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Abstract
Background Non-pharmaceutical interventions (NPIs) have been widely utilised to control the COVID-19 pandemic. 
However, it is unclear what the optimal strategies are for implementing NPIs in the context of coronavirus vaccines. 
This study aims to systematically identify, describe, and evaluate existing ecological studies on the real-world impact 
of NPIs in containing COVID-19 pandemic following the roll-out of coronavirus vaccines.

Methods We conducted a comprehensive search of relevant studies from January 1, 2021, to June 4, 2023 in 
PubMed, Embase, Web of science and MedRxiv. Two authors independently assessed the eligibility of the studies and 
extracted the data. A risk of bias assessment tool, derived from a bibliometric review of ecological studies, was applied 
to evaluate the study design, statistical methodology, and the quality of reporting. Data were collected, synthesised 
and analysed using qualitative and quantitative methods. The results were presented using summary tables and 
figures, including information on the target countries and regions of the studies, types of NPIs, and the quality of 
evidence.

Results The review included a total of 17 studies that examined the real-world impact of NPIs in containing the 
COVID-19 pandemic after the vaccine roll-out. These studies used five composite indicators that combined multiple 
NPIs, and examined 14 individual NPIs. The studies had an average quality assessment score of 13 (range: 10–16), 
indicating moderately high quality. NPIs had a larger impact than vaccination in mitigating the spread of COVID-
19 during the early stage of the vaccination implementation and in the context of the Omicron variant. Testing 
policies, workplace closures, and restrictions on gatherings were the most effective NPIs in containing the COVID-19 
pandemic, following the roll-out of vaccines. The impact of NPIs varied across different time frames, countries and 
regions.

Conclusion NPIs had a larger contribution to the control of the pandemic as compared to vaccination during the 
early stage of vaccine implementation and in the context of the omicron variant. The impact of NPIs in containing the 
COVID-19 pandemic exhibited variability in diverse contexts. Policy- and decision-makers need to focus on the impact 
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Background
Since the availability of COVID-19 vaccines, govern-
ments worldwide have implemented vaccination and 
non-pharmaceutical interventions (NPIs) such as test-
ing policies, gathering restrictions, facial covering poli-
cies, school closures, workplace closures to contain 
local transmission of COVID-19 [1, 2]. The NPIs, also 
known as public health measures, aim to break infection 
chains by altering key aspects of our behavior. Extensive 
research has been dedicated to examining the impact of 
NPIs in controlling the outbreak of COVID-19 [3–5].

Before the COVID-19 pandemic, there existed lit-
erature in addressing the impact of NPI implementation 
on influenza pandemic [6]. However, a key challenge in 
this topic is the limited evidence regarding the impact of 
NPIs, which predominantly relies on mathematical mod-
elling with a limited number of empirical studies [7–9].

Considering the potential harm posed by respiratory 
infectious disease outbreaks and the high social and 
economic costs associated with implementing various 
NPIs, it is essential to conduct research that examines the 
impact of NPIs in controlling pandemics in real-world 
settings. Mendez et al. conducted a systematic review 
and identified that school closures, workplace closures, 
business and venue shutdowns, and public event restric-
tions as the most effective measures in controlling the 
real-world spread of COVID-19 [7].

However, various countries implemented diverse NPIs 
at different stages of the pandemic to control the spread 
of COVID-19, especially after the introduction of coro-
navirus vaccines. Asian countries consistently enforced 
strict NPIs throughout the first half of 2021 [10], while no 
NPIs were implemented in France after May 2021 [11]. 
At the early stage of vaccine roll-out, vaccination cover-
age in most countries remained relatively low [2]. As of 
June 30, 2021, a total of 29.29% of the world’s popula-
tion had received at least one dose of the vaccine, with 
significant variations in vaccination coverage across 
countries [2]. Despite an increase in vaccination rates in 
many countries during the latter half of 2021, the num-
ber of confirmed new COVID-19 cases remained high 
worldwide due to the prevalence of the highly transmis-
sible and immune-escape Delta variant in the second 
half of 2021 [12], followed by the emergence of the Omi-
cron variant in early 2022 [13]. Yet, with the increase in 
COVID-19 vaccination rates, there has been a reduction 
in mortality and morbidity despite the high level of trans-
mission. This indicates that widespread vaccine coverage 

has played a positive role in mitigating the health impacts 
of the disease.

The impact of NPIs in controlling the COVID-19 pan-
demic after the roll-out of vaccines has also received 
considerable attention [14]. Nevertheless, the policy 
mechanisms underlying their impact, such as determin-
ing when to implement stricter lockdown measures or 
when to ease restrictions, as well as identifying which 
types of NPIs are more suitable for different stages, 
remain unclear.

This review focuses on investigating the real-world 
impact of NPIs in containing the COVID-19 pandemic 
after vaccine roll-out, in order to search for optimal strat-
egies for implementing NPIs. We summarize the current 
evidence from the real world on the impact, aiming to 
deepen the current understanding, fill in the gaps in the 
topics, and provide evidence for the future.

Methods
The reporting of this review was guided by the Preferred 
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) statement [15]. See Supplemental file for 
further details. This review was registered at the interna-
tional prospective register of systematic reviews (PROS-
PERO; CRD42023411560).

Data sources and searches
We conducted a comprehensive search of relevant litera-
ture in Embase, PubMed, and Web of Science, and pre-
prints on MedRxiv from January 1, 2021 to June 4 2023. 
Our search was limited to articles written in English. The 
search terms included NPIs, COVID-19 and vaccination, 
which were detailed in Table S1 of the supplemental file. 
We used EndNote (version 20.0) software to process and 
remove duplicates. In addition, we manually searched for 
citations and related articles of the included studies using 
Google Scholar.

Study selection and eligibility criteria
One author (XH) screened eligible studies by review-
ing the titles and/or abstracts of searched articles using 
EndNote (version 20.0). If an article was deemed relevant 
or if the information provided in the title or abstract 
was insufficient to make a decision, the full texts were 
retrieved and examined. For all eligible studies(n = 182), 
two independent authors (XH and HC) assessed the eli-
gibility criteria for each study by evaluating the full text 
and determining inclusion or exclusion. Any discrepan-
cies between authors were resolved by discussions with 

of different NPIs in diverse contexts. Further research is needed to understand the policy mechanisms and address 
potential future challenges.
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the third reviewer (XZ) and the senior author (WG) to 
reach a consensus.

In general, we adopted an inclusive approach by retain-
ing all studies that could not be excluded with high con-
fidence. All decisions were documented in a spreadsheet. 
Studies were included in the review if they: (1) assessed 
the impact of NPIs during the roll-out of COVID-19 vac-
cines; (2) evaluated the impact of NPIs and vaccination 
coverage using real-world data; (3) analyzed the respec-
tive/interactive impact of NPIs and vaccination coverage; 
(4) assessed the impact at least one type of NPIs; (5) mea-
sured at least one health outcome; (6) obtained evidence 
through ecological study. Studies were excluded from 
the review if they: (1) were based on forecasts or simu-
lations; (2) analyzed the impact of adherence or compli-
ance to NPIs and intention or willingness to vaccination; 
(3) assessed NPI impact in controlling other diseases; (4) 
did not directly assess the impact of NPIs.

Quality assessment
To assess the quality of studies, we used a risk of bias 
assessment tool based on a bibliometric review of eco-
logical studies, as proposed by Dufault et al. [16]. This 
tool has been previously used and adapted in recent 
reviews [7, 17, 18]. The purpose of the risk of bias assess-
ment tool is to critically evaluate study design, statistical 
methodology and practices, and the quality of reporting. 
Two independent reviewers (XH and HC) evaluated the 
risk of bias for each included study. Any discrepancies 
between the reviewers were resolved by discussion with a 
third reviewer (XZ) and the senior author (WG) to reach 
a consensus. The checklist of risk of bias assessment tool 
was included in the Table S2 of Supplemental File.

Data synthesis and analysis
Characteristics and outcomes of individual studies were 
extracted, including study authors, year, setting, study 
design, duration of study, type and/or intensity of NPIs, 
vaccination coverage, assessment indicators of outcome 
such as time varying reproduction number (Rt), the num-
ber of daily new cases or deaths. The classification and 
intensity of NPIs were mainly based on information from 
a global panel database of pandemic policies (Oxford 
COVID-19 Government Response Tracker) [1].

In the final stage of the systematic review, we syn-
thesised the findings from all eligible ecological 
studies(n = 17) to determine the real-world impact of 
NPIs in containing the COVID-19 pandemic after the 
vaccine roll-out. Data were collected, synthesized, and 
analyzed using quantitative and qualitative approaches. 
Specifically, we collected the impact of NPIs and vaccina-
tion reported in each included study, and then summa-
rized and compiled the main results. We have considered 
not only the impact of individual NPIs but also collected 

data on the impact measured by a composite indicator of 
NPIs. This holistic approach is supported by the fact that 
most countries implemented multiple NPIs as a pack-
age to mitigate the spread of COVID-19 during the pan-
demic. The results were presented using summary tables 
and figures, including the target countries and regions of 
the studies, NPIs types, evidence quality.

Results
Summary of literature screening and background
Seventeen ecological studies were included in the review, 
of which fourteen were published and three were pre-
prints. The PRISMA diagram flow is presented in Fig. 1. 
For more information on excluded articles and reasons 
for their exclusion, please refer to Table S3 in the Supple-
mental File. These studies encompass research samples 
from over 88% of countries and regions worldwide, with 
each study focusing on a different geographical scope. 
Table 1 provides a breakdown of the studies: eight evalu-
ated the impact of NPIs in containing the COVID-19 
pandemic on a global scale [19–26], three focused on 
Europe [27–29], two on the United States [30, 31], one 
on Asia [10], and one each on India [32], France [11] and 
Korea [33].

The seventeen studies examined the impact of NPIs on 
the COVID-19 pandemic during different periods. Eight 
studies evaluated their impact during the early stage of 
vaccine roll-out (before July 2021), five during the later 
stage (the second half of 2021), and the remaining four 
during the Omicron stage (contain 2022 period).

In terms of quality assessment, the seventeen studies 
received a moderately high score, averaging 13 (range: 
10–16) out of a maximum score of 17. This score reflects 
the strength of the evidence. The primary sources of risk 
of bias were the quality of reporting, validity of regres-
sion, control of covariates, and internal validity of the 
methodology. Detailed assessment records can be found 
in Table S4. Studies used different statistical methods and 
outcomes, and conducted sensitivity analyses. Only a few 
studies considered the impact of seasonality.

Study characteristics
Researchers examined various types of NPIs in the seven-
teen identified studies. Nine studies evaluated the overall 
impact of a composite indicator of NPIs (Table 2), while 
twelve studies specifically assessed the impact of indi-
vidual NPIs (Table 3). Bollyky et al., Paireau et al.,   Li et 
al.,  and Hongjian Wang et al. analyzed both the impact 
of the composite indicator of NPIs and individual NPIs. 
More detailed information including the data sources 
and the analytical methods used in the studies can be 
found in Supplemental File (Table S5).

The composite indicator of NPIs in this review pri-
marily included five types: stringency index, policy 
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mandates, social distancing policy index, lockdown, and 
combination of four NPIs (school closure, workplace clo-
sure, restrictions on mass gatherings, and stay-at-home 
requirements). The specific names for these measures 
varied depending on their sources. The data on NPIs in 
these studies mainly came from OxCGRT, with additional 
sources including The Yale State and Local COVID-19 
restriction database, governmental websites, and others. 
These composite indicators were calculated by combin-
ing multiple containment and closure measures, repre-
senting the overall intensity of various containment and 
closure policies to some extent. The individual NPIs 

Table 1 Background of included studies
Geographical 
scope

Number 
of studies

Study time
Early stage
(First half of 
2021)

Later stage
(Second half 
of 2021)

Omi-
cron 
stage

Worldwide 8 3 1 4
Europe-wide 3 1 2 0
US 2 2 0 0
Asia-wide 1 1 0 0
India 1 0 1 0
France 1 1 0 0
South Korea 1 0 1 0
Total 17 8 5 4

Fig. 1 PRISMA flow diagram for the selection of studies
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included containment and closure measures, as well as 
health systems indicators. Containment and closure mea-
sures primarily encompassed restrictions on gatherings, 
school closures, workplace closures, and stay-at-home 
requirements. The evaluated health systems indicators 
included testing policy, facial coverings, contact tracing, 
public information campaigns, and vaccine mandates.

The studies on vaccination included data on the admin-
istration of the first dose, full vaccination, and booster 
doses according to the vaccination protocol. Two studies 
did not explicitly specify the doses. The outcome assessed 
mainly included cases, deaths, Rt, and others.

The impact of composite indicator of NPIs for containing 
the COVID-19 pandemic after the roll-out of COVID-19 
vaccines
As shown in Table 4, even after the introduction of vac-
cines, the implementation of containment and closure 
measures continued to have a impact on curtailing the 
spread of COVID-19. Some studies also compared the 
impact of NPIs during that period with the impact of 
vaccination coverage in mitigating the transmission of 
COVID-19 within populations. Specifically, NPIs were 
found to have a larger impact than vaccination in miti-
gating the spread of COVID-19 during early stage of the 
vaccination implementation. In the latter half of 2021, 
the impact of NPIs had relatively diminished compared 
to the earlier stages. During the Omicron stage, the mea-
sures implemented to control the spread of COVID-19 
had a larger impact than vaccination coverage. More 
detailed information is provided in Table S6.

In addition to assessing the impact of combinations 
of containment and closure measures in controlling the 
spread of COVID-19(cases and Rt), NPIs were also con-
sidered in reducing the number of COVID-19 related 
deaths. Bollyky et al. ‘s study did not find evidence sup-
porting the impact of NPIs in reducing COVID-19 
related deaths, while other studies (Zhou et al., Hale et 
al. and Caixia Wang et al.) suggested that NPIs could 
reduced the number of deaths.

The relative impact of individual NPIs for containing 
the COVID-19 pandemic after the roll-out of COVID-19 
vaccines
Twelve studies have evaluated the individual impacts of 
NPIs on controlling the COVID-19 pandemic after the 
roll-out of COVID-19 vaccines. A total of 14 individual 
NPIs were assessed in this review. Among them, testing 
policies,  facial coverings, and school closures were men-
tioned most frequently. Additionally, workplace closures, 
restrictions on gatherings,  stay-at-home requirements, 
and restrictions on international travel were also high-
lighted. Figure 2 demonstrates these findings.

Moreover, there is consistent evidence suggesting 
that testing policies (4/6), workplace closures (3/5), and 
restrictions on gatherings (3/5) may be the most effective 
containing the COVID-19 pandemic following the roll-
out of vaccines.

We categorised the included studies according to the 
target countries and regions, as shown in Table  5. The 
types of NPIs evaluated and the impact NPIs identified 
varied across different geographical locations. Based on 

Table 2 Characteristics of studies evaluating the overall impact of a composite indicator of NPIs
Author Publication status, year Geographical scope NPIs Outcome(s) Score
Ge et al. (1) Published,

2022
European,
31 countries

Stringency indexa Rt 16

Bollyky et al. Published,
2023

US
 50 states and Washington, DC

Policy mandatesb Cases,
Deaths

16

Zhou et al. Published,
2022

European,
22 countries

Stringency index Cases, deaths,
excess mortality

15

Paireau et al. Published,
2023

France,
92 departments

Lockdownc Rt 15

Caixia Wang et al. Published,
2023

Worldwide,
176 countries/territories

Stringency index Deaths 14

Li et al. Published,
2022

Worldwide,
8 countries

Combination of four NPIsd Rt 14

Hale et al. Published,
2021

Worldwide,
10 countries

Stringency index Deaths 13

Hongjian Wang et al. Published,
2023

Worldwide,
176 countries/territories

Stringency index Rt 11

Kijin Kim et al. Published,
2023

Korea Social distancing policy indexe Cases 10

Notes: a = stringency index included eight containment and closure, including school closure, workplace closure, cancel public events, restrictions on gathering 
size, close public transport, stay-at-home requirements, restrictions on internal movement, restrictions on international travel; b = a summary measure that 
captures a state’s use of physical distancing and mask mandates;c = a comprehensive measure captures the level of social distancing; d = the combination of school 
closure, workplace closure, restrictions on mass gatherings and stay-at-home requirements; e = restrictiveness of government containment and closure measures 
implemented; Rt = time varying reproduction number
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global studies, testing policy, restrictions on gathering 
size, workplace closure, school closure, stay-at-home 
requirements, and restrictions on international travel 
were found to be relatively effective. In Asian studies, 
restrictions on gathering size and the closure of public 
transport were considered as effective measures. In stud-
ies conducted in the United States, only vaccination man-
dates were deemed effective. Data from France indicated 
that curfews were effective. Face covering mandates were 
associated with a decrease in COVID-19 incidence in 
European countries. Testing was effective in India during 
the vaccination stage.

Discussion
Summary of the main findings
The types of NPIs evaluated and the impact of NPIs iden-
tified varied across different periods and geographical 

locations. Overall, our research shows that NPIs contin-
ued to be effective in controlling the spread of COVID-
19 even after the roll-out of vaccines. Our previous 
research work also supports this conclusion [34]. The 
most frequently evaluated NPIs included testing policies,  
facial coverings, and school closures, followed by work-
place closures,  restrictions on gatherings, stay-at-home 
requirements, and restrictions on international travel.

The overall impact of a composite indicator of NPIs 
varied depending on the period, with factors such as 
the intensity of implementation, compliance, increasing 
vaccine coverage, and the emergence of VOCs playing 
a role. NPIs remained important for mitigating the pan-
demic in the early stage of the vaccination when cover-
age was low [11, 27, 29]. However, as vaccine coverage 
increased, their marginal effects were surpassed by vac-
cination [27, 33]. In Omicron stage, measures were more 

Table 3 Characteristics of studies evaluating the impact of individual NPIs
Author Publication 

status, year
Geographical
scope

NPIs Outcome(s) Score

Bollyky 
et al.

Published, 
2023

US 50 states and Wash-
ington, DC

Closures of bars, restaurants, gyms, and schools, facial covering and 
vaccine mandates, and stay-at-home orders and gathering restrictions

Cases,
deaths

16

Huy et al. Published, 
2022

Asina, 28 countries School closure, workplace closure, public event canceling, public 
transport closure, stay at home requirements, restrictions on internal 
movement, international travel controls, public information campaign 
indicators, testing policy, contact tracing, and facial covering

Growth rate 15

Ge et al. 
(2)

Preprint, 2022 Worldwide,
63 countries

School closures, workplace closures, gathering restrictions, movement 
restrictions, public transport closures, international travel restrictions, 
and facial coverings

Decay ratio 15

Ertem 
et al.

Published, 
2023

US, 2954 counties Facial covering policies Cases 15

Paireau 
et al.

Published, 
2023

France, 92 departments Curfews, school closures Rt 15

Liang 
et al.

Published, 
2021

Worldwide, 137 
countries/territories

School closures, workplace closures, cancellation of public events, 
restrictions on gathering size, requirements to stay-at-home, and re-
strictions on international travel, public information campaigns, testing 
policy, contact tracing, face covering

Case dou-
bling time

14

Shin et al. Preprint, 2023, India Testing (Testing ratio) Cases 13
Li et al. Published, 

2022
Worldwide, 8 countries School closure; workplace closure; restrictions on public events; 

restrictions on gatherings; closure of public transport; stay-at-home 
requirements; restrictions on internal movement; and international 
travel controls.

Rt 12

Hongjian 
Wang 
et al.

Published, 
2023

Worldwide,
176 countries/territories

Testing Rt 11

Sookhyun 
Kim et al.

Published, 
2023

European, 35 countries Facial covering policies Cases 10

Nesteruk Preprint,
2022

Worldwide,
Japan, Ukraine, USA,  
Hong Kong China,  main-
land China,   European 
and African countries

Testing
(testing ratio)

Cases 10

Nesteruk 
et al.

Published,
2022

Worldwide,
44 European and 14 
other countries and 
regions

Testing
(testing ratio)

Cases 10

Notes: decay ratio = the decay ratio of COVID19 infections; case doubling time = the number of days required for the accumulated case number to double
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Table 4 The impact of a composite indicator of NPIs in the studies
Stage Author Geographical 

scope
NPIs assessed Outcome Impact Compare to vacci-

nation coverage
Score

Early Ge et al. (1) European Stringency index Rt reduction in Rt larger 16
Early Bollyky et al. United States Policy mandates cases reduction in cases not compared 16
Early Zhou et al. European Stringency index cases reduction in cases larger 15
Early Paireau et al. France Lockdown Rt reduction in Rt larger 15
Early Zhou et al. European Stringency index deaths reduction in deaths larger 15
Early Hale et al. Worldwide Stringency index deaths reduction in deaths not compared 13
Early Bollyky et al. United States Policy mandates deaths not impact not compared 16
Later Ge et al. (1) European Stringency index Rt reduction in Rt smaller 16
Later Li et al. Worldwide Combination of four 

NPIs
cases reduction in cases not compared 14

Later Kijin Kim et al. South Korea Social distancing 
index

cases reduction in cases smaller 10

Omicron Hongjian Wang 
et al.

Worldwide Stringency index Rt reduction in Rt larger 11

Omicron Caixia Wang
et al.

Worldwide Stringency index deaths reduction in deaths larger 14

Note: The impacts of NPIs are given by each article. For detailed information, see Table S6

Fig. 2 The relative impact of individual NPIs for containing the COVID-19 pandemic after the roll-out of COVID-19 vaccines. The Y-axis represents the 
count of assessments for this NPIs. The colors of the stacked bar represent the impact of assessed NPIs in containing the COVID-19 pandemic following 
the roll-out of vaccines. The purple color indicates that a study considers the NPI to be the most effective measure. The blue color signifies limited impact 
or a lack of association with containing the COVID-19 pandemic, according to the study. The brown color represents a negative correlation between the 
NPI and containing the spread of COVID-19
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effective in controlling the spread of COVID-19 than vac-
cination coverage due to the high immune evasion capa-
bility of the Omicron variant [13, 26]. It is important to 
note that NPIs and vaccinations work through different 
mechanisms to combat the pandemic [35]. NPIs physi-
cally reduce population contact and transmission of the 
virus, while vaccinations reduce susceptible populations 
by enhancing immunity. Overall, a combination of both 
containment and closure measures and vaccination is 
recommended to contain COVID-19 after the vaccine 
has been introduced [11, 21, 26, 27, 29, 33].

The types of the evaluated NPIs, as well as the effective 
NPIs, varied across different target countries and regions. 
Factors such as differences in government effectiveness 
[22], public awareness and behavioral responses to the 
prevention and control measures [21], and economic dis-
parities among different countries and regions may affect 
the impact of various NPIs [36].

Testing policies is a central pillar of public health 
response to global health emergencies. In the included 
studies, testing policies were primarily evaluated during 
the Omicron period. Nesteruk [23], Nesteruk et al. [24], 
Wang et al. [26], and Shin et al. [32] found that strength-
ening testing could reduce the number of COVID-19 
infections. Faster and decentralised nucleic acid testing 
technology may has the potential to be implemented on 

a larger scale in the community, help control the pan-
demic [37], reduce the need for strict control measures, 
and accelerate the recovery of social and economic activi-
ties. In addition, Shao et al. also found that large-scale 
SARS-CoV-2 rapid antigen testing alleviated the Omi-
cron outbreak in China [38]. Moreover, it is crucial to 
ensure accessibility to COVID-19 tests (e.g., availability 
and familarity with COVID-19 tests), bolster public con-
fidence in governmental control measures, and increase 
understanding of and perceived susceptibility to COVID-
19 [39–42]. These efforts collectively help reduce barri-
ers to testing, improve public willingness, and ultimately 
encourage individuals to participate in testing voluntarily.

Facial coverings are a form of personal protective 
equipment used to shield the face from various external 
hazards like splashes, droplets, and aerosols. Among the 
summarized evidence, only one study [28] found that the 
incidence of COVID-19 was significantly higher after the 
relaxation of face covering mandates. Other studies found 
no association between the implementation of facial cov-
ering policies and a reduction in COVID-19 cases [10, 19, 
22, 30, 31]. Facial covering policies do not represent the 
actual use of masks for preventing infections but rather 
serve as public health measures. The impact of facial cov-
ering policies depends on compliance with the policies, 
proper mask usage, and the duration of mask-wearing. 

Table 5 The types and the relative impact individual NPIs were classified according to the study’s target countries and regions
Author Geographi-

cal scope
NPIs assessed Effective intervention 

measures
Score

Huy et al. Asia School closure, workplace closure, cancel public events, restrictions on gathering 
size, close public transport, stay-at-home requirements, restrictions on internal 
movement, restrictions on international travel, public information campaign, test-
ing policy, contact tracing, facial coverings

Restrictions on gathering 
size, Close public transport

15

Liang et al. Worldwide School closure, workplace closure, cancel public events, restrictions on gathering 
size, stay-at-home requirements, restrictions on international travel
, public information campaign, testing policy, contact tracing, facial coverings

School closure,
workplace closure

14

Li et al. Worldwide School closure, workplace closure, cancel public events, restrictions on gathering 
size, close public transport, stay-at-home requirements, restrictions on internal 
movement, restrictions on international travel

School closure, workplace 
closure, restrictions on 
gathering size, stay-at-
home requirements

12

Ge et al. (2) Worldwide School closure, workplace closure, restrictions on gathering size, close public trans-
port, restrictions on international travel, facial coverings, restrictions on internal 
movement, stay-at-home requirements

Workplace closure, restric-
tions on gathering size, 
restrictions on international 
travel

15

Nesteruk Worldwide Testing policy Testing policy 10
Nesteruk 
et al.

Worldwide Testing policy Testing policy 10

Hongjian 
Wang et al.

Worldwide Testing policy Testing policy 11

Bollyky et al. US Workplace closure, School closure, Restrictions on gathering size, Facial coverings, 
Stay-at-home requirements, Vaccine mandates, Restrictions on gathering size

Vaccine mandates 16

Ertem et al. US Facial coverings None 15
Paireau et al. France Curfews, school closure Curfews 15
Sookhyun 
Kim et al.

European Facial coverings Facial coverings 10

Shin et al. India Testing policy Testing policy 13
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Bollyky et al. found no evidence that implementing facial 
covering policies reduced the number of COVID-19 
infections, but they did observe an association between 
mask use and lower rates of COVID-19 infection [30]. 
Furthermore, it is important to note that a limitation of 
the mask evidence is the absence of standardized regula-
tion or reporting regarding the type of masks employed. 
This variability in mask types may impact the assessment 
and comparison of mask impacts across studies.

The impact of school closures in reducing COVID-19 
infections appears to be controversial. Liang et al. [22] 
and Li et al. [21] argued that school closures were asso-
ciated with mitigating the spread of COVID-19, while 
Paireau et al. [11] and Ge et al. [19] suggested that their 
impact was limited. Conversely, Huy et al. [10] discov-
ered that the policy of school closure had the oppo-
site effect on the reduction of infection rate. A previous 
study found that the policy had a potential for effectively 
reducing influenza transmission [43]. However, the opti-
mum strategy of the policy of school closures remains 
unclear, whether in controlling the spread of influenza or 
COVID-19 pandemic.

Liang et al. [22], Li et al. [21], and Ge et al [19]. con-
sidered workplace closure as an effective intervention in 
containing the spread of COVID-19, after the roll-out of 
coronavirus vaccines. Modeling studies estimated that 
implementing only workplace social distancing measures 
could reduce the median cumulative incidence of influ-
enza in the general population by 23% from 2000 to 2017 
[44].

Gathering restrictions are primarily implemented to 
curb the spread of infectious diseases by reducing inter-
personal contact, which can occur through various trans-
mission pathways such as droplets, direct contact, and 
aerosols [45]. A previous study indicated that restrictions 
on gathering had the greatest contribution (37.60%) to 
suppressing influenza transmission during the 2019–
2020 influenza season [46]. Different levels of gathering 
restrictions have shown varying impact. According to the 
categorization by OxCGRT, the levels of restrictions on 
gatherings range from strictest to the weakest, including 
limitations on gatherings of 10 or fewer people, 11–100 
people, 101–1000 people, and gatherings with 1000 
or more individuals [1]. Studies by Huy et al. suggested 
that limiting gatherings to 10 or fewer people was most 
strongly correlated with a decrease in COVID-19 case 
numbers [10]. A similar finding was also supported by 
research conducted by Liang et al [22].

Stay-at-home orders [21], restrictions on interna-
tional travel [19], public transport closures [10], vaccine 
mandates [30], and curfews [11] have been identified as 
effective measures in controlling the spread of COVID-
19 according to a minority of included studies after 
the introduction of vaccines. Additionally, there is no 

evidence to suggest that restrictions on internal move-
ment [10, 19, 21], public information campaigns [10, 22], 
and contact tracing [10, 22] were associated with a reduc-
tion in the transmission of COVID-19. Considering the 
number and heterogeneity of existing evidences, further 
research is needed to identify the impact and mecha-
nisms of the implementation of these NPIs in controlling 
the spread of COVID-19.

There is controversy surrounding whether NPIs can 
effectively reduce COVID-19 deaths. Studies have shown 
that NPIs do not directly reduce the number of COVID-
19 deaths [47]. However, research conducted by Hale et 
al. [20] and Wang et al. [25] found that, a higher strin-
gency index was associated with a lower average daily 
death toll. It is possible that NPIs indirectly reduce the 
number of deaths by mitigating the spread of COVID-19. 
Nevertheless, these studies lack analysis or explanation 
regarding the specific indirect impacts.

The research on NPIs’ impact in reducing the transmis-
sion of infectious diseases, especially respiratory ones 
like SARS, influenza, and COVID-19, has always received 
attention. However, our understanding of the impact of 
these measures in controlling respiratory infectious dis-
eases is still not comprehensive enough, even in the con-
text of the ongoing COVID-19 pandemic, particularly 
since the introduction of vaccines.

Strengths and limitations
This study has several strengths. Firstly, we conducted 
a systematic and comprehensive search across various 
databases to investigate the real-world impact of NPIs 
in containing the COVID-19 pandemic post-vaccine 
roll-out. Secondly, we employed a risk of bias assess-
ment tool to critically assess the potential biases in the 
included studies. Thirdly, we summarized and analyzed 
the available evidence using quantitative and qualitative 
approaches, presenting the findings in tables and fig-
ures. Nonetheless, our study also has limitations. Firstly, 
we included three preprints that had not been peer-
reviewed, although we did evaluate their risk of bias. 
Secondly, due to variations in study design, analytical 
methodologies, and outcome measures, we were unable 
to perform a meta-analysis and provide numerical esti-
mates of impact. Thirdly, these studies primarily focused 
on the impact of NPIs during the first half of 2021. The 
available evidence be limited for conducting compara-
tive analyses of the impact of NPIs at different stages of 
the epidemic curves or in communities utilizing differ-
ent types of vaccines. Additionally, studies that evalu-
ated the impact of NPIs included the post-vaccine rollout 
period but without considered vaccine coverage were 
excluded, despite the studies may provide insightful evi-
dences. However, it is difficult to draw inferences about 
the impacts of NPIs after the vaccine rollout from these 
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studies. Lastly, the evidence derived from the included 
studies was limited as they relied on retrospective and 
observational data, which cannot establish a causal rela-
tionship between NPIs and outcomes due to potential 
confounding variables.

Conclusion
In conclusion, the understanding of the impact of NPIs 
in mitigating the pandemic post-vaccination is inad-
equate. NPIs had a larger contribution to the control of 
the pandemic as compared to vaccination during the 
early stage of vaccine implementation and in the context 
of the omicron variant. It is recommended to tailor NPIs 
based on factors like vaccination rates and variants with 
strong immune evasion, instead of lifting them suddenly, 
during early phases of vaccine roll-out in future pandem-
ics. Various studies showed NPIs had varying impacts on 
curbing the COVID-19 pandemic. Policy- and decision-
makers need to focus on the impact of different NPIs 
in diverse contexts, to determine when to ease or rein-
force restrictions. It is essential to comprehend the policy 
mechanisms of these intervention measures in control-
ling the spread of COVID-19 and other respiratory infec-
tious diseases, such as influenza.
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