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Abstract 

Background  The SARS-CoV-2 pandemic underscored the need for pandemic preparedness, with respiratory-trans‑
mitted viruses considered as a substantial risk. In pandemics, long‐term care facilities (LTCFs) are a high-risk setting 
with severe outbreaks and burden of disease. Non‐pharmacological interventions (NPIs) constitute the primary 
defence mechanism when pharmacological interventions are not available. However, evidence on the effectiveness 
of NPIs implemented in LTCFs remains unclear.

Methods  We conducted a systematic review assessing the effectiveness of NPIs implemented in LTCFs to protect 
residents and staff from viral respiratory pathogens with pandemic potential. We searched Medline, Embase, CINAHL, 
and two COVID-19 registries in 09/2022. Screening and data extraction was conducted independently by two experi‑
enced researchers. We included randomized controlled trials and non-randomized observational studies of interven‑
tion effects. Quality appraisal was conducted using ROBINS-I and RoB2. Primary outcomes encompassed number 
of outbreaks, infections, hospitalizations, and deaths. We synthesized findings narratively, focusing on the direction 
of effect. Certainty of evidence (CoE) was assessed using GRADE.

Results  We analysed 13 observational studies and three (cluster) randomized controlled trials. All studies were con‑
ducted in high-income countries, all but three focused on SARS-CoV-2 with the rest focusing on influenza or upper-
respiratory tract infections. The evidence indicates that a combination of different measures and hand hygiene 
interventions can be effective in protecting residents and staff from infection-related outcomes (moderate CoE). 
Self-confinement of staff with residents, compartmentalization of staff in the LTCF, and the routine testing of residents 
and/or staff in LTCFs, among others, may be effective (low CoE). Other measures, such as restricting shared spaces, 
serving meals in room, cohorting infected and non-infected residents may be effective (very low CoE). An evidence 
gap map highlights the lack of evidence on important interventions, encompassing visiting restrictions, pre-entry 
testing, and air filtration systems.
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Conclusions  Although CoE of interventions was low or very low for most outcomes, the implementation of NPIs 
identified as potentially effective in this review often constitutes the sole viable option, particularly prior to the availa‑
bility of vaccinations. Our evidence-gap map underscores the imperative for further research on several interventions. 
These gaps need to be addressed to prepare LTCFs for future pandemics.

Trial registration  CRD42022344149.

Keywords  Nursing homes, Pandemics, COVID-19, Influenza, Respiratory tract infections, Public health practice, 
Communicable disease control, Physical distancing, Mandatory testing, Hygiene

Background
The SARS-CoV-2 pandemic is estimated to have taken 
the lives of 18.2 million people worldwide between Janu-
ary 2020 and December 2021 [1], prior to the widespread 
availability of effective vaccines. However, it is just one 
of several major epidemics and pandemics that have 
occurred in the past century, including the 2003 SARS 
epidemic, the 2012 MERS epidemic, the H1N1 influenza 
pandemics in 2009 and 2018, and the 1957 H2N2 and 
1968 influenza pandemics. As similar epidemic and pan-
demics are to be expected, preparation is essential.

According to the Johns Hopkins Center for Health 
Security, RNA viruses with respiratory transmission, 
particularly those disseminated through airborne and 
respiratory droplet routes, represent the most probable 
aetiological agents for initiating pandemics [2]. These 
included for example orthomyxoviruses, paramyxovi-
ruses, pneumoviruses, coronaviruses, and some picor-
naviruses [3]. Moreover, non-epidemic acute respiratory 
tract infections (RTIs) resulting from viral pathogens, 
such as seasonal influenza, place a considerable burden 
on population health and healthcare systems around the 
world [4]. Beyond their immediate repercussions, viral-
induced acute RTIs can lead to secondary bacterial lower 
RTIs, notably pneumococcal pneumonia, which engen-
der elevated mortality rates, particularly within vulner-
able demographic cohorts, such as the elderly.

During epidemic or pandemic events, individuals 
residing in long-term care facilities (LTCFs) are con-
fronted with an elevated susceptibility. These residents 
often necessitate intimate care interactions involving 
multiple disciplines and healthcare providers. This cir-
cumstance constrains the feasibility of implementing 
social distancing measures and concurrently heightens 
the risk for infections and outbreaks within LTCFs [5, 
6]. In case of an outbreak, the underlying conditions 
requiring individuals to receive care in the first place 
also increases their risk of severe courses of disease 
in case of infection, e.g. in the case of COVID-19 or 
influenza [7]. This amalgamation of factors has posi-
tioned LTCFs as focal points for the morbidity and 
mortality burdens associated with the SARS-CoV-2 
pandemic [8] and other outbreaks precipitated by 

respiratory infections [9]. Notably, during the initial 
wave of the SARS-CoV-2 pandemic in Europe, LTCF 
residents accounted for a substantial proportion of 
fatalities, ranging from 26 and 66% deaths across 11 
European countries [10]. Another analysis encompass-
ing 21 high- and middle-income countries during the 
early phase of the pandemic attributed 46% of deaths to 
LTCF residents, although they constitute less than 1% 
of the population [8].

In the context of an epidemic or pandemic event, par-
ticular during the early phases when effective vaccines or 
treatments are scarce or non-existent, non-pharmacolog-
ical interventions (NPIs) constitute the primary and often 
sole defence against infectious pathogens [11–13]. NPIs 
have several potential advantages over pharmacologi-
cal interventions (PIs) of suppressing outbreaks within 
LTCFs. They can be swiftly implemented, are often less 
resource- and technology-dependent, and exhibit effec-
tiveness across a spectrum of infectious agents, including 
novel viruses [11]. Even under conditions where pharma-
ceutical agents or vaccines are available, as exemplified in 
the case of influenza, reliance solely on PIs may not be 
sufficient to contain outbreaks in LTCFs or sufficiently 
ameliorating their adverse health consequences [14–16]. 
Consequently, the World Health Organization (WHO) 
has emphasized the importance of NPIs in its recent 
Global Influenza Strategy 2019 to 2030 [11] and other 
guidance documents on the management of the SARS-
CoV-2 pandemic within LTCFs [6].

Amidst the backdrop of the SARS-CoV-2 pandemic, 
NPIs implemented within LTCFs encompassed a range of 
measures, as depicted in the process-based logic model in 
Fig. 1. These included, but were not limited to, measures 
designed to restrict the introduction of the pathogen into 
the facility, such as entry regulation measures like visitor 
restrictions, contact-reduction measures involving for 
example the compartmentalization of residents, trans-
mission-reducing measures like the utilization of masks 
and heightens surface hygiene, surveillance and testing 
initiatives, and measures directed at controlling out-
breaks, including contact tracing, quarantine, and isola-
tion [17]. Nonetheless, considerable uncertainties remain 
regarding the effectiveness of these and other NPIs to 
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prevent or mitigate outbreaks due to SARS-CoV-2, as 
well as other viral RTIs aside from SARS-CoV-2.

Objectives
The primary aim of this review was to provide evidence 
on the effectiveness of NPIs designed to prevent out-
breaks within LTCFs and mitigate their infection-related 
consequences. Specifically, we assessed the impact of 
these interventions on the incidence of infections, hos-
pitalizations, and mortality rates among both LTCF 
residents and staff, focusing on viral RTIs as a proxy 
for pathogens with pandemic potential. Additionally, 
we enhanced the applicability of our findings by con-
solidating the evidence related to these infection-related 
outcomes into one composite outcome, reflecting the 
potential effectiveness of the measure as a safeguarding 
strategy for LTCFs in forthcoming pandemics.

Methods
In this review, we conducted an update of the Cochrane 
review Non-pharmacological measures implemented in 
the setting of long-term care facilities to prevent SARS-
CoV-2 infections and their consequences: a rapid review 
(from here on: Cochrane SARS-CoV-2 LTCF review) [17] 
up to September 2022 as well as expanded the focus to 
include infections due to other viral pathogens with pan-
demic potential. In doing so, we partly draw on the meth-
ods of the Cochrane SARS-CoV-2 LTCF review as well as 
the Cochrane review Physical interventions to interrupt 
or reduce the spread of respiratory viruses by Jefferson 
et al. [18].

This review was prospectively registered in PROS-
PERO (CRD42022344149). The research process fol-
lowed the recommendations outlined in the Cochrane 
Handbook for Systematic Reviews of Interventions. The 
Preferred Reporting Items for Systematic reviews and 

Fig. 1  Process-based logic model on the relation between non-pharmaceutical intervention domains and potential outcome measures
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Meta-Analyses (PRISMA) statement, updated in 2020, 
was used to report this study [19].

Criteria for including studies
We included both (cluster) randomized controlled tri-
als (RCTs/cRCTs) as well as non-randomized observa-
tional studies of intervention effects (NRSIs) [20, 21]. 
We included NRSIs which allow control of observed and 
unobserved confounding, such as controlled before-and-
after (CBA) studies, interrupted-time-series (ITS) stud-
ies, or regression discontinuity (RD) studies [21]. We 
furthermore included controlled prospective and retro-
spective cohort studies (PCS/RCS), where it was estab-
lished that the intervention was introduced prior to the 
occurrence of the outcome. Mathematical modelling 
studies were excluded.

Studies that assessed at least one measure subsumed 
in one of the following intervention categories were 
included:

(i)	Entry regulation measures (ERM) intended to limit 
the introduction of the pathogen into the LTCF 
(e.g., access restrictions for visitors),

(ii)	 Contact regulating measures (CRM) intended to 
reduce the number of contacts at risk of transmis-
sion within the facility (e.g., closing communal 
spaces),

(iii)	Transmission-reduction measures (TRM) intended 
to reduce the risk of transmission upon contact 
or via surfaces (e.g., use of respiratory protective 
equipment, improving hand hygiene, or installing 
air filters),

(iv)	Screening and surveillance measures (SSM) 
intended to detect cases early or identify asympto-
matic but contagious individuals, and

(v)	 Outbreak control measures (OCM) implemented to 
interrupt or prevent further spread of an outbreak 
after a case of the respective disease detected (e.g., 
contact-tracing and quarantine).

Our review exclusively focused on NPIs implemented 
within the setting of LTCFs, defined as residential estab-
lishments providing care for people requiring support 
due to difficulties in maintaining independent living 
within the community. In this review, the term “LTCF” 
encompasses various types of facilities, including skilled 
nursing facilities, nursing homes, retirement homes, 
assisted-living facilities, residential care homes, and simi-
lar institutions [10]. We included studies that assessed 
the outcomes among three distinct groups: adult resi-
dents (≥ 18  years) primarily residing in LTCFs (referred 
to as residents), individuals visiting LTCFs (referred to 
as visitors), and nursing and non-nursing staff employed 

in LTCFs (referred to as staff). Furthermore, our inclu-
sion criteria encompassed studies examining the impact 
of NPIs by means of comparative analyses, juxtapos-
ing them against either the absence of any intervention 
(referred to as no measure), baseline infection control 
measures exclusively, less stringent implementation, or 
alternative NPIs.

We encompassed studies assessing infection-related 
outcomes in LTCFs or the population of interest. These 
outcomes included the number, rate, or proportion of

(i)	viral respiratory infections (both confirmed or sus-
pected),

(ii)	 contaminations of LTCFs (defined as at least one 
infection that was introduced into the LTCF),

(iii)	outbreaks in LTCFs (defined as more than one 
infection in the facility or one case where the infec-
tion had occurred within the LTCF),

(iv)	hospitalizations due to the pathogens of interest 
and

(v)	 deaths due to the pathogen of interest.

We included studies that assessed these outcomes in 
the context of a pandemic or epidemic event of a viral, 
respiratory-transmitted pathogen. Viruses of inter-
est included, but were not limited to, Influenza, SARS-
CoV-2, SARS, MERS. Additionally, we considered studies 
evaluating the effectiveness of NPIs against infection-
related outcomes caused by similar viral pathogens which 
are transmitted via the respiratory route, such as influ-
enza-like illnesses in general or acute upper respiratory 
tract infections (e.g., influenza, RSV-infections, rhinovi-
rus-infections). See Supplementary files for details.

We considered studies published in English, French, 
German, Italian, and Spanish and excluded studies in lan-
guages other than those listed. In order to reflect changes 
in (medical) care and public health practice but to 
include publications from the 2003 SARS-pandemic, we 
restricted searches to the past 30 years (i.e., in or before 
1992). The search covered the period up to September 
2022, as this was the month the searches were conducted.

The eligibility criteria are provided in more details in 
Supplement Ib.

Identification of relevant literature
Our database searches consisted of two components: The 
first component, an update of the database searches of 
the Cochrane SARS-CoV-2 LTCF review [17], focused 
on SARS-CoV-2 literature and was conducted in the two 
SARS-CoV-2 specific study registries Cochrane COVID-
19 Register and WHO COVID-19 Global literature on 
coronavirus disease, which collectively encompass vari-
ous databases. Additionally, we searched the CINAHL 
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EBSCO database. The second component focused on 
literature searches on other pathogens of interest, con-
ducted within the databases Embase (Ovid), MEDLINE 
(Ovid), and CINAHL EBSCO. The search strategy is pro-
vided in Supplement II. To identify relevant literature, we 
conducted backward citation searches via Scopus for all 
known literature reviews (provided in Supplement III), 
guidelines and all included studies.

Following Cochrane guidance [22], initial screening of 
titles and abstracts was carried out independently and in 
duplicate by two review authors, guided by pre-specified 
eligibility criteria (Supplement Ib) using the web-based 
application Rayyan [23]. Subsequently, full-text screening 
was similarly conducted in duplicate and independently. 
In both stages, discrepancies were resolved through dis-
cussion in the presence of an additional reviewer.

Data collection, extraction, and assessment
Data extraction was performed by one author using a 
pre-developed and validated data extraction form and 
checked by one additional review author. For the risk 
of bias (RoB) assessment, two review authors indepen-
dently employed specific tools tailored to the study type. 
RCTs were assessed using the Cochrane RoB 2 tool [24] 
with adapted versions for cluster-RCTs [25]. NRSIs were 
assessed using the ROBINS-I tool [26], employing guid-
ance on the adaption of the tool laid out in the Cochrane 
Handbook for the RoB assessment of CBA and (con-
trolled) ITS studies [27]. NRSI which were evaluated with 
ROBINS-I and judged to have a critical risk of bias rating 
were excluded from the evidence synthesis.

Our primary focus during the RoB assessment laid on 
assessing the potential influence of bias in the reported 
direction of effect. Specifically, the likelihood that bias 
may have contributed to the observed effect direction, 
as opposed to the true effect being either null or in the 
opposite direction.

An extended description of the risk of bias assessment 
is provided in Supplement IV.

Data synthesis
For the data synthesis, we initially planned a meta-anal-
ysis to pool intervention effects within the same domain 
and category, contingent on the availability of a mini-
mum of three relevant studies and data compatibility 
[28]. However, since there were fewer than three studies 
reporting the same outcome measure for all compari-
sons, we resorted to a narrative synthesis through using 
vote counting based on the direction of effect and visu-
alization through effect-direction plots [29, 30], aligning 
with guidance from the Cochrane Handbook and report-
ing guideline on Synthesis without meta-analysis (SWiM) 
[28, 31].

The threshold for the public health relevance was 
defined as any difference from the null, regardless of sta-
tistical significance. We assumed that in an ongoing pan-
demic, any intervention which allows for a reduction of 
infection risk could potentially be relevant. Accordingly, 
the focus of the evidence appraisal and synthesis lay on 
the direction of effect, rather than the effect size.

Our synthesis approach involved a vote counting to 
determine effect directions, culminating in composite 
outcome measures that encapsulated intervention effec-
tiveness in safeguarding LTCFs against infection-related 
endpoints. Within this composite outcome, we synthe-
sized the direction of effect for the different infection-
related outcome measures. In this synthesis, each study 
contributed one single effect estimate per comparison. In 
cases where a study addressed multiple infection-related 
endpoints (e.g., the study reporting both on number of 
infections and number of hospitalizations), priority was 
given to outcomes in the following order: Number, rate, 
or proportion of (1) outbreaks or (2) LTCF contamina-
tions, followed by (3) infections, (4) hospital admission 
and (5) deaths resulting from infections caused by the 
pathogens of interest.

Our main interest was in assessing the components 
of interventions intended to prevent or reduce infec-
tion-related outcome, focusing on the effectiveness of 
adherence to these components, such as mask usage. 
Interventions intended to implement or increase effective 
components, like educative initiatives promoting mask 
wearing, were not within our scope.

More details on our approach is provided in Supple-
ment IV.

Assessment of certainty of evidence
We used the GRADE framework to assess the certainty 
of evidence regarding the primary outcomes [32, 33]. Ini-
tially, one review author compiled the evidence in sum-
mary of findings tables and established an initial certainty 
of evidence assessment, which was subsequently refined 
though deliberations within the research team. Finally, all 
results were verified by the research team [34].

Results
Results of the search
The database searches focused on SARS-CoV-2 spanned 
from January 2021 to September 2022, as the period 
before January 2021 was addressed in the Cochrane 
SARS-CoV-2 LTCF review [17], resulting in initial 6,934 
records prior to deduplication. Additionally, 22 stud-
ies with 23 records from the previous Cochrane SARS-
CoV-2 LTCF review were included in the full-text 
screening stage. The second component, focusing on 
pathogens other than SARS-CoV-2, covered the period 
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up to September 2022 and yielded 7,974 records prior 
to deduplication. During full-text screening, 482 unique 
records were assessed. Overall, we included 23 records 
reporting on unique 16 studies [35–57]. Refer to Fig.  2 
for more details. In our searches, we also included NRSIs 
investigating the adverse and unintended consequences 
of NPIs on resident’s and staff’s mental and physical 
health, which will be addressed in a separate publication. 
Regarding this outcome, we identified an additional two 
studies [58, 59].

Description of included studies
As shown in Table  1, entry regulation measures (ERM) 
were assessed in one study [36], contact-regulating meas-
ures (CRM) in three [39, 42, 49] and transmission-reduc-
tion measures (TRM) in six [43, 45, 46, 48, 49, 54]. Five 
studies assessed screening and surveillance measures 
(SSM) [35, 41, 50, 55, 56] and two studies outbreak con-
trol measures (OCM) [45, 48]. Additionally, three stud-
ies examined the effects of multi-component measures 
(MCM) [44, 45, 57].

Most studies (n = 13), focused on infection-related 
outcomes regarding SARS-CoV-2/COVID-19 [35, 38, 
39, 41, 42, 44, 45, 48–50, 55–57]. Only three studies—
all cRCTs focusing on the effectiveness of hand hygiene 
interventions—focused on other pathogens or diseases 
of relevance: respiratory outbreaks [43], influenza-like 

illnesses [54], and upper-respiratory tract infections 
[46]. Within the infection-related outcomes, seven stud-
ies reported on outbreaks in LTCFs [38, 39, 42, 43, 49, 
50, 56], nine studies reported on the number of infec-
tions among residents and/or staff [35, 38, 41, 44–46, 
48, 54, 56], three studies reported on hospitalizations 
[38, 45, 55] and five studies reported on the number of 
deaths due to the pathogens of interest [38, 39, 45, 50, 
55]. Notably, no study reported outcomes associated 
with facility contamination.

We identified 13 NRSI studies [35, 38, 39, 41, 42, 44, 
45, 48–50, 55–57] and three cRCTs [43, 46, 54]. One 
study utilized two LTCFs to either intervention or con-
trol group [50]; due to the low number of sites this was 
classified as NRSI. Among the NRSIs, four employed a 
cohort-like design, examining the association between 
intervention presence or absence and outcome over time 
[39, 42, 48, 49]. Three studies used an ITS-like design [35, 
41, 57], using longitudinal data with multiple pre- and 
post-intervention data points to assess the intervention’s 
impact on outcome trend or level changes. One study 
employed longitudinal data for a difference-in-difference 
analysis [44].

The studies assessed NPIs in LTCFs located in Canada 
[57], France [38, 39, 48, 49], Germany [50], the UK [42, 
56], China—Hong Kong [43], the Netherlands [54, 58], 
and the USA [35, 41, 44–46, 55].

Fig. 2  PRISMA 2020 flow diagram for new systematic reviews. (Abbreviations: NPI Non-pharmacological intervention, AUC​ Adverse and other 
unintended outcomes)
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Six studies exclusively assessed outcomes in residents 
[39, 41, 44, 46, 48, 54], four investigated both residents 
and staff members, allowing population group differen-
tiation [38, 45, 55, 57], while five included both residents 
and staff members without the option for population 
group stratification [35, 43, 49, 50, 56].

Risk of bias and quality of included studies
Among the three RCTs assessed with the RoB 2 tool 
[43, 46, 54], one study was classified with some concerns 
[43], while two were deemed to have a high risk of bias 
[46, 54].

Upon assessment with ROBINS-I, the comparisons 
in all but two NRSIs [44, 57] were deemed to exhibit a 
serious risk of bias, primarily stemming from concerns 
regarding the domain bias due to confounding and the 
domain bias due to deviation from intended intervention. 
In instances involving the domain bias due to confound-
ing it remained uncertain whether observed effects were 
influenced by underlying LTCF attributes, such as over-
all LTCF quality, associated with both the presence or 
absence of the intervention and the outcomes.

Four studies employed a cohort-like design, employing 
various forms of regression analysis, to estimate the asso-
ciation between intervention and outcome status (e.g., 
occurrence of an outcome at a later time point) [39, 42, 
48, 49]. In these assessments, several were considered to 
be at serious or critical risk of bias within the domain bias 
due to deviation from intended intervention. This was pri-
marily due to inadequate consideration of effects of other 
implemented infection-control measures that may have 
varied across intervention and control groups and/or 
multicollinearity in the assessed measures.

The implementation and adherence to the effec-
tive component of the intervention was assessed in the 
domain bias due to deviation from intended interven-
tion. Within this domain, two studies were classified 
as having a critical risk of bias and were consequently 
excluded from synthesis [50, 56]. Both studies examined 
the impact of providing opportunities for voluntary self-
testing of staff and visitors, with very low adherence to 
testing observed. Thus, while these studies indicated that 
within the specific contexts, providing opportunities for 
voluntary self-testing did not increase testing rates, they 
did not provide evidence on the effect of routine testing 
to prevent or mitigate outbreaks in LTCFs.

More details on the risk of bias of included studies is 
provided in Supplement V.

Evidence summary on the composite outcome
In the following, the effectiveness of the various measures 
presented in the included studies to protect residents and 
staff from infections caused by viral respiratory pathogens 

with pandemic potential is presented. Table 2 provides a 
comprehensive representation of all measures, catego-
rized by intervention domain and category. We present 
the direction of effect plot of the effect measures alongside 
with the level of certainty of evidence. More comprehen-
sive versions of the composite outcomes and the evidence 
synthesis can be found in Supplement VI and VII.

Entry regulation measures (ERM)
We included one observational study [38], that provided 
evidence on ERMs, namely self-confinement of staff with 
residents. The evidence based on this study conducted in 
France in the context of the SARS-CoV-2 pandemic sug-
gested that self-confinement of staff may prevent infec-
tion-related outcomes due to SARS-CoV-2 (low certainty 
of evidence).

Contact‑regulating measures (CRM)
We included three observational studies [39, 42, 49] that 
contributed evidence on multiple different CRMs.

One NRSI conducted in France in the early phase of 
the SARS-CoV-2 pandemic [49] suggests that compart-
mentalization of staff members may reduce infection-
related outcomes due to SARS-CoV-2 (low certainty of 
evidence).

The evidence from another NRSI, a case–control 
study also conducted in France during the SARS-CoV-2 
pandemic, suggested that restricting the use of shared 
spaces [39], may be effective in reducing infection-related 
outcomes, but the evidence was very uncertain (very low 
certainty of evidence). The results of two studies also ana-
lysing the restriction of shared spaces had been excluded 
from this synthesis due to critical risk of bias [42, 49].

Furthermore, two NRSIs from France indicated, that 
serving meals in rooms, may have beneficial effects 
against infection-related outcomes due to SARS-CoV-2, 
but the evidence was very uncertain (very low certainty 
of evidence) [39, 49].

Transmission‑reduction measures (TRM)
We included six studies [43, 45, 46, 48, 49, 54] that con-
tributed evidence on TRMs.

According to three cRCTs [43, 46, 54] conducted in 
the USA, the Netherlands, and Hong-Kong measures to 
improve hand hygiene likely reduce infection-related out-
comes due to influenza and other upper respiratory tract 
infections (moderate certainty of evidence). These three 
studies were the only cRCTs identified in this review and 
the only studies not focusing on infection-related out-
comes in the context of the SARS-CoV-2 pandemic.

We included two NRSIs assessing the effectiveness 
of mask and the use of personal protective equipment 
(PPE) to prevent infection-related outcomes due to 
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SARS-CoV-2 [45, 48]. The results of another study, also 
assessing the effectiveness of mask and PPE use were 
excluded from this synthesis due to critical risk of bias 
[49]. One of the included studies conducted in LTCFs 
in the USA showed clear beneficial effects of mask and 
PPE use as a measure to reduce the number of infec-
tions in LTCFs and unclear beneficial effects regarding 
the outcome number of deaths [45]. The other study 

assessed the effects of delayed implementation of gen-
eralized mask-wearing in outbreaks of SARS-CoV-2 
in French LTCFs. This study found a non-significant 
increase in the risk of infection per additional day in 
delay of generalized mask wearing [48]. In summary, 
the measure may be effective as a strategy to protect 
LTCFs in the context of a pandemic-like event, however 
the evidence was very uncertain (very low certainty of 
evidence).

Table 2  Direction of effect table on the composite outcomes of effectiveness of protecting LTCF residents and/or staff against 
pathogens with pandemic potential

Abbreviations: (c)RCT​ (cluster) Randomized controlled trial, LTCF Long-term care facility, NRSI non-randomized observational study of intervention effects, PPE 
Personal protective equipment | Intervention domain: ERM Entry regulation measures, CRM Contact regulation measures, TRM Transmission-reducing measures, SSM 
Screening and surveillance measures, OCM Outbreak control measures, MCM Multi-component measures | Outcome category: OBS/CONT Likelihood of outbreaks 
or contaminations in LTCFs (contaminations referred to at least one case in the facility), INF/OBS Number of infections or size of outbreaks (Outbreak referred to at 
least two cases in the facility from the same assumed source and or at least one case among residents in the facility with the resident likely not having been infected 
elsewhere), HOSP/DEATH Number of severe infections, hospitalizations, or deaths
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Screening and surveillance measures (SSM)
We included three studies that provided evidence on 
SSMs. These NRSIs conducted in the USA indicated that 
routine testing of residents and/or staff in LTCFs may 
be an effective measure to protect against SARS-CoV-2 
[35, 41, 55], but there was a high uncertainty in the evi-
dence (very low certainty of evidence). Another two stud-
ies focusing on the effectiveness of routine testing of staff 
and visitors were excluded from the analysis due to criti-
cal risk of bias [50, 56].

Outbreak control measures (OCM)
We included two studies from the USA and from France, 
that provided evidence on OCMs, namely the separa-
tion of infected and non-infected residents (referred to as 
cohorting) [45, 48]. Both studies were conducted in the 
early phase of the SARS-CoV-2 pandemic. As both stud-
ies showed an effect in favour of the intervention, the 
measure may be effective as a strategy to protect LTCFs 
in the context of a pandemic-like event, but the evidence 
was very uncertain (very low certainty of evidence).

Multi‑component measures (MCM)
We included three studies [44, 45, 57], that provided evi-
dence on the combination of multiple measures across 
multiple intervention domains (MCM). The three NRSIs 
showed clear beneficial effects of combining multi-com-
ponent interventions as a measure to reduce the num-
ber of infections [44, 45, 57]. One of these studies also 
showed clear beneficial effects regarding the reduction 
of the number of deaths [45]. Two of these studies were 
the only NRSIs judged to have a moderate, rather than 
a serious risk of bias among all NRSIs assessed in this 
review. This evidence on combined multi-component 
interventions including entry regulation measures, con-
tact regulating measures, transmission-reduction meas-
ures, screening and surveillance measures and outbreak 
control measures suggests that especially a combination 
of the different components were probably effective in 
protecting residents and staff (moderate certainty of 
evidence).

Evidence‑gap map
To identify gaps in the available evidence, we created 
an evidence-gap map derived from the logic model dis-
played in Fig.  1. As presented in Table  3, the evidence-
gap map reveals a strong concentration on SARS-CoV-2 
studies and a dearth of research on other viral, respira-
tory transmitted pathogens and other than hand hygiene 
interventions. The map furthermore shows a gap in the 
available evidence base for several relevant interventions 

(e.g., the lack of empirical studies on visiting restrictions, 
air filtration systems, or routine screening/testing using 
point of care (POC) tests).

Discussion
Summary of main findings
We identified 16 unique studies (13 NRSIs and three 
cRCTs) that assessed the effectiveness of various NPIs on 
infection-related outcomes intended to safeguard LTCF 
residents and staff against viral respiratory pathogens 
with pandemic potential. All but three studies focused 
on SARS-CoV-2. The remaining three studies examined 
the effect of hand hygiene interventions against influenza 
or upper respiratory tract infections. The evidence in this 
review indicates that especially a combination of meas-
ures across multiple intervention domains as well as hand 
hygiene interventions are probably effective in protect-
ing residents and staff from infection-related outcomes 
due to viral respiratory pathogens (moderate certainty 
of evidence). Furthermore, the evidence suggests that 
the entry-regulation measure of self-confinement of resi-
dents with staff, the contact regulation measure of com-
partmentalization of staff members and the screening 
and surveillance measure of routine testing of residents 
and/or staff in LTCFs may be effective in protecting resi-
dents and staff (low certainty of evidence). Other meas-
ures, such as restricting shared spaces, serving meals in 
room, separating infected, or non-infected residents may 
be effective, but the evidence is very uncertain (very low 
certainty of evidence).

Risk of bias and certainty of the evidence
The certainty of evidence, as defined within GRADE, was 
rated as moderate for only two interventions, namely the 
effectiveness of hand hygiene measures and the combina-
tion of multiple different measures. All other NPI assess-
ments were rated as either low or very low. This suggests 
that the true effects may be substantially different from 
the estimates reported in this review [60, 61]. The com-
mon reasons for downgrading the evidence included 
concerns about potential risk of bias regarding confound-
ing and imprecision.

Most assessments in the NRSIs were judged to be at 
high risk of bias due to confounding. Although many of 
these studies were well conducted under the circum-
stances and with the limited data available at the time, we 
cannot rule out the possibility that other factors, such as 
confounding by underlying characteristics of the facili-
ties and/or the population within them or concordantly 
implemented NPIs, may have influenced the observed 
associations between intervention and outcome.

We downgraded our certainty of evidence for impre-
cision primarily when the confidence intervals for the 
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effect estimates within a given body of evidence crossed 
the null effect, our predefined threshold of interest 
in this review. This would allow for the possibility of 
the true effect being either in the opposite direction or 
non-existent.

As specified in our protocol, we intended to assess pub-
lication bias through visual examination of funnel plots 
and the application of tests for funnel plot asymmetry, 
such as Egger’s tests [62]. However, this approach proved 
unfeasible in our review due to the scarcity of studies 
within the same intervention domain and category, fall-
ing short of the required minimum of ten comparable 
studies. Nonetheless, our comprehensive search strategy 

covered pre-print servers and study-registries, revealing 
no indication of publication bias for any intervention.

In addressing potential biases, it’s key to recognize that 
intervention effectiveness can be reduced by inconsistent 
adherence. For instance, despite providing training and 
resources to enhance hand hygiene, effectiveness might 
be compromised by poor adherence, misuse of measures 
like incorrect mask-wearing or handwashing techniques, 
or the use of inadequate tools such as low-sensitivity 
point-of-care tests or defective masks. These critical fac-
tors are often unreported in studies, potentially compro-
mising the real effectiveness of interventions and leading 
to underestimation or misinterpretation of their assumed 

Table 3  Evidence-gap map

Abbreviations: ERM Entry regulation measures, CRM Contact regulation measures, TRM Transmission reducing measures, SSM Screening and surveillance measures, 
OCM Outbreak control measures, MCM Multicomponent measures, POC-/PCR-based testing Point of Care-testing / testing based on polymerase chain reaction, SARS-
CoV2 severe acute respiratory syndrome coronavirus type 2, COVID-19 Coronavirus disease 2019, Upper RTI Upper respiratory tract infections
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benefits. These issues may conceal an intervention’s true 
efficacy.

Generalizability of findings
Many studies lacked comprehensive descriptions of the 
specific LTCFs and their residents, limiting the transfer-
ability of findings to other types of facilities like assisted 
living facilities or populations with varying care needs. 
The lack of detailed facility and population data as well as 
the limited availability of evidence from a diverse range of 
settings (e.g., countries in which a study was conducted) 
limits the applicability and generalizability of the results 
beyond the studied context.

All studies were conducted in high-income settings, 
with  the majority being  conducted in Western high-
income countries  (only exception a study from  Hong 
Kong [43]), thereby constraining the generalizability 
of the findings to low- and middle-income country set-
tings. However, even within western high-income coun-
tries, transferability and generalizability of the findings 
can be limited: The divergent structures of long-term 
care systems, healthcare funding models, access to care, 
and policies regarding e.g., infection control practices or 
staffing levels between these contexts necessitate caution 
in the adaption and application of the results. While the 
research gap indicates a need for more research beyond 
high-income Western countries, a better understanding 
of contextual factors mediating the effect of the interven-
tion and the feasibility of implementation within different 
political and long-term care systems is warranted.

Furthermore, most studies predominantly focused on 
SARS-CoV-2, with limited exploration of other patho-
gens. Remarkably, no study on hand hygiene interven-
tions focusing on SARS-CoV-2 was identified. Variations 
in the transmission mode, infectiousness levels, and the 
relative importance of fomite, droplet, or airborne aero-
sol transmission plays a significant role in determining 
the effectiveness of measures. Consequently, the rele-
vance of findings on hand hygiene or screening (to name 
only two examples) may not directly translate to different 
pathogens, leaving the transferability of these findings to 
other infectious diseases or future pathogens uncertain.

In many instances, both the setting and the interven-
tions were inadequately described in the studies. This 
lack of detail hampers the assessment of the generaliz-
ability of their findings to other contexts or intervention 
strategies.

Adverse and other unintended consequences of NPIs 
implemented in LTCFs
While our review primarily focused on the effectiveness 
of NPIs in protecting LTCF residents and staff during 
pandemics and severe influenza seasons, we are aware 

that these measures can impose substantial adverse 
effects on the mental and physical health of residents 
(e.g., reduced physical activity, social isolation, depres-
sion, and anxiety) [63–69] and staff (e.g., psychological 
distress or burnout) [70–74]. In our searches, we also 
included NRSIs investigating the adverse and unintended 
consequences of NPIs on resident’s and staff’s mental and 
physical health. See Supplementary material for more 
details. These findings will be addressed in more detail in 
a separate publication, including other forms of evidence, 
such as qualitative study results.

In summary, concerning NRSIs investigating adverse 
and other unintended outcomes, we identified two 
NRSIs of high quality conducted in Canada and the 
Netherlands that assessed adverse effects of lockdown 
measures, including visiting restrictions and contact 
reduction measures among residents, during the SARS-
CoV-2 pandemic [58, 59]. In these studies, these lock-
down measures were accompanied by various measures 
to reduce potential adverse consequences. After adjust-
ing for multiple testing, neither study found statistically 
significant adverse effects for several mental health-
related outcomes. While NPIs implemented in the set-
ting of LTCFs can lead to severe harmful consequences 
[75], these studies indicate this may not universally apply 
for all residents and under all conditions. Moreover, the 
findings suggest that adverse effects of NPIs may be miti-
gated through additional countermeasures. Nevertheless, 
further research with robust study designs is needed to 
comprehensively assess not only assess the effects of the 
NPIs against infection related outcomes, but also what 
additional measures and contextual factors are effective 
in mitigating harm.

Strengths and potential biases in the review process
Our review adhered to the systematic, transparent, and 
reproducible methodology outlined in the Cochrane 
Handbook for Systematic Reviews of Interventions [61]. 
Furthermore, we employed methods similar to those 
used in the Cochrane SARS-CoV-2 LTCF review, which 
underwent critical assessment by several content and 
method experts at both the protocol level and final 
manuscript level [17, 76]. In order to comprehensively 
describe the growing bodies of evidence, particularly in 
the context of the SARS-CoV-2 pandemic, we encom-
passed not only RCTs but also NRSIs. While these stud-
ies inherently possess higher internal validity risks, we 
consider this a strength of our systematic review, given 
the impracticality and ethical constraints associated with 
conducting RCTs during ongoing pandemic-like events. 
Expanding the scope to NRSIs allowed us to contribute 
evidence in the absence of RCTs.
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We did not include mathematical modelling studies. 
Although these studies can provide valuable insights, 
especially where other designs are impractical or unethi-
cal (e.g., on the rate of routine surveillance testing), their 
reliance on a number of assumptions may raise con-
cern about reliability and generalizability. Furthermore, 
approaches to include them in evidence syntheses are not 
well established yet [17, 77, 78]. Nevertheless, conducting 
a systematic review of modelling studies assessing NPIs 
in LTCFs could yield important insights.

Due to the limited number of studies in each interven-
tion domain and the heterogeneity of reported outcome 
measures, conducting a meta-analysis was unfeasible. 
Instead, we adopted a structured narrative synthesis 
approach, focusing on the direction of effect [28, 31]. 
Vote-counting, reliant solely on direction, may introduce 
bias away from the null when small and non-significant 
findings are present. In order to enhance precision, we 
consistently applied the terms unclear and clear effects 
to distinguish effect estimates with confidence intervals 
overlapping the null (thus allowing the possibility of a dif-
ferent direction of effect) from those with intervals falling 
exclusively on one side of the null.

The quality of systematic review findings depends on 
the quality of the studies conducted on the topic. Many 
of the studies we identified, including both RCTs and 
NRSIs, displayed methodological limitations and other 
deficiencies. It is important to note that these studies, 
frequently assessing complex interventions in the con-
text of an ongoing pandemic, were not necessarily poorly 
conducted. To advance the evidence base more robust 
study designs are needed, with a particular emphasis on 
quasi-experimental NRSIs.

Furthermore, our searches only include studies pub-
lished up to September 2022. We therefore do not cover 
publications which may have been eligible for inclusion 
but were published after this point. For example, we are 
aware of such a study conducted on air purification sys-
tems in the USA [79].

Infection control within healthcare and long-term care 
environments has undergone significant evolution and 
expansion since its inception in the mid-twentieth cen-
tury, particularly when juxtaposed with practices from 
earlier periods. This evolution encompasses a heightened 
safety culture, achieved through organizational modifica-
tions in care delivery. These modifications include evalu-
ating effectiveness, along with revising, standardizing, 
and monitoring procedures, all of which are underpinned 
by the adoption of evidence-based strategies [80–83]. In 
particular, the development of guidelines and recommen-
dations in the 1990s, in the wake of the AIDS epidemic, 
shaped the way modern health care and long-term care 
infection control practices are conducted [80]. There is a 

considerable contrast between the IPC practices imple-
mented during the SARS-CoV-2 pandemic and the prac-
tices in e.g., the 1950 or 19060  s. To account for these 
changes and produce evidence of relevance for the cur-
rent day, we decided to exclude literature published prior 
to 1992, thus focusing on the most recent three decades 
of research. However, an exact date at which these grad-
ual changes have occurred cannot be established. There-
fore, we consider the line we drew as part of our eligibility 
criteria as a limitation of our review.

Conclusions
Conclusion for research
This review has highlighted several relevant evidence 
gaps regarding the effectiveness of measures to protect 
residents and staff from viral respiratory pathogens with 
pandemic potential, as displayed in the evidence gap map 
(Table 3).

Addressing these gaps requires the generation of more 
reliable and robust empirical evidence, to assess the 
effectiveness and unintended consequences of non NPIs 
aimed at safeguarding LTCFs against viral respiratory 
infections. While experimental trials like RCTs are valu-
able evidence sources, their logistical feasibility during 
rapidly evolving epidemics and pandemics is challenging. 
Quasi-experimental designs, such as interrupted time-
series analysis, difference-in-difference studies, or pro-
pensity score matching can offer practical insights in a 
timely manner with sufficient reliability of their findings. 
Public health agencies should consider whether integrat-
ing robust evaluation practices can be integrated in their 
outbreak response and general infection control practices 
to expand on the body of evidence and provide mode real 
world data.

In addition, the current body of evidence has a strong 
focus on SARS-CoV-2, and additional studies address-
ing infection-related outcomes of other pathogens are 
needed for almost all interventions except hand hygiene, 
for which we identified several studies of good to moder-
ate quality.

Moreover, improved reporting is essential. Current 
studies often inadequately report on interventions, infec-
tion control measures, facility information, and con-
textual details. Enhancing reporting can facilitate the 
transferability of findings and improve the quality of 
research within LTCFs.

Furthermore, there is a pressing need for additional 
research in settings outside Western high-income coun-
tries. We did not identify any studies implemented in a 
low- or middle-income country setting, thereby limiting 
the generalizability of findings. Research conducted in 
diverse settings is essential, given the structural and insti-
tutional disparities prevalent in long-term care.



Page 15 of 19Arnold et al. BMC Infectious Diseases          (2024) 24:589 	

Understanding the influence of political priorities, ethi-
cal considerations in research, and (existing) limitations 
in resources like staff, equipment, and funding on imple-
menting NPIs in LTCFs as well as their impact on effec-
tiveness and harmful consequences is crucial. Closing 
these knowledge gaps can help to facilitate the develop-
ment context-specific guidelines and recommendations 
which maximize benefit while minimizing harm within 
the specific context the LTCFs are placed in.

More research is needed on the effectiveness of vari-
ous interventions. As displayed in the evidence gap map 
in Table 3. On many NPIs no reliable evidence was avail-
able, while for others only low and very low certainty evi-
dence was available.

Conclusion for practice
We have identified several measures that may serve as 
effective strategies to protect residents and staff in LTCFs 
against outbreaks, infections, and their associated con-
sequences in future pandemic-like events. Our evidence 
suggests that the implementation of NPIs in combination 
with each other is crucial to fully realize their potential 
[44, 45, 57]. However, it is important to note that, with 
some exceptions, the certainty of the evidence was low to 
very low. This reflects the inherent challenges of generat-
ing robust evidence in the context of pandemics, where 
conducting rigorous RCTs with a high internal valid-
ity is often technically infeasible or ethically unjustifi-
able. Given the high burden of morbidity and mortality 
in LTCFs without adequate vaccination coverage, imple-
menting NPI measures identified as potentially effective 
is often the only reasonable option available until satis-
factory vaccination rates can be achieved, despite con-
cerns about the certainty of evidence.

Although we did not find evidence to numerous impor-
tant interventions, including visiting restrictions, pre-
entry testing with point-of-care tests, quarantine and 
isolation, air filters, or improved environmental hygiene, 
this absence of evidence should not be equated with evi-
dence of absence [84]. The lack of direct evidence from 
LTCFs setting should not hinder the implementation of 
these measures if expert judgement from practitioners 
working in the field, modelling studies, evidence from 
other settings, or other sources of evidence indicate their 
benefits and necessity.

Given the gaps in the evidence base regarding the 
effectiveness of these NPIs, their implementation should 
always be accompanied with appropriate evaluations 
mechanisms to avoid allocating resources to ineffective 
measures and to close these evidence gaps in the future.

Many NPIs assessed in this review pose a substantial 
infringement of the individual rights and liberties of one 
of the most vulnerable populations in our society. During 

the SARS-CoV-2 pandemic, many LTCF residents spent 
their last weeks or months confined to their room and in 
isolation from family and friends. This raises questions 
about the potential benefit in terms of reduction of infec-
tion-related outcomes and the need to critically evaluate 
and balance them against potential harms. NPIs should 
always be accompanied by adequate countermeasures to 
assess and mitigate adverse consequences.

Considering the low certainty of evidence regarding the 
effectiveness of these NPIs and the potential yet uncertain 
harm they may cause, careful deliberation processes are 
imperative. We have proposed the WHO-INTEGRATE 
COVID-19 (WICID) framework as a tool to aid public 
health practitioners, public health experts, and public 
health policy decision makers in navigating this complex 
task [85, 86]. WICID aims to facilitate the development of 
effective strategies to safeguard LTCF residents and staff 
during future epidemics and pandemics [44, 45, 57].

In summary, our review highlights the gaps in the 
evidence and the need for additional research, but also 
provides a comprehensive and systematic review of the 
available measures potentially effective in protecting resi-
dents and staff of long-term care facilities in the pandem-
ics to come.
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