in India on same posterior estimated first change point

54th day of reporting on 24 March 2020. The second occasion of pos-

terior estimated change point was on 63rd day with 95% CrI

(62-68 days) with reporting of 1397 COVID-19 cases. The posterior

estimate of third change point was attained on 68th day having 95%

CrI (64-69 days) with 4421 cases of COVID-19.

In France, the first case of COVID-19 was registered on

21 January 2020 and the first change in trend for reporting of

COVID-19 cases was posterior estimated as 48th day with 95% CrI

(13-60 days), on that day, there was a total of 2281 cases registered.

Lockdown was scheduled in France on the 52nd day of reporting on

16 March 2020. The second occasion of change point posterior esti-

mate was on 59th day (95% CrI, 48-77 days) with reporting of 16 018

COVID-19 cases in the country. The posterior estimate of third

change point was observed on 64th day having 95% CrI (59-70 days)

with 32 964 cases of COVID-19.

In Italy, the first case of COVID-19 was registered on 31 January

2020 and the first change in trend for reporting of COVID-19 cases

was posterior estimated as 42th day with 95% CrI (42-44 days), on

that day, there was a total of 12 462 cases registered. Lockdown was

scheduled in Italy on 40th day of reporting on 10 March 2020, which

was 2 days earlier as per the posterior estimate for the first change

point on 42nd day. The second occasion of change point posterior

estimate was on 49th day (95% CrI, 48-50 days) with reports of

35 713 COVID-19 cases in the country. The posterior estimate of

third change point was observed on 60th day having 95% CrI

(59-61 days) with 97 689 cases of COVID-19.

TABLE 2 Total numbers of registered COVID-19 cases till the date of lockdown based on duration of exposure and on posterior estimated
change point day corresponding to each selected countries

Variables

Total number of registered cases of COVID-19

Russia
United
Kingdom India France Italy

United
States

Date of first case reported 31 January

2020

31 January

2020

31 January

2020

31 January

2020

31 January

2020

31 January

2020

WHO declaration Cases (day) (11

March 2020)

10 (35) 373 (41) 50 (41) 1784 (47) 10 149 (41) 1025 (51)

Lockdown Date 31 March

2020

23 March

2020

24 March

2020

16 March

2020

10 March

2020

NA

Day 55 53 54 52 40 NA

Cases 1836 5683 492 5423 9172 NA

Posterior estimated

change point

Cp 1 (days) 658 (50) 2630 (49) 492 (54) 2281 (48) 12 462 (42) 14 250 (60)

Cp 2 (days) 1836 (55) 9529 (56) 1397 (63) 16 018 (59) 35 713 (49) 69 194 (66)

Cp 3 (days) 5389 (61) 25 150 (62) 4421 (68) 32 964 (64) 97 689 (60) 164 620

(72)

Abbreviations: NA, no complete lockdown was declared in United States.
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In the United States, the first case of COVID-19 was registered

on 21 January 2020 and the first change in trend for reporting of

COVID-19 cases was posterior estimated as 60th day with 95% CrI

(59-62 days), on that day, there was a total of 14 250 cases regis-

tered. No complete lockdown was declared in United States, as a

result on 66th day, the second change point posterior estimate with

95% CrI (65-67 days). The posterior estimate of third change point

was observed on 72 days having 95% CrI (71-73 days) with 164 620

cases of COVID-19.

4 | DISCUSSIONS

The WHO on 11 March 2020, had declared the COVID-19 outbreak a

global pandemic, pointing to over 100 000 cases of coronavirus and

spread across 100 countries and territories around the world. Follow-

ing the declaration, in a bid to control the spreading of COVID-19

infection, most of the countries implemented lockdown and applied

various prohibitions. Lockdown was at the forefront of these restric-

tions as an emergency protocol that was implemented by the authori-

ties to prevent transmission.

Among the six selected countries, Russia, United Kingdom, and

France have delayed in implementing the lockdown, which resulted in

increase of infection rate by 3-, 2-, and more than 2-folds, respec-

tively, on the date of declaring lockdown. On comparing the change in

pattern of infection rate observed at second point with the first one,

it was found that the rate increased by more than 3.5- and 7-folds in

United Kingdom and France, respectively. In context of Russia, the

second change point and lockdown declaration dates were same. If

we compare the third change point in pattern of spreading, then it

shows that the infection rates were increase to 8-, more than 9.5-,

and 14.5-folds, in Russia, United Kingdom, and France, respectively.

The countries India and Italy were scheduled lockdown either on

time or before. Comparing the change in pattern of infection rate

observed in these countries at second point with the first one, it was

found that the rate increased by about 3-folds, which was compara-

tively very less than those who delayed. If we compare the third

change point in pattern of spreading in these countries, it shows that

the infection rates were increased to 9- and 8-folds, respectively,

which was again found to be comparatively less. Even on time imple-

mentation of lockdown could not help in the virus spreading in both

of the countries. Correlating the events28,29 that occurred during the

lockdown in India, the reason for this sudden rise in COVID-19 cases

were predominately due to unexpected crowding of migrants in vari-

ous regions. During that time, individuals' in particular religious groups

and low-earning labourers did not follow the restricted measures

imposed by the Government in India. The infection might have spread

further due to lack of coordination or implementation of lockdown by

the concerned authorities to ban public gatherings or individual fail-

ure, where infected people unintentionally spread the infection. Simi-

lar event30 occurred in Italy during lockdown and the reason for the

rise in COVID-19 cases were mostly due to media leakage of the lock-

down on 7 March 2020, which lead to the mass exodus of hundreds

of people out of Milan, similar to what was seen in India. The lack of

coordination in implementation by the concerned authorities to ban

public gatherings and discourage mass movement resulted in a raise in

the infection rate.

The lockdown was not completely implemented in the United

States, as a result the infection rate increased to 5- and 12-folds, at

second and third point, respectively, which was significantly higher

than other countries except France.

One of the significant aspects of lockdown was to reduce the bur-

den on health services and arrange proper medical facilities and

related infrastructures, to prevent further spread of COVID-19. It was

observed from Figure S2 that if the initiative of lockdown was on time

and properly maintained then it will not only reduce the spread of

COVID-19, but also control its associated deaths by building-up of

the medical facilities in time. The impact of Government initiatives

and policies, and the effect of failures to control this pandemic can be

visualized from the quantum of the severity and time elapsed to

death.31

5 | CONCLUSIONS

Lockdown is a step towards social distancing to control the spread of

this pandemic until availability of any vaccine or anti-viral drugs

against COVID-19. The pattern of posterior estimates of change point

were compared among six selected countries where lockdown

implemented either before (in Italy), or on the day (in India) or after

(in Russia, United Kingdom, and France) or not implemented (in the

United States). We also explored the reason for the increase in num-

ber of daily infected cases of COVID-19 by giving insight into the

spread of infections even after lockdown. We correlated the real-life

incidences that occurred in the selected countries with the shift or

change in pattern of rates of transmission with the duration of expo-

sure. The study suggested that three out of six countries, Russia,

United Kingdom, and France, had one of the important reasons for

rates of transmission were due to delay in implementing the lock-

down. In the study, we also observed that COVID-19-infected cases

were increasing in countries where either lockdown was scheduled

earlier (Italy) or on the same day (India) to the first change in pattern

of rates of transmission observed was most likely due to the system

(legislative) failure or individuals' failure or both. In order to control

the spreading of COVID-19, lockdown, like other national and interna-

tional laws, must be obeyed and implemented, which is considered to

be a good and safe practice for current outbreak.

The result suggests that on-time decision of lockdown delayed

the spreading as observed in the context of India, whereas no lock-

down accelerated the infection rate in the United States. Those coun-

tries (viz., Russia, United Kingdom, and France) who delayed in

implementing lockdown saw their infection cases increased. In order

to make effective and protective policy, the researchers' and policy-

makers must discuss the importance and impact of lockdown to safe-

guard human life from COVID-19 infection, which can be achieved by

following the social distancing and restricting human interaction.
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The analysis is no doubt confounded by several variables and has

a couple of limitations. The study analysed up to the third change in

pattern of transmission rate, and could not be taken into account the

changes thereafter. Second, due to the unavailability of information

on factors that can explain exposure in private and public, government

preparedness and policy actions towards the lockdown, exploration of

their association and direct comparison among countries remain

unexplored.
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APPENDIX A.

A change point considered here is the shift occurred due to duration

of exposure, such that the number daily registered cases in a country

due to COVID-19 follows different distribution before and after that

shift. For a given series of COVID-19 daily registered cases in a coun-

try till the “d” days of exposure, denoted as Y1, Y2, …, Yd a shift or

change in point occurs if there exist a “s” such that s ∈ [1, d − 1], such

that the distributional pattern of [Y1, Y2, …, Ys] and [Ys + 1, Ys + 2, …, Yd]

are different in context of certain criteria. The criteria chosen is based

on duration of exposure, say Xt and error, εt denotes the random

error, which is assumed to follow normal distribution with mean zero

and variance σ2 such that

yt =
β1 + β2xt + εt 1< t≤ sj

β3 + β4xt + εt; sj +1≤ t≤ d

(
; β1≠β3, β2≠β4 ðA1Þ

The likelihood function based on normal distribution assumption

based on the suggested model of Equation (A1) will be

L yjx,β,σ,sð Þ=
Yd
t =1

f ytjx,β,σ,sj
� �

=

Ysj
t =1

ffiffiffiffiffiffi
2π

p
σ

� �−1
e−

yt −β1 −β2xtð Þ2
2πσ2

Yd
t= sj +1

ffiffiffiffiffiffi
2π

p
σ

� �−1
e−

yt −β3 −β4xtð Þ2
2πσ2 ðA2Þ

Under the Bayesian paradigm, the analysis, and characterization

of any parameter starts with prior specification corresponding to each

of the unknown model parameters. In absence of any prior informa-

tion about the chosen model parameters, (β, σ, sj), where β =

{β1, β2, β3, β4},non-informative priors were suggested. The prior distri-

bution for each of the model parameters are as follows:

g βð Þ/Constant; ðA3Þ

τ sj
� �/ t−distribution μ=0,σ =

1
j−1

,df = j−2

� �
, ðA4Þ

h σð Þ/1
σ
, ðA5Þ

where, sj denotes, jth of numbers of shifts or change points. For the

model simplicity and better understanding of the country-wise varia-

tion, we fixed j = 3, that is, study focused up to the third change in the

pattern of daily registered cases. The joint posterior distribution for

the parameters based on the likelihood and prior distributions were

derived using Equations (A2) and (3) to (5) will be

φ β,σ,sjjy,x
� �/ L yjx,β,σ,sð Þg βð Þτ sj

� �
h σð Þ

/ σ−dexp −
Xs

t=1

yt−β1−β2xtð Þ2
2πσ2

–
Xd

t= s+1

yt−β3−β4xtð Þ2
2πσ2

" #
, ðA6Þ

The marginal posterior distribution of the parameters and its

related summaries are obtained through the Markov Chain Monte

Carlo simulation procedure25 using following equations:

φ βkjy,xð Þ/
ð
φ β,σ,sjjy,x
� �Y

l

dβldσdsj; l≠k, ðA7Þ

φ σjy,xð Þ/
ð
φ β,σ,sjjy,x
� �

dβdsj, ðA8Þ

φ sjjy,x
� �/ ð

φ β,σ,sjjy,x
� �

dβdσ: ðA9Þ
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