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Results

Conclusions

Objectives

⚫ Provide evidence that NPIs can be used to facilitate the effective containment 

of COVID-19 

⚫ Evaluated the NPIs effectiveness and the potential lag times

⚫ Within the context of variants spreading and vaccination

Introduction

Materials and Methods

Figure 1. Key events during the progression of the pandemic in the United 

Kingdom and India.

Figure 2. Effects of the stringency and lag times School and Workplace closing 

(C1–C2) in eight different countries

Characteristic Australia Japan Israel
United 
Kingdom

United 
States

South Korea Singapore India

Population in millions 25.5 126.5 8.65 67.9 331.0 51.27 5.85 1380.0

Population density per km2 3.202 347.778 402.606 272.898 35.608 527.967 7915.731 450.419

Age 70 years or older (%) 10.129 18.493 7.359 12.527 9.732 8.622 7.049 3.414

GDP per person (USD) 44,648.71 39,002.22 33,132.32 39,753.24 54,225.45 35,938.37 85,535.38 6,426.674

Extreme poverty (%) 0.5 - 0.5 0.2 1.2 0.2 - 21.2

Hospital beds per thousand 3.84 13.05 2.99 2.54 2.77 12.27 2.4 0.53

Life expectancy (years) 83.44 84.63 82.97 81.32 78.86 83.03 83.62 69.66

Human development index 0.944 0.919 0.919 0.922 0.926 0.916 0.938 0.645

GHS 75.5 59.8 47.3 77.9 83.5 70.2 58.7 46.5

Start date of vaccination 
(dd/mm/yy)

22/2/21 17/2/21 19/12/20 3/1/21 20/12/20 25/2/21 11/1/21 15/1/21

Initial vaccine
Pfizer/AstraZ
eneca

Pfizer Pfizer Pfizer Pfizer
Pfizer/AstraZ
eneca

Pfizer/Sinova
c

AstraZeneca/
Covaxin

Table 1. Basic characteristics of the different countries

1.Selected countries

2. Data source

⚫ The lag time for vaccination was 40 days, during which a rebound of the

epidemic is most likely.

⚫ The lag time for NPIs was 14 days, and the combined use of school closure,

workplace closure, restrictions on mass gatherings, and stay-at-home

requirements policies had significant effects in containing the COVID-19

pandemic.

⚫ Moreover, despite the long lag time of vaccination, the presence of variants,

and the failure to achieve herd immunity, vaccination was highly effective.

Thus, NPIs remain necessary to prevent continued spread with current

vaccine coverage.

3. Statistical analysis

Multiple public health measures and large nationwide COVID-19 vaccination

campaigns were implemented in an effort to control this pandemic because SARS-

CoV-2 is highly contagious and effective treatments are not available. Remarkable

effectiveness of NPIs in controlling the COVID-19 pandemic has been confirmed,

however, these studies mainly focused on the early pandemic without considering

the subsequent vaccination and the rapid evolution and increasing number of VOCs.

Therefore, in this study, we evaluated the NPIs effectiveness and the potential lag

times during the whole course of pandemic within the context of variants

spreading and vaccination in eight representative countries.

The coronavirus disease 2019 (COVID-19), caused by SARS-CoV-2, has

spread throughout the world since its initial identification in December

2019, and has had devastating effects in many countries.

Eight policy responses (C1-C8) and stringency index of several levels were

from open-access Oxford COVID-19 Government Response Tracker (OxCGRT).

Basic information on the COVID-19 epidemics in the eight countries were from

publicly available data sources. The start dates and coverage of COVID-19

vaccinations were from official reports in each country.

⚫ A distributed lag non-linear model (DLNM) was constructed for each country

to calculate the impacts of the eight different policies (C1–C8) on the daily

reproduction rate (RR), and to estimate the lag time— time from the initiation

of an action to an observable effect — for each policy.

⚫ Rt for each country was estimated based on a traditional Susceptible,

Infectious, Recovered (SIR) model. Standard Kalman-filtering was used to

smooth out the noise in the observed growth rate of total cases.

⚫ Changes with time in four effective policies, 14-day lag time of NPIs, 40-day

lag time of vaccination, daily new cases, effective reproduction number (Rt)

and major VOCs were plotted. These provide clear illustrations of impacts of

NPIs and vaccination, and the appropriateness of the lag times was assessed.

⚫ In the early stages of the pandemic, the governments implemented a large

number of containment measures. Which ones are effective?

⚫ After implementing the containment measures, how long does it take to show

the effectiveness?

⚫ Are containment measures and vaccines still effective after the spreading of the

variant?

Questions


