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Objectives: To estimate the effect of early application of social distancing interventions on Covid-19 cu- 

mulative mortality during the first pandemic wave. 

Methods: Ecological longitudinal study using multivariable negative binomial regression for panel data. 

Daily numbers of Covid-19 cases and deaths, and data on social distancing interventions, for the 37 mem- 

ber countries of the Organization for Economic Cooperation and Development (OECD) were analysed. 

Results: Covid-19 cumulative mortality over the first pandemic wave varied widely across countries 

(range, 4.16 to 855 deaths per million population). On average, one-day delay in application of mass 

gatherings ban was associated with an adjusted increase in Covid-19 cumulative mortality by 6.97% (95% 

CI, 3.45 to 10.5), whilst a one-day delay in school closures was associated with an increase of 4.37% (95% 

CI, 1.58 to 7.17) over the study period. We estimated that if each country had enacted both interventions 

one week earlier, Covid-19 cumulative mortality could have been reduced by an average of 44.1% (95% CI, 

20.2 to 67.9). 

Conclusions: Early application of mass gatherings ban and school closures in outbreak epicentres was 

associated with an important reduction in Covid-19 cumulative mortality during the first pandemic wave. 

These findings may support policy decision making. 

© 2020 The British Infection Association. Published by Elsevier Ltd. All rights reserved. 
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ntroduction 

The World Health Organization (WHO) officially declared coro- 

avirus disease 2019 (Covid-19), the infection caused by severe 

cute respiratory syndrome coronavirus 2 (SARS-CoV-2), a pan- 

emic on 11 March 2020 1 . After having spread outside the bor- 

ers of China, the disease has caused more than 34 million con- 

rmed cases and approximately one million deaths as of 1 Octo- 

er 2020 1 . Although the Chinese health authorities officially re- 

orted an outbreak of a new type of pneumonia in the Wuhan 

egion on 31 December, SARS-CoV-2 was circulating in this area 

s early as end of November, with the first official case diagnosed 

n 1 December 2019 2 . Due to this delay, international travel re- 
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trictions were ineffective and may have contributed to a short- 

ge of medical supplies 3 , hence viral spread to highly connected 

ountries could not be avoided 

4 . Although some countries were 

iolently struck by the pandemic in early March 

5 , 6 , international 

pread was very heterogeneous during the initial phase. In the ab- 

ence of a vaccine and effective pharmacological treatments, gov- 

rnments started to progressively enact a wide spectrum of pub- 

ic health interventions, including physical and social distancing, to 

void uncontrolled viral circulation and excess mortality 7 . The in- 

erventions ranged from social distancing encouragement, use of 

outh/face coverings and restrictions on public gatherings, to cur- 

ew and stay-at-home orders, especially in countries displaying an 

xponential trend of cases and deaths 5–8 . 

Observational and modelling studies have shown that most so- 

ial distancing interventions significantly reduce incidence of new 

ovid-19 cases and deaths by comparing the observed epidemic 
eserved. 

https://doi.org/10.1016/j.jinf.2020.11.033
http://www.ScienceDirect.com
http://www.elsevier.com/locate/jinf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2020.11.033&domain=pdf
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urves with alternative scenarios assuming linear or exponential 

rowth in the case of absence of such interventions 9–13 . Given the 

urrent evidence, it is plausible to assume that countries apply- 

ng interventions at an earlier stage of the national epidemics may 

ave been able to keep the viral spread below a certain growth 

hreshold 

11 . Nonetheless, whether a more effective containment of 

he epidemic at the initial stage is associated with reduced Covid- 

9 cumulative mortality over longer periods still remains to be as- 

ertained. 

The aim of the current study was to evaluate the effect of early 

ocial distancing interventions on Covid-19 cumulative mortality 

uring the first pandemic wave. In particular, we estimated the ef- 

ect of the timing of widely applied interventions, such as mass 

atherings ban and school closures, in outbreak epicentres across 

 set of countries with different characteristics and magnitude of 

he spread. Our findings may support policy decision making as 

overnments prepare for upcoming epidemic waves. 

aterials and methods 

We have conducted an analysis of longitudinal data on the 37 

ember countries of the Organization for Economic Cooperation 

nd Development (OECD) between 1 January and 30 June 2020, 

hat is six months observation time for each country. Our aim 

as to estimate the impact of early social distancing interventions 

n Covid-19 cumulative mortality during the first pandemic wave, 

iven that each country has enforced interventions at a different 

hase of their national epidemics. To build a meaningful model of 

ortality, we have considered the timing of application of inter- 

entions in respect to the date that the first Covid-19 death was 

otified in each individual country (t 0 ), and have adjusted for the 

umulative burden of Covid-19 cases up to the same date, and for 

ovariates expressing demographic, geographic and healthcare fea- 

ures of individual countries. 

ocial distancing interventions 

We obtained data regarding the timing and nature of social 

istancing interventions enforced by each one of the 37 OECD 

ountries during the observation period (1 January to 30 June 

020). The source of data was the Oxford Covid-19 Government 

esponse Tracker 7 , cross-checked with the Covid-19 Health Sys- 

em Response Monitor ( www.covid19healthsystem.org ), the Euro- 

ean Union Agency for Fundamental Rights (fra.europa.eu), the Im- 

erial College 13 , and national institutional websites. We collected 

ongitudinal data regarding social distancing interventions includ- 

ng closure of schools and workplaces, restrictions on mass gather- 

ngs (a combination of ban of public events and restriction on the 

umber of people gathering in the same place), stay-at-home or- 

ers, curfew, and restrictions regarding travelling abroad and other 

ypes of travel inside the country. Information was abstracted in- 

ependently by two investigators using a standardised extraction 

orm and compared to ensure data accuracy. Since most of these 

easures are closely related and were implemented within a short 

ime period in most countries, it was decided that the study would 

ocus on the effect of the timing of two early social distancing in- 

erventions: school closures in national outbreak epicentres (i.e., 

reas surrounding emerging outbreaks), and mass gatherings ban 

i.e., more than 10 0 0 people) including any ban of large public 

vent. These two measures were widely applied for long periods 

f time in countries with different Covid-19 mortality and charac- 

eristics, and allow for a broader generalisability of the findings. 

For each individual country, we evaluated the timing of each 

ntervention independently, as the difference in days between the 

ate that the first Covid-19 associated death was registered (t 0 ) 

nd the date of application. An additional variable was derived for 
134 
ach social distancing intervention by adding a relevant lag-period 

o allow for any potential effects on daily Covid-19 mortality (see 

tatistical analysis section) 9 . In each country, t 0 was set to the day 

hat the first Covid-19 associated death was registered: it provides 

 reliable reference date for the start of the national epidemics in 

omparison with the date that the first cases were notified, which 

s vastly biased by diagnostic capacity. Two countries (Japan and 

urkey) did not ban mass gatherings, while one country (Sweden) 

id not close schools during the observation period. These coun- 

ries were excluded from the analyses concerning the timing of in- 

erventions. 

ovariates 

Individual-country characteristics were screened to be included 

n our multivariable model as covariates, to assess the independent 

ssociation of the interventions of interest with Covid-19 mortality. 

rimary data sources were the World Bank (data.worldbank.org), 

he OECD (data.oecd.org), and national institutional websites. 

Adequate diagnostic capacity is the first necessary step to face 

pidemics. Individual countries’ testing capacity in the initial phase 

f the pandemic was unavailable, or unreliable, for several coun- 

ries. For this reason, we computed the Covid-19 cumulative inci- 

ence of confirmed cases up to the day in which the first Covid-19 

eath was registered in each country (t 0 ) by considering officially 

egistered cases. This variable is an effective proxy for early testing 

nd diagnostic capacity of individual countries, while also being 

ssociated with the initial magnitude of viral spread. 

Demographic characteristics are associated with Covid-19 prog- 

osis 14 , and potentially with the effectiveness of certain interven- 

ions; hence, we collected the proportion of the population over 65 

ears, 15 to 64 years, and less than 15 years of age. Additionally, 

he proportion of Covid-19 cases who were more than 65 years 

ld and the male-to-female ratio were collected from national in- 

titutional reports. The proportion of the population living in urban 

r rural areas and population density were collected, as they may 

e associated with a higher individual chance of contagion and 

ith the effectiveness of certain measures. The proportion of daily 

mokers and the proportion of overweight and obese inhabitants 

ere also collected, as these factors may affect Covid-19 severity 

nd mortality 15 , 16 . 

To account for healthcare capacity and access to healthcare 

cross different countries, we have considered: the number of hos- 

ital beds per 10 0 0 population, the poverty gap and income in- 

quality indices and the governmental health spending per capita. 

It is believed that the initial international spread outside of 

hina occurred in areas with frequent transport links to this coun- 

ry 3 , hence potentially relevant travel-related indices, such as the 

umber of air passengers carried annually and the number of in- 

ernational tourism arrivals and departures, were collected. We 

onsidered the “island status” of each individual country, as it is 

ssumed that people can move to these countries only through air 

r naval transportations. These variables may contribute to explain 

he baseline level of national epidemics. Since we assumed that 

ost countries adopted effective interventions and achieved con- 

ainment over a certain period of time, we hypothesized that the 

aseline level of the national epidemic is an important factor to 

xplain the heterogeneity in Covid-19 cumulative mortality across 

ountries during the first pandemic wave. 

tatistical analysis 

The outcome variable was the daily number of Covid-19 deaths 

n each country as reported by the WHO. However, in some coun- 

ries a negative number of Covid-19 deaths was reported in cer- 

ain days due to government recalculation, hence we considered 

http://www.covid19healthsystem.org
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he closest integer value of the 7-days moving average as the out- 

ome variable. The denominator for estimating mortality was the 

fficial country population in 2018. Since social distancing inter- 

entions are not expected to have an immediate effect on mortal- 

ty, we have considered their timing (and the interaction terms) 

n respect to t 0 with the addition of relevant lag-times. A median 

ag-time of 5 days from exposure to symptom onset, 17 and of 17 

ays from symptom onset to death 

9 , 18 was assumed. However, for 

chool closures an additional period of 4 days to allow child-to- 

dult transmission was considered, assuming a possible infection 

t the asymptomatic stage 9 . In summary, the lag-times adopted in 

he main analysis were 22 days for mass gatherings ban, and 26 

ays for school closures. 

To build the multivariable model for Covid-19 mortality, we em- 

loyed negative binomial regression analyses for longitudinal data 

sing generalized estimating equations with log link function 

19 . In 

he model specification, we took into account clustering by coun- 

ry and used Huber-White standard error estimators which are ro- 

ust to misspecifications regarding the within-country correlation 

tructure and the assumption of covariance across countries 20 . The 

atural logarithm of the population size was included in the equa- 

ion as an offset. The following equation was used: 

n ( Y i ) = β0 + β1 ( γi ) + β2 ( σi ) + β3 ( x 1i ) + β4 ( x 2i ) + β5 (ln ( x 3i ) 

+ β6 ( x 4i ) + β7 (ln ( x 5i ) + β1 ( β2 ) + β8 ( β7 ) 

+ β1 ( β9 ) + β5 ( β6 ) + β6 ( β7 ) +ln ( populatio n i ) 

here Y is the daily number of Covid-19 deaths in country i ; γ is 

he timing of mass gatherings ban [i.e., the number of days elapsed 

rom the day of the first death (t 0 ) until the enforcement of re-

trictions on mass gatherings in country i ] plus a lag-time of 22 

ays; σ is the timing of school closures (i.e., the number of days 

lapsed from t 0 until the first school closures in outbreak epicen- 

res in country i ) plus a lag-time of 26 days; x 1 is the percentage

f the population living in urban areas; x 2 is the number of hos- 

ital beds per 10 0 0 population; x 3 is the number of air transport

assengers carried annually; x 4 is a binary variable taking value 1 

f country i is an island (i.e., people can move to country i only 

hrough air or naval transportations); x 5 is the Covid-19 cumula- 

ive incidence of cases at t 0 per million population. 

The equation includes the interaction effect between the tim- 

ng of each intervention [ β1 ( β2 )]; the interaction effect between 

he percentage of the population between 15 and 64 years of age 

where β8 is the direct effect of this variable) and the Covid-19 

umulative incidence of cases at t 0 expressed as natural logarithm 

 β8 ( β7 )]; the interaction effect between the timing of mass gath- 

rings ban and the natural logarithm of the population density in 

ountry i (where β9 is the direct effect of this variable) [ β1 ( β9 )]; 

he interaction effect between β6 (the coefficient of the binary 

ariable x 4 , which takes value 1 if country i is an island) and the

umber of annual air transport passengers [ β5 ( β6 )]; and the inter- 

ction effect between β6 and the Covid-19 cumulative incidence of 

ases at t 0 expressed as natural logarithm [ β6 ( β7 )]. 

Concerning variable x 4 , South Korea was considered as an is- 

and since importing foreign Covid-19 positive cases from other 

eighbouring countries without naval or air transportation was 

onsidered unfeasible and, at the beginning of the observation pe- 

iod, there were no Covid-19 confirmed cases in this country. 

Potential effects associated with subsequent lifting of the two 

ocial distancing interventions occurred outside the study period, 

ence are not considered. Only in four countries, schools were re- 

pened toward the end of the observation period with mandatory 

ocial distancing measures, but, after considering the lag-time, the 

ffective period in which this could have affected Covid-19 mortal- 

ty was so short that any potential effect was deemed negligible. 
135 
To build the model we have used a stepwise approach, with 

ntry and removal criteria specified at a p value of < 0.20 as well 

s the consensus opinion of a group of public health experts and 

ethodologists. All the interaction terms included in the model 

ere significant at a p value of < 0.05. After reaching the final 

odel, the average marginal effect considering the other covari- 

tes at their means was computed for each independent variable 21 . 

he marginal effect (in terms of adjusted predicted relative change) 

an be interpreted as the average percent increase (average linear 

coefficient) in one unit of variable x i on the outcome variable 

Covid-19 mortality) taking into account the full model including 

nteraction terms and approximating the effect of variable x i on 

he outcome variable as linear 21 , 22 . This provides a more substan- 

ive and practical picture of the results of a statistical model, espe- 

ially when several interaction terms render the interpretation of 

he fitted β coefficient unfeasible 21 . 

The epidemiological relevance of each independent variable 

n the final model was verified by computing and plotting the 

arginal effect of each continuous variable on Covid-19 mortal- 

ty to also allow readers to observe non-linear associations 21 , 23 . To 

urther verify the fitted model, we plotted the number of deaths in 

ach country during the entire period of observation (as observed) 

gainst those predicted by the model. 

Since the outcome variable of a negative binomial model is 

eath count, in order to have interpretable results, we converted 

he results into predicted Covid-19 cumulative mortality. The main 

esults are reported in terms of adjusted predicted relative change 

n Covid-19 cumulative mortality per million population over the 

bservation period. We used model parameters to estimate the 

ariation of the predicted marginal Covid-19 cumulative mortality 

n case of multiple alternative scenarios assuming different tim- 

ng of application of each single intervention as compared to the 

bserved dates. As sensitivity analyses, we used model parame- 

ers to estimate the relative change in Covid-19 cumulative mor- 

ality according to timing of interventions in countries with low 

s high (i.e. the cut-off value equals the median) Covid-19 cumu- 

ative incidence of cases at t 0 , percentage of the population living 

n urban areas, number of hospital beds and number of annual air 

assengers considering the other covariates at their means. Unad- 

usted analyses comparing the timing of social distancing interven- 

ions across different groups were conducted using the two-sample 

ann-Whitney U test. We performed the analyses using STATA ver- 

ion 15.0 (Stata Corp., College Station, TX, USA) and two-sided p 

alues of < 0.05 were considered statistically significant. 

ensitivity analyses around the lag-time 

Although the lag-times we used to fit the model of mortal- 

ty have been already employed in the literature 9 , 17 , these are es- 

imated median times. To examine the robustness of the main 

ndings, we have conducted sensitivity analyses by using 5-days 

horter (i.e. 17 days for restrictions on mass gatherings, and 21 

ays for those on schools) and 5-days longer lag-times (i.e. 27 

ays for restrictions on mass gatherings, and 31 days for those on 

chools) with respect to the main analyses. 

atient and public involvement 

The current study did not involve patients and the public di- 

ectly, as their involvement was not considered feasible. How- 

ver, the main findings will be widely disseminated through of- 

cial (press release, institutional websites, and repositories), per- 

onal and social media. 
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Table 1 

Country characteristics by coronavirus disease 2019 (Covid-19) cumulative mortality during the first pandemic wave (from January 1 to June 30, 2020). 

Country 

Covid-19 

cumulative 

mortality 

(per million 

population) 

Time to 

reach the 

peak 

mortality 

from t 0 
a 

(days) 

Timing of 

mass 

gatherings 

ban b (days) 

Timing of 

school 

closures b , c 

(days) 

Hospital 

beds (per 

10 0 0 

population) 

Aged 15–64 

(% of the 

population) 

Urban areas 

(% of the 

population) 

Annual air 

passengers 

(natural 

log) 

Density 

(population 

per km 

2 ) 

Covid-19 

cumulative 

incidence 

of cases at 

t 0 
a (per 

million 

population) 

Countries with low Covid-19 cumulative mortality (1st and 2nd quartiles) 

Median (IQR) 30.5 (7.69 

to 52.2) 

26 (19 to 

36) 

−8 ( −13 to 

−2) 

−6.5 ( −13 

to −4) 

4.50 (3.53 

to 6.54) 

65.3 (64.0 

to 66.3) 

80 (68 to 

86) 

16.2 (15.2 

to 17.3) 

45.0 (18.0 

to 113) 

87.6 (3.48 

to 134) 

Australia 4.16 37 + 14 + 15 3.84 65.5 86 18.1 3.00 1.16 

New Zealand 4.50 17 −13 −6 2.57 65.4 87 16.7 18.0 98.0 

Slovakia 5.14 16 −26 −30 5.70 68.5 54 8.98 113 98.8 

South Korea 5.46 36 + 1 −17 12.4 72.8 81 18.3 529 2.05 

Japan 7.69 71 NA + 18 13.0 59.7 92 18.7 347 0.28 

Latvia 15.6 19 −22 −22 5.49 64.0 68 15.2 31.0 257 

Greece 17.8 22 −3 −13 4.20 63.7 79 16.5 83.0 9.42 

Lithuania 27.8 26 −8 −7 6.43 65.2 68 10.2 45.0 25.3 

Iceland 28.3 16 −4 −4 2.83 66.7 94 15.9 4.00 1164 

Czech Republic 32.7 21 −13 −12 6.62 64.8 74 15.6 15.6 110 

Israel 36.0 30 −16 −8 2.98 60.0 92 15.8 410 80.5 

Poland 37.6 47 −2 0 6.54 67.6 60 16.0 124 1.38 

Norway 46.9 31 −1 0 3.53 65.3 82 16.3 15.0 142 

Estonia 52.2 12 −1 −20 4.57 64.0 69 10.4 30.0 307 

Slovenia 53.6 24 −13 −6 4.43 65.3 55 13.9 103 134 

Finland 59.5 32 −9 −5 3.61 62.3 85 16.4 18.0 94.8 

Hungary 59.9 38 −4 −4 7.01 66.3 71 17.3 108 3.48 

Colombia 62.3 NA −11 −7 1.71 66.1 81 17.3 45.0 4.01 

Countries with high Covid-19 cumulative incidence of death (3rd and 4th quartiles) 

Median (IQR) 297 (152 

to 522) 

39 (31 to 

49) 

+ 1 ( −4 to 

+ 8) 

+ 1 ( −2 to 

+ 6) 

2.97 (2.52 

to 4.63) 

65.4 (64.0 

to 66.7) 

80 (74 to 

88) 

17.6 (16.4 

to 18.5) 

112 (65.0 

to 237) 

9.26 (0.96 

to 43.8) 

Turkey 62.8 34 NA −2 2.85 67.9 75 18.6 107 2.40 

Austria 79.5 28 −2 −2 7.27 66.8 58 16.4 107 41.1 

Denmark 104 23 −9 −2 2.6 64.0 88 15.7 138 150 

Germany 108 41 + 3 −12 8 65.0 77 18.5 237 13.8 

Portugal 152 26 −5 −1 3.45 64.6 65 16.7 112 43.8 

Luxembourg 181 28 −4 + 3 4.26 69.5 91 14.6 250 65.8 

Switzerland 197 31 −6 + 8 4.63 66.6 74 17.2 215 23.9 

Mexico 213 100 + 5 −6 0.98 66.3 80 18 65.0 0.96 

Canada 230 57 + 1 + 1 2.52 66.7 81 18.3 4.00 2.56 

Chile 297 84 −5 −5 2.06 68.7 88 16.8 25.0 23.3 

Netherlands 354 32 + 4 + 6 3.17 65.0 91 17.6 511 7.54 

Ireland 357 44 + 1 + 1 2.97 65.4 63 18.9 71.0 9.26 

USA 386 49 + 8 + 6 2.87 65.4 82 20.6 36.0 0.34 

France 444 53 + 14 + 30 5.91 62.1 80 18.1 122 0.19 

Sweden 522 39 −4 NA 2.14 62.4 87 16.3 25.0 98.1 

Italy 575 39 + 16 0 3.14 64.0 70 17.1 205 0.25 

Spain 607 46 + 26 + 25 2.97 65.8 80 18.2 94.0 0.09 

United 

Kingdom 

656 37 + 9 + 16 2.46 63.8 83 18.9 275 2.48 

Belgium 855 32 + 0 + 6 5.58 64.2 98 16.4 377 44.2 

Abbreviation: NA, not available. 
a t 0 is the calendar day of notification of the first Covid-19 death in each country. 
b expressed in days from t 0 (negative counts mean that the intervention was enforced earlier). 
c school closures in national outbreak epicentres. 
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During the first pandemic wave (January 1 to June 30, 2020), 

ovid-19 cumulative mortality varied widely across the 37 OECD 

ountries, ranging from 4.16 per million population in Australia to 

55 per million population in Belgium ( Table 1 ). The first Covid-19 

eath, in each country, occurred between February 13 and April 7, 

020. The peak incidence was reached after a median of 32 days 

rom the day the first Covid-19 death was registered in each coun- 

ry (t 0 ) with heterogeneous shapes of the epidemic curves ( Fig. 1 ).

Covid-19 cumulative incidence of confirmed cases at t 0 varied 

rom < 1 to 1164 cases per million population reflecting drastically 

ifferent testing and diagnostic capacities, and magnitude of the 

pidemic in the initial phase. Country characteristics by Covid-19 

s

136 
umulative mortality are presented in Table 1 . There was a very 

ide variability in population density and in annual air passengers 

arried in each country. There was less variability in the propor- 

ion of the population living in urban areas and in the proportion 

f the population 15 to 64 years old. The length of the ascending 

hase, expressed as number of days from t 0 to peak daily mortal- 

ty, varied across countries (median, 32; IQR, 25–42.5) and was a 

edian of 13 days longer amongst countries showing high Covid- 

9 cumulative mortality ( p = .005), Table 1 . 

iming of social distancing interventions 

The interventions of interest were: mass gatherings ban and 

chool closures in national outbreak epicentres. Countries enforced 
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Fig. 1. Epidemic curves showing Covid-19 daily mortality (as 7-days moving aver- 

age) in the 37 countries of the Organization for Economic Cooperation and Devel- 

opment, from the calendar day of notification of the first Covid-19 death in each 

country (t 0 ) until 30 June 2020. Each epidemic curve was aligned at t 0 . Countries 

showing the highest peak of Covid-19 daily mortality were: Belgium, Spain, France, 

Ireland, and UK. 
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Fig. 2. Graph comparing the observed number of Covid-19 deaths up to 30 June 

2020, across the 34 countries having applied mass gatherings ban and school clo- 

sures in national outbreak epicentres, with the number of Covid-19 deaths as pre- 

dicted through multivariable negative binomial regression using generalised esti- 

mating equations. 
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he mass gatherings ban a median of three days before t 0 (median, 

3; IQR, −9 to + 3), and the first school closures a median of two

ays before t 0 (median, −2; IQR, −7 to + 4.5), Table 1 . 

Unadjusted analyses showed that countries with a high Covid- 

9 cumulative mortality over the first wave enforced mass gather- 

ngs ban a median of 9 days later and started to close the first 

chools a median of 7.5 days later than countries with a lower 

umulative mortality ( p = .003 and p = .001, respectively). Coun- 

ries with a long ascending phase (based on the median) enacted 

ass gatherings ban a median of 9 days later and enacted the first 

chool closures a median of 6.5 days later than countries with a 

hort ascending phase ( p < .001 and p = .007, respectively). 

djusted analyses 

According to our model, each one-day increase in the timing of 

ass gatherings ban was associated, on average, with an adjusted 

redicted relative change (PRC) of + 6.97% (95% CI, + 3.45 to + 10.5)

n Covid-19 cumulative mortality over the study period. Each one- 

ay increase in the timing of school closures was instead associ- 

ted, on average, with a PRC of + 4.37% (95% CI, + 1.58 to + 7.17). 

In an alternative scenario analysis derived from the model, we 

stimated that if each country had enacted both these interven- 

ions one week earlier, the predicted Covid-19 cumulative mortal- 

ty of the first pandemic wave would have been reduced by an av- 

rage of 44.1% (95% CI, 20.2 to 67.9). Similarly, one-week delay in 

he enforcement would have resulted in an estimated predicted in- 

rease I Covid-19 cumulative mortality by an average of 56.7% (95% 

I, 20.4 to 93.1). Multiple alternative scenarios assuming different 

iming of each individual intervention are presented in Table 2 . 

The relative change in Covid-19 cumulative mortality due to 

ach social distancing measure was significantly modified by the 

iming of the other intervention (i.e. negative interaction term, 

ata not shown). The effect of timing of mass gatherings ban 

as significantly increased by population density. The adjusted 

redicted Covid-19 cumulative mortality was higher in highly ur- 

anised countries, those with a high number of airport passengers, 

nd a high Covid-19 cumulative incidence of cases at t 0 , while it 

as lower in island countries and in countries with a high num- 

er of hospital beds per 10 0 0 population (suggestive evidence). 

e present the plot of observed vs. predicted number of Covid- 
137 
9 deaths for countries having applied mass gathering bans and 

chool closures in national outbreak epicentres in Fig. 2 . We report 

he marginal effect of the timing of each intervention and of each 

ovariate, by means of adjusted PRC, in Table 3 . Finally, we present 

he plots of the marginal adjusted predictions, corresponding to 

he timing of each intervention and to each continuous covariate, 

n Fig. 3 . 

The effect of the timing of social distancing interventions on 

ovid-19 mortality was consistently significant across countries 

ith different temporal application of both interventions, different 

ovid-19 cumulative incidence at t 0 , number of hospital beds, ur- 

anisation level and number of annual air passengers ( Table 4 ). 

ensitivity analysis around the lag-time 

The adjusted PRC on Covid-19 cumulative mortality associated 

ith mass gatherings ban was + 6.86% (95% CI, + 3.39 to + 10.3) 

hen considering a 5-days shorter lag-time (i.e. 17 days) and 

 7.05% (95% CI, + 3.49 to + 10.6) when using a 5-days longer lag-

ime (i.e. 27 days), as compared to the main analysis. The adjusted 

RC on Covid-19 cumulative mortality associated with school clo- 

ures was + 4.44% (95% CI, + 1.64 to + 7.23) when considering a 5-

ays shorter lag-time (i.e. 21 days) and + 4.33% (95% CI, + 1.53 to 

 7.13) in case of a 5-days longer lag-time (i.e. 31 days). These sen- 

itivity analyses confirmed the robustness of the main findings. 

iscussion 

In this study, early application of mass gatherings ban and 

chool closures in national outbreak epicentres was associated 

ith an important reduction in Covid-19 mortality over the first 

andemic wave. The results were robust in sensitivity analyses 

onsidering varying lag-times and across countries with different 

haracteristics. Our model estimated that one-week earlier applica- 

ion of both these interventions in each country could have yielded 

 reduction of the overall Covid-19 mortality by more than 40%. 

he analysis of alternative scenarios assuming different times of 

pplication of each intervention suggests the importance of early 

nforcement of both public health measures. Although the concur- 

ent application of mass gatherings ban and school closures sig- 

ificantly reduced mortality at any stage of the national epidemic, 

he relative reduction tended to be greater when both interven- 

ions were applied very precociously. Countries displaying a long 



D. Piovani, M.N. Christodoulou, A. Hadjidemetriou et al. Journal of Infection 82 (2021) 133–142 

Fig. 3. Panel graph reporting the marginal adjusted predictions corresponding to timing of mass gatherings ban and school closures in national outbreak epicentres and to 

each continuous covariate in the multivariable negative binomial regression using generalised estimating equations a 

a the marginal plots of each continuous variable reported are adjusted for other variables at their mean values, the dichotomous variable representing the island status of a 

country, and additional five interaction terms: 

-interaction effect between the timing of mass gatherings ban and the timing of school closures; 

-interaction effect between the percentage of the population between 15 and 64 years of age and the Covid-19 cumulative incidence of confirmed cases at t 0 ; 

-interaction effect between the timing of mass gatherings ban and the natural logarithm of the average population density; 

-interaction effect between the island status of a country and the number of air transport passengers carried annually; 

-interaction effect between the island status of a country and the Covid-19 cumulative incidence of confirmed cases at t 0 . 

1 expressed in days from t 0 , where t 0 is the calendar day of notification of the first Covid-19 death in each country (negative counts mean that the intervention was enforced 

earlier), plus a lag-time of 22 days. 

2 school closures in national outbreak epicentres expressed in days from t 0 , where t 0 is the calendar day of notification of the first Covid-19 death in each country (negative 

counts mean that the intervention was enforced earlier), plus a lag-time of 26 days. 

3 Covid-19 cumulative incidence of confirmed cases at t 0 (per million population). 

138 
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Table 2 

Estimated adjusted relative Covid-19 cumulative mortality over the first pandemic wave in alternative scenarios assuming different timing of application of mass gathering 

bans and school closures in national outbreak epicentres after fitting multivariable negative binomial regression using generalised estimating equations. 

Mass gatherings banned 

two weeks earlier (95% 

CI) 

Mass gatherings banned 

one week earlier (95% CI) 

Mass gatherings banned 

as observed (95% CI) 

Mass gatherings banned 

one week later (95% CI) 

Mass gatherings banned 

two weeks later (95% CI) 

Schools closed two 

weeks earlier 

−72.1% ( −94.0 to −50.8) −55.2% ( −78.3 to −32.2) −25.7% ( −55.6 to + 4.25) + 26.3% ( −32.6 to + 85.1) + 119% ( −20.9 to + 260) 

Schools closed one 

week earlier 

−62.7% ( −86.4 to −38.9) −44.1% ( −67.9 to −20.2) −14.2% ( −41.8 to + 13.4) + 34.5% ( −14.8 to + 83.8) + 116% ( + 4.91 to + 227) 

Schools closed as 

observed 

−49.0% ( −78.7 to −19.4) −29.4% ( −56.7 to −2.16) – + 44.6% ( + 3.43 to + 85.7) + 114% ( + 25.4 to + 202) 

Schools closed one 

week later 

−29.7% ( −73.3 to + 13.9) −10.1% ( −46.7 to + 26.5) + 17.4% ( −12.1 to + 47.0) + 56.7% ( + 20.4 to + 93.1) + 114% ( + 38.8 to + 189) 

Schools closed two 

weeks later 

−2.15% ( −73.6 to + 69.3) + 15.5% ( −40.4 to + 71.3) + 39.2% ( −0.90 to + 79.3) + 71.3% ( + 33.1 to + 110) + 115% ( + 43.3 to + 187) 

Abbreviation: CI, confidence interval. 

Notes: Estimates in bold are statistically significant. All the estimates are adjusted for the following country-level variables: percentage of population living in urban areas; 

hospital beds; the natural logarithm of Covid-19 cumulative incidence of confirmed cases at t 0 (where t 0 equals the calendar day of notification of the first Covid-19 death 

in each country); the natural logarithm of annual air passengers; the island status of a country; the interaction effect between the timing of mass gatherings ban and the 

timing of school closures; the interaction effect between the percentage of population between 15 and 64 years of age and the Covid-19 cumulative incidence of confirmed 

cases at t 0 ; the interaction effect between the timing of mass gatherings ban and the natural logarithm of the average population density; the interaction effect between 

the island status of a country and the number of air transport passengers carried annually; the interaction effect between the island status of a country and the Covid-19 

cumulative incidence of confirmed cases at t 0 . 

Table 3 

Average marginal effect of timing of “mass gatherings ban” and “school closures” on Covid-19 mortality after fitting multivari- 

able negative binomial regression using generalised estimating equations. 

Average marginal effect b on Covid-19 mortality 

Adjusted predicted relative change (95% CI) P-value 

Timing of social distancing interventions a 

Mass gatherings ban (days) a , c + 6.97% ( + 3.45 to + 10.5) < 0.001 

School closures (days) a , c , d + 4.37% ( + 1.58 to + 7.17) 0.002 

Other covariates 

Urban areas (% of the population) c + 2.70% ( + 0.08 to + 5.32) 0.044 

Hospital beds (per 1000 population) c −10.9% ( −22.4 to + 0.50) 0.061 

Covid-19 cumulative burden at t 0 (natural log) c , e + 30.2% ( + 14.8 to + 45.6) < 0.001 

Annual air passengers (natural log) c + 60.5% ( + 50.0 to + 71.1) < 0.001 

Island country c 

No reference – –

Yes −82.6% ( −100 to −61.6) < 0.001 

Abbreviation: CI, confidence interval. 
a expressed in days from t 0 , where t 0 is the calendar day of notification of the first Covid-19 death in each country. 
b the marginal effect (in terms of adjusted predicted relative change) can be interpreted as the average percent increase 

(average linear β coefficient) in one unit of variable x i on the outcome variable (Covid-19 mortality) taking into account the 

full model including interaction terms, approximating the effect variable x i on the outcome variable as linear. 
c each independent variable is adjusted for the other variables and additional five interaction terms: -interaction effect 

between the timing of mass gatherings ban and the timing of school closures; -interaction effect between the percentage of 

the population between 15 and 64 years of age and the Covid-19 cumulative incidence of confirmed cases at t 0 ; -interaction 

effect between the timing of mass gatherings ban and the natural logarithm of the average population density; -interaction 

effect between the island status of a country and the number of air transport passengers carried annually; -interaction effect 

between the island status of a country and the Covid-19 cumulative incidence of confirmed cases at t 0 . 
d school closures in national outbreak epicentres. 
e Covid-19 cumulative incidence of confirmed cases at t 0 (per million population). 
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scending phase had applied both interventions of social distanc- 

ng later, and were more likely to reach high Covid-19 cumulative 

ortality than countries with shorter ascending phases and ear- 

ier actions. These findings support the hypothesis that countries 

mplementing social distancing interventions at an earlier stage of 

he national epidemics are more likely to keep the viral spread be- 

ow a certain growth threshold 

11 . Our study suggests that a more 

ffective containment of the epidemic at the initial stage may help 

educe Covid-19 cumulative mortality over longer periods. 

Our findings complement and strengthen previous research 

n the beneficial effects of application of social distancing in- 

erventions in reducing Covid-19 incidence and mortality 9-13 , 24 , 25 . 

he results are in agreement with previous studies postulating a 

reater effectiveness of school closures and other social distanc- 

ng measures at earlier stages of the national epidemics 9 , 10 . As in- 
139 
icated by the UK Department of Health’s scientific summary on 

he effectiveness of health measures for containment of epidemics, 

tudies in this field use a variety of methods and approaches, 

ence a direct comparison of their results is often challenging 26 . 

or instance, Auger and colleagues estimated that the predicted 

ovid-19 mortality in US states decreased by more than 50% for 

ach additional week of state-wide school closures 9 . Conversely, 

slam and colleagues provided much more conservative estimates, 

nd suggested that there was a 15% reduction in the incidence of 

ovid-19 cases when school closures, workplace closures and mass 

atherings ban were in place 10 . However, these studies estimated 

he effectiveness of health policy measures by comparing the ob- 

erved data with alternative scenarios assuming a linear or expo- 

ential growth of the epidemic curve had countries never imple- 

ented the interventions of interest 9 , 10 . For this reason, it is diffi- 
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Table 4 

Adjusted stratified analysis of the marginal effect of one-day delay in “mass gatherings ban” and “school closures” on Covid-19 mortality after 

fitting multivariable negative binomial regression using generalised estimating equations. 

Average marginal effect a on Covid-19 mortality 

Mass gatherings ban (95% CI) School closures (95% CI) 

Timing of social distancing interventions b 

Countries applying both interventions early c ( n = 12) + 7.99% ( + 4.54 to + 11.4) + 6.14% ( + 3.04 to + 9.25) 

Countries applying both interventions late c ( n = 13) + 5.09% ( + 2.17 to + 8.02) + 2.75% ( + 0.82 to + 4.68) 

Other factors 

Covid-19 cumulative burden at t 0 
a , d 

Low + 6.22% ( + 3.28 to + 9.17) + 3.04% ( + 1.15 to + 4.94) 

High + 7.63% ( + 3.73 to + 11.5) + 5.55% ( + 2.26 to + 8.84) 

Hospital beds (per 1000 population) 

Low + 6.22% ( + 2.79 to + 9.64) + 4.00% ( + 1.46 to + 6.55) 

High + 7.72% ( + 4.10 to + 11.3) + 4.74% ( + 1.77 to + 7.71) 

Urban areas (% of the population) 

Low + 8.28% ( + 4.62 to + 11.9) + 5.00% ( + 2.41 to + 7.58) 

High + 5.94% ( + 2.45 to + 9.42) + 3.88% ( + 1.06 to + 6.69) 

Annual air passengers 

Low + 7.82% ( + 3.93 to + 11.7) + 5.49% ( + 2.30 to + 8.68) 

High + 6.01% ( + 3.11 to + 8.91) + 3.11% ( + 1.16 to + 4.82) 

Abbreviation: CI, confidence interval. 
a the marginal effect (in terms of adjusted predicted relative change) can be interpreted as the average percent increase (average linear β

coefficient) in one unit of variable x i on the outcome variable (Covid-19 mortality) taking into account the full model including interaction 

terms, approximating the effect variable x i on the outcome variable as linear. 
b expressed in days from t 0 , where t 0 is the calendar day of notification of the first Covid-19 death in each country. 
c countries were divided into early and late on the basis of the median time of application of both social distancing interventions. 
d Covid-19 cumulative incidence of confirmed cases at t 0 (per million population). 
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ult to directly compare the results of our study, which aimed to 

stimate the effect of the timing of social distancing interventions 

n Covid-19 cumulative mortality. Our findings add to the existing 

vidence, and could help health policy makers to plan the optimal 

iming of social distancing measures in upcoming pandemic waves. 

In this large analysis of longitudinal data concerning the ef- 

ect of early application of mass gatherings ban and school clo- 

ures in national outbreak epicentres on Covid-19 mortality, the 

7 OECD countries were included. We use a comprehensive and 

obust methodological approach to build a meaningful model of 

ovid-19 mortality across a set of countries with different charac- 

eristics and magnitude of national epidemics, thus allowing broad 

eneralisability. Our study answers key questions regarding the 

iming of two very widely applied measures of social distancing, 

uggesting that a concurrent, early enforcement of mass gatherings 

an and school closures is significantly associated with a large re- 

uction in Covid-19 mortality. The secondary analyses agree with 

revious suggestive evidence that a combination of interventions 

ithout banning mass gathering might not be able to flatten the 

pidemic curve 10 . A major strength of the study is that we have 

onsidered daily Covid-19 deaths as the outcome variable. We have 

voided to rely on daily reported Covid-19 cases, as these data 

ave variable quality, accuracy, and vastly depend on testing capac- 

ty 27 . In this study we have considered that each country enforced 

he interventions at a different stage of the national epidemics. To 

uild a meaningful model of mortality, we have assessed the tim- 

ng of application of social distancing measures in respect to the 

ate in which the first Covid-19 death has been notified in each in- 

ividual country, and have also adjusted for the cumulative burden 

f Covid-19 cases up to the same date. To allow adjustment for the 

aseline level of the national epidemics, we have also considered 

mportant structural covariates. The mortality model displays good 

redictive power and accounts for variables such as urbanisation, 

opulation density, age structure of the population, number of hos- 

ital beds, volume of air passengers and geography, also including 

everal interaction terms. Finally, most studies have estimated the 

hort-term effect of public health measures on the Covid-19 pan- 
140 
emic 9 , 10 , 24 , while we have studied a longer time-period, hoping 

o be more informative to policy makers 28 . 

Nonetheless, our study has several limitations. Over the study 

eriod, countries have enacted multiple social distancing interven- 

ions, including closing schools, workplaces, prohibiting large gath- 

rings, but also increased healthcare funding 29 , increased supply 

f ventilators, masks and protective equipments 30 , deployment of 

ealthcare professionals 5 , or mobile phone apps for tracing Covid- 

9 contacts 31 , 32 . We cannot exclude that a portion of the pre- 

icted effect may have been related to other, concurrent, policies 

pplied. This is a common, yet important, limitation of these kind 

f studies 9 , 10 . When governments decide to act, this usually in- 

olves a number of health policy interventions, which are imple- 

ented over a small timeframe, thus, completely isolating the ef- 

ect of each single intervention is deemed impossible 9 . Other au- 

hors, however, have shown that there is a diminishing effect when 

onsidering more than one physical distancing intervention, and 

hat adding additional measures over school closures, workplace 

losures, mass gatherings ban did not reduce Covid-19 incidence 

urther 10 . 

In comparison with interrupted time series analysis, the study 

pproach does not rely on any explicit assumption regarding the 

lope of the epidemic curve in each single country;[9,10] thus, the 

odel cannot infer what would have happened had these coun- 

ries never applied the measures. Nonetheless, this approach per- 

its using the marginal estimates of the overall model to provide 

 robust estimate of the potential effect the timing of such inter- 

entions may exert on Covid-19 cumulative mortality using the 

ntire sample. To infer about the timing of interventions, previ- 

us studies had to rely on stratified analyses and, as stated by the 

uthors, their conclusion on this topic should be interpreted with 

aution. 9 , 10 

Finally, Covid-19 deaths could be underreported especially in 

ountries with a very high Covid-19 mortality 5 . However, using 

ovid-19 cases as the outcome variable would have been a much 

eaker approach for the reasons discussed previously. 
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Despite limitations, the timing of social distancing interven- 

ions has a strong and consistent effect on Covid-19 mortality. Our 

ndings suggest the need for a very timely and concurrent ap- 

lication of mass gathering bans and school closures in national 

utbreak epicentres. We have confirmed previous preliminary ev- 

dence 10 that closing schools earlier without concurrent enforce- 

ent of mass gatherings ban may have a small to null impact 

n the epidemic curve. In Europe and USA, schools reopening has 

een associated with a new wave of Covid-19 cases in the end of 

eptember to beginning of October 2020. Our study suggests that 

eeping mass gatherings ban enforced and apply school closures in 

utbreak epicentres as soon as significant local surges of new cases 

re identified may be an effective containment strategy to reduce 

ovid-19 mortality. Local and temporary school closures may be 

n effective and sustainable containment measure in many coun- 

ries. Country-wide school closures for extended periods of time 

isrupt everyday life by modifying schedules, affecting how peo- 

le travel and engage in group activities 9 , and may have detrimen- 

al consequences to the social-emotional, behavioural, and mental 

ealth development of children and adolescents 33 . To be able to act 

arly and avoid country-wide school closures, governmental testing 

apacity should be increased, and aggressive and comprehensive 

esting strategies should be implemented at the general population 

evel and in schools 34–36 . 

The findings support the hypothesis that countries applying so- 

ial distancing interventions at an earlier stage of the national epi- 

emics may be more likely to keep the viral spread below a certain 

rowth threshold, and that possibly, a more effective containment 

f the epidemic at the initial stage, might help reducing Covid-19 

umulative mortality over longer periods. This study provides use- 

ul information that may help health policy makers to plan the op- 

imal timing of social distancing measures in upcoming pandemic 

aves. 

Further research is warranted to verify whether the timing of 

ther types of health policy interventions is associated with re- 

uced Covid-19 mortality over meaningful periods of time, and 

o study the optimal sequence of such interventions in the short, 

edium and long term. Additional research is needed on the ef- 

ectiveness of several interventions for which there is still scant 

vidence about their potential to reduce Covid-19 mortality. More 

ork is needed to improve the reliability and accuracy of data 

n Covid-19 cases, testing capacity and, to a lesser extent deaths, 

o allow for meaningful cross-country comparisons. More effort s 

hould be put into considering the compliance to different health 

olicy interventions. Finally, additional research should investigate 

he impact of lifting different interventions over time, to permit 

overnments to dynamically and effectively gauge the benefit-risk 

alance of health policy actions on national epidemic curves. 
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