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ABSTRACT

Background

Coronavirus disease 2019 (COVID-19) is a rapidly emerging disease that has been classified a pandemic by the World Health Organization
(WHO). To support WHO with their recommendations on quarantine, we conducted a rapid review on the effectiveness of quarantine during
severe coronavirus outbreaks.

Objectives

We conducted a rapid review to assess the effects of quarantine (alone or in combination with other measures) of individuals who had
contact with confirmed cases of COVID-19, who travelled from countries with a declared outbreak, or who live in regions with high
transmission of the disease.

Search methods

An information specialist searched PubMed, Ovid MEDLINE, WHO Global Index Medicus, Embase, and CINAHL on 12 February 2020 and
updated the search on 12 March 2020. WHO provided records from daily searches in Chinese databases up to 16 March 2020.

Selection criteria

Cohort studies, case-control-studies, case series, time series, interrupted time series, and mathematical modelling studies that assessed
the effect of any type of quarantine to control COVID-19. We also included studies on SARS (severe acute respiratory syndrome) and MERS
(Middle East respiratory syndrome) as indirect evidence for the current coronavirus outbreak.

Data collection and analysis

Two review authors independently screened 30% of records; a single review author screened the remaining 70%. Two review authors
screened all potentially relevant full-text publications independently. One review author extracted data and assessed evidence quality with
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GRADE and a second review author checked the assessment. We rated the certainty of evidence for the four primary outcomes: incidence,
onward transmission, mortality, and resource use.

Main results

Weincluded 29 studies; 10 modelling studies on COVID-19, four observational studies and 15 modelling studies on SARS and MERS. Because
of the diverse methods of measurement and analysis across the outcomes of interest, we could not conduct a meta-analysis and conducted
a narrative synthesis. Due to the type of evidence found for this review, GRADE rates the certainty of the evidence as low to very low.

Modeling studies consistently reported a benefit of the simulated quarantine measures, for example, quarantine of people exposed
to confirmed or suspected cases averted 44% to 81% incident cases and 31% to 63% of deaths compared to no measures based on
different scenarios (incident cases: 4 modelling studies on COVID-19, SARS; mortality: 2 modelling studies on COVID-19, SARS, low-certainty
evidence). Very low-certainty evidence suggests that the earlier quarantine measures are implemented, the greater the cost savings (2
modelling studies on SARS). Very low-certainty evidence indicated that the effect of quarantine of travellers from a country with a declared
outbreak on reducing incidence and deaths was small (2 modelling studies on SARS). When the models combined quarantine with other
prevention and control measures, including school closures, travel restrictions and social distancing, the models demonstrated a larger
effect on the reduction of new cases, transmissions and deaths than individual measures alone (incident cases: 4 modelling studies on
COVID-19; onward transmission: 2 modelling studies on COVID-19; mortality: 2 modelling studies on COVID-19; low-certainty evidence).
Studies on SARS and MERS were consistent with findings from the studies on COVID-19.

Authors' conclusions

Current evidence for COVID-19 is limited to modelling studies that make parameter assumptions based on the current, fragmented
knowledge. Findings consistently indicate that quarantine isimportantin reducingincidence and mortality during the COVID-19 pandemic.
Early implementation of quarantine and combining quarantine with other public health measures is important to ensure effectiveness. In
order to maintain the best possible balance of measures, decision makers must constantly monitor the outbreak situation and the impact
of the measures implemented. Testing in representative samples in different settings could help assess the true prevalence of infection,
and would reduce uncertainty of modelling assumptions.

This review was commissioned by WHO and supported by Danube-University-Krems.

PLAIN LANGUAGE SUMMARY

How effective is quarantine alone or combined with other public health measures to control coronavirus (COVID-2019)?

Background

Coronavirus (COVID-19) is a new virus that has spread quickly throughout the world. COVID-19 spreads easily between people who are
in close contact, or through coughs and sneezes. Most infected people suffer mild, flu-like symptoms but some become seriously ill and
even die.

There is no effective treatment or vaccine (a medicine that stops people catching a specific disease) for COVID-19, so other ways of
slowing (controlling) its spread are needed. One of the World Health Organization’s (WHO) recommendations for controlling the disease
is quarantine. This means separating healthy people from other healthy people, in case they have the virus and could spread it. Other
similar recommendations include isolation (like quarantine, but for people with COVID-19 symptoms) and social distancing (where people
without symptoms keep a distance from each other physically).

What did we want to find out?

We wanted to find out whether and how effectively quarantine stops COVID-19 spreading and if it prevents death. We wanted to know if it
was more effective when combined with other measures, such as closing schools. We also wanted to know what it costs.

Study characteristics

COVID-19 is spreading rapidly, so we needed to answer this question as quickly as possible. This meant we shortened some steps of the
normal Cochrane Review process. Nevertheless, we are confident that these changes do not affect our overall conclusions.

We looked for studies that assessed the effect of any type of quarantine, anywhere, on the spread and severity of COVID-19. We also looked
for studies that assessed quarantine alongside other measures, such as isolation, social distancing, school closures and hand hygiene.
COVID-19 is a new disease, so, to find as much evidence as possible, we also looked for studies on similar viruses, such as SARS (severe
acute respiratory syndrome) and MERS (Middle East respiratory syndrome).

Studies measured the number of COVID-19, SARS or MERS cases, how many people were infected, how quickly the virus spread, how many
people died, and the costs of quarantine.

Quarantine alone or in combination with other public health measures to control COVID-19: a rapid review (Review) 2
Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Key results

Weincluded 29 studies. Ten studies focused on COVID-19, 15 on SARS, two on SARS plus other viruses, and two on MERS. Most of the studies
combined existing data to create a model (a simulation) for predicting how events might occur over time, for people in different situations
(called modelling studies). The COVID-19 studies simulated outbreaks in China, UK, South Korea, and on the cruise ship Diamond Princess.
Four studies looked back on the effect of quarantine on 178,122 people involved in SARS and MERS outbreaks (called ‘cohort’ studies). The
remaining studies modelled SARS and MERS outbreaks.

The modelling studies all found that simulated quarantine measures reduce the number of people with the disease by 44% to 81%, and
the number of deaths by 31% to 63%. Combining quarantine with other measures, such as closing schools or social distancing, is more
effective at reducing the spread of COVID-19 than quarantine alone. The SARS and MERS studies agreed with the studies on COVID-19.

Two SARS modelling studies assessed costs. They found that the costs were lower when quarantine measures started earlier.

We cannot be completely certain about the evidence we found for several reasons. The COVID-19 studies based their models on limited
data and made different assumptions about the virus (e.g. how quickly it would spread). The other studies investigated SARS and MERS
so we could not assume the results would be the same for COVID-19.

Conclusion

Despite limited evidence, all the studies found quarantine to be important in reducing the number of people infected and the number of
deaths. Results showed that quarantine was most effective, and cost less, when it was started earlier. Combining quarantine with other
prevention and control measures had a greater effect than quarantine alone.

This review includes evidence published up to 12 March 2020.

Quarantine alone or in combination with other public health measures to control COVID-19: a rapid review (Review) 3
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BACKGROUND

Coronavirus disease 2019 (COVID-19) is a new, rapidly emerging
zoonotic infectious disease (WHO 2020a). The first case was
reported from Wuhan (Hubei province, China) on 31 December
2019. On 30 January 2020 the World Health Organization (WHO)
declared the outbreak a global health emergency, on 11 March
2020, a pandemic (WHO 2020b).

COVID-19 is caused by a novel coronavirus, SARS-CoV-2 (severe
acute respiratory syndrome coronavirus-2), which is transmitted
via droplets during close unprotected contact with an infector and
fomites (WHO 2020a). Healthcare setting transmissions play an
important role in the spread of the disease (del Rio 2020). The
virus is genetically similar to the coronaviruses that caused severe
acute respiratory syndrome (SARS) and the Middle East respiratory
syndrome (MERS), but SARS-CoV-2 appears to have greater
transmissibility and lower pathogenicity than the aforementioned
viruses. Preliminary estimates of the basic reproduction number
(Rg) of SARS-CoV-2, as a metric for transmissibility, range from 2.8
to 5.5, in the absence of intense quarantine and social distancing
measures (Read 2020). In comparison, Ry for SARS was estimated at
3.0(Bauch 2005), and at less than 1.0 for MERS in most regions (Park
2018). The average reproduction number for seasonal influenza
viruses is about 1.8 (Biggerstaff 2014).

The pathogenicity of SARS-CoV-2 appears to be substantially lower
than that of SARS and MERS. The majority (81%) of symptomatic
COVID-19 patients develop a mild form of the disease with dry
cough, fever, or unspecific symptoms such as headache, myalgias,
orfatigue. More severe cases suffer from dyspnoea and pneumonia,
and about 5.0% to 6.0% of COVID-19 patients are critically ill
with respiratory failure, sepsis, or multi-organ failure (WHO 2020a;
Wu 2020a). The case-fatality rate for COVID-19 was high at the
beginning of the outbreak in Wuhan but has declined over time to
0.7% for patients with symptom onset after 1 February 2020 (WHO
2020a), which is substantially lower than case-fatality rate for SARS
(9.6%; WHO 2020c), and MERS (34.4%; WHO 2020d), but higher than
that for seasonalinfluenza pandemics (0.01%; Taubenberger 2006).
The case-fatality rate, especially at the beginning of an outbreak,
has to be interpreted with caution since the denominator (number

of infected people) is often not yet well known. In addition case-
fatality rates differ by location, time, and specific demographics
like age or pre-existing health conditions. Data, based on confirmed
COVID-19 cases in Mainland China from 11 February 2020 showed
that while the case-fatality rate for people aged 40 to 49 years was
0.4 it was 8.0 for those aged 70 to 79 years, and 14.8 for infected
people of 80 years or older (China CDC 2020).

Currently, no effective pharmacological interventions or vaccines
are available to treat or prevent COVID-19. For this reason,
nonpharmacological public health measures such as isolation,
social distancing, and quarantine are the only effective ways
to respond to the outbreak. Isolation refers to the separation
of symptomatic patients whereas quarantine is the restriction
of asymptomatic healthy people who have had contact with
confirmed or suspected cases. Quarantine can be implemented on
avoluntary basis or can be legally enforced by authorities and may
be applied at an individual, group, or community level (community
containment (Cetron 2005)). A recent rapid review reported that
quarantine can have negative psychological effects such as post-
traumatic stress symptoms, confusion and anger, which can lead to
adverse long-term psychological effects (Brooks 2020). At this time,
WHO and the US Center for Disease Control and Prevention (CDC)
recommend 14 days of quarantine for individuals who were in close
contact with a confirmed case, based on the estimated incubation
period of SARS-CoV-2 (Jernigan 2020; WHO 2020e).

According to the International Health Regulations 2005 (WHO
2005), that govern the management of disease outbreaks in 196
countries, any public health measures must be based on scientific
evidence and recommendations from WHO (Habibi 2020). At the
beginning of February 2020, WHO requested the review authors to
conduct a rapid review on the effectiveness of quarantine during
serious coronavirus outbreaks to support recommendations on
quarantine. We updated the rapid review in March 2020.

OBJECTIVES

To support WHO for their recommendations on quarantine, we
conducted a rapid review on the effectiveness of quarantine during
serious coronavirus outbreaks. We aimed to answer the following
key questions (KQs). Figure 1 depicts the analytic framework.

Quarantine alone or in combination with other public health measures to control COVID-19: a rapid review (Review) 4
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Figure 1. Analytic framework
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« KQ 1: is quarantine of asymptomatic individuals who were
in contact with a confirmed or suspected case of COVID-19,
effective to control the COVID-19 outbreak?

* KQla: are there differences in the effectiveness of quarantine
in different settings?

* KQLlb: how effective is quarantine when combined with other
interventions such as case isolation or school closures in
reducing transmission, incidence of diseases, and mortality?

« KQ 2: is quarantine of individuals coming from a country
with a declared COVID-19 outbreak, effective in controlling the
COVID-19 outbreak?

* KQ2a: are there differences in the effectiveness of quarantine
in different settings?

METHODS

To conduct this rapid review, we employed abbreviated systematic
review methods. Compared with the methods of a systematic
review, the review team applied the following methodological
shortcuts for this rapid review:

« no specific searches of gray literature;

« we dually screened only 30% of abstracts;

« no dual independent 'Risk of bias' assessment and rating of
the certainty of evidence; one review author conducted the
ratings, a second review author checked the plausibility and
correctness. We adhered to PRISMA throughout this manuscript
(Moher 2009).

Criteria for considering studies for this review

The WHO expert panel selected four outcomes that they deemed
relevant for their decision-making process: incident cases, onward
transmission, mortality, and resource use (see Table 1).

Types of studies

As randomization of quarantine is unethical and not feasible for
the diseases in question, we considered non-randomized studies

of interventions to be the best potentially available empirical
evidence. In addition, we also included modelling studies, because,
especially for COVID-19, we did not yet expect empirical studies to
be available.

« Cohort studies

« Case-control studies

« Time series

« Interrupted time series

« Caseseries

« Mathematical modelling studies

We excluded:

» casereports
« systematic reviews (used for reference list checking)

Language

« English
« Chinese (English-language abstracts or, if available, English
summaries provided by a Chinese WHO Collaborating Centre)

We did not include studies in other languages.

Types of participants
We included:

« (KQ1) contacts of a confirmed or suspected case of COVID-19
(SARS or MERS) or individuals who live in areas with high
transmission rates;

« (KQ2) individuals returning from countries with a declared
outbreak of COVID-19 (SARS or MERS), defined by WHO as an
"occurrence of disease cases in excess of normal expectancy.
The number of cases varies according to the disease-causing
agent, and the size and type of previous and existing exposure
to the agent." (WHO 2020f).

Quarantine alone or in combination with other public health measures to control COVID-19: a rapid review (Review) 5
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We excluded:

« symptomaticindividuals of COVID-19 (SARS or MERS) infections;

« asymptomatic individuals exposed to other pathogens that can
cause respiratory infections.

Types of interventions

Different types and locations of quarantines of individuals. We
included studies combining isolation with quarantine because
isolation of confirmed cases is a prerequisite for quarantine of
individuals who were in contact with these cases.

(KQ1 and KQ2)

« Voluntary quarantine (self-quarantine)
« Mandatory quarantine

e Quarantinein
* private residence

* hospital
* publicinstitution
* others (cruise ships, etc)
o (KQ1lb) Quarantine of individuals or
combination with other measures:
* avoiding crowding
* hand hygiene
* jsolation

a community in

* personal protective equipment
* school measures/closures

* social distancing

* workplace measures/closures

Control measures included the following.

« Noquarantine
« Different types and locations of quarantines

« Public health measures without quarantine to reduce the
spread of the virus such as isolation, social distancing, personal
protective equipment, hand hygiene, others

We excluded environmental measures and travel-related measures
(e.g. travel bans) as either an intervention or control measure.

Types of outcome measures
Primary outcomes

« Incident cases (as reported by authors - clinical diagnosis and/
or laboratory confirmation)

« Onward transmission
« Mortality
« Resource use (direct and/or indirect costs, cost effectiveness)

We focused on time points that studies reported for primary
outcomes but also included time points that facilitated
comparisons of effects across studies.

This rapid review did not examine the psychological impact of
quarantine.

Search methods for identification of studies

An experienced information specialist conducted a systematic
search of the literature published in English or German from 1
January 2002 to 12 March 2020 in Ovid MEDLINE, Embase (Elsevier),
CINAHL (Cumulative Index to Nursing and Allied Health Literature;
Ebsco) and the WHO Global Index Medicus. Appendix 1 presents the
detailed search strategies.

In addition, WHO provided a list of citations and abstracts from
articles published in Chinese-language journals that was prepared
by the WHO Collaborating Centre for Guideline Implementation
and Knowledge Translation, Lanzhou, China. They conducted
manual searches of selected international journals as well
as searches of the following bibliographic databases: CNKI
(China National Knowledge Infrastructure), Embase.com (Elsevier),
PubMed.

For articles published in Chinese only, the Collaborating Centre
prepared an English translation of the abstracts. If no abstract was
available, the Collaborating Centre provided a ‘Brief Summary’ in
English. This list was updated on a daily basis. The last date of the
search considered for this review was 16 March 2020.

One team member of the WHO Collaborating Centre in Austria
searched a WHO database (WHO 2020g), containing results of daily
literature searches on COVID-19 (up to 16 March 2020).

In addition, review authors screened reference lists of systematic
reviews on quarantine in general, and included studies for
additional relevant citations.

Data collection and analysis
Selection of studies

A team of experienced review authors screened all titles and
abstracts based on predefined inclusion and exclusion criteria
(Table 1). Two review authors independently screened the first 30%
of records. In cases of disagreement about eligibility, the two review
authors reached consensus by discussion or by involving a senior
review author. A single review author screened the remaining 70%
of titles and abstracts. The results of the updated and extended
search from 12 March were screened dually.

The review author team retrieved the full texts of all included
abstracts. Two review authors screened all full-text publications
independently. We resolved disagreements by consensus or by
involving a third, senior review author. The team conducted
literature screening using Covidence.

One person checked the list of Chinese studies provided by
WHO, and another person verified the decisions. WHO retrieved
potentially relevant abstracts in full text and WHO collaborators
from China translated them.

Data extraction and management

One experienced review author extracted data from the included
studies into standardized tables; a second review author checked
the data extraction for completeness and correctness. The data
items for cohort studies included: author, publication year, country,
study design, objective, characteristics of the study participants,
description of the intervention, co-interventions and comparison,
important confounding factors, and results. For the modelling

Quarantine alone or in combination with other public health measures to control COVID-19: a rapid review (Review) 6
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studies, the data items were: author, year, type of model, setting,
time, data source and participants, interventions, and results. As
different classifications for model types exist, we listed the model
type as described by the study authors.

Assessment of risk of bias in included studies

The review author team assessed the risk of bias of the included
cohort studies based on the Risk Of Bias In Non-randomized Studies
- of Interventions (ROBINS-I) tool (Sterne 2016). A single review
author rated the risk of bias for each study; a second review
author checked the ratings. As important confounding factors
we considered co-morbidities, health status, socio-economic
background, age, and sex. The risk of bias could be rated as low,
moderate, serious, or critical. Due to time constraints, we omitted
an independent, dual 'Risk of bias' assessment. As no validated
'Risk of bias' checklist for mathematical transmission models
was available, we assessed whether the modelling and reporting
followed the best practice recommendations of the International
Society for Pharmacoeconomics and Outcomes (ISPOR) and
the Society for Medical Decision making (SMDM) for dynamic
mathematical transmission models. Dynamic transmission models
allow for risk-changes over time and can estimate direct and
indirect effects of prevention and control measures on an
infectious disease (Pitman 2012). We assessed whether the model
was dynamic, whether the study authors conducted uncertainty
analyses on key model parameters and assumptions, and whether
the results provided estimates of the change in the burden of
infection due to the intervention. We selected these three criteria
because they best reflected methodological decisions that have an
impact on results and conclusions. For modelling studies fulfilling
allthree criteria we had ‘no concerns to minor concerns’ concerning
their quality; if one or more categories were unclear (e.g. because
of incomplete reporting) we had ‘moderate concerns’, if one or
more categories were not fulfilled we had ‘major concerns’. For
the criterion 'estimates for burden of disease', we used the rating
'unclear' and also in cases where effects on the reproduction
number or cases were reported, which is typical for mathematical
modelling, but would not suffice for decision-analytic modelling,
where we expect outcomes such as mortality, or unintended harms.
Two review authors rated the quality of modelling studies, a senior
review author checked the ratings.

Data synthesis

We synthesized results narratively and in tabular form. Because of
the heterogeneity of available primary studies, we did not consider
quantitative analyses.

Assessment of the certainty of the evidence

We assessed the certainty of evidence for the four main outcomes.
We have reported other patient-relevant outcomes in the Results
section, but we did not grade the certainty of evidence. One
experienced review author assigned certainty of evidence ratings
based on an approach developed by the GRADE Working Group
(Guyatt 2008; Schiinemann 2013; Schunemann 2019). For grading
the certainty of evidence of modelling studies we followed
the recent guidance from the GRADE Working Group (Brozek
2020). Modeling studies start at high-certainty evidence and are
downgraded according to assessments of risk of bias, indirectness,
inconsistency, imprecision, and publication bias. GRADE uses four
categories to classify the certainty of evidence. A high certainty

rating of a body of evidence means that we were very confident
that the estimated effect lies close to the true effect; moderate
certainty means we assume the estimated effect is probably close
to the true effect; a low certainty rating suggests that the estimated
effect might substantially differ from the true effect; and very low
certainty means that the estimated effect is probably markedly
different from the true effect.

Table 2 summarizes the certainty of evidence for KQ1; Table
3 summarizes the certainty of evidence for KQ1lb; and Table 4
presents the certainty of evidence ratings for KQ2.

RESULTS

Description of studies

Our searches identified 29 relevant studies (Becker 2005; Cao 2020;
Chau 2003; Choi 2020; Day 2006; Fang 2020; Ferguson 2020; Fraser
2004; Geng 2020; Gumel 2004; Gupta 2005; Hsieh 2005; Hsieh 2007;
Lloyd-Smith 2003; Mubayi 2010; Nishiura 2004; Pang 2003; Park
2020; Peak 2017; Pourbohloul 2005; Rocklov 2020; Tang 2020; Wang
2004; Wang 2007; Wu 2020b; Yip 2007; Yue 2020; Zhang 2017; Zhao
2020a). Of these, 10 focused on COVID-19 (Cao 2020; Choi 2020;
Fang 2020; Ferguson 2020; Geng 2020; Rocklov 2020; Tang 2020;
Yue 2020; Wu 2020b; Zhao 2020), 15 focused on SARS (Becker
2005; Chau 2003; Day 2006; Fraser 2004; Gumel 2004; Gupta 2005;
Hsieh 2005; Hsieh 2007; Lloyd-Smith 2003; Mubayi 2010; Nishiura
2004; Pang 2003; Wang 2004; Wang 2007; Yip 2007), two focused
on SARS and other infectious diseases caused by other viruses
(e.g. influenza) (Peak 2017; Pourbohloul 2005), and two focused on
MERS (Park 2020; Zhang 2017).

The 10 studies addressing COVID-19 were all modelling studies
simulating outbreak scenarios for China, UK, South Korea, and the
cruise ship Diamond Princess (Cao 2020; Choi 2020; Fang 2020;
Ferguson 2020; Geng 2020; Rocklov 2020; Tang 2020; Yue 2020; Wu
2020b; Zhao 2020a). From the studies focusing on SARS or MERS,
four were cohort studies from China, South Korea, and Taiwan that
included data on 178,122 individuals (Hsieh 2005; Pang 2003; Park
2020; Wang 2007). The other 15 studies on SARS or MERS were
modelling studies using data from outbreaks in Canada, China,
Hong Kong, Japan, South Korea, Singapore, and Taiwan (Becker
2005; Chau 2003; Day 2006; Fraser 2004; Gumel 2004; Gupta 2005;
Hsieh 2007; Lloyd-Smith 2003; Mubayi 2010; Nishiura 2004; Peak
2017; Pourbohloul 2005; Wang 2004; Yip 2007; Zhang 2017).

Of the non-randomized studies of interventions, we rated three
as having a moderate risk of bias (Pang 2003; Wang 2007; Hsieh
2005), and one as having serious risk of bias (Park 2020). Regarding
quality for eight of the modelling studies we had no concerns to
minor concerns (Day 2006; Ferguson 2020; Gumel 2004; Mubayi
2010; Nishiura 2004; Rocklov 2020; Tang 2020; Zhang 2017), for 10
modelling studies we had moderate concerns (Becker 2005; Cao
2020; Fang 2020; Fraser 2004; Gupta 2005; Hsieh 2007; Lloyd-Smith
2003; Peak 2017; Pourbohloul 2005; Zhao 2020a), and for seven
modelling studies we had major concerns (Chau 2003; Choi 2020;
Geng 2020; Wang 2004; Wu 2020b; Yip 2007; Yue 2020).

The PRISMA flow diagram in Figure 2 provides an overview of
the study selection process; the characteristics of the included
observational and modelling studies are in Characteristics of
included studies tables. Table 5 presents the results of each
individual study.
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Figure 2. Study flow diagram
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Risk of bias in included studies

Appendix 3 presents the assessment of risk of bias for the four
cohort studies and Appendix 4 presents the quality rating of the
included modelling studies.

Effects of interventions

1. Effectiveness of quarantine for individuals who were in
contact with a confirmed COVID-19 case (KQ1)

Direct evidence: COVID-19

We did not identify any observational studies. We found four
modelling studies that addressed the effectiveness of quarantine
for individuals who were in close contact with a confirmed
COVID-19 case (in combination with isolation of cases) for China,
UK, and the cruise ship Diamond Princess (Cao 2020; Ferguson
2020; Rocklov 2020; Tang 2020). One study used a modified
individual-based model (Ferguson 2020), the other three employed
a susceptible-exposed-infected-recovered (SEIR) cohort model
(Cao 2020; Rocklov 2020; Tang 2020). We report the evidence
narratively.

The main objective of Ferguson 2020 was to compare two strategies
intended to reduce transmission by limiting contacts in the
general population (a mitigation versus suppression strategy). For
each strategy, the study modelled a range of nonpharmaceutical
interventions in different combinations and assessed theirimpacts
on mortality and critical care bed requirements. The results showed
that with an assumed reproduction number of 2.4, a combination
of case isolation and voluntary quarantine for three months could
prevent 31% of deaths compared with a scenario without any
control measures for the epidemic Ferguson 2020.

Two modelling studies simulated the situation in China (Cao 2020;
Tang 2020). Cao 2020 used data from the Hubei Province collected
from 23 January to 24 February 2020 to build a SEIR model.
The study authors did not explicitly assess the effectiveness of
quarantine alone but the impact of loosening quarantine measures
that had already been in place. They concluded that if 40%
fewer people were quarantined (e.g. because of less strict contact
tracing), the peak number of cases would have increased twofold
compared to keeping a full quarantine in place. The simulation by
Tang 2020 aimed to estimate the basic reproduction number of
SARS-CoV-2 and infer the required effectiveness of isolation and
quarantine to contain the outbreak. Their SEIR model was based
on data of confirmed cases from Wuhan collected from 10 to 20
January 2020, before the community quarantine in Wuhan. They
calculated a basic reproduction number (Rg) of 6.47 and estimated
that without action the number of confirmed cases in Wuhan would
be at 7723 by the end of January 2020. They calculated that a
50% reduced contact rate (achieved by isolation and quarantine)
would decrease the confirmed cases by 44%; reducing contacts by
90% would decrease the number of cases by 65%. Retrospectively,
we know that by the end of January 2020 there were about 9000
cases, despite the community quarantine in place that started on
23 January 2020 (WHO 2020h).

In their modelling study, Rocklov 2020 used data from the Diamond
Princess cruise ship. Due to the very dense population on board,
the basic reproduction rate was four times higher than in Wuhan.
Isolation (i.e. removal of confirmed cases from the ship to hospitals)
and quarantine of passengers that needed to stay in their cabins

prevented 2307 (67%) cases, and lowered the basic reproduction
number from 14.8 to 1.78. However, the study authors also state
that early evacuation of all passengers and crew members would
have prevented the most infections.

Indirect evidence: MERS, SARS

Overall, we included three retrospective cohort studies (Hsieh 2005;
Pang 2003; Wang 2007), and 15 modelling studies that provided
indirect evidence for KQ 1 (Becker 2005; Chau 2003; Day 2006;
Fraser 2004; Gumel 2004; Gupta 2005; Hsieh 2007; Lloyd-Smith
2003; Mubayi 2010; Nishiura 2004; Peak 2017; Pourbohloul 2005;
Wang 2004; Yip 2007; Zhang 2017). The cohort studies used data
from Beijing and Taiwan during the SARS outbreaks in 2003. The
modelling studies relied on data from SARS and MERS outbreaks in
Canada, China, Hong Kong, Japan, Korea, Singapore, and Taiwan.

Effectiveness

One retrospective analysis of the SARS outbreak in Taiwan showed
that out of 55,632 individuals quarantined due to contact with
confirmed or probable cases, only 24 (0.04%) developed confirmed
SARS (Hsieh 2005). The time from symptom onset to diagnosis
was statistically significantly shorter in quarantined than in non-
quarantined people (1.20 versus 2.89 days, P = 0.0061; Hsieh 2005).

The other two retrospective data analyses from the SARS outbreaks
in Beijing (Pang 2003), and Taiwan (Wang 2007), analyzed the risk
of actually developing a SARS infection for different subgroups
who were quarantined because they had close contact with
confirmed or suspected SARS cases. In Beijing, more than 30,000
close contacts were quarantined for 14 days. The majority were
quarantined at home (60%), the rest at designated sites. In this
cohort of quarantined individuals, the overall attack rate was
6.3%. The attack rates were highest among spouses (15.4%), other
household members (8.8%), and nonhousehold relatives (11.6%).
In these groups, the attack rates increased with the age of the close
contact individual. Children younger than 10 years had an attack
rate of 5.0%; adults aged 60 to 90 years had an attack rate of 27.6%.
The attack rates among work and school contacts were low (0.36%;
Pang 2003). The Taiwanese study confirmed the results of the
analyses of the Beijing data. Among more than 55,000 quarantined
people who had close contact with a SARS case, advanced age (>
60: adjusted odds ratio (aOR) 2.7, 95% confidence interval (Cl) 1.2
to 5.9) or being a family member or relative (aOR 4.7, 95% CI 2.0 to
11.0) were the main risk factors for developing SARS. Unprotected
healthcare workers had the highest risk among all groups (aOR
17.5, 95% Cl 6.9 to 44.1). By comparison, classmates, teachers,
coworkers, and friends had no significant increase in the risk of
developing SARS (aOR, 1.0 for all groups) (Wang 2007).

The modelling studies combined epidemiological data from SARS
and MERS outbreaks with different community characteristics.
Continuous-time or discrete-time compartmental models were
used in addition to back-projection models and contact
network models. Some studies considered multiple aspects of
transmissibility, such as presymptomatic transmission, the contact
intensity between individual people and households, the duration
of infectiousness, and the host’s susceptibility to the infectious
disease.

Overall, the modelling studies consistently reported that
quarantine was an effective measure to control SARS and MERS
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outbreaks. One study provided estimates of the impact of
quarantine based on data from the 2003 SARS outbreak in Taiwan,
where more than 55,000 individuals were quarantined because
of contact with confirmed SARS cases (Hsieh 2007). The average
quarantine rate in Taiwan during the outbreak, however, was
estimated to be only 0.047. In other words, only one out of
21 asymptomatic individuals who should have been quarantined
was indeed quarantined. Based on the study authors’ model, an
increase of the quarantine rate to 0.1 would have averted 214 SARS
cases and 33 deaths; an increase to 0.6 would have averted 477
SARS cases and 80 deaths. Nevertheless, even the low quarantine
rate of 0.047 prevented 461 cases and 62 deaths (Hsieh 2007).

Only three of these studies considered the effectiveness
of quarantine in hypothetical examples that also modelled
presymptomatic infectiousness (Day 2006; Fraser 2004; Peak 2017).
Day 2006 used probabilistic models to determine the conditions
under which quarantine is most useful. Their results indicated
that the effectiveness of quarantine to reduce the number of
infections depends on three main requirements: 1) that despite
the implementation of isolation, a large disease reproduction
number persists; 2) that a large proportion of infections generated
by an individual could be prevented by quarantine; and 3)
that there is a high probability (with a process in place such
as contact tracing) that an asymptomatic individual will be
quarantined before they develop symptoms. In the second study
considering presymptomatic infectiousness, Peak 2017 found that
the effectiveness of quarantine critically depends on the infectious
disease’s biological dynamics (e.g. latent and infectious periods)
and transmissibility. When the transmissibility is relatively low
(reproduction number < 2.5), quarantine can control a disease,
even when infectiousness precedes symptoms by several days.
When transmissibility is high, and symptoms emerge long after
infectiousness, quarantine will be insufficient. Using a different
transmission model, Fraser 2004 reported findings consistent with
those of Day 2006 and Peak 2017.

Resource use

Two modelling studies assessed the resource use associated with
quarantine during SARS outbreaks (Gupta 2005; Mubayi 2010).
Gupta 2005 compared the costs of two scenarios. In scenario A,
SARS could be transmitted throughout the population without
major public health interventionsin place (only infected people are
isolated). In scenario B, the early quarantine of first-degree contacts
of the index case was implemented to contain the virus. The model
used data from the SARS outbreakin Toronto, Canada. To assess the
economic impact of both scenarios, they considered direct costs
(e.g. hospitalization, administrative effort) and indirect costs (e.g.
lost productivity). Depending on the transmission rate (8% to 25%),
the costs of an epidemic without implementing quarantine vary. A
transmission rate of 8% means that out of 100 contacts, eight get
the infection; a transmission rate of 25% means that 25 contacts are
infected. Aggregating primary, secondary, tertiary, and quaternary
infections results in 4681 (with an 8% rate) to 406,901 infections
(with a 25% rate). The direct and indirect costs of the disease would
then range from CAD 72.0 to 25.4 million (reference year 2003).
The study authors concluded that at a transmission rate of 8%, the
quarantine costs would range between CAD 12.2 to 17.0 million,
depending on the timing with which the quarantine measurements
were effectively implemented. The total savings varied between
CAD 279 to 232 million. The earlier effective quarantine measures
are implemented, the greater the savings are.

Mubayi 2010 developed a general contact-tracing model for
the transmission of an infectious disease similar to SARS.
They performed a cost-analysis for various quarantine strategies
combined with a fixed isolation strategy. They focused on direct
costs allocated by public health authorities and present their
analysis as incremental costs per infection prevented and lives
saved. In strategy 1, a maximum quarantine effort at a per-capita
rate independent of the number of infected cases is in place. In
strategy 2, the quarantine effort was proportional to the outbreak
size, while in strategy 3, the quarantine process depended on the
outbreak size, but was constrained by resource limitations. Contact
tracing is assumed to happen randomly in the model, while in
reality, this would depend on having contact with confirmed or
suspected cases, so the model might overestimate the quarantine
costs.

The study authors recommend using a combination of quarantine
and isolation. Although isolation alone might be sufficient to
control a SARS outbreak, it is too expensive and resource-intensive,
as isolation costs more than quarantine and it takes time to build
isolation facilities. Therefore, a combination of quarantine and
isolation is more beneficial than a single control measure. The
optimal approach depends on available resources and the ability
to quickly identify epidemiological factors, such as infectiousness
or susceptibility during an outbreak to determine what quarantine
and isolation combination is the best. Quarantine becomes less
important the faster infectious patients are detected and isolated.
Conversely, simulations show that the total cost is dominated
by quarantine costs for a low contact-tracing efficiency and by
isolation at a high contact-tracing efficiency. This means increasing
the quarantine effort always results in lower overall costs over the
entire outbreak. Strategy 1 was the most effective in decreasing
the time to extinction but led to more cases, deaths, and people
being isolated, though fewer were quarantined. Strategy 2 was the
most cost-effective strategy when comparing the cost of achieving
a unit of health benefit (e.g. reduction of a case) and the cost of the
quarantine/isolation strategies. The study authors stress that the
greatest need for resources is early in the outbreak.

Table 2 summarizes the certainty of evidence for KQ1.

2. Comparative effectiveness of different types of quarantine

(KQ1a)

A prospective cohort study from Korea followed 116 haemodialysis
patients who had to be quarantined because they were exposed to
individuals with confirmed MERS infections (Park 2020). For a mean
of 15 days, they underwent different types of quarantine: single-
room quarantine (n = 54), cohort quarantine (n = 46), and self-
imposed quarantine (n = 16). None of the patients developed MERS
symptoms, and no secondary transmission occurred. Because
of the study’s small sample size, we are unable to draw any
conclusions about the comparative effectiveness of the different
quarantine types.

3. Effectiveness of quarantine in combination with other
measures to control a COVID-19 outbreak (KQ1b)

Direct evidence: COVID-19

Seven modelling studies addressed the effectiveness of quarantine
in combination with other measures to contain the COVID-19
outbreak (Choi 2020; Fang 2020; Ferguson 2020; Geng 2020;
Wu 2020b; Yue 2020; Zhao 2020a; see Table 5). One study

Quarantine alone or in combination with other public health measures to control COVID-19: a rapid review (Review) 10
Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

used an individual-based transmission model developed for
pandemic influenza to explore the effectiveness of different social
distancing measures for the UK (Ferguson 2020), one study used
a susceptible-exposed-infected-hospitalized-recovered model to
simulate the situation for South Korea (Choi 2020). The other
five modelling studies were based on data from China: one study
used a susceptible, unquarantined infected, quarantined infected,
confirmed infected model (Zhao 2020a), one used a dynamic
disease model (Yue 2020), the other three studies used SEIR models
(Fang 2020; Geng 2020; Wu 2020b).

The main objective of the modelling study from the UK was
to compare two strategies intended to reduce transmission
by reducing contacts in the general population (mitigation
versus suppression strategy). For each strategy, the study
modelled a range of nonpharmaceutical interventions in different
combinations and assessed their impact on mortality and critical
care bed requirements. Results showed that with an assumed
reproduction number of 2.4, a combination of case isolation and
voluntary quarantine for three months and social distancing of
people 70 years or older for four months could prevent 49% of
deaths. The need for critical care beds could be reduced by 67%
with a combination of case isolation, voluntary quarantine, and
social distancing of people 70 years or older. The combination of
caseisolation, household quarantine, social distancing of the entire
population, and school and university closures would achieve
the greatest effect (data in the pre-publication manuscript not
plausible) and could reduce the reproduction number close to
1. Effects would become apparent approximately three weeks
after implementation and as long as measures are in place. Study
authors point out, however, that the more successful a strategy is at
temporary suppression, the larger the later epidemic is predicted
to be because of the lesser build-up of herd immunity (Ferguson
2020).

One study simulated the outbreak for South Korea and estimated
that there would be nearly 5 million COVID-19 cases without any
measures. By implementing prevention and control measures that
are able to reduce the transmission rate by 90% or 99% the number
of COVID-19 cases would be only a fraction, at 0.5% or 0.4%,
respectively (Choi 2020).

The five Chinese modelling studies concluded that the key to
controlling COVID-19 is to focus on early and strict prevention and
control measures. According to the studies, only comprehensive
measures can achieve a reduction of transmission of SARS-CoV-2
(Fang 2020; Geng 2020; Yue 2020; Wu 2020b; Zhao 2020a). One
of these studies predicted that without implementation of any
measures, China (without Hubei) would have had more than 800
million COVID-19 cases and an epidemic duration of 477 days. With
prevention and control measures such as isolation, quarantine,
and travel restrictions in place, not only could the number of
cases be reduced but the duration of the outbreak could also be
reduced (Zhao 2020a). The only identified study that specifically
assessed the effects of community quarantine was based on data
from Wuhan. That study reported that community quarantine and
school closures reduced the peak of transmissions by 45.7% and
29.9%, respectively (Geng 2020).

Indirect evidence: SARS

Modeling studies also combined epidemiological data from MERS
or SARS outbreaks with different community characteristics.
Mostly, they used static models that assumed a constant
risk of infection and did not consider the effects of disease
control programs. Some studies considered multiple aspects of
transmissibility, such as presymptomatic transmission, the contact
intensity between individual people and households, the duration
of infectiousness, and the host’s susceptibility to the infection. In
general, they confirmed that a combination of quarantine with
other interventions is effective to reduce the transmission of MERS
and SARS.

Table 3 summarizes the certainty of evidence for KQ1b.

4. Effectiveness of quarantine for individuals travelling from a
country with a declared COVID-19 outbreak (KQ2)

Direct evidence: COVID-19

We did not identify any study on quarantine for individuals
travelling from a country with a declared COVID-19 outbreak.

Indirect evidence: SARS

We identified two observational studies (Hsieh 2005; Wang 2007),
and two modelling studies (Hsieh 2007; Yip 2007), assessing the
effectiveness of quarantine for people travelling from countries
with a declared SARS outbreak.

Effectiveness

Two retrospective analyses (Hsieh 2005; Wang 2007), and
two modelling studies (Hsieh 2007; Yip 2007), addressed
the effectiveness of quarantine to reduce transmissions from
individuals who travelled from regions with high transmission
rates. Hsieh 2005, Hsieh 2007 and Wang 2007 used data from
the 2003 SARS outbreak in Taiwan during which the Taiwanese
government home-quarantined more than 95,000 travellers
arriving at the borders from affected regions. Most quarantined
people were confined to their homes for 10 to 14 days. While Wang
2007 reported that 56 of 95,271 quarantined people developed
SARS, Hsieh 2005 reported that 0 out of 95,828 quarantined
travellers developed SARS, indicating some inconsistency in the
used data. Hsieh 2007 employed a susceptible-infective-recovered
model with an estimated case fatality rate of 14.1%; the mean time
of symptom onset to diagnosis were 1.20 days for the quarantined
individuals and 2.89 days for those unquarantined. The results of
the model showed that in the hypothetical scenario in which no
one had been quarantined after arrival from a high-transmission
region, 511 additional SARS cases with 70 additional deaths would
have occurred in Taiwan. In the database, 17 unquarantined
imported cases could be traced (missed cases and cases before the
quarantine was implemented). If all 17 unquarantined imported
cases had been quarantined, 280 SARS cases and 48 deaths could
have been averted. Based on their data source, out of the more than
95,000 quarantined people, only two developed SARS. If these two
individuals had not been quarantined, 29 additional cases and five
deaths would have occurred. The study authors acknowledge that
caution should be exercised when viewing the numbers because
the model did not account for the super-spreading events that
occurred in Taiwan.
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Using data from Taiwan, Yip 2007 employed a back-projection
model without providing effect estimates for quarantine. The
study authors state that the model confirms the effectiveness of
quarantine measures in Taiwan, including the implementation of
quarantine for travellers from regions with high transmission rates.

Resource use

We did not identify any studies assessing resource use of
quarantine for travellers from regions with high transmission rates.

Table 4 presents the certainty of evidence ratings for KQ2.

Comparative effectiveness of quarantine of travellers (KQ2a)

We did not identify any studies assessing comparative effectiveness
of diverse types of quarantine for travellers from regions with high
transmission rates.

DISCUSSION

To the best of our knowledge, this is the first rapid systematic
evidence synthesis on the effectiveness of quarantine measures
for COVID-19. The evidence base is limited because all 10 studies
on COVID-19 are mathematical modelling studies based on limited
data sets that make different assumptions on important model
parameters. The other 19 included studies are on SARS and MERS
and contribute only indirect evidence.

Modeling studies on COVID-19 consistently reported a benefit of
the simulated quarantine measures, for example, quarantine of
people exposed to confirmed cases averted high proportions of
infections and deaths compared to no measures (low-certainty
evidence). Very low-certainty of evidence indicated that the
earlier that quarantine measures are implemented the greater
cost savings are, and that the effect of quarantine of travellers
from a country with a declared outbreak to avert transmission
and deaths was small. However, this evidence is based on the
SARS outbreak and generalizability to COVID-19 is very limited. In
general, the combination of quarantine with other prevention and
control measures such as school closings, travel restrictions, social
distancing, and others had a greater effect on the reduction of
transmissions, cases that required critical care beds, and deaths
than individual measures (low-certainty evidence). Studies on
SARS and MERS are consistent with findings from the studies on
COVID-19.

Ferguson 2020 (also known as the Imperial College Study)
illustrated the greater effect of combinations of measures in their
model for the UK. They showed that a combination of case
isolation and voluntary quarantine for three months could prevent
31% of deaths compared with an epidemic without any control
measures. Adding social distancing of people 70 years or older for
four months would increase the proportion of prevented deaths
to 49% (Rg = 2.4 assumed). They deemed the combination of
case isolation, household quarantine, social distancing of the
entire population, and school and university closures as the most
effective combination that could reduce the reproduction number
close to 1 (Ferguson 2020).

Although more comprehensive and strict prevention and control
measures are more effective in containing the COVID-19 outbreak,
at some point the incremental effect of adding another restrictive
measure is only minimal and must be contrasted with the

unintended negative effects that accompany it. The possible
negative social and economic consequences on communities that
have been subject to extended periods of social distancing and
other prevention and control measures might also lead to an
increase in the burden on health overall. In order to maintain
the best possible balance of measures, decision makers must
constantly monitor the outbreak situation and the impact of the
measures implemented.

Quarantine alone is an important component of outbreak control
but seems not to be enough to contain COVID-19. Preliminary
estimates of the basic reproduction number of SARS-CoV-2 range
from 2.8 to 5.5 (Read 2020; Zhao 2020; Zhou 2020). Models have
shown that the effectiveness of quarantining individuals during
outbreaks of diseases with presymptomatic infectiousness and a
basic reproduction number of greater than 2.5 is limited. Based
on estimates of a basic reproduction number of 3.11 (95% ClI
2.39 to 4.13), Read 2020 state in their preprint, that to stop the
increase of COVID-19 infections, 58% to 76% of the transmissions
must be averted by control measures for COVID-19 infections to
stop increasing. In a situation with pre- or even asymptomatic
infectiousness it is difficult to identify and isolate all cases and to
place contacts of cases under quarantine early enough to reduce
transmission markedly.

Limitations in the body of evidence

We did not identify any observational study that directly assessed
the effects of quarantine alone or in combination with other
measures to contain COVID-19. The best available evidence at the
present time is from 10 mathematical modelling studies that used
current, but still highly variable estimates of the transmissibility,
incubation period, and pathogenicity of SARS-CoV-2 to simulate
the epidemic, determine the transmission dynamics and the
effects of various interventions to control the outbreak. The
basic reproduction number in these models, for example, ranged
from 0.5 to 7.2. Important parameters that are still largely
unknown but have a substantial impact on results of models,
are the time of asymptomatic infectiousness and the proportion
of unidentified infected individuals. Ferguson 2020, for example,
assumed that infectiousness occurs only 12 hours prior to the onset
of symptoms and that two-thirds of cases are symptomatic. In other
models, study author assumptions were substantially different. For
example, Cao 2020 and Zhang 2017 assumed no asymptomatic
infectiousness at all before onset of symptoms.

The majority of included studies in our review are on SARS
and MERS. The applicability of the results from SARS and MERS
studies is likely to be limited because transmission dynamics are
different, e.g. many models assumed that infectiousness starts with
symptom onset while COVID-19 is associated with asymptomatic
transmission. However, they support the findings from modelling
studies for COVID-19.

Limitations of the review

Because of time constraints, we conducted a rapid review and
abbreviated certain methodological steps of the review process.
Specifically, we dually screened only 30% of the titles and abstracts;
for the rest, we used single screening. A recent study showed that
single abstract screening misses up to 13% of relevant studies
(Gartlehner 2020). In addition, single review authors rated risk of
bias, conducted data extraction and rated certainty of evidence.
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A second review author checked the plausibility of decisions and
the correctness of data. Because these steps were not conducted
dually and independently, we introduced some risk of error to this
rapid review. Nevertheless, we are confident that none of these
methodological limitations would change the overall conclusions
of this review. Furthermore, we limited publications to English
and Chinese languages. Because COVID-19 has become a rapidly
evolving pandemic, we might have missed recent publications in
languages of countries that have become heavily affected in the
meantime (e.g. Italian or Spanish).

This review focused on transmission, mortality reduction and
resource use of quarantine, because the WHO expert panel selected
these outcomes. We did not include psychological impact of
quarantine on individuals, because this was addressed recently
in a rapid review (Brooks 2020). However, there may be other
health and economic adverse effects resulting from quarantine
that have not been assessed by this review (e.g. quality of life,
unemployment, domestic violence). For these reasons, our review
is unable to address the question of when quarantining and other
public health measures aiming to reduce the spread of COVID-19
should be relaxed or lifted. It is also important to highlight that we
did not subject the two modelling studies reporting on resource
use to specific critical appraisal for economic evaluations and we
did not attempt to draw conclusions regarding the relative costs
or efficiency of quarantine alone or in combination with other
public health measures compared to no such interventions or
single public health measures.

AUTHORS' CONCLUSIONS

Implications for practice

Despite the limited evidence on quarantine to control COVID-19,
studies consistently concluded that quarantine is an important
public health measure to reduce the number of people infected
and the number of deaths. For both effectiveness and resource
use, early and efficient implementation of quarantine seems to be
key. Combination of quarantine with other prevention and control
measures showed the greatest effect in reducing transmissions,
incident cases, and mortality. In order to maintain the best possible

balance of measures, decision makers must constantly monitor the
outbreak situation and the impact of the measures implemented.

Implications for research

Further research on important disease dynamics of COVID-19
such as prevalence, or case-fatality rate are crucial. Testing in
representative samples in different settings could help assess
the true prevalence of infection, which would greatly reduce
uncertainty of model simulations. Consequently, modelling studies
simulating the effectiveness of control measures to contain
COVID-19 could be updated as soon as new knowledge on
important parameters is available. Non-randomized studies of
interventions that assess the effectiveness of quarantine alone orin
combination with other public health measures to control COVID-19
are also needed. Different countries across the world have been
implementing combinations of prevention of control measures at
different intensity and speed. Comparing the effectiveness of these
strategies will help us gain more evidence for future pandemics.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Becker 2005
Study design Modeling study
Transmission model
Rq = 6; infectious period 9 days; incubation period 6.5 days
Objectives To determine to which extent the interventions reduce the effective reproduction number and which

intervention requirements are necessary to achieve elimination of the disease

Study details

Data from SARS outbreak 2003 in Singapore and Hong Kong and the Australian census 2001
n=NR

Interventions

+ Closing schools

+ Contact tracing

+ Isolation

o Quarantine

« Measures to avoid exposure (e.g. wearing masks, reducing hand-to-mouth contacts)

Notes
Cao 2020
Study design Modeling study
SEIR model
R = 2; considers transmission risk during incubation period; does not consider asymptomatic patients
Objectives To simulate the effect of the decrease in the proportion of follow-up quarantine on the development of

the epidemic after governmental prevention and control measures have been in place

Study details

Data from COVID-19 outbreak in the Hubei Province from 23 January 2020 to 24 February 2020
n=59.17 million

Interventions

« Combination of prevention and control measures
o Quarantine

Notes
Chau 2003
Study design Modeling study
Back-projection method
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Ro = NR; incubation period 6.37 days

(SD 4.09), time from onset of clinical symptoms to admission to hospital differs from time to time
(3.67-4.85 days)

Objectives

To estimate the SARS infection curve and assess the effectiveness of interventions

Study details

Data from the SARS outbreak in Hong Kong, 1 March 2003 to 24 June 2003
n=NR

Interventions

Disinfection of infected areas

« lIsolation

o Quarantine

« Protective equipment in hospitals

Notes
Choi 2020
Study design Modeling study
Susceptible-exposed-infected-hospitalized-recovered model
Ro = 3.48-3.54; transmission period 2-4 days
Objectives To estimate and evaluate the effectiveness of preventive measures using mathematical modelling

Study details

Data from COVID-19 outbreak in South Korea (Daegu and North Gyeongsang) between 20 January and
4 March 2020
n=NR

Interventions

Package of epidemic prevention measures implemented in South Korea (e.g. isolation, quarantine, so-
cial distancing)

Notes
Day 2006
Study design Modeling study
Probabilistic model
Rq = 3; infectious period 8 days; latent period 6.4 days; transmission rate 0.375
Objectives To determine factors that make quarantine an effective control measure for some diseases but not for

others

Study details

Data based on other mathematical models and epidemiological studies of SARS
n=NR

Interventions

o Quarantine

Notes
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Fang 2020

Study design Modeling study
SEIR model

Ro = NR; probability of infection per exposure 10%; frequency of exposure 10; incubation period 7 days;
average recovery time 10.25 days

Objectives To simulate the spread dynamics of a COVID-19 outbreak and the impact of different control measures,
to conduct a sensitivity analysis to identify the key factor(s), to plot the trend curve of the effective re-
production number, and to perform data fitting after the simulation

Study details Data from COVID-19 outbreak in China and former studies concerning COVID-19
n=1,000,000
Population consistent with the size of Wuhan city

Interventions « Spontaneous household quarantine by citizens
+ Strict exit screening
» Massive online teaching in the postponed semester
« Larger scale of cancellation of mass gatherings

Notes
Ferguson 2020
Study design Modeling study
Modified, individual-based simulation model
Rp=2-2.6 (2.4 at baseline); incubation period 5.1 days; mean infectious period 6.5 days; symptomatic
individuals are 50% more infectious than asymptomatic individuals
Objectives To assess the impact of nonpharmaceutical interventions on the death rate and the peak healthcare
demand during a COVID-19 epidemic.
Study details Setting: UK
Data based on census data to define age and household distribution size, data on average class sizes
and staff-student ratios, data on the distribution of workplace size
n=NR
Interventions » Caseisolationin the home
« Voluntary home quarantine
« Social distancing of those over 70 years of age
« Social distancing of the entire population
+ Closure of schools and universities
Notes
Fraser 2004
Study design Modeling study
Model of infectious disease outbreak dynamics of several pathogens
Quarantine alone or in combination with other public health measures to control COVID-19: a rapid review (Review) 19
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Various Rg and incubation period depending on the pathogen

Objectives

To identify the general properties of emerging infectious agents that determine the likely success of
isolating symptomatic individuals and tracing and quarantining their contacts

Study details

Data based on other mathematical models, the analysis of clinical patient records and case studies of 4
known pathogens: SARS, HIV, pandemic influenza, smallpox
n=NR

Interventions

« Isolation of symptomatic patients (100%, 90%, 75% effective)
« Isolation (100%, 90%, 75% effective) with 100% effective contact tracing

Notes
Geng 2020
Study design Modeling study
SEIR model
R ~2.38-2.72
Objectives To model the transmission process of SARS-CoV-2

Study details

Data from National Bureau of Statistics of the People’s Republic of China (population of Wuhan at the
end of 2018)
n=8.8 million

Interventions

« Community quarantine
« School closure

Notes
Gumel 2004
Study design Modeling study
Deterministic model
Rp=4.8,3.6,5.04, and 4.91; rate of development of clinical symptoms 0.1 and 0.125
Objectives To examine the impact of isolation and quarantine on the control of SARS and cumulative deaths

Study details

Data from WHO and epidemiological studies (outbreaks in Toronto, Beijing, Hong Kong, Singapore)
n=NR

Interventions

« Isolation
e Quarantine

Notes
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Gupta 2005
Study design Modeling study
Mathematic and health economic model
Ro = NR; transmission rate of infection 0.08, 0.15 and 0.25; incubation period 10 days
Objectives To estimate the economic effects of an epidemic, the number of averted infections, the direct and indi-

rect costs of quarantine, and the total savings

Study details

Data from other researchers, the popular press, and interviews about the SARS outbreak in Toronto
2003
n=NR

Interventions

« Isolation and treatment of infected people without quarantine
« Quarantine implemented early on

Notes
Hsieh 2005
Study design Retrospective cohort study
Objectives To evaluate the effectiveness of quarantine in reducing the time from onset to diagnosis and the time

from diagnosis to classification

Study details

SARS-positive patients, previously quarantined or not quarantined during the 2003 outbreak
Setting: Taiwan
n =480

Interventions

« Quarantine of people who potentially had contact with infectious individuals (Level A)
« Quarantine of travellers coming from SARS-affected areas (Level B)

Notes Case definition: confirmed cases had clinical diagnosis and positive laboratory test for SARS-CoV
Hsieh 2007
Study design Modeling study
Susceptible-infective-recovered model with additional compartments
Ro = NR; daily infection rate 0.347 (95% CI 0.3108-0.3837)
Objectives To assess the impact of quarantine on prevented additional SARS cases and additional deaths

Study details

Data from Taiwan Center for Disease Control, SARS database (SARS outbreak in Taiwan 2003)
n=151,460

Interventions

« Quarantine of individuals who were in close contact with infected people
« Quarantine of travellers coming from SARS-affected areas

Notes
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Study design Modeling study
Stochastic model
Rg ranging from 1.5-5; mean incubation period 4.5 days; mean symptomatic period 16.3 days (SD of 7.3
days)

Objectives To address the relative benefits of case isolation, quarantine, hospital-wide contact precautions and re-

duced HCW-community mixing

Study details

Data source=NR
n =100,000 individuals and a hospital of 3000 individuals

Interventions

« Contacttracing
« lIsolation
o Quarantine

Notes
Mubayi 2010
Study design Modeling study
Dynamical model, cost-effectiveness model
Ro = 3.22; mean infectious period 28.4 days; mean incubation period 6.37 days
Objectives To compare three different quarantine strategies implemented alongside a single isolation strategy,

with resource allocation modelled in terms of simple cost functions

Study details

Data from SARS outbreaks in Hong Kong (census data from 2001-2004 in Hong Kong City) and related
studies
n=NR

Interventions

« 3contact-tracing strategies
+ Isolation

Notes

Nishiura 2004

Study design Modeling study
Deterministic mathematical model
Ro = 3; in sensitivity analysis various Ry (depending on the effectiveness of the quarantine and of the
precautionary measures)

Objectives To predict the epidemiological outcomes and assess the effect of any specified control strategy on

SARS

Study details

Data from SARS outbreak in Hong Kong and epidemiological data from other countries
n=NR

Interventions

« Isolation

Quarantine alone or in combination with other public health measures to control COVID-19: a rapid review (Review)
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e Quarantine
+ Precautionary public health measures

Notes
Pang 2003
Study design Retrospective cohort study
Objectives To describe and evaluate measures undertaken to control the SARS outbreak: quarantine among other

things

Study details

Individual with close contact to a SARS patient who were quarantined
Setting: Beijing
n = 30,000

Interventions

Quarantine of individuals who were in close contact with infected people

Notes Case definition: cases had to meet one of the three following categories:
« close contact with infected people and clinical diagnosis of febrile respiratory illness and chest X-ray
changes;
« visiting or residing in an area with local transmission, clinical diagnosis of febrile respiratory illness
and chest radiograph changes and lack of response to antibiotics;
« visiting or residing in an area with local transmission, clinical diagnosis of febrile respiratory illness
and chest radiograph changes and normal or decrease white blood cell count
Park 2020
Study design Prospective cohort study
Objectives To evaluate the effects of different quarantine strategies on the prevention and rate of secondary viral

transmission

Study details

Patients from 3 haemodialysis units exposed to MERS during the 2015 outbreak
Setting: Korea
n=116

Interventions

Quarantine of exposed individuals

Notes Case definition: to confirm cases serologic analysis were performed
Potential bias: allocation to type of quarantine was based on disease severity
Peak 2017
Study design Modeling study
Agent-based branching model of several pathogens
Parameters depend on the type of disease, e.g. SARS: Ry =2.9 (95% Cl 2.2 to 3.6)
Incubation period 4.01 days;
Quarantine alone or in combination with other public health measures to control COVID-19: a rapid review (Review) 23
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Peak 2017 (continued)

Maximum duration of infectiousness 21.6 days

Objectives To identify which disease characteristics and intervention attributes are most critical in deciding be-
tween quarantine and symptom monitoring and to provide a general framework for understanding the
consequences of isolation policies during emerging epidemics

Study details Data from other case studies of 7 known pathogens (Ebola, hepatitis A, influenza A, MERS, pertussis,
SARS, smallpox)
n=NR

Interventions « Contacttracing
« Isolation

o Quarantine
« Symptom monitoring

Notes
Pourbohloul 2005
Study design Modeling study
Urban contact network model
Mildly contagious disease Ry = 1.545
Moderately contagious disease Ry = 5.047
Objectives To assess a population’s vulnerability to an infectious disease based on the structure of the network
and on the average transmissibility of the disease
Study details Publicly available data from sources such as Statistics Canada
n=10,308 (2000 households)
Interventions » Face masks
+ Closing public venues
« lIsolation
e Quarantine
« Vaccination
Notes
Rocklov 2020
Study design Modeling study
SEIR model
Initial Ry = 14.8; infectious period 10 days; incubation period 5 days
Objectives To estimate the basic reproduction number under cruise ship conditions and the response effective-
ness of the quarantine and removal interventions, and to compare scenarios of an earlier and later
evacuation of the ship
Quarantine alone or in combination with other public health measures to control COVID-19: a rapid review (Review) 24
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Study details

Based on confirmed cases of COVID-19 on the Diamond Princess cruise ship 21 January 2020-20 Febru-
ary 2020
n=3700

Interventions

« Isolation: removal of confirmed cases from the ship to hospitals
« Quarantine: passengers needed to stay in their cabins and were allowed to leave for 1 h/day

Notes
Tang 2020
Study design Modeling study
Deterministic, compartmental SEIR model
Ro =6.47; incubation period 7 days
Objectives To estimate the basic reproduction number of SARS-CoV-2 and infer the required effectiveness of isola-

tion and quarantine to prevent an outbreak

Study details

Based on confirmed COVID-19 cases in Wuhan, China from 10 January 2020-22 January 2020
n=11,081,000

Interventions

« Isolation
o Quarantine
« Travel restriction

Notes
Wang 2004
Study design Modeling study
General, deterministic model, simplified to a 2-compartment suspect-probable model and a sin-
gle-compartment probable model
Ro = varies from 1.1-3.3
Objectives To predict future incidence and simulate the impact of additional control strategies by studying the

transmission dynamics of the spread of SARS in Beijing

Study details

Daily reported cases by the Ministry of Health of the People's Republic of China
n=NR

Interventions

o Quarantine

« Isolation

« Protection measures (reducing social activities, using face masks, strengthening immune functions)
» Control measures (closing of schools/recreational centres

Notes

Quarantine alone or in combination with other public health measures to control COVID-19: a rapid review (Review)
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Wang 2007
Study design Retrospective cohort study
Objectives To identify risk factors for the development of SARS among quarantined people

Study details

Individuals with known or suspected (travellers coming from SARS-affected areas) exposure to infected
people during the 2003 outbreak

Setting: Taiwan

n=147,526

Interventions

« Quarantine of people who potentially had contact with infectious individuals (Level A)
« Quarantine of travellers coming from SARS-affected areas (Level B)

Notes Case definition: cases were classified according to the WHO case definition in suspected, probable, and
laboratory-confirmed cases
Wu 2020b
Study design Modeling study
Susceptible-infected-recovered model
Rp =2.9 and 3.6; infectious period 14 days
Objectives To predict the outcome of prevention and control measures of diverse intensity in Wuhan

Study details

Official data from COVID-19 outbreak in Wuhan
n=1,500,000 (inhabitants of Wuhan)

Interventions

Combination and different intensity of

« ceasing public transport
« suggestion to citizens to stay at home
« theisolation of confirmed and quarantine suspected patients

Notes
Yip 2007
Study design Modeling study
Back-projection method
Rp =2.9 and 3.6; infectious period 14 days
Objectives To reconstruct the infection curve for the 2003 SARS epidemic in Taiwan and to ascertain the temporal

changes in the mean daily number of infections that occurred during the course of the outbreak

Study details

Taiwan Center for Disease Control and the WHO
n=NR

Interventions

« Quarantine of people who potentially had contact with infectious individuals
 Quarantine of travellers coming from SARS-affected areas

Notes

Quarantine alone or in combination with other public health measures to control COVID-19: a rapid review (Review) 26
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Yue 2020
Study design Modeling study
Dynamic infectious disease model
Ro=NR
Objectives To develop a model to predict the future trend of the epidemic, introducing a quarantine rate parame-

ter to the model

Study details

Numbers of confirmed cases and cures published by the Chinese National Health Committee
n=NR

Interventions

« Different extents of combined control measures

Notes
Zhang 2017
Study design Modeling study
Transmission dynamics model
Ro ranged from 2.5-7.2; incubation period 7.5 days; no asymptomatic transmission
Objectives To estimate the transmissibility of MERS and identify the effective countermeasures that stopped its

spread

Study details

Outbreak data released by Korea Centers for Disease Control and Prevention
n=NR

Interventions

+ Isolation

o Quarantine

« People’s self-protection behavior
« Rapid confirmation of cases

Notes
Zhao 2020a
Study design Modeling study
Susceptible, unquarantined infected, quarantined infected, confirmed infected model
Ro ranged between 0.48 and 5.93
Objectives To characterize the dynamics of COVID-19 in China and whether control and prevention measures are

effective

Study details

Model uses data on COVID-19 confirmed cases from China, 20 January-21 February 2020
n=187,009

Quarantine alone or in combination with other public health measures to control COVID-19: a rapid review (Review)
Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



- Coch rane Trusted evidence.
= . Informed decisions.
K Libra ry Better health. Cochrane

Database of Systematic Reviews

Zhao 2020a (Continued)

Interventions Combination of control and prevention measures (quarantine) implemented in China after the COV-

ID-19 outbreak

Notes

COVID-19: corona virus disease 2019; HCW: healthcare workers; MERS: Middle East respiratory syndrome; NR: not reported; SARS: severe
acute respiratory syndrome; SARS-CoV-2: severe acute respiratory syndrome coronavirus-2; SD: standard deviation; SEIR: susceptible-

exposed-infected-recoveredWHO: World Health Organization

ADDITIONAL TABLES

Table 1. Inclusion and exclusion criteria of the rapid review

Inclusion

Exclusion

Population KQ1

« Contacts of a confirmed case of COVID-19 (SARS, or MERS) or individuals who
live in areas with high transmission rates

KQ2

* Individuals from countries with a declared outbreak? of COVID-19 (SARS, or
MERS)

« Symptomatic individu-
als of COVID-19 (SARS,
or MERS) infections

« Asymptomatic individ-
uals exposed to oth-
er pathogens that can
cause respiratory infec-
tions

Intervention KQ1 and KQ2
Different types and locations of quarantinesb of individuals

« Voluntary quarantine (self-quarantine)
« Mandatory quarantine

¢ Quarantinein
*  Private residence

* Hospital
*  Public institution
* Others (cruise ships, etc)

KQ1b

« Quarantine of individuals ora community in combination with other measures:
* Avoiding crowding
* Hand hygiene
* Isolation
* Personal protective equipment
* School measures/closures
*  Social distancing
*  Workplace measures/closures

« Environmental mea-
sures

« Travel-related mea-
sures

Control « Noquarantine
« Different types and locations of quarantines

o Public health measures without quarantine to reduce the spread of the virus
such as isolation, social distancing, personal protective equipment, hand hy-
giene, others

« Environmental mea-
sures

o Travel-related mea-
sures

Outcomes « Incident cases (as reported by authors - clinical diagnosis and/or laboratory
confirmation)

« Adverse psychological
effects of quarantine

Quarantine alone or in combination with other public health measures to control COVID-19: a rapid review (Review)
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Table 1. Inclusion and exclusion criteria of the rapid review (continued)
« Onward transmission

« Mortality
« Resource use (direct and/or indirect costs, cost effectiveness)

Study designs « Cohort studies « Casereports
« Case-control studies « Systematic reviews
. Time series (used for reference list
« Interrupted time series checking)
« Case series
« Mathematical modelling studies

Languages « English « Otherlanguages

« Chinese (English-language abstracts or, if available, English summaries provid-
ed by the Chinese WHO Collaborating Centre)

COVID-19: coronavirus disease 2019; KQ: key question; MERS: Middle East respiratory syndrome; SARS: severe acute respiratory syn-
drome; WHO: World Health Organization

aDefined by WHO as an "occurrence of disease cases in excess of normal expectancy. The number of cases varies according to the disease-
causing agent, and the size and type of previous and existing exposure to the agent." (WHO 2020f).

bWwe included studies combining isolation with quarantine because isolation of confirmed cases is a prerequisite for quarantine of
individuals who were in contact with these cases

Quarantine alone or in combination with other public health measures to control COVID-19: a rapid review (Review) 29
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Table 2. Certainty of evidence ratings for the effectiveness of quarantine for individuals who were in contact with a confirmed COVID-19 case

Outcome  Number Risk of Indirect- Impreci- Inconsis-  Other Summary effect size/outcome Certainty
of studies  bias ness sion tency consider- of the evi-
ations dence
Incidence 4 model- Very seri- Direct Precise Consistent  None COVID-19 Low
ling stud- ous? Cao 2020 simulated the effect of loosening quarantine
ies (Cao measures that are already in place. They concluded that if
2020; 40% fewer people were quarantined (e.g. because of less
Hsieh strict follow-ups of contacts), the peak number of cases
2007, would increase twofold compared to keeping a full quaran-
tinein place.
Rocklov
2020; Rocklov 2020 estimated that isolation and quarantine pre-
vented 2307 (67%) cases and lowered the reproduction
Tang 2020) number to 1.78 during the COVID-19 outbreak on the Dia-
mond Princess cruise ship.
Tang 2020 estimated that without any measures, the num-
ber of confirmed COVID-19 cases in Wuhan would be 7723
by the end of January 2020. They estimated that reduced
contact by 50% could decrease the number of confirmed
COVID-19 cases from 7723 to 4335 (44% reduction); reduced
contact by 90% to 2731 (65% reduction).
SARS
Hsieh 2007 state that quarantine is effective to reduce inci-
dent cases (461 SARS cases (81%) averted, with a low quar-
antine rate of 0.047 that equals quarantining 1 out of 21
people that should be quarantined)
Onward No evidence
transmis-
sion
Mortality 2 model- Very seri- Direct Precise Consistent  None COVID-19 Low
ling stud- ous? Ferguson 2020 estimated that for a timeframe of 3 months,
ies (Fergu- case isolation and household quarantine would decrease
son 2020; deaths in the UK by 31%-34%.
Hsieh
2007) SARS

Effective to reduce mortality (62 SARS (63%) deaths avert-
ed, with a low quarantine rate of 0.047 in Taiwan; Hsieh
2007)
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Table 2. Certainty of evidence ratings for the effectiveness of quarantine for individuals who were in contact with a confirmed COVID-19 case (continued)

Resource 2 model- Very seri- Indirectb Precise Consistent  None SARS Very low
use ling stud- ous? Gupta 2005 stated that at a transmission rate of 8%, the
ies (Gup- total savings of quarantine over isolation alone varies be-
ta 2005; tween CAD 279-232 million (reference year 2003). The earli-
Mubayi er that effective quarantine measures are implemented, the
2010) greater the savings are.
Mubayi 2010 came to similar conclusions and state that in-
creasing the quarantine effort results in lower overall costs
over the entire outbreak in all 3 assessed quarantine strate-
gies.
COVID-19: coronavirus disease 2019; SARS: severe acute respiratory syndrome
aDowngraded two steps for risk of bias because we had moderate to minor concerns regarding quality and model parameters are accompanied by uncertainties.
bDowngraded one step for indirectness because studies were on SARS.
Table 3. Certainty of evidence ratings for the effectiveness of quarantine in combination with other measures to contain COVID-19
Outcome  Number Risk of Indirect- Impreci- Inconsis-  Other Summary effect size/outcome Certainty
of studies  bias ness sion tency consider- of the evi-
ations dence
Incidence 4 model- Very seri- Direct Precise Consistent  None COVID-19 Low
ling stud- ousa Choi 2020 stated that by reducing the transmission rate by
ies (Choi 90% or 99% the proportion of COVID-19 cases would only
2020; Fer- be 0.05% or 0.04% of the 5 million cases predicted for South
guson Korea without any measures taken
2020; Wu
2020b; Ferguson 2020 stated: "Reduction of cases that require crit-
Zhao ical care beds compared with unmitigated COVID-19 epi-
2020a) demic:b

Case isolation + home quarantine + social distancing of
those over 70 years of age: 67%"

Wu 2020b stated that stronger control measures are more
effective. By reducing the contact rate and infection effi-
ciency by > 50% they predicted 3088 COVID-19 cases within
3 months in Wuhan. By reducing it only by < 45% they pre-
dicted 4719 cases.

Zhao 2020a predicted more than 800 million COVID-19 cas-
es for China (without Hubei) without the implementation of
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Table 3. Certainty of evidence ratings for the effectiveness of quarantine in combination with other measures to contain COVID-19 (continued)

any measures and an epidemic duration of 477 days. With
prevention and control measures (e.g. isolation, quaran-
tine, travel restrictions) the number of cases could be only
13,322 and the duration could be only 45 days

Onward 2 model- Very seri- Direct Precise Consistent  None COoVID-19 Low

transmis-  ling stud- ous? Fang 2020 stated that implementing a combination of con-

sion ies (Fang tainment measures including quarantine, school closures,

2020; travel restrictions, cancellation of mass gatherings, and
Geng strict exit screening reduced Rq from 2.9 to 2.3 starting at 2
2020) weeks after implementation.
Geng 2020 stated that quarantine and school closures in
Wuhan reduced the peak of transmissions by 45.7% and
29.9%

Mortality 2 model- Very seri- Direct Precise Consistent  None COVID-19 Low
lingstud-  ousa "Reduction of deaths compared with unmitigated COV-
ies(Fergu- ID-19 epidemic:b
son 2020; Case isolation + home quarantine + social distancing of
Wu 2020b) those over 70 years of age: 49%" (Ferguson 2020)

Wu 2020b stated that stronger control measures reduce
mortality of COVID-19. By reducing the contact rate and in-
fection efficiency by > 50% they predicted 443 deaths out
of 11.5 million inhabitants in Wuhan within 3 months, by re-
ducing it only to <45% they predicted 739 deaths.

Resource  No evidence

use

COVID-19: coronavirus disease 2019

aDowngraded two steps for risk of bias because we had moderate to minor concerns regarding quality and model parameters are accompanied by uncertainties.

bNumbers based on unpublished manuscript, pre-peer review; numbers of other combination strategies do not seem plausible (potential mislabeling of table); we contacted
study authors but did not receive a response.

Table 4. Certainty of evidence ratings for the effectiveness of quarantine for travelers from regions with high transmission rates

Outcome

Number of studies Risk of bias  Indirect-
ness

Impreci-
sion

Inconsis- Other Summary effect size/out-
tency consider- come
ations

Certainty
of the evi-
dence
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Table 4. Certainty of evidence ratings for the effectiveness of quarantine for travelers from regions with high transmission rates (continued)

Modeling studies

Incidence 2 modelling studies (Hsieh Very seri- Indirectb Imprecisec  Inconsis- None Small reduction of inci- Very low
2007; Yip 2007) ousd tentd dence

Onward trans- No evidence

mission

Mortality 2 modelling studies (Hsieh Very seri- Indirectb N/A Inconsis- None Small reduction of mortality ~ Very low
2007; Yip 2007) ous?d tentd

Resource use No evidence

COVID-19: coronavirus disease 2019; N/A: not applicable

aDowngraded two steps for risk of bias because we had moderate to minor concerns regarding quality and model parameters are accompanied by uncertainties.

bDowngraded one step for indirectness because the studies used severe acute respiratory syndrome (SARS) data, which does not reflect the presymptomatic infectiousness of
coronavirus disease 2019 (COVID-19).

cDowngraded one step because only two cases of SARS out of more than 95,000 quarantined.

dDowngraded one step because a retrospective study (Hsieh 2005), not specifically reporting incidence of new cases but number of quarantined travellers who developed SARS,
reported 0 SARS cases within more than 95,000 quarantined travellers. This differs slightly from the data used by Hsieh 2007: 2 SARS cases out of more than 95,000 quarantined
travellers.
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Table 5. Results reported in individual studies

Study Study design Results
Hsieh 2005 Retrospective co- Level A (quarantine of close contacts): out of 55,632 quarantined individuals, 24 con-
hort study firmed SARS cases

Level B (quarantine of travellers): out of 95,828 quarantined individuals, 0 confirmed
SARS cases

Onset-to-diagnosis: significantly shorter in quarantined individuals (1.20 vs 2.89 days, P =
0.006)

Diagnosis-to-classification: numerically shorter in quarantined individuals (6.21 vs 7.34
days, P =0.7864)

Onset-to-diagnosis time from period 1 to periods 2 and 3: significantly longer for period 1
(no intervention measures implemented) than period 2 (interventions include the imple-

mentation of a level B quarantine) (3.64 vs 2.10 days, P <0.0001); no significant difference
between periods 2 and 3 (expedited classification procedures in place) (2.10 vs 2.60 days,
P=0.072)

Diagnosis-to-classification time from period 1 to periods 2 and 3: no statistically signifi-
cant difference between periods 1 and 2 (9.18 vs 8.24 days); the time from period 2 to pe-
riod 3 was significantly shortened (8.24 vs 5.65 days, P <0.001)

Pang 2003 Retrospective co- Overall attack rate for becoming a probable case among close contacts: 6.3% (95% Cl 5.3
hort study to 7.3)

Attack rate by demographics in % (95% Cl)

« Work orschool 0.36 (0 to 0.77)

« Household member (non-spouse) 8.8 (6.6 to 11.0)
« Spouse 15.4(11.5t0 19.2)

« Nonhousehold relative 11.6 (7.1 to 16.2)

« Friend 10.0 (0.70 to 19.3)

« Health care worker 0 (0 to 12.0)

o Other0.75(0t0 2.2)

Among 206 close contacts whose last contact with a patient with SARS was before the pa-
tient’s symptom onset; 4 (1.9%) developed SARS.

Some interventions, such as the quarantine of low-risk contacts and fever checks at
transportation sites, seemed to have less direct impact in curbing the outbreak.

Park 2020 Retrospective co- Of all 116 quarantined people, 0% become confirmed cases during average quarantine
hort study duration of 15 days

Overall survival rate: 104/116 (90% survived 2 years); no statistically significant difference
between groups (P = 0.849)

Wang 2007 Retrospective co- Level A (quarantine of close contacts): out of 52,255 quarantined individuals:102 proba-
hort study ble/suspected/laboratory-confirmed SARS cases

Level B (quarantine of travellers): out of 95,271 quarantined individuals: 56 probable/sus-
pected/laboratory-confirmed SARS cases

Advanced age (> 60 years) was identified as a risk factor for SARS in both level A and level
B quarantine.

Quarantine alone or in combination with other public health measures to control COVID-19: a rapid review (Review) 34
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Table 5. Results reported in individual studies (continued)

For level A quarantine, the odds ratio for developing SARS in this age group was 2.7; for
level B quarantine, the odds ratio was 10.5.

The probabilities for contracting SARS for the referent group (age < 20 years) were differ-
ent (0.09% vs 0.02% for level A vs level B quarantine).

Quarantining only those with known SARS exposure could have reduced the number of
people quarantined by approximately 64%

Study Type of model Results
used

Becker 2005 Transmission Quarantine of households of a confirmed case is more efficient if transmission rate is high
model and time to diagnosis is long. It reduces the reproduction number below 1 if every case is

diagnosed within 8.8 days.

Quarantine of households combined with contact tracing and quarantining of contacts
of confirmed cases reduces the reproduction number from its base value of 6 to below 1
when cases are diagnosed within about 5 days of the onset of infectivity.

Cao 2020 SEIR model With a combination of strict prevention and control measures (cancelling events, quaran-

tine, social distancing) the peak in Hubei was modelled to be at about 50,000 cases on 19
February 2020.

Without prevention and control measures, twice as many people would be infected; the
peak would be earlier and higher, resulting in greater loss of life.

Assuming the quarantine ratio drops to 0.6, the peak number of cases will double com-
pared to keeping full prevention and control measures in place.

Chau 2003 Back-projection Quarantining the contacts of confirmed and suspected SARS cases seems to be more ef-
method fective than quarantining only the contacts of confirmed cases due to the diagnosis time

lag. Infections within hospitals can be reduced by better isolation measures and protec-
tive equipment.

Choi 2020 Susceptible-ex- Assuming that the effect of the epidemic prevention measures starts on 5 March, when
posed-infect- the transmission rate is reduced by 90% or 99%, the epidemic peak will be advanced to 7
ed-hospital- March and 6 March. The total number of patients will be reduced to 26,634 and 19,426 in-
ized-recovered stead of 4,992,000 without any measures.
model

With the decrease in transmission rate, the total epidemic time, the size of the epidemic
focus, and the total number of patients will all be reduced.

If the transmission time of infection is reduced from 4 days to 2 days, the total epidemic
time will be reduced, but the size of epidemic point will be larger.

Specific effect of quarantine=NR

Day 2006 Probabilistic mod-  When isolation is ineffective, the use of quarantine will be most beneficial when there is

els significant asymptomatic transmission, and if the asymptomatic period is neither very
long nor very short.
Provided that isolation is effective, the number of infections averted through the use of
quarantine is expected to be very low.

Fang 2020 SEIR model The declines in the dynamic trend of the effective reproduction number indicated the ef-

fectiveness of stringent government measures (early detection, isolation and quarantine,
enough medical supplies, patients admitted to hospitals, therapeutic strategies). More
rigorous government control policies are associated with a slower increase of the infect-
ed population. Quarantine and protective procedures are less effective as more cases ac-

Quarantine alone or in combination with other public health measures to control COVID-19: a rapid review (Review)
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Table 5. Results reported in individual studies (continued)

crue, so the optimization of a treatment plan and the development of specific drugs is of
more importance.

Specific effect of quarantine = NR

Ferguson 2020

Modified, individ-
ual-based simula-
tion model

Without doing anything, the model predicts 510,000 deaths in UK

For a timeframe of 3 months, home isolation and household quarantine would decrease
the death rate by 31%-34%. However, most effective is the combination of interventions
(case isolation + home quarantine + social distancing). This combination reduces the crit-
ical care demand by two-thirds and halves the number of deaths.

Fraser 2004 Model of infec- SARS and smallpox are easier to control than pandemic influenza and HIV using simple
tious disease out-  public health measures (i.e. isolation and quarantine). Influenza is very difficult to control
break dynamics of  even with 90% quarantining and contact tracing because of the high level of presympto-
several pathogens  matic transmission and very short incubation (2 days) and infectious (3-4 days) periods.

Geng 2020 SEIR model The model shows that a further reducing of the number of susceptible people in contact

with the exposed and the sick people by travel restriction and work/school closure will
slow down the development of the epidemic and reduce the peak of the exposed and the
infected people by 45.71% and 29.90%, respectively.

Gumel 2004 Deterministic Both isolation and quarantine seem to be effective means for controlling the spread of
model SARS. Reduction of the time to quarantine or isolation resulted in the greatest reduction

of cumulative deaths. If limited resources are available, the study authors recommend in-
vesting all resources in 1 intervention rather than partially investing in both.

Gupta 2005 Mathematicaland  The results indicate that quarantine is effective in containing newly emerging infectious
health economic diseases and is also cost saving when compared to not implementing a widespread con-
model tainment mechanism.

Primary wave: infected = 1, quarantined = 100, averted infections = 4672
Secondary wave: infected = 8, quarantined = 900, averted infections = 4608
Tertiary wave: infected = 64, quarantined = 7400, averted infections = 4096
Hsieh 2007 Susceptible-in- Level A quarantine prevented approximately 461 additional SARS cases and 62 addition-

fective-recovered
model with addi-
tional compart-
ments for Level A
and Level B quar-
antine

al deaths. The effect of a Level B quarantine was comparatively minor; quarantined cases
prevented 29 additional cases and 5 deaths.

The combined impact of the 2 quarantine levels reduced the case number and deaths by
almost half.

Lloyd-Smith 2003

Stochastic model

Contact tracing and quarantine can, to some extent, compensate for inadequate isolation
facilities, making an increasingly significant contribution as the basic reproduction num-
ber rises.

If contact tracing is delayed such that no individuals are quarantined until 5 days follow-
ing exposure, the quarantine’s contribution is considerably reduced. Delays in initiating

quarantine or isolation undermine the effectiveness of other control measures, particu-

larly in high-transmission settings.

Healthcare workers are exposed to a prevalence much higher than that in the community
at large. Measures that reduce transmission within hospitals have the greatest impact on
the epidemic’s reproduction number.
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Combined strategy of contact tracing and case-management measures (quarantine and
isolation) led to rapid containment of the outbreak in 85% of simulations.

Mubayi 2010

Dynamic model,
cost-effectiveness
model

The effect of the combination of quarantine and contact tracing depends on infectious-
ness of the virus, susceptibility of the population and resource availability. The study au-
thors concluded that increases in the quarantine rates have the same qualitative effect
(but different quantitative effects) on each random tracing strategy, and that the total
numbers of new cases, deaths, and time to extinction decrease monotonically.

Results suggest that the greatest reduction in cases, deaths and isolated individuals can
be obtained by the use of the control policy when the contact-tracing rate assumes a
maximum effort independent of the outbreak size.

Nishiura 2004

Deterministic
mathematical
model

The possible trajectories of a SARS epidemic depend on the levels of public health inter-
ventions, as quarantine and precautionary measures greatly affect the transmissibility. It
is shown that either 100% effective precautionary public health measures or quarantine
would lead to decline in the incidence, but the combination of them reduce the reproduc-
tion number in a linear way unlike the practice of isolation.

In the absence of precautionary public health measures, at least 66.7% of susceptible
people, traced latent or traced uninfected contacts, should be quarantined to suppress
the epidemic. Precautionary public measures should be undertaken by a high proportion
of susceptible people (75% or 90%) to decrease the number of newly infected cases when
no quarantine was carried out.

Peak 2017

Agent-based
branching model

The interventions are not equivalent, and the choice of which intervention to implement
to achieve optimal control depends on the infectious disease’s natural history, its inher-
ent transmissibility, and the intervention feasibility in the particular healthcare setting.
The benefit of quarantine over symptom monitoring is maximized for fast-course diseases
(short duration of infectiousness and a short latent period compared with the incubation
period) and in settings where isolation is highly effective, a large proportion of contacts is
traced, or there is a long delay between symptom onset and isolation.

Pourbohloul 2005

Urban contact
network model

For a mildly contagious disease, an outbreak can be controlled with a combination of iso-
lation, which reduces the infectious period by 25%, and quarantine, which successfully
sequesters 30% of all case-patient contacts. Much more rigorous isolation and quaran-
tine are required for a more contagious disease.

Rocklov 2020

SEIR model

The basic reproduction rate on board (the Diamond Princess cruise ship) was initially 4
times higher compared to the basic reproduction number in Wuhan, but the countermea-
sures lowered it substantially. Based on the modelled initial basic reproduction number
of 14.8, it was estimated that without any interventions 2920 out of 3700 people (79%)
would have been infected from 21 January to 19 February 2020. Isolation and quarantine
therefore prevented 2307 cases and lowered the basic reproduction number to 1.78.

Tang 2020

Deterministic,
compartmental
SEIR model

Reducing the contact rate persistently by isolation and quarantine decreases the peak
value but may either delay or accelerate the peak.

Increasing the quarantine rate by 10 or 20 times will accelerate the peak by 6.5 or 9 days
and will lead to a reduction of the peak value by 87% or 93% in terms of the number of in-
fected individuals. This indicates that enhancing quarantine and isolation following con-
tact tracing and reducing the contact rate can significantly lower the peak and reduce the
cumulative number of predicted reported cases.

With travel restrictions in Wuhan, in 7 days the number of infected individuals in Beijing
would decrease by 91.14%. Without travel restrictions, in 7 days, the number of infected
individuals in Beijing would decrease by 88.84% only if the quarantine rate is increased by
100,000 times. This means that the effect of a travel restriction in Wuhan on the infection
in Beijing is almost equivalent to increasing quarantine by a baseline value of 100,000.
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Wang 2004 General, deter- The incidence rate is characterized by 2 stages.
ministic model
simplified to a 2- The first stage is the process of developing protection measures and quarantine policy,
compartmentsus-  and the second stage coincides with the process of maintaining control measures. The
pect-probable study showed the necessity of implementing maximal control measures in the second
model and a sin- stage for a certain period to eradicate the disease. Furthermore, the control measures
gle-compartment  in the second stage should be implemented before a threshold for the number of proba-
probable model ble cases is reached. When protection measures are taken, and the maximal control mea-
sures are maintained (quarantine, isolation, and various protection measures), the study
authors predicted there will be 41 infected individuals if 1 infected person is introduced
into a susceptible population, and the number of infective individuals returns to 1 after
61 days and dies out as time evolves thereafter. If the maximal control measures are not
maintained, the disease will be persistent at a level of 688 infective individuals, and there
will be 1000 infective individuals on the 43rd day.
Wu 2020b Susceptible-in- Predicted infection numbers without control measures compared to actual infection
fected-recovered numbers with control measures (timeframe 23 January-31 January 2020): 23 January:
model 952 vs 495 to 31 January: 9801 vs 3215)
Under weak prevention and control measures that only succeed in reducing the con-
tact rate and infection efficiency by < 45% the study authors predict 4719 cases with 739
deaths within 3 months out of 11.5 million inhabitants in Wuhan. Under strong preven-
tion and control measures (defined as measures that succeed to reduce contact rate and
infection efficiency by = 50%) the number of infected people would be about 3088 and
the death toll about 443.
Yip 2007 Back-projection The overall downward trend of the infection curve corresponds well to the date when
method changes in the review and classification procedure were implemented by the SARS Pre-
vention and Extrication Committee. The start of large-scale border control and home
quarantine turned out to be the major turning point for ending the outbreak in Taiwan.
Yue 2020 Dynamic infec- The study authors assume a worsening of the epidemic’s severity if the government re-
tious disease laxes control measures (e.g. allows travelling), while the situation can be controlled by
model putting strict control measures in place such as the close-down in Wuhan.
Zhang 2017 Transmission dy- Quarantining close contacts and informing the public of the actual outbreak situation
namics model could be the main countermeasures. The most effective combination of interventions is
characterized by the increased quarantine in designated hospitals, self-protection of the
public to reduce the contact rate, and the quick response to symptom onset for confirma-
tion test with implementation of appropriate isolation procedures.
Zhao 2020a Susceptible-un- Without any prevention and control measures the model predicts 802,606,289 cases in

quarantined in-
fected-quar-
antined infect-
ed-confirmed in-
fected model

China (without Hubei) and a duration of 477 days of the epidemic. With prevention and
control measures (e.g. quarantine, travel restrictions), the number of cases can decrease
to 13,322 and the duration to 45 days.

Cl: confidence interval; COVID-19: coronavirus disease 2019; MERS: Middle East respiratory syndrome; SARS: severe acute respira-
tory syndrome; n: number of participants; NR: not reported; Rg: basic reproduction number; SEIR: susceptible-exposed-infected-re-

covered; vs: versus
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APPENDICES

Appendix 1. Search strategies: WHO Collaborating Centre in Austria

The information specialist of the WHO Collaborating Centre in Austria searched the following evidence sources.

Ovid MEDLINE(R) ALL
1946 to 12 March 2020

1. exp Coronavirus/

2. exp Coronavirus Infections/

3. (Coronavir* or nCov or covid or Middle East Respiratory Syndrome or MERS or Severe Acute Respiratory Syndrome or SARS).ti,ab,kf.
4. 0r/1-3

5. quarantine/

6. patientisolation/

7. Hospitals, Isolation/

8. quarantin®.ti,ab,kf.

9. (isolat* adj2 (exposed or contact? or suspected or healthy or human? or people or person? or men or man or wom?n or child* or
community or case? or infected or patient?)).ti,ab,kf.

10. (isolation adj2 (ward? or unit? or hospital? or room? or cohort or facilit* or area? or practice? or strateg* or procedure? or
precaution?)).ti,ab,kf.

11. (lockdown? or lock-down?).mp. [mp=title, abstract, original title, name of substance word, subject heading word, floating sub-heading
word, keyword heading word, organism supplementary concept word, protocol supplementary concept word, rare disease supplementary
concept word, unique identifier, synonyms]

12. ((travel* or mobility or movement) adj2 restrict*).mp.

13. travel ban?.mp.

14. cordon? sanitaire?.mp.

15. sanitary barrier?.mp.

16. (contain* adj3 (communit* or geograph* or area* or local* or urban or region*)).mp.
17.or/5-16

18.4and 17

19. limit 18 to "humans only (removes records about animals)"
20. limit 19 to yr="2002 -Current"

21. (english or german).lg.

22.20and 21

Embase.com (Elsevier)

12 March 2020
1. 'coronaviridae'/de OR 'coronavirinae'/exp
2. 'coronavirus infection'/exp

3. coronavir*:ti,ab,kw OR ncov:ti,ab,kw OR covid:ti,ab,kw OR 'middle east respiratory syndrome':ti,ab,kw OR mers:ti,ab,kw OR 'severe
acute respiratory syndrome':ti,ab,kw OR sars:ti,ab,kw
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4.#1 OR#2 OR #3

5.'quarantine'/exp
6. 'isolation'/exp
7. quarantin*:ti,ab,kw

8. (isolat* NEAR/2 (exposed OR contact OR suspected OR healthy OR human$ OR people OR person$ OR men OR man ORwom?n OR child*
OR community OR case$ OR infected OR patient$)):ti,ab,kw

9. (isolation NEAR/2 (ward$ OR unit$ OR hospital$ OR room$ OR cohort OR facilit* OR area$ OR practice$ OR strateg* OR procedure$ OR
precaution$)):ti,ab,kw

10. lockdown:ti,ab,kw OR 'lock down':ti,ab,kw

11. ((travel* OR mobility OR movement) NEAR/2 restrict*):ti,ab,kw

12. "travel ban$":ti,ab,kw

13. "cordon$ sanitaire$":ti,ab,kw

14, "sanitary barrier$":ti,ab,kw

15. (contain* NEAR/3 (communit* OR geograph* OR area* OR local* OR urban OR region*)):ti,ab,kw
16. #5 OR#6 OR #7 OR #8 OR#9 OR#10 OR #11 OR #12 OR #13 OR #14 OR #15
17. #7 AND #16

18. ('animal experiment'/de OR 'animal'/exp) NOT 'human'/exp

19. #17 NOT #18

20. #19 AND ([english]/lim OR [german]/lim)

21. #20 NOT [conference abstract]/lim

22. #21 AND [2002-2020]/py

CINAHL (Ebsco)
12 March 2020

#QueryLimiters/Expanders
S1 (MH "Coronavirus+")Search modes - Boolean/Phrase
S2 (MH "Coronavirus Infections+")Search modes - Boolean/Phrase

S3 Coronavir* OR nCov OR covid OR "Middle East Respiratory Syndrome" OR MERS OR "Severe Acute Respiratory Syndrome" OR
SARSSearch modes - Boolean/Phrase

S4 S1 OR S2 OR S3Search modes - Boolean/Phrase

S5 (MH "Patient Isolation") OR (MH "Quarantine")Search modes - Boolean/Phrase
S6 quarantin*Search modes - Boolean/Phrase

S7 isolationSearch modes - Boolean/Phrase

S8 isolat* N1 (exposed OR contact OR suspected OR healthy OR human# OR people OR person# OR men OR man OR wom#n OR child* OR
community OR case# OR infected OR patient#)Search modes - Boolean/Phrase

S9 lockdown OR lock-downSearch modes - Boolean/Phrase
$10 (travel* OR mobility OR movement) N1 restrict*Search modes - Boolean/Phrase

S11 travel ban#Search modes - Boolean/Phrase
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S12 cordont# sanitaire#Search modes - Boolean/Phrase

S13 sanitary barrier#Search modes - Boolean/Phrase

S14 contain* N2 (communit* OR geograph* OR area* OR local* OR urban OR region*)Search modes - Boolean/Phrase
S15S50R S6 ORS7 ORS8 ORS90OR S10 ORS11 ORS12 OR S13 OR S14 Search modes - Boolean/Phrase

$16 S4 AND S15Search modes - Boolean/Phrase

S17 S16Limiters - Language: English, German

S18 S17Limiters - Published Date: 20020101-20201231

WHO Global Index Medicus (search.bvsalud.org/gim/)

12 March 2020

tw:((tw:(coronavir* OR ncov OR covid OR "Middle East Respiratory Syndrome" OR mers OR "Severe Acute Respiratory Syndrome" OR sars))
AND (tw:(quarantin* OR isolat* OR cordon* OR lockdown OR "lock down" OR cordon* OR "community containment" OR "containment
area"))) NOT (mj:(animals))) AND ( la:("en")) AND (year_cluster:[2002 TO 2020])

Appendix 2. Search strategies: WHO Collaborating Centre for Guideline Implementation and Knowledge Translation,
Lanzhou, China

The WHO Collaborating Centre for Guideline Implementation and Knowledge Translation, Lanzhou, China searched the CNKI (China
National Knowledge Infrastructure), Embase.com (Elsevier) and PubMed. The search strategy for CNKI is shown below.

#1. KR E

#2. B ARIRE
#3.2019-nCoV

#4. NS

#5. 372019

#6. #1 OR #2 OR #3 OR #4 OR #5

Appendix 3. Risk of bias assessment of observational studies based on ROBINS-I
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Appendix 4. Quality rating of the modeling studies based on three best practice recommendations from ISPOR

Author and year Was the Did the authors Do the results Quality
model a conduct uncer- provide esti-
dynam- tainty analyses mates of the

ic (trans-  onkey assump-  changeinthe
mission) tions that may burden of infec-

model? have had anim-  tion due to the
pact of the con- intervention?
clusions?

Becker 2005 Yes Unclear Unclear Moderate concerns

Cao 2020 Yes Unclear Unclear Moderate concerns

Chau 2003 Yes No Unclear Major concerns

Choi 2020 Unclear No Unclear Major concerns

Day 2006 Yes Yes Yes No concerns to minor concerns
Fang 2020 Yes Yes Unclear Moderate concerns

Ferguson 2020 Yes Yes Yes No concerns to minor concerns
Fraser 2004 Yes Unclear Unclear Moderate concerns

Geng 2020 Yes No Yes Major concerns

Gumel 2004 Yes Yes Yes No concerns to minor concerns
Gupta 2005 Unclear Yes Yes Moderate concerns

Hsieh 2007 Yes Unclear Yes Moderate concerns
Lloyd-Smith 2003 Yes Yes Unclear Moderate concerns

Mubayi 2010 Yes Yes Yes No concerns to minor concerns
Nishiura 2004 Yes Yes Yes No concerns to minor concerns
Peak 2017 Yes Unclear Yes Moderate concerns
Pourbohloul 2005 Yes Yes Unclear Moderate concerns

Rocklov 2020 Yes Yes Yes No concerns to minor concerns
Tang 2020 Yes Yes Yes No concerns to minor concerns
Wang 2004 Yes Unclear No Major concerns

Wu 2020b Yes No Yes Major concerns

Yip 2007 Yes No Unclear Major concerns

Yue 2020 Yes No Yes Major concerns
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(Continued)
Zhang 2017 Yes Yes Yes No concerns to minor concerns
Zhao 2020a Yes Yes Unclear Moderate concerns
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