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ABSTRACT

Background: Although non-pharmaceutical inventions (NPIs) were used globally to control the spread of COVID-19, their effectiveness remains
uncertain. We aimed to assess the evidence on NPIs as implemented in the UK, to allow public health bodies to prepare for future pandemics.

Methods: We used rapid systematic methods (search date: January 2024) to identify, critically appraise and synthesize interventional,

observational and modelling studies reporting on NPI effectiveness in the UK.

Results: Eighty-five modelling, nine observational and three interventional studies were included. Modelling studies had multiple quality issues;
six of the 12 non-modelling studies were high quality. The best available evidence was for test and release strategies for case contacts
(moderate certainty), which was suggestive of a protective effect. Although evidence for school-related NPIs and universal lockdown was also
suggestive of a protective effect, this evidence was considered low certainty. Evidence certainty for the remaining NPIs was very low or

inconclusive.

Conclusion: The validity and reliability of evidence on the effectiveness of NPIs as implemented in the UK during the COVID-19 pandemic is
weak. To improve evidence generation and support decision-making during future pandemics or other public health emergencies, it is essential
to build evaluation into the design of public health interventions.
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Introduction

Non-pharmaceutical interventions (NPIs) are measures not
dependent on medication that employ mitigation and sup-
pression strategies to reduce case numbers to low levels.!»?
During the first year of the COVID-19 pandemic, NPIs were
the only preventive methods available to governments, health
systems and populations.” In the UK, as in other jurisdic-
tions, NPIs were mainly implemented as a combination of
measures. Reviews from around the world suggest that this
approach is likely to have been effective,*~” with observational
data from Hong Kong, New Zealand and South Korea, sug-
gesting sustained suppression of the virus.® However, there
was considerable variation across the wotld in how, when
and in what combination NPIs were implemented, making it
challenging to assess the effectiveness of individual measures
or generalize this evidence to specific contexts.””>! There-
fore, there is a need to assess the effectiveness of individual
NPIs as implemented in specific countries to inform national
pandemic preparedness plans.

To better understand the evidence generated during the
COVID-19 pandemic on the effectiveness of NPIs imple-
mented in the UK, the UK Health Security Agency (UKHSA)
first conducted a rapid mapping review.''>'? This identified
and categorized the available evidence on NPIs used in the
UK!'L-12; however, it did not critically appraise the included
studies, nor synthesize the corresponding evidence. UKHSA
then commissioned the current rapid review to update the
original searches and critically appraise and synthesize the
evidence. This work has two characteristics that distinguish
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it from other reviews of NPIs. Firstly, as explained above,
it focuses specifically on NPIs as implemented in the UK.
Secondly, whereas previous reviews included either interven-
tional /observational studies or modelling studies, our review
synthesizes evidence from all study designs, using a common
methodological approach. By undertaking this review, our aim
was to provide a thorough understanding of the evidence
base for NPIs implemented in the UK during the COVID-19
pandemic that would inform UK policy and decision-making

for pandemic preparedness and response.13

Methods

We followed the PRISMA reporting guidelines.'* Three rapid
review protocols, which grouped NPIs according to the cate-
gories defined by the mapping review, were registered on the
Open Science Framework'>~!7; however, on completion of
the rapid reviews, it was decided to combine them into a single
publication.

Search methods

The original search for the rapid mapping review was under-
taken on 1 March 2023.'% An updated search using the same
search strategy was conducted on 2 January 2024 to identify
studies registered after 28 February 2023. We searched the fol-
lowing databases for published and unpublished work: Ovid
MEDLINE (R) (to 29 December 2023), EMBASE (to 29
December 2023), National Institutes of Health (NIH) Covid
Portfolio (to 2 January 2024) and Corona Central (to 2 January
2024). For search strategies, see supplementary materials.
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The search strategy involved three concepts, separated by
the Boolean operator AND: terms related to COVID-19,
terms related to NPIs and terms related to the UK (using a
validated UK geographic search filter).!5:1?

Criteria for study inclusion

We included randomized controlled trials (RCTs), cohort,
case—control, cross-sectional, quasi-experimental, natural
experiments and modelling studies. Studies were included if
they reported actual or simulated data (for modelling studies)
on the UK general population or a sub-population of the
UK, during the COVID-19 pandemic. We included studies
that compared the NPI to either another NPI, the same NPI
in another setting or no intervention. We also included within-
person comparisons (before and after studies). Included
outcomes were COVID-19 cases, hospitalization, mortality
and reproduction number (R). We excluded studies based
exclusively in health or social care settings, studies not
published in English and studies evaluating travel and border
measures (as these were not exclusively UK populations).

Screening

The procedure for screening the initial search results is
detailed in the rapid mapping review.'? As this was a rapid
review, title and abstract screening for the updated search
was undertaken in duplicate by two reviewers for a random
10% sample of the records identified, using the EPPI-
Reviewer web version 4.2’ The remaining 90% of records
were screened by one reviewer with discussion with another
reviewer in areas of uncertainty. Full-text screening was
conducted by one reviewer and checked by a second, using
EPPI-Reviewer. Studies eligible for the mapping review were
rescreened to remove records that did not meet the narrower
inclusion criteria for the rapid review.

Data extraction and management

Two data extraction tools were developed and piloted for
observational /interventional and modelling studies (see
online repository https://osf.io/7czvs /). Data were extracted
from each paper by a single reviewer and checked by a second
reviewer, with disagreements resolved through discussion
or the involvement of a third reviewer. We extracted data
on the study purpose, study or model characteristics, study
populations and COVID-19 outcomes.

Assessment of methodological quality
We used the Quality Criteria Checklist for effectiveness stud-
ies?’?? to appraise the quality of observational and inter-

ventional studies because this tool can be used with a wide

range of study designs. There is no validated tool to critically
appraise modelling studies. We used a previously published
tool with one modification to assess the modelling stud-
ies.”>** Our approach, allowing reviewers to assess studies as
having either ‘some’ or ‘no concerns’, was a pragmatic choice,
given the time constraints of conducting a rapid review and
the number of modelling studies (see supplementary mate-
rials). Quality assessment was done by a single reviewer,
checked by a second with discrepancies resolved through
discussion or by a third reviewer.

Data analysis and synthesis

Based on the results of the rapid mapping review, it was
decided that meta-analysis would be inappropriate because of
the heterogeneity of study designs, vatiety of NPIs, format of
outcome data, comparators and indices of effectiveness used
by the studies. Results were therefore synthesized narratively.
For each NPI, we made an overall assessment of the study
findings with respect to the effectiveness of the NPI on
COVID-19 outcomes. Findings of studies which reported
a confidence interval (CI) were classified as suggestive of a
protective effect, not suggestive or opposite to a protective
effect (i.e. harmful). Where studies had reported an effect size
without a CI, either numerically or, in the case of some mod-
elling studies, graphically, findings were marked as unclear.
Where our quality appraisal of modelling studies highlighted
concerns about adequately accounting for uncertainty in the
model itself, findings were marked as unclear, even if a CI was
provided.

We synthesized the evidence by modifying the Synthe-
sis without Meta-analysis (SWiM) guidelines,” focusing on
methodological quality, study relevance, consistency of results
across studies and assessment of precision. Study design
relevance was assessed by considering (i) how optimal the
study designs were for assessing the effectiveness of the NPI
and (ii) how heterogeneous the body of research was for that
NPI in terms of study characteristics (e.g study population,
details of intervention, COVID-19 outcomes, comparators).
Consistency of results was assessed by considering whether
the reported direction of effect was the same across (i) intet-
ventional studies, (ii) observational studies and (iii) modelling
studies. We considered whether precision of estimates had
been assessed by recording the proportion of studies that
provided a range of values around their numerical results.

We developed a decision algorithm for the assessment
of certainty of evidence for each NPI category (see
supplementary materials). We firstly assessed the direction
of effect for the interventional /observational studies. If at
least one study reported results in the opposite direction to the
others, the effect of an NPI was considered to be inconclusive.
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If they were all in the same direction, modelling studies
were then considered. If there were either no modelling
studies or their results were in the same direction as the
interventional /observational studies, we then considered
the certainty of evidence based on quality appraisal, study
heterogeneity and assessment of precision of all studies.
If the results of the modelling studies were in a different
direction to the interventional /observational studies, the
certainty of evidence was downgraded one level. Levels of
uncertainty ranged from very low to high.

Results

Search results

A total of 151 studies were included in the UKHSA mapping
review.'> The updated search yielded 6841 reports. After
removal of duplicates, 4162 were screened and 53 were
retrieved for full-text screening. Forty-five studies were
excluded, and 8 studies were added to the initial 151 studies.
These 159 studies were rescreened according to the narrower
inclusion criteria of the present rapid review, resulting in the
exclusion of 62 studies, leaving 97 studies for inclusion (see
Fig. 1 for study selection, online repository https://ost.io/7
czvs/ for excluded studies).

Characteristics of included studies and NPIs

Table 2A in supplementary materials summarizes the
characteristics of the 97 included studies, which reported
data on the following 20 NPI categories: face covering
2028 face covering reducing
27,29,39,
26,27,33;

giving protection to wearer

risk of transmission” %, physical distancing®®

ventilation?®>33:3; personal and household hygiene

contact tracing*’~>?; National Health Service (NHS) contact

tracing app*!>; asymptomatic testing®>>40-48,49,54-04

39,46,48,49,56,65—67

; isola-

30,6669,
b

tion of cases ; isolation of contacts’

test and release of cases’"’!; test and release of con-

tact557’68’72’75; NPIs that limit social contacts42’7(”83;

school-related NPIs2”30,39,42,58,59,64,84-91 . (i 1c and retail-

related NPIs37°%03:92, yniversal lockdown5?-23-113; targeted

54’56’“4’“5; tiered restriction584’11();

and cohorting.”!"'??> Three of the
72,73

and local lockdown
shielding39,5(),ll7—121;
included studies were interventional (two RCTSs and
one natural experiment’), nine were observational (two

118,120 1wy case—control 117 and five cross-sectional

cohort,
studies?®?7-2%93: 119 "and the remaining 85 were modelling

studies.

Effectiveness of NPIs and certainty of the evidence
There was heterogeneity in the study designs and study char-
acteristics (i.e. study settings and populations, details of how

the NPI was implemented, COVID-19 outcomes reported,
study comparators and format of results), and many mod-
elling studies did not report numerical effect estimates with
Cls. We summarized the findings of all studies narratively,
reported the ditection of effect (Table 1) and synthesized the
evidence for each NPI category (Table 2).

The only NPI category evaluated as being effective with a
moderate level of evidence certainty was test and release
strategies for the contacts of positive cases. Although this NP1
category included two high-quality RCTs, we downgraded
evidence certainty from high to moderate because of hetero-
geneity in how these strategies were implemented in study
settings, inadequate assessment of precision in two studies
and the conclusion by one modelling study that this strategy
would not contain outbreaks.

A low level of evidence certainty was assigned to school-
related NPIs and universal lockdown. Both included one
cross-sectional study with the remainder being modelling
studies. Although all studies had the same direction of effect
(suggesting that these NPIs were protective), we found
heterogeneity in study characteristics and had concerns
about methodological quality and inadequate assessment of
precision.

A very low level of evidence certainty was assigned for
face covering used to protect the wearer, ventilation, the NHS
contact tracing app, asymptomatic testing, isolation of cases
and contacts, test and release strategies for cases, NPIs that
limit social contacts, work- and retail-related NPIs, tiered
restrictions and cohorting. In all but one case, this was due
to the NPI category including only modelling studies. For
face coverings to protect the wearer, evidence certainty was
downgraded to very low because of heterogeneity in study
characteristics, failure to specify the type of face covering and
inadequate assessment of precision.

We found inconclusive evidence for six NPI categories:
the use of face coverings to reduce transmission, physical
distancing, personal and household hygiene, contact tracing,
targeted or local lockdown and shielding to reduce the risk
of COVID-19 transmission. The reason for the inconclusive
classification was a discrepancy in the direction of effect for
at least one of the observational studies within each category.
The studies also had other significant limitations. For exam-
ple, only 1 of 10 studies specified the type of face covering

under investigation.”’

Discussion

Main findings of this study
We found 97 studies on 20 different categories of NPIs, as
implemented in the UK during the COVID-19 pandemic,
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[ Previous studies

) |

Identification of new studies via databases and registers

Studies included in
previous version of
review (n = 151)

Reports of studies
included in previous
version of review (n =
151)

Identification

Records identified from*: 6,841
Ovid Medline (n = 1,254)
Embase (n = 1,944)

NIH Covid Portfolio (n =
3,639)
Corona Central (n = 4)

Screening

A 4

Records screened
(n=4,162)

\ 4

Records removed before
screening:
Duplicate records removed
(n=2,679)

A4

Reports sought for retrieval
(n=53)

h 4

Records excluded**
(n=4,109)

A4

Reports assessed for eligibility
(n=53)

\ 4

Reports not retrieved
(n=0)

New studies included in review
(n=8)

Reports of new included studies
(n=28)

A4

Included

Total studies rescreened for
inclusion

(n =159)

Reports of total studies
rescreened for inclusion

(n =159)

Reports excluded: 45
not UK (n = 8)
not COVID-19 (n = 1)
wrong exposure (n = 10)
wrong outcomes (n = 6)
wrong study design (n = 3)
duplicate references (n = 17
which had already been
identified in the mapping
review, of which 10 were
included and 7 excluded)

Total studies included in review
(n=97)
Reports of total included studies
(n=97)

Figure 1 PRISMA flow diagram for study selection

A4

Reports excluded: 62
wrong population (n = 14)
wrong intervention (n = 3)
wrong exposure (n = 1)
wrong outcome (n = 20)
wrong study design (n=21)
insufficient information (n =
1)
publication previously
included as preprint (n = 2)
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including 3 interventional, 9 observational and 85 modelling
studies. The included studies were highly heterogeneous and
were conducted under pandemic conditions when it was
imperative to make predictions at speed about the potential
impact of policy decisions. Most of the modelling studies did
not report numerical effect estimates with CI butinstead often
reported graphs with different scenatios with and without the
use of one or various NPIs. Thus, our findings teport the
direction, but not magnitude, of the likely effects of NPIs on
COVID-19 outcomes.

For six NPI categories (the use of face coverings to reduce
the risk of COVID-19 transmission, physical distancing,
personal/household hygiene, contact tracing, targeted/local
lockdown and shielding) the level of certainty in the evidence
was considered inconclusive due to inconsistency in the
direction of effect found by the authors. However, we were
able to identify a moderate level of certainty for test and
release strategies for case contacts (largely due to two high-
quality RCTs). Evidence for the effectiveness of the remaining
13 NPI categories was assessed as low or very low certainty
because of study design limitations, heterogeneity in study
characteristics and NPI implementation and lack of precision

estimation.

What is already known on this topic

Our findings are consistent with those of global systematic
reviews of observational and interventional studies.'?>!%*
Talic e a/. found evidence for the effectiveness of face cover-
ings, physical distancing and testing followed by isolation,'??
with moderate to high/critical risk of bias and high levels of
study heterogeneity, precluding meta-analysis. A recent review
of global systematic reviews found only 8 of 94 reviews to
have moderate to high confidence ratings.'>> Tt found low
certainty of evidence for the effectiveness of multicomponent
measures and active sutveillance and very low certainty for
travel, personal protective and environmental measures. Com-
parison with international studies is difficult, as multiple NPIs
tended to be implemented together, making it challenging to
isolate the effect of a single measure. Secondly measures such
as closing of borders for long periods, as implemented in

126

Australia,”*” or provision of free masks and hand sanitizers

for the entire population, as implemented in Singapore,'?’

may not be feasible in the UK.

What this study adds

To the best of our knowledge, our study is the only one to
synthesize all the available evidence, including from modelling
studies, on NPIs as implemented in the UK. We conducted a
comprehensive literature search up until January 2024, used
a systematic approach to study selection, quality appraisal

and data analysis and synthesized evidence from modelling
as well as interventional and observational studies. A key
advantage of this approach is that it allowed for the inclusion
of 11 additional NPI categories for which no interventional or
observational studies have been published in UK populations
(e.g: ventilation, asymptomatic testing).

124,125 e found the valid-

Consistent with other reviews,
ity and reliability of the available evidence to support the
effectiveness of individual NPIs to control the spread of
COVID-19 to be weak and not to provide robust evidence
to inform future pandemic preparedness. The main lesson
from this review is the need to improve evidence generation to
support future pandemic decision-making, including building
rapid evaluation into the response to pandemic and other
public health emergencies. This includes the development

128 Which can be
129

of ‘sleeper’ study platforms and protocols,
activated during an epidemic or pandemic, “* such as the
COVID-19 rapid survey of adherence to interventions and
responses (CORSAIR study).'*’ Another approach is the
delivery of rapid adaptive trials for the simultaneous testing
of various NPIs, such as the rapid adaptive trials for pharma-
ceutical interventions PRINCIPLE!’! and PANORAMIC. !
To facilitate rapid research and evaluation during public health
emergencies, pandemic preparedness plans should embed
processes for incorporating rapid data governance and eth-

ical approvals,133

including the design of ethical trials (for
instance, of multiple NPIs) and appropriate development
of sleeper protocols that would undergo ethical approval in
advance. It is also imperative to invest in data systems and
develop routine health data sources like Open Safely,'** which
would allow for a clearer indication of the effectiveness of

interventions in near real-time.

Limitations of this study

As this was a rapid review, some processes were truncated,
which could have introduced bias (e.g. data extraction was
not conducted in duplicate and we adapted a critical appraisal
tool for modelling studies). Focusing exclusively on the UK
reduced some of the heterogeneity due to differences between
countries but resulted in the exclusion of potentially high-
quality and relevant evidence from other populations. By
excluding laboratory studies on the physical properties of
the SARS-CoV-2 virus and physical studies on the behaviour
of airborne particles, we may have missed important studies
that could have provided evidence on mechanistic aspects and
efficacy of NPIs. Most of the included studies had a high
risk of bias. Only three were RCTs but even these are at risk
of residual confounding from environmental and behavioural
factors. Finally, our review has considered the impact of
NPIs on reducing COVID-19 outcomes, but this needs to be
balanced against the potential adverse economic, political or
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social effects associated with the adoption of NPIs during the
COVID-19 pandemic.135

Conclusion

Our review found that evidence for the effectiveness of indi-
vidual NPIs as implemented in the UK to control the spread
of COVID-19 is weak. The best available evidence was for
test and release strategies for case contacts (moderate cet-
tainty), which was suggestive of a protective effect. Although
evidence for school-related NPIs and universal lockdown
was also suggestive of a protective effect, this evidence was
considered low certainty. Evidence certainty for the remaining
NPIs was very low or inconclusive. There were limitations
in study designs and methodological quality, heterogeneity in
study characteristics and challenges in isolating the effects of
single interventions, in the context of multiple interventions
being implemented simultaneously. These results do not nec-
essarily reflect a lack of effectiveness of packages of NPIs
implemented in the UK. However, they highlight the need to
build evaluation into the design of public health interventions
to improve evidence generation in order to support future
pandemic decision-making;
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