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Abstract 

Background: Lockdown measures are the backbone of containment measures for the COVID-19 pandemic both 
in high-income countries (HICs) and low- and middle-income countries (LMICs). However, in view of the inevitably-
occurring second and third global covid-19 wave, assessing the success and impact of containment measures on 
the epidemic curve of COVID-19 and people’s compliance with such measures is crucial for more effective policies. 
To determine the containment measures influencing the COVID-19 epidemic curve in nine targeted countries across 
high-, middle-, and low-income nations.

Methods: Four HICs (Germany, Sweden, Italy, and South Korea) and five LMICs (Mexico, Colombia, India, Nigeria, and 
Nepal) were selected to assess the association using interrupted time series analysis of daily case numbers and deaths 
of COVID-19 considering the following factors: The “stringency index (SI)” indicating how tight the containment meas-
ures were implemented in each country; and the level of compliance with the prescribed measures using human 
mobility data. Additionally, a scoping review was conducted to contextualize the findings.

Results: Most countries implemented quite rigorous lockdown measures, particularly the LMICs (India, Nepal, and 
Colombia) following the model of HICs (Germany and Italy). Exceptions were Sweden and South Korea, which opted 
for different strategies. The compliance with the restrictions—measured as mobility related to home office, restrain-
ing from leisure activities, non-use of local transport and others—was generally good, except in Sweden and South 
Korea where the restrictions were limited. The endemic curves and time-series analysis showed that the containment 
measures were successful in HICs but not in LMICs.

Conclusion: The imposed lockdown measures are alarming, particularly in resource-constrained settings where such 
measures are independent of the population segment, which drives the virus transmission. Methods for examining 
people’s movements or hardships that are caused by covid- no work, no food situation are inequitable. Novel and 
context-adapted approach of dealing with the COVID-19 crisis are therefore crucial.
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Background
Soon after the start of the COVID-19 pandemic in 

China, many countries followed the Chinese example 

to put emphasis on transmission control through quar-

antine of infected persons, the isolation of contacts, 

and then the lockdown of the entire population [1, 

2]. �e theoretical background was based on a math-

ematical prediction model about the expected epidemic 

curve showing that without transmission control, the 

curve would be very high and stiff but with “non-phar-

maceutical interventions (NPIs)”, it would be prolonged 

but with lower case numbers and thus manageable by 

the health services [3]. Strict lockdown measures were 

particularly undertaken in the high-income countries 

(HICs) of Europe and then carried forward by low-and 

middle-income countries (LMICs), often leading to 

economic recession, human suffering and public unrest 

due to job and income loss [4, 5]. However, there were 

some different approaches with less stringent lockdown 

policies such as in Sweden and South Korea [6]. �is 

provides an opportunity to analyse counter-measures 

and the level of compliance to such measures leading to 

the highest impact on the shape of the epidemic curve, 

five months after the start of the pandemic. Addition-

ally, it enables to investigate if the real-life experience 

in different countries confirms the previously defined 

prediction model [3], and intends to show “when” and 

“how much” containment measures are successful in 

low and high income countries which will help to take 

up evidence based policy decision according to the 

local context.

Methods
Study countries

Four HICs (Germany, Sweden, Italy, and South Korea), 

two better-off MICs (Mexico and Colombia), and three 

LICs with lower economic power (India, Nigeria, and 

Nepal) were selected in order to reflect the measures 

and impact of the covid-19 pandemic in countries with 

different levels of wealth, size and population densities. 

Academic contacts in these countries facilitated the data 

collection. Table  1 shows that large (India, Nigeria, and 

Mexico) and small countries (Sweden and Nepal) with 

high (South Korea and India) and low population densi-

ties (Sweden and Colombia) were included. �e percent-

age of children within the total population was less in 

countries with a high Human Development Index (Euro-

pean countries and South Korea) and more if the index 

was lower (Nigeria, Nepal, and India). Table 2 shows that 

countries with a high Gross Domestic Product (GDP) 

have a low informal economic sector and the LMICs 

have a high proportion of “self-employed” or “vulner-

able employment” who will suffer most by the lockdown 

measures. �e only exception was South Korea, with a 

high GDP but yet a considerable informal economic sec-

tor, due to its recent history of moving from a LMIC to a 

HIC.

Scoping review of the literature

To complement our findings, a scoping review of the 

scientific literature was conducted with the following 

question: “What measures can influence the COVID-

19 epidemic curve among the nine targeted countries?” 

�e scoping review, as an ideal approach to determine 

Keywords: Coronavirus disease 2019, SARS-CoV-2, Segemented Time-series, Lockdown, COVID-19, Stringency index, 
Human mobility

Table 1 Demographic, geographic, and developmental characteristics of the 9 target countries

Data Sources: United Nations: World Population Prospects 2019 (online: https:// popul ation. un. org/ wpp/ Downl oad/ Stand ard/ Popul ation/); United Nations 

Development Programme: Human Development Report 2019, p. 304 (online: http:// hdr. undp. org/ sites/ defau lt/ �les/ hdr20 19. pdf )

Country Total population 
(thousands)

Population density (persons 
per  km2)

Percentage of children 
(0–14 year) (%)

Human 
Development 
Index (value)

Germany 83,517 240 14 0.939

Italy 60,550 206 13 0.883

Sweden 10,036 25 18 0.937

South Korea 51,225 527 13 0.906

Colombia 50,339 45 22 0.761

Mexico 127,576 66 26 0.767

Nigeria 200,964 221 45 0.534

India 1,366,418 460 26 0.647

Nepal 28,609 200 29 0.579

https://population.un.org/wpp/Download/Standard/Population/
http://hdr.undp.org/sites/default/files/hdr2019.pdf
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the scope of a body literature on covid-19 while examin-

ing emerging evidence in a short period of time, was the 

prime choice in this study.

On May 9, 2020, a search was conducted in online 

databases, PubMed and Cochrane library with key 

search terms such as “COVID-19”, “measures”, and 

“factors”. �e inclusion criteria were scientific articles 

with information on influencing factors of COVID-19 

epidemic curve and public health measures adopted 

by nine targeted countries. Observational and inter-

vention studies including qualitative, quantitative, or 

mixed methodologies, as well as scoping reviews and 

full text papers in English or Spanish language were 

included. Preprint scientific studies were included due 

to the urgency of the pandemic. �e excluded articles 

were letters to the editor, opinions, guidelines, com-

mentaries and editorials. �e study selection was done 

independently by three researchers (TRR, MAC, and 

RCS). �e three sets of literature were then compared. 

Disagreements on the inclusion or exclusion of litera-

ture were solved through discussions or by including a 

fourth researcher (AK). �e search was carried out in 

three stages. First, titles were evaluated according to 

the inclusion and exclusion criteria. Second, the same 

criteria were applied to the abstract section of the arti-

cles retained in the first stage. �ird, full text articles 

and articles without abstract availability in the previous 

stages were evaluated. However, after completion of the 

scoping review, new publications came up which will be 

presented in the “Discussion” Section.

Data collection and analysis in the nine study countries

Measuring number of daily infections and deaths

Daily numbers of infections and deaths were collected 

from various existing data sources. Each country’s 

national confirmed and deceased cases were collected 

through a data hub of COVID-19 datasets [7]. Fur-

thermore, the COVID-19 related situation on a sub-

national level was analyzed. Targeted regions were: 

Västra Götaland (Sweden), Lombardy (Italy), Baden-

Württemberg (Germany), Daegu (South Korea), Kath-

mandu (Nepal), Nuevo León (Mexico), Abuja (Nigeria), 

North Santander (Colombia), and Kerala (India). For 

European regions, data was obtained from the above 

mentioned repository [8], however, non-European 

areas were not accessible through the repository, and 

thus collected through each country’s national or 

regional official health service websites [9–14]. Rates of 

infection and deaths per 100,000 population were esti-

mated for all nine countries based on the study period 

from January–May 2020 and the corresponding mid-

year population size as the denominator [15].

Table 2 Selected economic indicators of the nine target countries (World Bank, World Development Indicator, 2018)

Source: World Development Indicators (WDI), compiled by the World Bank from o�cially recognized international sources. https:// data. world bank. org/ indic ator? tab= 

all

"Employment in the informal economy as a percentage of total non-agricultural employment. It basically includes all jobs in unregistered and/or small-scale private 

unincorporated enterprises that produce goods or services meant for sale or barter. Self-employed street vendors, taxi drivers and home-base workers, regardless of 

size, are all considered enterprises. However, agricultural and related activities, households producing goods exclusively for their own use (e.g. subsistence farming, 

domestic housework, care work, and employment of paid domestic workers), and volunteer services rendered to the community are excluded"

"Self-employed workers are those workers who, working on their own account or with one or a few partners or in cooperative, hold the type of jobs de�ned as a 

self-employment job (i.e., jobs where the remuneration is directly dependent upon the pro�ts derived from the goods and services produced). Self-employed workers 

include four sub-categories of employers, own-account workers, members of producers’ cooperatives, and contributing family workers"

"Vulnerable employment is contributing family workers and own-account workers as a percentage of total employment"

"Poverty headcount ratio at $3.20 a day is the percentage of the population living on less than $3.20 a day at 2011 international prices.”

“Proportion of employed people who live on less than $3.20 (in purchasing power parity terms) a day, expressed as a percentage of the total employed population 

ages 15 and older.” ILO (2019). ILOSTAT database. www. ilo. org/ ilost at

“Percentage of the population at risk of su�ering multiple deprivations—that is, those with a deprivation score of 20–33 percent.” Source: Human Development 

Report O�ce (HDRO) calculations, based on data on household deprivations in health, education, and standard of living from various household surveys. Latest data 

for Mexico, Colombia, India, Nepal from year 2016, Nigeria year 2017. http:// hdr. undp. org/ en/ indic ators/ 142506

Name Sweden Germany South Korea Italy Mexico Colombia India Nigeria Nepal

GDP per capita, PPP (constant 2011 international $) 47,718 45,936 36,777 35,828 18,134 13,321 6888 5316 2741

Poverty headcount ratio at $3.20 a day (2011 PPP) (% 
of population)

0.3% 0.2% 0.5% 1.8% 6.6% 10.9% 60.4% 50.9%

Self-employed, total (% of total employment) (mod-
eled ILO estimate)

9.6% 9.9% 25.1% 22.9% 31.6% 51.4% 76.5% 81.5% 79.8%

Vulnerable employment, total (% of total employment) 
(modeled ILO estimate)

6.1% 5.7% 19.2% 16.8% 26.8% 47.2% 74.5% 77.7% 78.7%

Informal employment (% of total non-agricultural 
employment)

57.2% 80.3% 77.6%

https://data.worldbank.org/indicator?tab=all
https://data.worldbank.org/indicator?tab=all
http://www.ilo.org/ilostat
http://hdr.undp.org/en/indicators/142506
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Measuring timing and intensity of the lockdown

To assess the intensity of lockdown measures in the tar-

get countries, the ‘Stringency Index’ (SI) of the strict-

ness in governmental policies was calculated using eight 

indicators: closure of schools, workplaces, public events, 

and/or of public transportation; restrictions on gather-

ings, internal movements, and international travels; and 

the quarantine requirements. Computation of the index 

followed the methodology described by Hale et al., which 

estimated the intensity of governmental measures into a 

scale from 1 to 100, with 100 indicating the maximum 

application of all indicators mentioned above [16]. �e 

mean (SD) and percentiles (25th, 50th, 75th, and 95th) of 

the SI were computed for each country and sub-country. 

Data of government responses in our target countries 

was collected from the Oxford COVID-19 Government 

Response Tracker [17].

Measuring peoples` compliance with the lockdown

For the documentation of peoples’ compliance with the 

lockdown, data from the Google COVID-19 Commu-

nity Mobility Reports was used to measure the change 

in human mobility [18]. In these reports, percentage of 

changes in visits to different places (i.e., retail and rec-

reation, grocery and pharmacy, parks, transit stations, 

workplaces, and residential areas) were compared to the 

baseline level (i.e., the median value from January 3rd to 

February 6th 2020) and were estimated by aggregating 

the location data of Google account holders.

Data management and analysis

Data management of the scoping review

Data from the included studies in the scoping review 

were extracted and recorded in an Excel spreadsheet. 

�e following information was collected for each article: 

Authors of the publication, country, study design, status 

of the publication, analysed measure (e.g., school closures 

or the lockdown), methodology, instruments, and results. 

No formal assessment of the methodological quality of 

the included articles was performed in this review, how-

ever, the quality of the papers was defined by the inclu-

sion and exclusion criteria. Figure 1 shows the selection 

process of the papers [19]. A total of 1344 papers were 

initially retrieved. After the application of the inclusion 

and exclusion criteria, 17 publications were included for 

the synthesis of the review (Additional file 1). A narrative 

description is presented in the “Results” Section.

Interrupted time-series analysis

To better understand the impact of the SI on the inci-

dence and mortality as core outcome variables, an inter-

rupted time-series analysis of mortality and morbidity 

rates was conducted independently per country and 

sub-country [20]. �e SI is the analysis predictor; in order 

to transform its continuous format into a meaningful 

intervention measure before processing the time-series 

analysis, the median value of SI in each country was 

defined as “intervention one,”. �is was based on obser-

vations that the SI was able to demonstrate an impact 

in relation to the baseline values (both the minimum 

and 25th percentile) at the 50th percentile. A sensitiv-

ity analysis was performed to test this assumption; an 

exception was made for Sweden where the 10th percen-

tile value was used as “intervention one” due to their rela-

tively low stringency measures. Second and third points 

of interventions were defined based on 75th and 95th 

percentiles, respectively. In this analysis some countries 

managed to implement all three interventions, whereas 

other countries implemented one or two interventions. 

When two percentiles revealed small differences (< 10%), 

the higher percentile was used in the regression. “Base-

line trend” refers to the change in rate prior to interven-

tion one; “change at first, second, or third interventions” 

refers to the change in rate immediately after each inter-

vention; “trend after each intervention” refers to the con-

tinuous change in rate after the current intervention and 

until the next intervention; and the “overall trend after 

all interventions” refers to the change in rate due to all 

interventions. �ese four trends were presented as “rates 

of change per 100,000 population” together with their 

p-value at 5% significant cut-off.

Results
Dynamics of the COVID-19 pandemic according 

to the scoping review

Time lag between containment measure, daily slow-down 

e�ect, and deaths

A study in Italy demonstrated that the containment 

measures reduced the progression of the COVID-19 epi-

demic [21]. �e time lag between implementing meas-

ures to the reduction of COVID-19 growth rate was 

approximately 7–10 days. �e analysis in different Italian 

regions showed that the earlier the measures were taken, 

the lower was the cumulative incidence. �e importance 

of implementing early measures was also observed in 25 

European countries: as countries with the highest mor-

tality (Italy, Spain, and France) were late to implement 

national restrictions. Sweden adopted fewer restrictions 

compared to other neighbouring countries and suffered a 

higher mortality rate [22].

Daily growth rate in a controlled and uncontrolled situation

Various modelling studies analysed different scenarios 

to control the spread of COVID-19. A study assessed 

the effectiveness of social distancing  in Italy based on 

the level of adherence to quarantine. �ey predicted a 
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three-persons household with each level of complete, 

nearly-complete, medium, and no quarantine to have 7, 

8, 12 and 20 secondary infections, respectively, during 

14 days [23]. In large households with 6 persons, 16, 19, 

29, and 43 secondary infections in 14  days respectively 

were predicted for each of the quarantine completion 

level, suggesting that a higher adherence to quarantine 

and a smaller household contribute to a lower number 

of secondary cases. In South Korea, during the outbreak, 

there was a positive correlation of compliance with lock-

down measures and a decline in the confirmed cases [24]. 

Likewise, “home office” and the delay of school opening 

led to a marked transmission reduction.

Choi and Ki simulated the epidemic in South Korea 

and predicted nearly 5 million COVID-19 cases with-

out any measures, while the lockdown could reduce 

the transmission rate by 90% to 99% [25–27]. The 

combination of different mitigation measures seems to 

be crucial for reducing infections and deaths [26], just 

as the increased compliance with the measures [28]. In 

Veneto, Italy, seventeen days after the lockdown strat-

egy, 658 hospitalized cases (95% CI 618–698) could be 

prevented and the peak of the curve was delayed by 

3 days [29]. In Italy, measures such as “red zone” (lock-

down in ten towns in Lombardy) effectively contained 

Fig. 1 PRISMA 2009 Flow Diagram. Search results and selection process of the studies on containment measures influencing the COVID-19 

epidemic curve in the nine targeted countries. Targeted countries were Sweden, Italy, Germany, South Korea, Nepal, Mexico, Nigeria, Colombia, and 

India
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the spread of the infection and the general lockdown 

had a positive effect in other regions of Italy [30].

A modelling study in India found that within 21, 42, 

and 60  days lockdown periods, the number of cases 

(378,036 infections without intervention) was reduced 

to 70,424 after 110 days in the 21 days lockdown-sce-

nario, and was additionally reduced to 42,950 in the 

42  days scenario, but no additional reduction by pro-

longed lockdown of more than 42  days [31]. Another 

modelling study in France showed that the isolation of 

individuals with no or mild symptoms was not suffi-

cient to reduce the number of confirmed cases, how-

ever, both in France and North-Italy, a substantial case 

reduction could be achieved by a large-scale reduction 

of social interactions [32]. A study in South Korea esti-

mated the effective reproduction number (R0) to be 1.5 

(95% CI 1.4–1.6), the intrinsic growth rate to be 0.6 

(95% CI 0.6–0.7) and the “deceleration of growth” to be 

0.8 (95% CI 0.7–0.8), which indicate for sub-exponen-

tial growth dynamics of COVID-19 [33].

Reduction of peak prevalence, cumulative incidence, and  R0 

by containment measures

A study in Italy and Spain comparing daily percent 

increase of diagnosed cases, deaths, and ICU admis-

sion before and after the national lockdowns showed 

that before lockdown, daily percent of incidence was 

high in Spain (38.5% of diagnosed cases, 59.3% of 

deaths, 26.5% of ICU admissions) and less in Italy 

(21.6%, 32.8%, and 16.7% respectively), however, after 

the first lockdown, incidence was considerably lower 

in both countries (11.9%, 17.6%, and 9.6% in Spain, 

respectively, and 2.5%, 13.7%, and 3.7% in Italy) [34]. 

After the second and more restrictive lockdown, par-

ticularly in Italy, all outcomes declined (−2.0%, −0.2%, 

and −16.8% respectively), and so it happened in Spain 

(−2.7%, −1.8%, and −5.6% respectively).

A modelling study in India showed that if 50% of 

symptomatic cases are in quarantine within three 

days after developing symptoms, assuming a minimal 

basic reproduction number  R0 of 1.5 before symptoms 

develop, the decrease of the cumulative incidence was 

62% and of the peak prevalence was 89%. In contrast, 

when assuming that  R0 was 4 and the infectiousness 

of asymptomatic cases was half compared to sympto-

matic cases, the estimated cumulative incidence will 

decrease by only 2% and the peak prevalence by 8% 

[35]. In another modelling study in India, lockdown 

measures reduced the basic reproduction number 

from 2.3 before the lockdown to 0.15 after the measure 

[36].

Age speci�c infection rates and case fatalities

A study in Germany showed that after establishing 

physical distancing in week 12, people aged 15–34 years 

played a predominant role in the spread of the disease 

compared to older (35–39 years) and younger age groups 

(10–14 years), assuming that the non-adherence to social 

distancing was frequent in this age group [37].

In Korea, Daegu province, the outbreak generally began 

in the younger age groups, but case fatalities were the 

highest among people aged ≥ 80  years (12.1%), followed 

by those aged 70–79  years (5.6%) [38]. In 66 laboratory 

confirmed fatal cases of COVID-19, the median age was 

77  years (range, 35–93  years), and female-to-male ratio 

was 44:56. In South Korea, the crude case-fatality was 

higher among males (1.1%) compared to females (0.4%) 

and increased with older age [33].

Risk of importation and airport measures

One of the first measures implemented by the Italian gov-

ernment was to suspend flights from China and install in 

air-ports’ checkpoints with thermoscans. However, this 

measure appeared not to be very effective to contain the 

epidemic [30]. Mandal et al. found in a modelling study in 

India that airport screening of symptomatic arrivals will 

lead to a delay of 2.9 days in the predicted “average time 

to epidemic (days to reach a prevalence of 1000 cases)” 

[35]. In order to get a delay of 20 days, an additional 90% 

coverage in the screening of asymptomatic passengers 

will be needed, which is difficult to achieve, however, 

there are additional benefits of identifying asymptomatic 

arrivals rather than screening only symptomatic cases 

[35].

The shape of the epidemic COVID-19 curves 

and determinants in 9 countries

Cumulative and daily infections and deaths

Figure 2 shows the cumulative incidence of COVID-19 

until the end of May 2020 (both laboratory confirmed 

and non-confirmed). There are mainly two types of 

epidemic curves; in Germany, Italy, and South Korea, 

a quick increase in cases can be seen followed by a 

slow-down of the transmission, while there was almost 

a linear increase in Sweden. In the LMICs, we see an 

exponential increase of cases (Fig.  2; Table  3). Con-

tainment measures were implemented as a response, 

which in some countries happened before the first case 

was confirmed (minus values in Table  3), while some 

were shortly after the first case, and others occurred 

later in time. In five countries, which had already 

reached the peak of the wave before May 31, the length 

of the critical period (from the start of the wave to its 

peak) was between 44  days (South Korea and Italy) 
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Fig. 2 Cumulative incidence of COVID-19 cases (“cases of infection” or “cases”) and deaths. Blue = Cumulative cases of infection, Red = Cumulative 

deaths

Table 3 Critical period of infection and delay to the containment measures in nine target countries

a Number of days after the �rst case until the �rst action

b Number of days after the �rst case until the full action; full action means complete implementation to close schools, close workplaces, cancel public events, ban 

public gatherings, close public transportations, ban internal traveling, ban international traveling, and promote public campaigns

c Date with the peak number of newly con�rmed cases; if the event with the highest number of daily cases was on May 30 or thereafter, it was considered “not yet 

reached” the peak

d Number of days after the �rst case until the peak date with the highest number of cases; if the peak was “not yet reached,” the critical period was considered 

“ongoing”

e Minus values in the delay to the �rst action mean the countries started with initial containment measures before the �rst case was con�rmed

Country Delay to the 
�rst  actiona

Delay to the full 
 actionb

First case 
con�rmed

Peak  datec Critical  periodd No. of cases at peak No. of deaths at peak

Germany −2  dayse 56 days (except public 
transport)

27 Jan 27 Mar 61 days 50,871 342

Italy −7  dayse 41 days 31 Jan 21 Mar 51 days 53,578 4825

Sweden 39 days 65 days (except public 
events, public transport, 
and internal traveling)

31 Jan 24 Apr 85 days 17,567 2152

South Korea 12 days 36 days (except public 
transport)

20 Jan 03 Mar 44 days 5186 28

Mexico 1 days 32 days 28 Feb 27 May 90 days 78,023 8597

Colombia −44  dayse 20 days 06 Mar Not yet reached Ongoing Not yet reached Not yet reached

India −4  dayse 51 days 30 Jan Not yet reached Ongoing Not yet reached Not yet reached

Nigeria −36  dayse 31 days 28 Feb Not yet reached Ongoing Not yet reached Not yet reached

Nepal 50  dayse 60 days 25 Jan Not yet reached Ongoing Not yet reached Not yet reached
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and 90 days (Sweden), with Germany (61 days) in the 

middle. All LMICs did not reach the peak until 31 May 

2020, because they had particularly long critical peri-

ods from 90 to 130  days (Colombia, Mexico, Nigeria, 

India, and Nepal).

Figure  3 illustrates that only Germany, Italy, and 

South Korea show the typical epidemic curve with a 

sharp increase to the peak and then a slower decrease 

of cases skewed to the right. The curves of India, Mex-

ico, and Nepal have a similar shape, but only during of 

the initial part, as they did not reach the peak at the 

time. Sweden, with a “hands-off ” policy and relaxed 

strategy, has a flat and prolonged curve of new cases; 

likewise, Nigeria has a flat and prolonged curve, which 

was limited to the low testing capacity.

As these findings seem to contradict the model pre-

dicted by Ferguson et  al. to be high and stiff when 

there is no distancing measure while low and pro-

longed if containment measures were employed [3], 

we had a closer look at the stringency of containment 

measures and peoples` compliance with these meas-

ures [16, 18].

The stringency of the containment measures and people`s 

compliance level

Figure 4 and Table 4 shows the SI over time. Some coun-

tries started late but were then very fast with contain-

ment measures (Nepal, Mexico, and Italy) while others 

started early but then strengthened the measures step-

by-step (Germany, South Korea, and India). Others 

opted for less stringent measures, particularly Sweden 

and South Korea (after a month of strict measures). �e 

LMICs were generally more stringent than the HICs.

Human movement after the introduction of contain-

ment measures in six countries are given in Fig. 5, which 

shows that in Colombia (similar to Italy, India, Nige-

ria, and Nepal), people stayed at home and did not fol-

low many extra-domestic activities. Germany (similar 

to Mexico) illustrates a less strict restriction of mobility: 

people stayed more at home with limited recreational 

activities strictly, but used the public transport and vis-

ited public parks more frequently. In Sweden and South 

Korea, the less stringent containment policy led people to 

continue going to work, using pharmacies/groceries, and 

using public transports almost as usual, and increasing 

visits to parks rather than other recreational activities.

Fig. 3 Daily numbers of newly detected COVID-19 infections (“cases”) and deaths. Abbreviations: S.C. = School closure, P.E. = Restriction on 

public events, W.P. = Workplace closure, P.T. = Closure of public transport, R.G. = Restriction on gatherings, I.T. = Restriction on internal transport, 

I.M. = Restriction on internal movement, L.D. = Lockdown (partial or complete). Blue = Confirmed cases, Red = Deaths
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Fig. 4 The stringency index reflecting the strength of containment measures in nine selected countries. Methodology for the index estimation 

followed that of Hale et al., using the information of governmental actions provided by the Oxford COVID-19 Government Response Tracker [7, 8]

Table 4 Descriptive statistics of stringency index per country and sub-country, for the period of Jan–May 2020

Mean SD Min Percentiles Max

25% 50% 75% 95%

Countries

 India 58.09 38.87 0 10.19 79.17 96.3 100 100

 Nepal 56.86 39.19 0 16.67 81.02 96.3 96.3 96.3

 Nigeria 46.08 30.83 11.11 22.22 22.22 80.56 85.65 85.65

 Colombia 53.29 36.84 0 8.33 84.26 87.04 90.74 90.74

 Mexico 60.11 34.52 0 8.33 82.41 82.41 82.41 82.41

 South Korea 51.84 17.94 0 43.52 45.37 56.94 82.41 82.41

 Italy 64.71 29.85 0 60.19 69.91 91.67 93.52 93.52

 Germany 45.28 27.35 0 11.11 52.78 73.15 73.15 73.15

 Sweden 38.98 10.54 0 32.41 43.52 46.3 46.3 46.3

Sub-countries

 India, Kerala 68.09 35.22 10.19 26.85 81.94 100 100 100

 Nepal, Kathmandu 69.85 34.88 16.67 22.22 92.59 96.3 96.3 96.3

 Nigeria, Abuja 59.51 27.85 22.22 22.22 80.56 82.87 85.65 85.65

 Colombia, North Santander 63.79 33.01 8.33 34.26 87.04 87.96 90.74 90.74

 Mexico, Nuevo León 60.11 34.52 0 8.33 82.41 82.41 82.41 82.41

South Korea, Daegu 55.47 15.75 31.48 43.52 52.78 75.93 82.41 82.41

 Italy, Lombardy 75.63 19.76 19.44 62.96 85.19 91.67 93.52 93.52

 Germany, Baden-Württemberg 53.52 22.68 11.11 32.87 64.35 73.15 73.15 73.15

 Sweden, Västra Götaland 38.98 10.54 0 32.41 43.52 46.3 46.3 46.3
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Containment measures shaping the epidemic curve 

(Interrupted time-series analysis)

Findings from the time-series analysis for the infection 

and death rates showed different patterns across the 

nine countries (Tables 5 and 6; Fig. 6).

• India: At baseline (prior to any intervention), infec-

tion rates showed a slight increase, which reversed 

temporarily at the time of the first intervention 

(−0.148; p < 0.05) before starting to increase again 

at the following intervention (0.14; p < 0.05). At 

sub-country level in Kerala, a fairly similar scenario 

was observed with exception for the rate at and 

after the first intervention. �e death rate followed 

the scenario of the infection but at a slower pace.

• Nepal: �e baseline trend did not indicate a sta-

tistically significant rate of change, but showed an 

increasing trend after the first intervention (0.004; 

p < 0.05). Although a slightly different rate of change 

was observed at sub-country level (Kathmandu), gen-

erally, the rate of reduction followed a similar trend 

of increasing infection rates throughout the period. 

Mortality rates were low and therefore no pattern of 

change was observed.

• Nigeria: �e baseline trend did not indicate a rate of 

change but showed an increasing trend throughout 

the follow-up period. In Abuja, the same trend was 

observed but at a higher rate; however, a decreasing 

trend in infection rate was observed after the second 

intervention. �e death rates at country and sub-

Fig. 5 Human mobility after the start of containment measures in six countries (Colombia, Germany, South Korea, Sweden, Nepal, and India). 

Blue = Retail and recreation, Red = Grocery and pharmacy, Green = Parks, Purple = Transit stations, Light blue = Workplaces, Orange = Residential
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country levels followed the same trend but with an 

increasing death rate at baseline and after interven-

tion one but decreased following to the second inter-

vention. Nevertheless, none of these changes showed 

a significant trend.

• Colombia: �e increasing infection rates at base-

line were minimal but significant and continued to 

increase significantly in spite of the second and third 

intervention. In North Santander, the rate of infec-

tion started with an increasing trend but responded 

to both interventions with a mild decline. �e same 

scenario was observed for the death rates at country 

and sub-country levels.

• Mexico: Mexico had minimal changes in the strin-

gency index after the first intervention but was suc-

cessful in reducing the infection and death rates 

significantly thereafter (infection: −2.676; p < 0.05, 

death: −0.359; p < 0.05). However, after this initial 

success both infection and death rates increased 

shortly after the intervention; this trend was similar 

in Nuevo Leon.

• South Korea: South Korea had a continuous increase 

in the SI with three different intervention episodes. 

At baseline, the country showed an increasing infec-

tion rate until the first intervention before cases 

started to decline significantly (−0.181; p < 0.05), 

which was continued after the third intervention 

(−0.119; p < 0.05). Daegu Province (where more than 

half of the cases occurred) followed a similar trend, 

but the increasing stringency measures succeeded in 

reducing the overall infections (−0.036; p < 0.05). �e 

impact of the interventions on death rates was even 

more significant both at country and sub-country 

level.

• Italy: �e rate of infection was much higher in Lom-

bardy compared to the whole country. Nevertheless, 

Table 5 Interrupted time-series regression of infection rate per 100,000 in relation to countries- and sub-countries stringency Indices 

(Intervention)

Intervention 1 measured at 50th, intervention 2 measured at 75th and intervention 3 measured at 95th percentile

* Signi�cant change (p < 0.05)

a intervention 1 is measured at 10th percentile instead of 50th (only in Sweden)

Cases per 100,000

Country level India Nepal Nigeria Colombia Mexico South Korea Italy Germany Sweden

 Baseline trend 0.0001* −0.001 7.9 ×  10–6 0.001* 0.006* 0.004 0.002 0.136* 0.025*

 At intervention 1 −0.148* −0.01 0.003 0.561* −2.676* 8.160* −12.819* 61.896* −0.073a

 Trend after inter-
vention 1

0.042* 0.004* 0.006* 0.114* 0.461* −0.181* 3.135* −1.368* 1.787*

 At intervention 2 – – – – – 0.626 31.33* – −3.262

 Trend after inter-
vention 2

– – – – – 0.124* −4.857* – −0.718

 At intervention 3 0.384 −0.509 0.604* 0.946 – −0.119 −4.98 −1.213 −6.781

 Trend after inter-
vention 3

0.098* 0.142* 0.02* 0.316* – −0.069* 0.557 0.973* −1.303

 General trend 
after all levels 
of intervention

0.14* 0.146* 0.025* 0.432* 0.467* 0.016* −1.163* −0.232* −0.21

Sub-country 
level

Kerala Kathmandu Abuja North Santander Nuevo León Daegu Lombardy Baden-Württem-
berg

Västra Götaland

 Baseline trend 0.005* 0.006 0.014* 0.022* 0.021* 6.33* 3.33* 0.838* 0.401*

 At intervention 1 0.33* −0.117 0.091 0.432 −1.214* 105.136* 130.759* 75.703* 12.026a

 Trend after inter-
vention 1

−0.011* −0.006 0.076 −0.021 0.164* −10.589* −5.785* −2.468* 0.433

 At intervention 2 – – – – – – – – –

 Trend after inter-
vention 2

– – – – – – – – –

 At intervention 3 0.395* 0.127 0.91 0.439 – 30.13 −3.432 7.368 14.163

 Trend after inter-
vention 3

0.170* 0.026 −0.069 −0.02 – 4.223* 0.934 1.646* −0.639

 General trend 
after all levels 
of intervention

0.165* 0.026 0.021 −0.019 0.185* −0.036* −1.52* 0.016 0.195
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containment measures managed to reduce infection 

rates significantly at both levels (country: −1.163; 

p < 0.05; Lombardy: −1.520; p < 0.05). �e same 

results were obtained for the mortality, which equally 

maintained a significant decline after the interven-

tions (country: −0.174; p < 0.05; Lombardy: −0.325; 

p < 0.05).

• Germany: Germany showed an increasing incidence 

before imposing containment measures, but this rate 

started to significantly decline after the first inter-

vention; this decline continued after the second and 

third interventions so that the rates could be reduced 

by −0.232 (p < 0.05). Baden-Württemberg followed a 

fairly similar trend. �e death rates at country- and 

sub-country level showed similar trends.

• Sweden: Sweden started late in imposing contain-

ment measures with a low SI. Albeit the minimal 

average of the SI, the country managed to reduce the 

rate of infection immediately after the first interven-

tion and continued through the following two inter-

ventions, although the reduction was statistically 

insignificant (−0.21: p > 0.05). �e picture was differ-

ent in Västra Götaland where the containment meas-

ures failed to generally reduce the rate of infection 

significantly. �e death rate followed a similar trend 

for both country and sub-country level.

Discussion
E�ective containment measures: scoping review

Main messages from the scoping review about the 

effect of containment measures on infection rates were 

Table 6 Interrupted time-series regression of death rate per 100,000 in relation to countries- and sub-countries stringency Indices 

(Intervention)

Intervention 1 measured at 50th, intervention 2 measured at 75th and intervention 3 measured at 95th percentile

* signi�cant change (p < 0.001)

a No reported cases

b Intervention 1 is measured at 10th percentile instead of 50th percentile (only in Sweden)

Deaths per 100,000

Country level India Nepal Nigeria Colombia Mexico South Korea Italy Germany Sweden

 Baseline trend 2.3 ×  10–6 0.000 0.001* 0.002* 0.000* 0.001 0.001 0.0003* 0.0002

 At intervention 1 −0.004* – – – −0.359* 0.039* −1.562* 1.056* −1.033*

 Trend after inter-
vention 1

0.001* – – – 0.055* 0.002* 0.301* 0.034* 0.303*

 At intervention 2 – – 0.022* – – −0.015 6.704* – 0.054

 Trend after inter-
vention 2

– – 0.001 – – −0.007* −0.413* – 0.073

 At intervention 3 0.027* 0.002 −0.012 0.101* – −0.006 −0.144* −1.348* −4.665

 Trend after inter-
vention 3

−0.000 0.001 −0.001 0.008* – 0.005* −0.062 −0.778* −0.451*

 General trend 
after all levels 
of intervention

0.001 0.002 0.0002 0.01* 0.055* −0.0004* −0.174* −0.043* −0.074

 Sub-country 
level

Kerala Kathmandua Abuja North Santander Nuevo León Daegu Lombardy Baden–Württem-
berg

Västra Götaland

 Baseline trend 7.78 ×  10–6 – 0.001 0.003* 0.002* 0.027 0.335* 0.003* 0.018*

 At intervention 1 – – 0.006 – –0.013 0.696* 28.27* 2.596* 0.146

 Trend after inter-
vention 1

– – −0.001 – 0.015* −0.009 −0.679* −0.01 0.271

 At intervention 2 – – – – – – – – −0.949

 Trend after inter-
vention 2

– – – – – – – – −0.248

 At intervention 3 −0.001 – −0.037 −0.035 – −0.745* −4.803 −1.633* –

 Trend after inter-
vention 3

0.002 – 0.009 −0.005 – −0.036* 0.019 0.026 –

 General trend 
after all levels 
of intervention

0.002 – 0.008 −0.002 0.017* −0.018* −0.325* 0.02 0.041
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that containment measures, particularly when initi-

ated early, could reduce the progression of the disease 

transmission (Italy) [21], reduce the basic reproduction 

number  R0 from 2.3 to 0.15 (India) [36], and delay the 

peak of the epidemic by 3 days in modelling studies [29, 

35]. A combination of containment measures is more 

effective, leading to a reduction of secondary cases by 

90 to 99% in South Korea [25]. In Spain and Italy, par-

ticularly the second intervention, when added to the 

first one, led to the reduction of infections [34]. How-

ever, the lockdown of mild and asymptomatic cases 

alone did not have much effect in modelling studies 

[32], and prolonged lockdown beyond 42 days did not 

have an additional benefit (India) [31]. Furthermore, 

fever checking in airports needs a very high coverage to 

be effective, particularly considering all asymptomatic 

arrivals [35]. Finding from our review came to the same 

conclusion—that containment measures ware effec-

tive in reducing the transmission dynamics, but only in 

HICs and only minimal in LMICs.

Wealth and disease burden

Our participant countries represented a range of 

income groups whereby Germany, Sweden, South 

Korea, and Italy belong to the high-income category in 

contrast to the LMIC group, which engulfs the rest of 

the countries. �e country’s wealth status has appar-

ent implications, which is reflected in the distribution 

of the cumulative infection and death rates (Fig.  2). 

Higher income nations displayed a sharp increase of 

both infection and death rates at the early stages of the 

pandemic, which slowed down 4 to 6 weeks later, with 

the exception of Sweden which had a less-pronounced 

decline due to the “relaxed” containment policy. Among 

the LMICs, the increase of infections was stiffer and 

started earlier in time and continued throughout with-

out reaching the peak during the observation period. 

�is difference warrants further investigation.

Fig. 6 Infection rates by the stringency index in India, South Korea, Italy, and Sweden



Page 14 of 16Jang et al. BMC Infect Dis         (2021) 21:1032 

Assessing the containment measures in LMICs and HICs

�e SI as a summary measure of the different compo-

nents of the containment strategies implemented over 

time revealed the following (Fig. 4). High and long last-

ing SIs were found particularly in LMICs (India, Nepal, 

and Colombia) and lower SIs and/or shorter duration 

were observed in HICs, particularly in Sweden, South 

Korea, and Germany. Mobility data (Fig.  3) reflecting 

the compliance of people with the lockdown measures 

also seem to show that populations in LMICs were 

more compliant than those in HICs.

In South Korea, Germany, and Italy, the contain-

ment measures were successful in reducing infection 

rates and deaths, particularly when several restrictions 

were combined. In Sweden, the effect was also present 

but not statistically significant, which is explained by 

the minimal changes of lifestyle during the epidemic. 

Conversely, the effect in LMICs was disappointing in 

relation to strict containment measures imposed, par-

ticularly in India, Nepal, and Colombia. Despite the fact 

that peoples’ compliance with the measures appears 

satisfactory, these countries have achieved minimal and 

only temporary reduction of infection rates or deaths. 

Also at the sub-country level, no apparent or sustained 

success could be observed. For instance, in Kerala, 

India, containment measures were particularly strict 

but only a minimal transient effect on transmission 

reduction could be observed.

Likely causes for the unsuccessful containment measures 

in LMICs

Data from LMICs are usually less reliable than those 

from HICs. Systematic testing is rarely being done, not 

even in symptomatic cases, and the number of infec-

tions and deaths is mainly health service based. How-

ever, the information on the sharp increase of new 

infections and deaths is worrying enough although the 

real burden is most likely to be much higher.

We assume that the high proportion of people work-

ing in the informal economic sector, particularly those 

in vulnerable employments (India, 74.5% vs. Germany, 

5.7%), explains why lockdown measures are impos-

sible to comply with in poverty areas. “No work, no 

food” illustrates that the majority of people in these 

areas cannot afford to stay at home. �is is not cap-

tured by our human mobility analysis which rests on 

the ownership of a smart phone and does not reflect the 

movements of the poor. In other words: the lockdown 

measures are not followed by a large population seg-

ment which drives the virus transmission.

Comparison with similar studies from across the world

�e additional literature search after completing the 

scoping review and the analysis of data at the earlier 

stages of the pandemic added the following informa-

tion: A study including 41 countries showed that con-

tainment measures including non-pharmaceutical 

interventions were effective in reducing Covid-19 

transmission, with some measures greater than others 

[39]. A recent study from India found that the time-

varying reproduction number (R (t)) was reduced in 

several states as a result of various containment meas-

ures [40]. It was shown that the reproduction number 

increases with higher population density as it facilitates 

the transmission of the virus. �us, mobility restric-

tions could markedly bring down the COVID-19 spread 

in densely populated regions (see also Table 1 on pop-

ulation density) [41, 42]. However, such restrictions 

could not be implemented for a long period in LMICs, 

where the proportion of people belonging to the infor-

mal sector is high, as discussed above.

Other studies showed the impact of containment on 

mobility. A study by Barbieri et  al. found in ten coun-

tries a decrease of private mobility during the first wave 

of the pandemic [43]: people abstained from walk-

ing (11.3% reduction in Iran), cycling or driving a car 

(10.2% and 13.7% reduction, respectively in Ghana). 

Also, the use of public transportation decreased the 

most significantly in Iran (18.7% less use of trams) 

and Australia (7.2% less use of trains) and Norway 

(decreased use of buses, −19.4%, and airplanes, −4.9%).

Another recent study which summarized guid-

ance for low-income countries said that authorities in 

African countries could learn from China to improve 

emergency responses to pandemics, be more proac-

tive, and be committed to planning and performing 

long-term plans for coming pandemics. Furthermore, 

there should be a promotion of hygiene and public par-

ticipation as a routine application in all communities in 

Africa. Liaising with medically sophisticated countries 

will facilitate real-time information, assuring that gaps 

between advanced countries and LMIC like Africa are 

reduced. African countries should also increase their 

capacities to make their anti-epidemic elements such as 

personal protective equipment and testing kits to flat-

ten the curve [44].

�ese study results were in line with the results of the 

here presented study (reduced mobility during the lock-

down, population density as a risk factor for COVID-19 

spread), but did not distinguish between rich and poor 

countries.
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Study limitations
�is study has utilized existing records of national and 

sub-national infection and death cases as reported by 

established sources [7–14], including the pragmatic 

measure of SI and Google mobility data as described 

elsewhere [16, 18]. Just like the case of data reporting 

for other diseases, the authors acknowledge the possi-

ble incorrect disease classification of diagnosis particu-

larly in LMICs including the frequent underreporting 

of mortality and morbidity data. However, information 

sources in the current study have been most useful in 

several recent epidemiological studies. In addition, the 

SI is deemed as a novel index to be applied in research, 

but our results suggest plausible interpretations of this 

index which appear to follow what was expected in the 

corresponding countries. Since the Google mobile data 

is prone to several limitations as acknowledged by their 

providers [18], we attempted to interpret this informa-

tion more cautiously and only integrated their records 

in the descriptive statistics to aid the study discussion.

Conclusion
Compared to HICs, the transmission dynamics seem to 

follow different paths in LMICs requiring different and 

more context-specific strategies in order to contain the 

spread of the virus and protect the most disadvantaged 

societies. �is is certainly a novel challenge for the global 

health community and experiences from local settings 

will likely help to shape national and global policies and 

find new ways of dealing with the COVID-19 pandemic 

and its disastrous impact on peoples` lives.
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