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1. Executive summary
The pandemic of coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), occurred amid uncertainty about the dynamics of transmission and possible management options for COVID-19 patients. This resulted in confusion for healthcare workers and hospital managers who received apparently conflicting advice on how to organise care and manage the infection without increasing the risk of transmission to healthcare workers and other patients or their families/carers. Advice for the public has also been confusing and sometimes apparently contradictory. Using evidence that emerged during the first wave of the pandemic, we summarise aspects of the transmission dynamics of SARS-CoV-2 and provide guidance on how to reduce the risk of transmission that recognises further waves of the pandemic, the possibility of reinfection, the emergence of new variants of the virus and ongoing immunisation programmes.
This article is the second of two guidance documents produced jointly by the British Infection Association (BIA), the Healthcare Infection Society (HIS), the Infection Prevention Society (IPS) and the Royal College of Pathologists (RCPath). This guidance article focuses on the risks of presymptomatic, asymptomatic and post-symptomatic SARS-CoV-2 transmission, allowing healthcare workers and the public to understand how transmission occurs, so that they can take appropriate actions to protect themselves and others.
Having considered the evidence, the COVID-19 Rapid Guidance Working Party concluded that:
· presymptomatic transmission (meaning that an index case has no symptoms during the exposure period of their close contacts, but later develops symptoms) is confirmed
· asymptomatic transmission (meaning that an index case never develops symptoms or signs of infection) is probable.
The Working Party was unable to assess the likelihood of post-symptomatic transmission (meaning that an index case has no symptoms during the exposure period of their close contacts, but previously had symptoms) because of an absence of evidence.
The Working Party formulated recommendations for practice taking account of the evidence reviewed. The recommendations were developed for acute healthcare settings (with particular reference to clinical staff and infection prevention and control teams), but they might be useful in other health and care settings such as dental practices and care homes. The Working Party also identified areas for future research related to the transmission of SARS-CoV-2 by people with presymptomatic, asymptomatic or post-symptomatic infection, including the relative transmissibility of SARS-CoV-2 in people with presymptomatic, asymptomatic and symptomatic infection, and the period of infectivity in people without symptoms relative to when they acquired the virus.
Recommendations
[bookmark: _Hlk70330594]Be aware that:
· people without noticeable symptoms may transmit the SARS-CoV-2 virus to other people 
· transmission of SARS-CoV-2 from people without symptoms may occur in all settings in which people are in close proximity
· however, it is likely that the risk of transmission of SARS-CoV-2 is greater from people who have symptoms compared with those who do not.
Even in the absence of symptoms, adhere to legislation and guidance regarding measures to reduce the risk of transmission of SARS-CoV-2 (such as social distancing, hand hygiene, use of personal protective equipment and ventilation of enclosed spaces).
Be aware that the future importance of transmission of SARS-CoV-2 by people carrying the virus without symptoms might depend on the:
· nature of further waves or outbreaks of COVID-19
· emergence and circulation of SARS-CoV-2 variants of concern
· potential for people who have had COVID-19 previously to be reinfected
· effectiveness of available vaccines, including the longevity of immunity they confer.
Be aware that it is not yet known to what extent or for how long people recovering from acute infection can transmit the SARS-CoV-2 virus to other people.
2. Lay summary
[bookmark: _Hlk67992187]COVID-19 is a worldwide problem and we are learning not just how to treat and vaccinate (immunise) people, but also how and when the infection is spread from person to person.  Unlike some infections, you cannot necessarily see who is likely to infect another person; this is because sometimes the infection is transmitted before (pre) someone develops symptoms. It is also the case that some people have the infection and can transmit it but never develop symptoms themselves, this we call asymptomatic transmission.
This guidance document is one of a pair which have reviewed the scientific evidence on how Covid-19 is spread. This part of the guide provides recommendations on how to help stop the spread of infection before someone becomes obviously ill (presymptomatic) and for those who never become ill themselves (asymptomatic). We could not find evidence for post symptomatic transmission (someone transmitting Covid-19 after they have recovered), however this may emerge as we learn more about this relatively new infection.
The recommendations based on the evidence we have reviewed give confidence that the things we are all doing such as social distancing, hand washing, wearing face coverings and keeping rooms well ventilated by opening windows are the things that we should be doing to prevent people getting infected with Covid-19.  We hope that this guide will help everyone try and prevent spreading Covid-19.
3. Introduction
The pandemic of coronavirus disease 2019 (COVID-19), which was first detected in Wuhan, Hubei province, China, spread around the world quickly and, at the time of writing (April 2021), has affected more than 140 million people.[1] The disease is caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which together with its close relative severe acute respiratory syndrome coronavirus (SARS-CoV) belongs to the B lineage of beta-coronaviruses. SARS-CoV-2 is also related to Middle East respiratory syndrome coronavirus (MERS-CoV) which belongs to the C lineage of beta-coronaviruses and was responsible for outbreaks of Middle East respiratory syndrome (MERS).
The first wave of the COVID-19 pandemic occurred amid uncertainty about the dynamics of SARS-CoV-2 transmission and possible management options for COVID-19 patients. This resulted in confusion for healthcare workers and hospital managers who received apparently conflicting advice on how to organise care and manage the infection without increasing the risk of transmission to healthcare workers and other patients or their families/carers. Using evidence that emerged during the first wave of the pandemic, we summarise aspects of SARS-CoV-2 transmission dynamics and provide guidance on how to prevent healthcare-associated transmission during further waves and localised outbreaks such as those occurring in the UK since the autumn of 2020. The guidance acknowledges the possibility of reinfection, the emergence of new variants of the virus (particularly variants of concern), and ongoing immunisation programmes.
The guidance is being produced in two parts, each covering a different review question related to the prevention of COVID-19 in health and care settings. This article is the second working party report and examines the risks of presymptomatic, asymptomatic and post-symptomatic SARS-CoV-2 transmission. Understanding the risk of transmission according to the index case’s symptom status at the time of exposure of (and potential transmission to) their close contacts is important to allow healthcare workers and the public to take appropriate precautions to protect themselves and others.
Key technical terms used in this guidance article are explained in the accompanying glossary (see Appendix A). 
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5. Working Party Report
5.1.	What is the Working Party Report?
This report is the second in a pair of guidance documents covering key aspects in the prevention of SARS-CoV-2 transmission in health and care settings. The guidance also reviews the evidence for SARS-CoV-2 transmission dynamics in broader settings. The diagnosis and management of COVID-19 in general is outside the remit of this guidance.
The Working Party recommendations have been developed systematically through multidisciplinary discussions based on currently available evidence from published, preprint and grey literature sources. They should be used in the development of local protocols for relevant health and care settings such as hospitals, nursing/care homes, primary care and dental practices.
5.2.	Why do we need a Working Party Report for this topic?
The first wave of the COVID-19 pandemic occurred amid uncertainty as to how it could be prevented and controlled. Concern still exists about further waves and new outbreaks occurring. Evidence that emerged during the first wave provides an opportunity to develop evidence-based guidance for preventing and controlling future waves/outbreaks, acknowledging the possibility of reinfection, the context of newly emerging variants of SARS-CoV-2, and ongoing immunisation programmes.
5.3.	What is the purpose of the Working Party Report’s recommendations?
The main purpose of the recommendations is to inform clinicians, managers and policy makers about SARS-CoV-2 transmission dynamics and to provide evidence-based guidance to prevent and control the spread of SARS-CoV-2 in health and care settings. The report highlights current gaps in knowledge, which will help to direct future areas of research.
5.4.	What is the scope of the guidance?
The scope of the guidance is to provide advice for the optimal provision of effective and safe health and care services during the period in which COVID-19 remains a health threat. The guidance was developed for acute healthcare settings, but it might be useful in other health and care settings such as dental practices and care homes.
5.5.	What is the evidence for the guidance?
Topics for this guidance were derived from initial discussions of the Working Party and specific review questions were developed in accordance with the population–exposure–comparator–outcome (PECO) framework for investigating the likelihood of developing a certain condition after an exposure event. To prepare the recommendations, the Working Party collectively reviewed relevant evidence from published, preprint and grey literature sources. The processes and methods used were in accordance with the National Institute for Health and Care Excellence (NICE) manual for developing guidelines (hereafter the NICE guidelines manual).[2] See below for further details.
5.6.	Who developed the guidance?
The Working Party included infectious diseases, microbiology and virology clinicians, academic infection prevention and control experts, systematic reviewers and a lay representative.

5.7.	Who is the guidance for?
Any healthcare practitioner, manager or policy maker may use this guidance and adapt it for their use. It is anticipated that most users will be clinical staff and infection prevention and control teams. Some aspects of this guidance might also be beneficial to patients, their families/carers and the public.
5.8.	How is the guidance structured?
To provide advice rapidly, the guidance is being produced as two separate articles, each addressing a different review question. Each article will comprise an introduction, a summary of the evidence, and recommendations graded according to the available evidence.
5.9.	How frequently is the guidance reviewed and updated?
The guidance will be considered for update within 1 year of publication to determine whether new evidence exists that would require a change in the recommendations.
5.10.	Aim
The aim of the guidance is to evaluate evidence for presymptomatic, asymptomatic and post-symptomatic transmission of SARS-COV-2 with the intention of preventing transmission in hospitals and other health and care settings.
6. Methodology
6.1.	Evidence search and appraisal
Topics for the COVID-19 rapid guidance were derived from initial discussions of the Working Party. An e-newsletter was sent to HIS members inviting further suggestions for topics to be considered. To develop their recommendations, the Working Party collectively reviewed evidence gathered from published, preprint and grey literature sources. The processes and methods used were based on the NICE guidelines manual.[2] Some modifications were made to allow a rapid review process to be followed. For example, the number of bibliographic databases searched was limited to two, the Working Party was smaller than usual (with only one lay member), and quality assessment was conducted by one reviewer (with 10% of records being checked by a second reviewer).
6.2.	Data sources and search strategy
Two electronic databases (MEDLINE and Embase) were searched for articles published between 1 January and 29 May 2020. Search terms were constructed using medical subject headings (MeSH) and free-text terms (see Appendix C). Additional hand searching was conducted in several online databases (WHO Chinese database, CNKI, China Biomedical Literature Service, Epistemonikos COVID-19 L·OVE platform, EPPI-Centre living systematic map of the evidence, CORD-19, COVID-END, and HIS COVID-19 resources) to identify preprints, articles in press and grey literature. Reference lists from included studies and reviews identified through the literature searches were scanned for additional studies. Searches were restricted to person-to-person transmission of SARS-CoV-2 and no language restrictions were applied. Due to the large number of papers being published daily during the first and second waves of the pandemic, a decision was made not to rerun the searches before publication as this would significantly delay the guidance being made available to readers. Further details of the searches are presented in Appendix C.

6.3.	Study eligibility and selection criteria
The members of the Working Party determined study inclusion criteria. Any article presenting primary data on presymptomatic, asymptomatic or post-symptomatic transmission of SARS-CoV-2 was eligible for inclusion. Search results were screened for relevance, with one reviewer examining titles, abstracts and full texts of all records identified through the searches. A second reviewer checked at least 10% of records earmarked for exclusion at each stage of screening. Disagreements were first discussed between the two reviewers and, if consensus was not reached, a third reviewer was consulted. The results are presented in the study selection flowchart in Appendix D. A list of studies excluded after full-text screening is presented in Appendix E.
6.4.	Data extraction, analysis and quality assessment
The characteristics of included studies are summarised in Appendix F. For each included study, data were extracted into an evidence table by one reviewer while a second reviewer checked the data extraction for 10% of studies. Evidence was stratified (organised) according to the type of study (cluster/outbreak investigations, comparative epidemiological studies, and mathematical modelling of epidemic spread). The resulting evidence tables are presented in Appendix G.
Further stratification of the evidence, for example, according to whether a cluster/outbreak investigation explored the possibility of presymptomatic transmission (in which the index case had no symptoms during the exposure period of their close contacts, but later developed symptoms) or asymptomatic transmission (in which the index case never developed symptoms or signs of infection) was undertaken to aid presentation and interpretation of the evidence.
Many of the cluster/outbreak investigations permitted only a categorical (non-numerical or nominal) assessment of the credibility of transmission by presymptomatic or asymptomatic people (with the categories assigned in the evidence review being ‘yes’, ‘no’ or ‘uncertain’). Other cluster/outbreak investigations allowed calculation of an attack rate (the number of contacts of the index case who tested positive for SARS-CoV-2 divided by the total number of contacts) and an associated confidence interval (CI). Stratification of the evidence from cluster/outbreak studies according to the time at which contacts were exposed to SARS-CoV-2 relative to the index case acquiring the virus (categorised as < 7 days, 7 to 10 days, 11 to 14 days or not calculable, with day 0 representing the day on which the index case acquired the virus) was also undertaken.
Where cluster/outbreak studies reported the use of personal protective equipment (PPE) this was noted to aid interpretation of the evidence.
The possibility of identifying comparative epidemiological studies relevant to the review question had not been anticipated because the pandemic was associated with a novel disease and was still in its early stages when the evidence review was initiated. However, several such studies were identified and included as noted above. For these epidemiological studies (and the mathematical modelling studies included in the review – see below) that reported (or allowed calculation of) a measure of transmission risk according to the index case’s symptom status at the time of exposure of their close contacts, the convention of expressing risks based on exposure to people with fewer symptoms compared to risks based on exposure to people with more symptoms was applied where possible. 
Mathematical modelling studies were included in the review only where they distinguished between transmission risks according to the index case’s symptom status during exposure of their close contacts.
Included epidemiological studies were appraised for quality using checklists recommended in the NICE guidelines manual.[2] Critical appraisal was conducted by one reviewer, and appraisal outcomes for at least 10% of studies were checked by a second reviewer. The results of study-level quality appraisal are included in the evidence tables in Appendix G. Mathematical modelling studies were not appraised for quality at individual study level.
6.5.	Rating of evidence and recommendations
Evidence was assessed for quality at outcome level using the approach known as Grading of Recommendations Assessment, Development and Evaluation (GRADE; see https://www.gradeworkinggroup.org/ for details). The resulting GRADE tables are presented in Appendix H (stratified by type of study and, in the case of cluster/outbreak investigations, exploration of presymptomatic or asymptomatic transmission and time at which contacts were exposed to SARS-CoV-2 relative to the index case acquiring the virus, as outlined above). Using GRADE, the overall quality of the evidence for a particular outcome was classified as very low, low, moderate or high.
No overall assessment of the quality of evidence from mathematical modelling studies was conducted using GRADE because there is no validated approach for applying GRADE to such studies. However, some domains in the GRADE framework are applicable in the case of mathematical modelling studies, for example, inconsistency and indirectness. All the evidence from the mathematical modelling studies was downgraded for indirectness by at least one level because such studies provided indirect estimates of transmission risks compared to epidemiological studies. Further downgrading for indirectness was assessed on a case-by-case basis (see Appendix H for details).
Evidence statements were constructed by combining the outcome-level classification of evidence quality determined using GRADE and the following terms reflecting the Working Party’s overall confidence in using the evidence to formulate recommendations:
· strong evidence – further research is unlikely to alter confidence in the estimated effect
· moderate evidence – further research might alter the estimated effect and its strength
· weak evidence – further research is very likely to alter the estimated effect and its strength
· inconsistent evidence – current studies report conflicting evidence and further research is very likely to alter the estimated effect.
The Working Party further classified the evidence as indicating whether presymptomatic, asymptomatic and post-symptomatic transmission was confirmed, probable, possible, unlikely or confirmed as not occurring. This mirrored the approach taken in the first article in the pair of guidance documents, which examined routes of transmission of SARS-CoV-2.[3]
Finally, in accordance with the GRADE approach, the Working Party’s recommendations were phrased to reflect the strength of the evidence and their confidence in using it as the basis for developing recommendations.
Where there was little or no evidence to guide recommendations, the Working Party used informal consensus to formulate ‘good practice recommendations’ based on their collective experience and expertise.
Videoconferences were held regularly throughout the guideline development process to discuss and interpret the evidence and translate it into recommendations for practice (and, where gaps in the evidence were identified, recommendations for further research).

6.6.	Consultation process
Feedback on the draft guidance was received from the HIS Guidelines Committee and through rapid consultation with relevant stakeholders. The draft report was placed on the HIS website for 10 working days along with the HIS standard response form, including a conflict of interest disclosure form. The availability of the draft guidance was communicated via email and social media. Stakeholders were invited to comment on format, content, local applicability, patient acceptability and recommendations. The Working Party reviewed stakeholder comments, and collectively agreed revisions in response to the comments (see Appendix I). Comments received from individuals who disclosed conflicts of interest, or who did not submit a conflict of interest disclosure form, were excluded.
7. Results
7.1		Overview of the evidence
Fifty-five articles were included in the evidence review (see Table F.1).[4-58] Of these, 44 reported cluster/outbreak investigations (presented in chronological order in Table G.1),[4-7, 9, 10, 14, 15, 17, 18, 20-28, 30-34, 36-44, 46-51, 53-55, 57, 58] six reported comparative epidemiological studies that allowed calculation of relative risks of transmission based on the index case’s symptom status during exposure of their close contacts (for example, transmission associated with presymptomatic exposure versus transmission associated with symptomatic exposure),[11, 12, 19, 35, 52, 56] and five reported mathematical modelling of epidemic spread.[8, 13, 16, 29, 45] More than half of the included studies referred to investigations of SARS-CoV-2 transmission in mainland China, reflecting the emergence and initial investigation of COVID-19 there; the remainder reported evidence from Germany, Hong Kong, Italy, Japan, Malaysia, Singapore, South Korea, Switzerland, Taiwan, USA and Vietnam, reflecting the pandemic spread as time progressed (see Table F.1 for further details).
7.2		Cluster/outbreak investigations
In several instances, the same cluster/outbreak was reported independently in more than one article (for example, three separate articles reported or commented on a single cluster/outbreak in Germany)[7, 26, 41] or the same data were analysed differently across multiple articles (for example, three articles reported different analyses of relative risks of transmission based on the index case’s symptom status during an outbreak in China).[11, 19, 52] Similarly, there were several instances in which a single article reported multiple clusters/outbreaks (for example, one article summarised evidence from several clusters in Singapore that were likely to be associated with presymptomatic transmission).[46] Accounting for such overlaps by presenting a combined summary of each distinct cluster/outbreak or other epidemiological analysis resulted in a total of 45 distinct clusters/outbreaks and four sets of comparative epidemiological analyses of transmission risks based on symptom status (see Table G.1 and Table G.2 for further details).
The reported cluster/outbreak investigations focused on potential transmission of SARS-CoV-2 in both community and nosocomial settings (see Table F.1 and Table G.1). The possibility of presymptomatic transmission was explored in more studies (36 clusters/outbreaks)[4, 5, 7, 9, 10, 15, 17, 18, 20, 21, 23-28, 30-33, 36, 39-41, 43, 44, 46-51, 53, 54, 57, 58] than was the possibility of asymptomatic transmission (seven clusters/outbreaks);[6, 14, 22, 34, 38, 42, 55] two further clusters/outbreaks were reported in sufficient detail to determine that presymptomatic or asymptomatic (rather than symptomatic) exposure had occurred, but not to distinguish between the two (see Table G.1).[36, 37] There were no reports of investigations exploring the possibility of post-symptomatic transmission.
Stratification of the evidence from cluster/outbreak investigations according to the time at which contacts were exposed to SARS-CoV-2 relative to the index case acquiring the virus (< 7 days, 7 to 10 days, 11 to 14 days or not calculable) is reflected in the evidence tables for the cluster/outbreak studies (see Table G.1) and the corresponding GRADE tables (see Table H.1, Table H.2 and Table H.3).
7.3		Comparative epidemiological studies
Relative risks of transmission associated with presymptomatic exposure versus transmission associated with symptomatic exposure (two studies),[12, 35] and transmission associated with asymptomatic exposure compared to either presymptomatic or symptomatic exposure (four studies reported across six articles)[11, 12, 19, 35, 52, 56] are presented in the evidence tables for the comparative epidemiological studies (see Table G.2) and the corresponding GRADE table (Table H.4).
7.4		Mathematical modelling studies
Three of the mathematical modelling studies included in the review used adaptations of the susceptible–exposed–infected–recovered (SEIR) compartmental modelling framework to model transmission dynamics in hypothetical populations.[16, 29, 45] Other approaches reflected in the included studies involved application of a renewal equation framework (one study)[13] and modelling of viral emissions resulting from respiratory and physical activity in indoor commercial environments (such as a supermarket or restaurant) allowing for different ventilation characteristics (one study).[8] Further details are presented in the evidence tables for the mathematical modelling studies (see Table G.3) and the corresponding GRADE tables (see Table H.5 and Table H.6).
7.5		Quality of the evidence
For each type of study for which it was possible to produce an overall GRADE rating of the quality of the evidence the rating applied was very low (see Appendix H). This was partly due to observational studies being assigned an initial rating of low quality, which would be downgraded to very low if even one serious limitation were identified with the evidence.
Frequently occurring reasons for downgrading the quality of evidence from cluster/outbreak investigations were risk of bias associated with a lack of clarity regarding complete inclusion (for example, because it was not clear whether all contacts of an index case had been accounted for) and imprecision associated with no CIs or other measures of precision being reported (or calculable). Among those cluster/outbreak investigations that evaluated the risk of asymptomatic transmission, several had evidence downgraded for indirectness because the definition of an asymptomatic infection included having mild symptoms (such as a pre-existing cough that might or might not have been associated with or exacerbated by SARS-CoV-2 infection), or signs of infection on a computerised tomography (CT) scan of the chest. See Table H.1, Table H.2 and Table H.3 for further details.
Another aspect of the evidence from the cluster/outbreak investigations was the use of PPE as recorded in the evidence tables for these studies (see Table G.1) and the corresponding GRADE tables (see Table H.1, Table H.2 and Table H.3). One investigation exploring the possibility of presymptomatic transmission reported that the index case (a transplant surgeon) and their clinical colleagues used PPE during the index case’s presymptomatic phase (the index case used hand hygiene and wore a surgical mask and gloves for preoperative visits and standard surgical procedures, while clinical colleagues wore surgical masks at distances of less than 1 metre and gloves during all contact).[40] One investigation exploring the possibility of asymptomatic transmission reported that during hospital quarantine of the index case, the index case and other patients and visitors wore masks except when eating or drinking, while hospital staff wore N95 respirators, isolation gowns and goggles.[14] Another investigation exploring the possibility of asymptomatic transmission reported that the index case wore a mask while travelling to a health clinic, during the clinic visit, and while in the same room as their housemates after returning home.[42]
Among the comparative epidemiological studies that reported (or allowed calculation of) relative measures of transmissibility according to the index case’s symptom status during exposure of their close contacts, a frequently occurring reason for downgrading the quality of the evidence was risk of bias associated with potential confounding factors (for example, age or a pre-existing condition that might affect susceptibility to infection) not being accounted for in the design or analysis of the study. Another common reason for downgrading the quality of evidence from such studies was that CIs for estimated effects crossed default thresholds for defining imprecision according to the GRADE approach. See Table H.4 for further details.
The quality of the evidence from the mathematical modelling studies included in the review was downgraded for indirectness in several cases because relative measures of transmissibility according to the index case’s symptom status during exposure of their close contacts were not wholly aligned with the symptom statuses of interest to the Working Party (that is, presymptomatic and asymptomatic infections). In one such study, asymptomatic infections and mildly symptomatic infections were grouped together.[16] Another study characterised infections as being ‘undocumented’ (defined as lacking symptoms severe enough to be confirmed/observed) or ‘documented’ (defined as having symptoms severe enough to be confirmed/observed).[29] A third study incorporated asymptomatic viral load estimates that might be more representative of presymptomatic or symptomatic viral loads; this study distinguished between asymptomatic and symptomatic infections only in terms of respiratory and physical activity levels modelled.[8] See Table H.5 and Table H.6 for further details. 
8. Evidence statements
8.1	Absolute transmissibility of presymptomatic and asymptomatic infections
There was strong evidence from 36 cluster/outbreak investigations (some of which were reported across multiple articles, as noted above)[4, 5, 7, 9, 10, 15, 17, 18, 20, 21, 23-28, 30-33, 36, 39-41, 43, 44, 46-51, 53, 54, 57, 58] regarding the possibility of SARS-CoV-2 being transmitted by presymptomatic people. Conclusive evidence of presymptomatic transmission was provided for seven clusters/outbreaks.[21, 23, 28, 31, 33, 36, 46, 51, 53, 54] For another 27 clusters/outbreaks it was uncertain whether presymptomatic transmission had occurred.[5, 7, 9, 10, 15, 17, 18, 20, 24-28, 30, 32, 39, 41, 43, 44, 46-50, 57, 58] In the two remaining clusters/outbreaks presymptomatic transmission did not occur: one of these related to potential community transmission associated with tourism in which the index case was assumed to have acquired SARS-CoV-2 in China before travelling to South Korea on holiday, but the timing of acquisition of the virus by the index case was uncertain;[4] the other related to potential nosocomial transmission associated with a transplant surgery department in which the index case (a transplant surgeon) used hand hygiene and wore a surgical mask and gloves for preoperative visits and standard surgical procedures, while clinical colleagues wore surgical masks at distances of less than 1 metre and gloves during all contact.[40] Among the seven clusters/outbreaks for which presymptomatic transmission was demonstrated, in one instance the index case had acquired the virus less than 7 days previously[21] and in another less than 13 days previously;[23] the contacts’ exposure period relative to the index case acquiring the virus was not calculable for the remaining clusters/outbreaks.[31, 33, 36, 46, 51, 53, 54] Attack rates were calculable for only three of the seven clusters/outbreaks for which presymptomatic transmission was demonstrated (attack rate 40% based on 22 close contacts of the index case,[23] 85% based on 13 close contacts[21] and 100% based on one close contact).[31] The settings in which presymptomatic transmission was demonstrated to occur related to community transmission (via households, gatherings of family and friends, a work meeting, being in a restaurant, attending church, or sharing transport).
There was moderate evidence from seven cluster/outbreak investigations[6, 14, 22, 34, 38, 42, 55] regarding the possibility of SARS-CoV-2 being transmitted by asymptomatic people. Conclusive evidence of asymptomatic transmission was provided for one cluster/outbreak.[22] For another four clusters/outbreaks it was uncertain whether asymptomatic transmission had occurred.[6, 34, 38, 55] In the two remaining clusters/outbreaks asymptomatic transmission did not occur: one of these related to potential community and nosocomial transmission associated with exposure of the index case’s household, rideshare partners and healthcare workers at a clinic attended by the index case – the index case wore a mask while travelling to the clinic, during the clinic visit and while in the same room as members of their household after returning home; the other related to potential nosocomial transmission associated with hospital quarantine of the index case after presenting at the emergency department – the index case, other patients and visitors all wore masks except when eating or drinking, while hospital staff wore N95 respirators, isolation gowns and goggles.[14] In both instances, the index case had respiratory symptoms attributable to causes other than COVID-19. In the cluster/outbreak for which asymptomatic transmission was demonstrated, the index case had acquired the virus less than 7 days previously.[22] The attack rate for this cluster/outbreak was 100% (based on 3 close contacts of the index case) and the setting was related to community transmission (via the index case’s household). Although the index case was asymptomatic they had signs typical of viral infection on a CT scan of the chest.
There was weak evidence from two further cluster/outbreak investigations[36, 37] regarding the possibility of SARS-CoV-2 being transmitted by presymptomatic or asymptomatic people. For these clusters/outbreaks it was not possible to determine whether the index case ever developed symptoms and it was uncertain whether transmission occurred.
8.2	Relative transmissibility of presymptomatic and asymptomatic infections
There was moderate evidence from four epidemiological studies reported across six articles[11, 12, 19, 35, 52, 56] regarding relative transmissibility of presymptomatic, asymptomatic and symptomatic people. No differences in transmission according to symptom status of the index case during the exposure period of their close contacts were detected, although there was a trend towards fewer symptoms in the index case being associated with a lower risk of transmission: presymptomatic versus symptomatic exposure, odds ratio (OR) 0.22 (95% CI 0.01 to 3.86)[35] and OR 0.79 (95% CI 0.18 to 3.40);[12] asymptomatic versus symptomatic exposure, OR 0.57 (95% CI 0.03 to 10.80),[35] OR 0.63 (95% CI 0.04 to 10.44),[12] OR 0.64 (95% CI 0.28 to 1.47)[11, 19, 52] and OR 0.83 (95% CI 0.36 to 1.92);[11, 19, 52] and asymptomatic versus presymptomatic exposure, OR 0.17 (95% CI 0.02 to 1.34).[56] Conclusive evidence of presymptomatic transmission was provided by two of the epidemiological studies;[12, 56] conclusive evidence of asymptomatic transmission was provided by two of the studies reported across four articles,[11, 19, 52, 56] although the definition of an asymptomatic infection was not always reported. Mass testing might have played a role in preventing asymptomatic transmission in two of the studies[12, 35] because asymptomatic people might have self-isolated from household members when informed about their possible infection.
There was inconsistent evidence from four mathematical modelling studies[13, 16, 29, 45] regarding relative transmissibility according to symptom status of the index case during the exposure period of their close contacts. Fewer symptoms in the index case during exposure of close contacts was associated with a lower risk of transmission in one study: undocumented infections (assumed to be associated with fewer symptoms) versus documented infections (assumed to be associated with more symptoms), risk ratio (RR) 0.42 (95% credible interval (CrI) 0.34 to 0.61) and RR 0.47 (95% CrI 0.36 to 0.64) with containment measures such as travel restrictions and contact precautions, and RR 0.55 (95% CrI 0.49 to 0.60) without containment measures.[29] Another study reported a lower risk of transmission by people who were infectious but asymptomatic compared to those who were infectious with symptoms, RR 0.81 (95% CrI not reported).[45] Another study reported a higher risk of transmission by infected people with severe symptoms compared to people who were asymptomatic or had mild symptoms, RR 1.03 (95% CrI 0.79 to 1.38).[16] The same study reported a lower risk of transmission by people who were asymptomatic or had mild symptoms compared to those who were presymptomatic, RR 0.033 (95% CrI 0.027 to 0.036).[16] The remaining study reported percentages of the total reproduction number accounted for presymptomatic, asymptomatic and symptomatic transmission (presymptomatic transmission, 47% (95% CrI 11% to 58%), asymptomatic transmission, 6% (95% CrI 0% to 57%), and symptomatic transmission, 28% (95% CrI 9% to 49%)).[13]
There was weak evidence from one mathematical modelling study[8] regarding the relative transmissibility of asymptomatic infections according to ventilation characteristics in indoor commercial environments. Asymptomatic transmission reproduction numbers with mechanical ventilation were lower than those with natural ventilation (supermarket, 0.12 with mechanical ventilation versus 0.17 with natural ventilation; post office, 0.17 with mechanical ventilation versus 0.41 with natural ventilation; pharmacy, 0.22 with mechanical ventilation versus 0.49 with natural ventilation; bank, 0.34 with mechanical ventilation versus 0.81 with natural ventilation; estimates refer to modelling of lockdown in which restaurants were required to close and additional voluntary measures included fewer staff on duty, customers queueing outside, and ventilation increased by keeping external doors open; estimates for restaurant without lockdown, 5.35 with mechanical ventilation versus 47.3 with natural ventilation; no CIs or other measures of precision reported).
8.3	Transmissibility of post-symptomatic infections
No evidence was identified regarding the possibility of SARS-CoV-2 being transmitted by post-symptomatic people.
9. Rationale for recommendations
9.1	Outcomes that matter most
The Working Party’s interest focused on whether or not transmission occurs as a result of presymptomatic, asymptomatic or post-symptomatic SARS-CoV-2 infection. For the most part, this was evaluated through consideration of absolute risks of transmission. At the start of the evidence review process, it was not anticipated that relative risks of transmission based on the symptom status of an index case would have been examined (because the pandemic was in its early stages and research was just starting to be published). However, it became evident when sifting the results of the systematic literature searches that some studies had investigated relative risks of transmission and this evidence was eligible for inclusion according to the review protocol.
9.2	Quality of the evidence
The evidence from the cluster/outbreak investigations and epidemiological studies providing estimates of relative risks of transmission based on an index case’s symptom status during exposure of their close contacts was assessed for quality using the GRADE framework. All of the evidence from these studies was classified as being of very low quality. Recurring reasons for downgrading the evidence included: risk of bias (for example, due to lack of clarity regarding complete inclusion of an index case’s close contacts in the case of cluster/outbreak investigations, and potential confounding factors (such as pre-existing conditions and strength of the immune system) not being accounted for in the case of epidemiological studies providing relative risks of transmission based on the index case’s symptom status during exposure of close contacts); imprecision due to CIs for effect estimates crossing predefined thresholds or being unavailable; and indirectness (for example, in studies investigating potential asymptomatic transmission the definition of an asymptomatic infection sometimes included having mild symptoms or signs of infection). The overall assessment of the evidence as being of very low quality did not, however, prevent the Working Party reaching conclusions about characteristics of SARS-CoV-2 transmission and making recommendations for practice (see below).
The evidence from the mathematical modelling studies included in the review could not be fully assessed using the GRADE framework, but some GRADE domains were applicable, for example, inconsistency and indirectness. A recurring reason for downgrading the evidence from these studies was indirectness due to relative measures of transmissibility according to an index case’s symptom status during exposure of close contacts not being fully aligned with symptom statuses of interest to the Working Party (in particular, presymptomatic and asymptomatic infections).
9.3	Benefits and harms
Having considered the evidence, the Working Party concluded that:
· presymptomatic transmission (meaning that an index case has no symptoms during the exposure period of their close contacts, but later develops symptoms) is confirmed
· asymptomatic transmission (meaning that an index case never develops symptoms or signs of infection) is probable.
The conclusions above reflect the majority view of Working Party members, although some members considered presymptomatic transmission to be probable rather than confirmed, and asymptomatic transmission to be possible rather than probable.
The Working Party had greatest confidence in the evidence related to presymptomatic transmission. There was less certainty regarding the evidence related to asymptomatic transmission, with the Working Party noting that a lack of awareness of symptoms or suppressed symptoms (for example, due to taking medication) could not be distinguished from a complete absence of symptoms in the reported investigations. The Working Party recognised the potential for subclinical or pauci-symptomatic infection while emphasising that truly asymptomatic infection or carriage of SARS-CoV-2 occurs and transmission is to be expected.[59] The Working Party recognised that the list of symptoms suggesting COVID-19 had expanded during the pandemic, reflecting growing knowledge of the condition. The Working Party discussed whether the included studies would have focused only on an initial list of core symptoms or a broader and evolving list of symptoms. The evidence review and synthesis involved extracting any information about symptoms reported by the study investigators, although it was acknowledged that people’s perceptions of symptoms differ and this could influence the types of symptoms reported. The Working Party emphasised the importance of clarity in defining and reporting symptoms in future research related to COVID-19.
The settings in which presymptomatic or asymptomatic transmission was demonstrated mirrored those reported in the first of the pair of guidance articles in which routes of transmission, regardless of the symptom status of the index case, were explored.[3] In particular, presymptomatic transmission was demonstrated to occur in community settings that included households, gatherings of family and friends, a work meeting, being in a restaurant, attending church, or sharing transport. The Working Party agreed that transmission in the absence of noticeable symptoms could similarly occur in health and care settings that involve people being in close proximity.
The Working Party agreed that from the perspective of preventing transmission by people without symptoms, it is immaterial whether or not they later develop symptoms. The recommendations were therefore phrased in terms of people without symptoms rather than using the terms presymptomatic and asymptomatic. The Working Party anticipated that this phrasing would also make the recommendations more meaningful to the public.
The benefits of preventing transmission of SARS-CoV-2 by people without symptoms include the prevention of ill health due to COVID-19 among their close contacts and the prevention of onward transmission to ever greater numbers of people. Possible harms associated with actions intended to prevent transmission of SARS-CoV-2 (such as social distancing, hand hygiene and the use of PPE) arise through restriction of personal freedoms and a need to modify behaviours with potential adverse consequences in terms of, for example, mental health and wellbeing. These benefits and harms apply to healthcare workers, patients and their families/carers, and the public. On balance, the Working Party recognised that since anyone might carry the virus without knowing it, or be infected without having noticeable symptoms, the recommendations should reinforce the importance of adhering to existing legislation and guidance intended to reduce the risk of transmission of SARS-CoV-2 in the general population.
The Working Party noted that the evidence regarding relative risks of transmission according to symptom status suggested that presymptomatic infections are less transmissible than are symptomatic infections, and that asymptomatic infections are less transmissible than are presymptomatic infections. However, the precision of the estimates was low and did not support firm conclusions. The Working Party was aware that the viral load associated with asymptomatic and pauci-symptomatic infections is typically lower than that associated with symptomatic infection,[59] lending plausibility to a lower rate of transmission. Based on the available evidence, the Working Party therefore agreed that the recommendations should highlight the likelihood of greater transmissibility from people with symptoms than from those without symptoms. Due to the uncertainties remaining, the Working Party also prioritised the relative risks of transmission, including the correlation between transmission and quantification of viral shedding, as an area for future research.
Although the evidence from the mathematical modelling studies was regarded as indirect, the Working Party noted the reported differences in asymptomatic transmission rates in indoor environments under different ventilation scenarios. This prompted the Working Party to emphasise the importance of ventilation in enclosed spaces in the recommendations.
The Working Party was acutely aware that the development of the guidance was occurring during an evolving pandemic. When formulating the recommendations, the Working Party recognised the possibility of reinfection in people who previously had COVID-19,[60] the emergence of variants of concern, and ongoing immunisation programmes. As such, the Working Party highlighted in the recommendations that the implications of transmission of SARS-CoV-2 by people without symptoms might change in the future.
The likelihood of post-symptomatic transmission (meaning that an index case has no symptoms during the exposure period of their close contacts, but previously had symptoms) could not be assessed because of an absence of evidence. The Working Party questioned whether post-symptomatic infection might be hidden in the evidence related to asymptomatic transmission. This was agreed to be unlikely because the included studies provided sufficiently detailed histories for index cases (such as when they were likely to have acquired the virus and when they first experienced symptoms or underwent testing) to exclude post-symptomatic exposure of their close contacts. The Working Party agreed that post-symptomatic transmission should be prioritised as an area for further research.
9.4	Cost effectiveness and resource use
The Working Party did not undertake a detailed economic analysis because the recommendations focused on raising awareness of the possibility of presymptomatic and asymptomatic transmission of SARS-CoV-2 and reinforcing existing legislation and guidance aimed at preventing transmission. However, the Working Party considered costs and resource use from the perspective of health and care systems and identified that costs associated with transmission that is not prevented include the costs of managing COVID-19 in infected patients and the costs of needing additional resources such as PPE. Considerations related to the value of time as a resource included the time taken to don and doff PPE and time away from work for healthcare workers who are unwell or required to self-isolate. Taken together, these considerations emphasise increased pressure on healthcare systems when COVID-19 is prevalent. The Working Party recognised potential inconvenience and possible adverse consequences (in terms of mental health and wellbeing of healthcare workers, patients and their families/carers) of implementing measures such as social distancing and using PPE. The Working Party also recognised that the cost effectiveness of preventing transmission would be greater in aspects of healthcare focusing on people more vulnerable to COVID-19.
9.5	Other considerations
As outlined above, the Working Party highlighted several areas for future research. These included consideration of:
· when a person who has acquired SARS-CoV-2 becomes infectious and
· how long infectivity lasts in the absence of symptoms.
While the evidence available to the Working Party demonstrated presymptomatic transmission within 7 days of an index case acquiring the virus, later transmission could not be ruled out. One cluster/outbreak investigation included in the evidence review reported presymptomatic exposure starting at 5 or 6 completed days after the index case acquired the virus.[28] In this study, the exposure of close contacts started on the fifth full day after the index case acquired the virus during a visit to relatives. The index case was asked to self-isolate after visiting the relatives, but instead he visited other relatives (the close contacts referred to above). The index case had polymerase chain reaction (PCR) testing for SARS-CoV-2 after the first relatives he had visited were confirmed to be infected. As this testing was performed at 11 full days after the index case had visited the relatives, there was no evidence for the Working Party to draw on to evaluate transmissibility given a negative test result at 5 or 6 full days after acquiring the virus. The Working Party therefore recommended further research to determine the period of infectivity in people without symptoms, which could be relevant in the context of guidance such as the UK government’s ‘Test to Release’ scheme for international travellers arriving in England.[61]
The Working Party discussed the relevance and possible consequences of lung damage revealed by CT scans in people who did not report symptoms. The Working Party questioned whether such features might have longer-term consequences for a person who although infected has no noticeable symptoms and recommended this as an area for future research. 
The Working Party made several observations regarding the quality of the evidence identified in the review. While the importance of rapid evaluation during a pandemic caused by a novel disease such as COVID-19 was appreciated, the value in ensuring robust and efficient research activity was also recognised. The Working Party agreed that this value could be promoted by avoiding duplication and repetition in data collection, analysis and reporting, and acknowledged the time needed to ensure high quality research outputs. The Working Party highlighted the desirability of concerted global action to coordinate research activity and formalised data gathering and sharing in the event of future pandemics caused by novel diseases. The Working Party also acknowledged that some of the areas recommended for future research might already have been addressed in primary studies or systematic reviews published after the searches for the evidence review had been completed. Although the Working Party had considered updating the review to take account of more recently published evidence, the rate at which additional evidence was being published prohibited such an approach. For example, rerunning the MEDLINE and Embase searches in April 2021 indicated that approximately 20,000 further articles would need to be considered; it was, therefore, not feasible to undertake a timely and systematic update of the review using the original search terms. The Working Party emphasised that the research recommendations were intended to build on the evidence review and allow the guidance to be refined or extended, preferably with reference to evidence of higher quality and allowing more focused or nuanced consideration of SARS-CoV-2 transmission dynamics.
Finally, the Working Party noted that evidence included in the review suggested that using PPE (such as face masks or coverings) reduced the risk of transmission of SARS-CoV-2 by people with presymptomatic or asymptomatic infection. The current evidence review was not designed to explore this systematically, whereas the first of the pair of guidance articles[3] includes recommendations regarding appropriate PPE in various circumstances. The Working Party also noted that in an investigation exploring the possibility of asymptomatic transmission, hospital quarantine of the index case involved the index case and other patients and visitors wearing masks except when eating or drinking.[14] The Working Party recognised the removal of masks to allow eating and drinking as being increasingly important in nosocomial outbreaks of COVID-19, and this could have implications for activities in the community such as visiting restaurants.
Recommendations
Be aware that:
· people without noticeable symptoms may transmit the SARS-CoV-2 virus to other people 
· transmission of SARS-CoV-2 from people without symptoms may occur in all settings in which people are in close proximity
· however, it is likely that the risk of transmission of SARS-CoV-2 is greater from people who have symptoms compared with those who do not.
Even in the absence of symptoms, adhere to legislation and guidance regarding measures to reduce the risk of transmission of SARS-CoV-2 (such as social distancing, hand hygiene, use of personal protective equipment and ventilation of enclosed spaces).
Be aware that the future importance of transmission of SARS-CoV-2 by people carrying the virus without symptoms might depend on the:
· nature of further waves or outbreaks of COVID-19
· emergence and circulation of SARS-CoV-2 variants of concern
· potential for people who have had COVID-19 previously to be reinfected
· effectiveness of available vaccines, including the longevity of immunity they confer.
Be aware that it is not yet known to what extent or for how long people recovering from acute infection can transmit the SARS-CoV-2 virus to other people.
10. Conclusions
Based on the evidence review, which included research published to the end of May 2020, the Working Party considered presymptomatic transmission of SARS-CoV-2 to be confirmed, and asymptomatic transmission to be probable. The strength of the evidence for these forms of transmission was sufficient for the Working Party to formulate several strong recommendations with the intention of raising awareness in health and care settings of the potential for transmission in the absence of symptoms. The recommendations were intended to reinforce existing legislation and guidance specifying measures for reducing the risk of transmission by people who have no noticeable symptoms. The Working Party also formulated recommendations that highlighted areas of uncertainty, such as the relative transmissibility of presymptomatic, asymptomatic and symptomatic infections, the period of infectivity in people without symptoms, and the possibility of transmission in the post-symptomatic period. The Working Party considered the evidence base from which the recommendations were derived and emphasised the importance of good quality design, analysis and reporting of research studies even in pandemic situations. The Working Party highlighted the desirability of concerted action to coordinate research activity and share outputs effectively. The guidance concluded with recommendations for future research intended to address uncertainties, including those outlined above and the potential for transmission of SARS-CoV-2 by people carrying the virus without symptoms of COVID-19 to be influenced by SARS-CoV-2 variants of concern and the rollout of immunisation programmes. The Working Party agreed that, where relevant, both clinical and cost effectiveness should be addressed as part of future research.
11. 	Further research
The rationale for the following research recommendations is presented in Section 9.
Research recommendations
What is the relative transmissibility of SARS-CoV-2 in people with presymptomatic, asymptomatic and symptomatic infection, and how does transmission correlate with quantification of viral shedding?
How long after acquiring SARS-CoV-2 do people without symptoms become infectious and how long does infectivity last?
To what extent or for how long can people who have acquired SARS-CoV-2 and are post-symptomatic transmit the virus to other people?
What are the long-term consequences of lung damage associated with SARS-CoV-2 infection in people who do not report symptoms?
What impact do reinfection, variants of concern, and immunisation programmes have on transmission of SARS-CoV-2?
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Appendix A: Glossary
Asymptomatic: never having (noticeable) symptoms.
Carriage: having acquired a microorganism such as a virus without becoming unwell, but with potential to transmit the microorganism to another person.
Cluster/outbreak investigation: a study in which a cluster (group of people in close proximity and having a condition of interest) or an outbreak of disease is investigated.
Comparative epidemiological study: a study in which health outcomes are compared between different groups of people, for example, a group exposed to people with presymptomatic SARS-CoV-2 infection and another group exposed to people with symptomatic SARS-CoV-2 infection.
Confidence interval (CI) or credible interval (CrI): a statistical measure of precision associated with a reported effect.
Coronavirus disease 2019 (COVID-19): a respiratory disease caused by infection with SARS-CoV-2, which was first identified in December 2019.
Critical appraisal: a structured assessment of the strengths and limitations of a research study.
Economic analysis: an assessment of the cost-effectiveness (value for money) of a particular aspect of health care that involves comparisons of costs and consequences of different approaches to care. 
Grading of Recommendations Assessment, Development and Evaluation (GRADE): a structured assessment of the quality of research evidence taking account of factors such as study design, risk of bias, inconsistency and indirectness, and an associated framework for developing recommendations for practice; the quality of the evidence may be downgraded to take account of identified limitations.
Index case: the first person to have acquired a microorganism of interest, or developed an associated disease, and a potential source of transmission to other people.
Mathematical modelling study: a study in which mathematical concepts and methods are used to explain or predict the course of a disease, typically at population (rather than individual) level and often in terms of a sequence of health states, such as susceptible, exposed, infected and recovered; may be used to explore outcomes under different assumptions or scenarios.
Nosocomial: associated with health care.
Pandemic: an epidemic that occurs over a very large geographical area, typically involving more than one country and potentially worldwide.
Pauci-symptomatic: having few (or mild) symptoms.
Polymerase chain reaction (PCR): a laboratory technique used to identify microorganisms that cause disease; reverse transcription PCR (RT-PCR) can be used to detect SARS-CoV-2 ribonucleic acid (RNA).
Population–exposure–comparator–outcome (PECO) framework: an approach used to classify key characteristics of epidemiological research questions and studies.
Post-symptomatic: no longer having symptoms but having had them in the past.
Presymptomatic: not yet having symptoms but having them in the future.
Relative effect: a statistical measure comparing health outcomes in different groups of people, for example the likelihood of SARS-CoV-2 infection in a group exposed to people with presymptomatic SARS-CoV-2 infection and another group exposed to people with symptomatic SARS-CoV-2 infection; typically expressed as an odds ratio (OR) or risk ratio (RR), with a value of 1 meaning that the outcome is equally likely in both groups and a value greater (less than) 1 meaning that the outcome is more (less) likely in the first group than in the second group.
Ribonucleic acid (RNA): a molecule containing a small amount of genetic material; in the case of SARS-CoV-2 the entire genetic information needed for the virus to replicate is contained within its RNA.
Serological testing: antibody testing, for example, using enzyme-linked immunosorbent assay (ELISA) or virus neutralisation test (VNT).
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2): the virus that causes COVID-19.
Symptom status: whether an index case is presymptomatic, asymptomatic, post-symptomatic or symptomatic during the exposure period of their close contacts.
Transmission dynamics: the characteristics involved in transmission of a disease, including changes in transmission over time; for example, the relative transmissibility of presymptomatic and symptomatic SARS-Cov-2 infections.
Variant: a version of a virus arising from replication and containing one or more mutations compared to the original virus; variants may be classified as being of interest or concern depending on the extent to which they pose challenges for healthcare systems.
Viral load: the number of viral particles in a sample obtained from a person or environment; the amount of virus present determines the likelihood that another person will acquire the virus.
Appendix B: Guideline development and conflicts of interest
The need for guidance in this area was agreed between BIA, HIS, IPS, RCPath and the British Society for Antimicrobial Chemotherapy (BSAC) at the beginning of the first wave of COVID-19 affecting the UK in March 2020. The need arose from the concern of healthcare workers reporting a lack of evidence on which to base practice. Further meetings between the participating organisations confirmed the need to establish a COVID-19 Rapid Guidance Working Party. Members of the Working Party were chosen to reflect the range of stakeholders. Feedback from members of the participating organisations was used to direct the development of review questions. The final structure of the review questions (in PECO format) was agreed collectively during subsequent videoconference meetings. After initial questions had been agreed, if the need for additional questions arose, these were considered for inclusion at subsequent meetings. No payment was made to anyone involved in developing the guidance.
All Working Party members were required to complete conflict of interest forms during the development of the guidance and until the point of completion. In the event of a potential conflict being identified, the Working Party agreed that the member should not contribute to the section affected. No material conflicts of interest were identified during the development of this guidance.
Appendix C: Review question and literature searches
Review question: What is the evidence that presymptomatic, asymptomatic and post-symptomatic people with beta-coronavirus can transmit the virus to other people?
This review was registered on the PROSPERO international prospective register of systematic reviews (registration identifier CRD42020188880). 
PECO framework:
· population – any person at risk of exposure to beta-coronavirus in a community or healthcare setting, excluding vertical transmission (that is, direct transmission from a woman to her baby before, during or shortly after the birth) and transmission as a result of blood transfusion based on the first article in the pair of guidance documents concluding that these routes of transmission are unlikely;[3] extrapolation from SARS-CoV or MERS-CoV to SARS-CoV-2 to be considered if needed
· exposure – exposure to beta-coronavirus via a person with presymptomatic, asymptomatic or post-symptomatic infection
· comparison – no comparison group needed (but comparative studies eligible for inclusion, for example, those comparing transmission rates according to the index case’s symptom status during exposure of their close contacts)
· outcomes – evidence of transmission to another person; the main outcome of interest was incidence of transmission to another person of disease caused by beta-coronavirus with cases either being confirmed by laboratory or radiological findings or displaying symptoms suggesting disease.
For SARS-C0V-2 evidence, no restrictions were placed on study designs to be included (thus mathematical modelling studies and letters were eligible for inclusion provided the publication contained primary data related to presymptomatic, asymptomatic or post-symptomatic transmission). No restrictions were placed on language of publication; articles published in languages other than English were translated using Google Translate (available at https://translate.google.co.uk/).
For other beta-coronaviruses, study designs were to be limited to peer-reviewed reports of controlled trials, interrupted time series, controlled before-and-after studies, cohort studies and outbreak reports, and mathematical modelling studies that contained primary data. As noted above, the intention had been to consider evidence for SARS-CoV and MERS-CoV if needed, but the volume of evidence identified for SARS-CoV-2 was sufficient to negate the need for additional searches for other beta-coronaviruses.
Table C.1 Search strategy for SARS-CoV-2 evidence, MEDLINE and Embase
Database: Embase <1974 to 2020 May 29>, Ovid MEDLINE(R) ALL <1946 to May 29, 2020>
Search Strategy:
--------------------------------------------------------------------------------
1     coronavirus.mp. or exp Coronavirinae/ (68155)
2     exp SARS coronavirus/ or coronovirus.mp. or exp Coronavirus infection/ (35880)
3     severe acute respiratory syndrome.mp. or severe acute respiratory syndrome/ or respiratory distress syndrome/ (41899)
4     Severe acute respiratory syndrome coronavirus 2.mp. (8507)
5     SARS-CoV-2.mp. (9133)
6     SARSCoV-2.mp. (59)
7     SARSCov2.mp. (3)
8     SARS-Cov2.mp. (460)
9     SARS-Cov-19.mp. (11)
10     COVID19.mp. (409)
11     nCoV-2019.mp. or SARS-related coronavirus/ (3537)
12     COVID-19.mp. (30054)
13     2019-nCoV.mp. (1439)
14     2019nCoV.mp. or Betacoronavirus/ (4978)
15     HCoV-19.mp. (14)
16     novel coronavirus.mp. (5192)
17     wuhan virus.mp. (10)
18     wuhan coronavirus.mp. (32)
19     hubei virus.mp. (0)
20     hubei coronavirus.mp. (0)
21     huanan virus.mp. (0)
22     huanan coronavirus.mp. (0)
23     wuhan pneumonia.mp. (20)
24     hubei pneumonia.mp. (0)
25     huanan pneumonia.mp. (0)
26     CoV.mp. (23003)
27     2019 novel.mp. (1438)
28     Ncov.mp. (1523)
29     n-cov.mp. (7)
30     Seafood market pneumonia.mp. (5)
31     1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 (103896)
32     Asymptomatic Infections/ or Asymptomatic Diseases/ or asymptom$.mp. (385437)
33     pre-symptom$.mp. (3686)
34     presymptom$.mp. (9640)
35     post-symptom$.mp. (407)
36     postsymptom$.mp. (115)
37     pauci-symptom$.mp. (245)
38     paucisymptom$.mp. (577)
39     symptom$.mp. (2959134)
40     sub-clinical.mp. (7247)
41     subclinical.mp. (104806)
42     silent carrier.mp. (105)
43     "Signs and Symptoms"/ (11809)
44     "Signs and Symptoms, Respiratory"/ (11402)
45     "Pathological Conditions, Signs and Symptoms"/ (11402)
46     sign?.mp. (925579)
47     (indicat$ or presentation).mp. (8172942)
48     ((clinical or physical or presenting) adj3 (feature? or finding? or factor? or manifest$ or aspect? or character?)).mp. (1497887)
49     unrecogni?ed.mp. (68558)
50     32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 or 41 or 42 or 43 or 44 or 45 or 46 or 47 or 48 or 49 (12329286)
51     transmission.mp. or virus transmission/ (1126930)
52     transmissibility.mp. (7407)
53     spread.mp. (360416)
54     *basic reproduction number/ (441)
55     route.mp. (328545)
56     mode.mp. (626428)
57     cross infection/ or cross-infection.mp. or crossinfection.mp. (78473)
58     expos$.mp. (2878955)
59     viral load.mp. or virus load/ (131041)
60     infectivity.mp. (60378)
61     infectiousness.mp. (3008)
62     51 or 52 or 53 or 54 or 55 or 56 or 57 or 58 or 59 or 60 or 61 (5240183)
63     infection control.mp. or Infection Control/ (134346)
64     Disease Transmission, Infectious/ (107205)
65     Infectious Disease Transmission, Patient-to-Professional/ (101926)
66     Infectious Disease Transmission, Professional-to-Patient/ (99715)
67     Community-Acquired Infections/tm [Transmission] (419)
68     patient-patient.mp. (1812)
69     patient-to-patient.mp. (21944)
70     professional-professional.mp. (60)
71     professional-to-professional.mp. (693)
72     human-human.mp. (1080)
73     human-to-human.mp. (11543)
74     63 or 64 or 65 or 66 or 67 or 68 or 69 or 70 or 71 or 72 or 73 (268327)
75     62 or 74 (5345224)
76     31 and 50 and 75 (8066)
77     limit 76 to yr="2020 -Current" (2742)
78     limit 77 to (animals and animal studies) [Limit not valid in Ovid MEDLINE(R),Ovid MEDLINE(R) Daily Update,Ovid MEDLINE(R) In-Process,Ovid MEDLINE(R) Publisher; records were retained] (55)
79     *in vitro study/ (34528)
80     77 not 78 (2687)
81     80 not 79 (2686)
82     remove duplicates from 81 (1650)
Appendix D: Study selection flowchart
Figure D.1 Study selection flowchart
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Appendix E: Excluded studies table
Table E.1 List of excluded studies
	Citation
	Reason for exclusion

	Abbott S; Hellewell J; Munday J; CMMID nCoV working group; Funk S. The transmissibility of novel Coronavirus in the early stages of the 2019-20 outbreak in Wuhan: Exploring initial point-source exposure sizes and durations using scenario analysis. Wellcome Open Research. 5:17, 2020. 
	No primary data related to person-to-person transmission during asymptomatic, pre-symptomatic or post-symptomatic phases; this was a modelling study that did not incorporate asymptomatic/presymptomatic transmission

	Abduljalil JM; Abduljalil BM. Epidemiology, genome, and clinical features of the pandemic SARS-CoV-2: a recent view. [Review] New Microbes & New Infections. 35:100672, 2020 May. 
	No primary data related to person-to-person transmission during asymptomatic, pre-symptomatic or post-symptomatic phases

	Adam D. Special report: The simulations driving the world's response to COVID-19. Nature. 580(7803):316-318, 2020 04. 
	No primary data related to person-to-person transmission during asymptomatic, pre-symptomatic or post-symptomatic phases

	Adegboye OA; Adekunle AI; Gayawan E. Early Transmission Dynamics of Novel Coronavirus (COVID-19) in Nigeria. International Journal of Environmental Research & Public Health [Electronic Resource]. 17(9), 2020 04 28. 
	No primary data related to person-to-person transmission during asymptomatic, pre-symptomatic or post-symptomatic phases; this was a modelling study that did not distinguish between asymptomatic/presymptomatic and symptomatic transmission

	Advani SD; Smith BA; Lewis SS; Anderson DJ; Sexton DJ. Universal masking in hospitals in the COVID-19 era: Is it time to consider shielding?. Infection Control & Hospital Epidemiology. 1-2, 2020 Apr 29. 
	No primary data related to person-to-person transmission during asymptomatic, pre-symptomatic or post-symptomatic phases

	Aguilar JB, Faust JS, Westafer, LM, Gutierrez JB Investigating the impact of asymptomatic carriers on COVID-19 transmission medRxiv, https://doi.org/10.1101/2020.03.18.20037994
	No primary data related to person-to-person transmission during asymptomatic, pre-symptomatic or post-symptomatic phases; this was a modelling study that incorporated asymptomatic/presymptomatic transmission but only through scenarios based on assumed transmissibility and the impact on e.g. the reproduction number

	Aleta A; Moreno Y. Evaluation of the potential incidence of COVID-19 and effectiveness of containment measures in Spain: a data-driven approach. BMC Medicine. 18(1):157, 2020 05 27. 
	No primary data related to person-to-person transmission during asymptomatic, pre-symptomatic or post-symptomatic phases; this was a modelling study that acknowledged the possibility of asymptomatic/pre-symptomatic transmission but did not distinguish between these and symptomatic transmission

	Alonso Diaz C; Lopez Maestro M; Moral Pumarega MT; Flores Anton B; Pallas Alonso CR. [First case of neonatal infection due to SARS-CoV-2 in Spain]. [Spanish] Primer caso de infeccion neonatal por SARS-CoV-2 en Espana. <Primer caso de infeccion neonatal por SARS-CoV-2 en Espana.> Anales de Pediatria. 92(4):237-238, 2020 Apr. 
	Incomplete exposure history; authors discuss the possibility of horizontal rather than vertical transmission; baby and woman were together when the woman developed symptoms; the baby became symptomatic later, but had been separated from the woman immediately after the birth and again when the woman developed symptoms

	Al-Tawfiq J.A. Asymptomatic coronavirus infection: MERS-CoV and SARS-CoV-2 (COVID-19). Travel Medicine and Infectious Disease. (no pagination), 2020. Article Number: 101608. Date of Publication: 2020. 
	No primary data related to person-to-person transmission during asymptomatic, pre-symptomatic or post-symptomatic phases

	an der Heiden M, Buchholz U [Modeling example scenarios of the SARS-CoV-2 epidemic 2020 in Germany]. [German] Modellierung von Beispielszenarien der SARS-CoV-2-Epidemie 2020 in Deutschland. <Modellierung von Beispielszenarien der SARS-CoV-2-Epidemie 2020 in Deutschland.> Publication server of Robert Koch Institute, https://edoc.rki.de/
	No primary data related to person-to-person transmission during asymptomatic, pre-symptomatic or post-symptomatic phases; this was a modelling study that did not incorporate asymptomatic/presymptomatic transmission

	Anastassopoulou C; Russo L; Tsakris A; Siettos C. Data-based analysis, modelling and forecasting of the COVID-19 outbreak. PLoS ONE [Electronic Resource]. 15(3):e0230405, 2020. 
	No primary data related to person-to-person transmission during asymptomatic, pre-symptomatic or post-symptomatic phases; this was a modelling study that incorporated asymptomatic/presymptomatic states but only through scenarios based on assumed proportions of asymptomatic/presymptomatic infections and the impact on e.g. the basic reproduction number

	Anderson EL; Turnham P; Griffin JR; Clarke CC. Consideration of the Aerosol Transmission for COVID-19 and Public Health. Risk Analysis. 40(5):902-907, 2020 05. 
	No primary data related to person-to-person transmission during asymptomatic, pre-symptomatic or post-symptomatic phases

	Anelli F., Leoni G., Monaco R., Nume C., Rossi R.C., Marinoni G., Spata G., De Giorgi D., Peccarisi L., Miani A., Burgio E., Gentile I., Colao A., Triassi M., Piscitelli P. Italian doctors call for protecting healthcare workers and boosting community surveillance during covid-19 outbreak. The BMJ. 368 (no pagination), 2020. Article Number: m1254. Date of Publication: 26 Mar 2020. 
	No primary data related to person-to-person transmission during asymptomatic, pre-symptomatic or post-symptomatic phases

	Anonymous Correction to Feasibility of controlling COVID-19 outbreaks by isolation of cases and contacts (The Lancet Global Health (2020) 8(4) (e488-e496), (S2214109X20300747), (10.1016/S2214-109X(20)30074-7)).  The Lancet Global Health. (no pagination), 2020. Date of Publication: 2020. 
	This is a correction to Hellewell 2020[62] which was excluded after considering full text

	Anonymous Correction to Lancet Infect Dis 2020; published online March 23. https://doi.org/10.1016/S1473-3099(20)30162 (The Lancet Infectious Diseases, (S1473309920301626), (10.1016/S1473-3099(20)30162-6)). The Lancet Infectious Diseases. 20 (5) (pp e79), 2020. Date of Publication: May 2020. 
	This is a correction to Koo 2020[63] which was excluded after considering full text

	Anonymous Corrigendum: Epidemiologic and clinical characteristics of 26 cases of COVID-19 arising from patient-to-patient transmission in Liaocheng, China (Clin Epidemiol., (2020) 12, (387-391), 10.2147/CLEP.S249903). Clinical Epidemiology. 12 (pp 403), 2020. Date of Publication: 2020. 
	Full text not retrieved because this is a correction to Wang 2020[64] which was excluded after considering full text

	Anonymous Erratum to "Initial Investigation of Transmission of COVID-19 Among Crew Members During Quarantine of a Cruise Ship - Yokohama, Japan, February 2020." MMWR. Morbidity and mortality weekly report. 
	This is a correction to Kakimoto 2020[65] which was excluded after considering full text

	Arino J; Portet S. A simple model for COVID-19. Infectious Disease Modelling. 5:309-315, 2020. 
	No primary data related to person-to-person transmission during asymptomatic, pre-symptomatic or post-symptomatic phases; this was a modelling study that incorporated asymptomatic/presymptomatic transmission

	Arons  MM; Hatfield KM; Reddy SC; Kimball A; James A; Jacobs JR; Taylor J; Spicer K; Bardossy AC; Oakley LP; Tanwar S; Dyal JW; Harney J; Chisty Z; Bell JM; Methner M; Paul P; Carlson CM; McLaughlin HP; Thornburg N; Tong S; Tamin A; Tao Y; Uehara A; Harcourt J; Clark S; Brostrom-Smith C; Page LC; Kay M; Lewis J; Montgomery P; Stone ND; Clark TA; Honein MA; Duchin JS; Jernigan JA; Public Health-Seattle and King County and CDC COVID-19 Investigation Team. Presymptomatic SARS-CoV-2 Infections and Transmission in a Skilled Nursing Facility. New England Journal of Medicine. 382(22):2081-2090, 2020 05 28. 
	No primary data related to person-to-person transmission during asymptomatic, pre-symptomatic or post-symptomatic phases; same study/setting as Kimball 2020[66]

	Ash C. Tracing infection from mobility data. Science. 368 (6490) (pp 484-485), 2020. Date of Publication: 01 May 2020. 
	No primary data related to person-to-person transmission during asymptomatic, pre-symptomatic or post-symptomatic phases

	Bae JM. A Chinese Case of COVID-19 Did Not Show Infectivity During the Incubation Period: Based on an Epidemiological Survey. Journal of Preventive Medicine & Public Health / Yebang Uihakhoe Chi. 2020 Mar 02. 
	Duplicate of Bae 2020[4]

	Bai S, Wang J, Zhou Y, Yu D, Gao X, Li L, Yang F [Analysis of the first family-associated epidemic situation of new coronavirus pneumonia in Gansu Province]. [Chinese] Chinese Journal of Preventive Medicine, 2020,54: Online pre-publishing . DOI: 10.3760/cma.j.cn112150-20200204-00065
	Duplicate of Bai 2020a[67]

	Bai SL; Wang JY; Zhou YQ; Yu DS; Gao XM; Li LL; Yang F. [Analysis of the first cluster of cases in a family of novel coronavirus pneumonia in Gansu Province]. [Chinese] Chung-Hua Yu Fang i Hsueh Tsa Chih [Chinese Journal of Preventive Medicine]. 54(0):E005, 2020 Feb 17. 
	No primary data related to person-to-person transmission during asymptomatic, pre-symptomatic or post-symptomatic phases; the index patient had some symptomatic contact with both of the other patients and exposure histories were not reported fully

	Baraniuk C. What the Diamond Princess taught the world about covid-19. The BMJ. 369 (no pagination), 2020. Article Number: m1632. Date of Publication: 27 Apr 2020.
	No primary data related to person-to-person transmission during asymptomatic, pre-symptomatic or post-symptomatic phases

	Bernard Stoecklin S; Rolland P; Silue Y; Mailles A; Campese C; Simondon A; Mechain M; Meurice L; Nguyen M; Bassi C; Yamani E; Behillil S; Ismael S; Nguyen D; Malvy D; Lescure FX; Georges S; Lazarus C; Tabai A; Stempfelet M; Enouf V; Coignard B; Levy-Bruhl D; Investigation Team. First cases of coronavirus disease 2019 (COVID-19) in France: surveillance, investigations and control measures, January 2020. Euro Surveillance: Bulletin Europeen sur les Maladies Transmissibles = European Communicable Disease Bulletin. 25(6), 2020 02. 
	No primary data related to person-to-person transmission during asymptomatic, pre-symptomatic or post-symptomatic phases; one index patient had symptomatic contact with at least some people traced as contacts; another index patient had symptomatic contact with a least some people traced as contacts and possible co-exposure with his wife at the time the infection was acquired; exposure histories were not reported fully

	Bi Q; Wu Y; Mei S; Ye C; Zou X; Zhang Z; Liu X; Wei L; Truelove SA; Zhang T; Gao W; Cheng C; Tang X; Wu X; Wu Y; Sun B; Huang S; Sun Y; Zhang J; Ma T; Lessler J; Feng T. Epidemiology and transmission of COVID-19 in 391 cases and 1286 of their close contacts in Shenzhen, China: a retrospective cohort study. The Lancet Infectious Diseases. 2020 Apr 27. 
	No primary data related to person-to-person transmission during asymptomatic, pre-symptomatic or post-symptomatic phases

	Brandstetter S; Roth S; Harner S; Buntrock-Dopke H; Toncheva A; Borchers N; Gruber R; Ambrosch A; Kabesch M. Symptoms and immunoglobulin development in hospital staff exposed to a SARS-CoV-2 outbreak. Pediatric Allergy & Immunology. 2020 May 15. 
	No primary data related to person-to-person transmission during asymptomatic, pre-symptomatic or post-symptomatic phases

	Breslin N; Baptiste C; Gyamfi-Bannerman C; Miller R; Martinez R; Bernstein K; Ring L; Landau R; Purisch S; Friedman AM; Fuchs K; Sutton D; Andrikopoulou M; Rupley D; Sheen JJ; Aubey J; Zork N; Moroz L; Mourad M; Wapner R; Simpson LL; D'Alton ME; Goffman D. COVID-19 infection among asymptomatic and symptomatic pregnant women: Two weeks of confirmed presentations to an affiliated pair of New York City hospitals. American Journal of Obstetrics & Gynecology MFM. 100118, 2020 Apr 09. 
	No primary data related to person-to-person transmission during asymptomatic, pre-symptomatic or post-symptomatic phases; neonatal outcomes reported but exposure history not reported fully

	Burke R.M., Midgley C.M., Dratch A., Fenstersheib M., Haupt T., Holshue M., Ghinai I., Jarashow M.C., Lo J., McPherson T.D., Rudman S., Scott S., Hall A.J., Fry A.M., Rolfes M.A. Active Monitoring of Persons Exposed to Patients with Confirmed COVID-19 - United States, January-February 2020. MMWR. Morbidity and mortality weekly report. 69 (9) (pp 245-246), 2020. Date of Publication: 06 Mar 2020. 
	No primary data related to person-to-person transmission during asymptomatic, pre-symptomatic or post-symptomatic phases

	Cabore JW; Karamagi HC; Kipruto H; Asamani JA; Droti B; Seydi ABW; Titi-Ofei R; Impouma B; Yao M; Yoti Z; Zawaira F; Tumusiime P; Talisuna A; Kasolo FC; Moeti MR. The potential effects of widespread community transmission of SARS-CoV-2 infection in the World Health Organization African Region: a predictive model. BMJ Global Health. 5(5), 2020 May. 
	No primary data related to person-to-person transmission during asymptomatic, pre-symptomatic or post-symptomatic phases; this was a modelling study that incorporated asymptomatic/presymptomatic states but did not distinguish between asymptomatic/presymptomatic and symptomatic transmission

	Calafiore GC, Novara C, Possieri C A modified SIR model for the COVID-19 contagion in Italy arxiv, https://arxiv.org/abs/2003.14391
	No primary data related to person-to-person transmission during asymptomatic, pre-symptomatic or post-symptomatic phases; this was a modelling study that acknowledged the possibility of asymptomatic/presymptomatic infection but it did not incorporate asymptomatic/presymptomatic transmission

	Canova V; Lederer Schlapfer H; Piso RJ; Droll A; Fenner L; Hoffmann T; Hoffmann M. Transmission risk of SARS-CoV-2 to healthcare workers -observational results of a primary care hospital contact tracing. Swiss Medical Weekly. 150:w20257, 2020 04 20. 
	No primary data related to person-to-person transmission during asymptomatic, pre-symptomatic or post-symptomatic phases; transmission to health care workers occurred during index patient's symptomatic phase

	Cao Q., Chen Y.-C., Chen C.-L., Chiu C.-H. SARS-CoV-2 infection in children: Transmission dynamics and clinical characteristics. Journal of the Formosan Medical Association. 119 (3) (pp 670-673), 2020. Date of Publication: March 2020. 
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	No primary data related to person-to-person transmission during asymptomatic, pre-symptomatic or post-symptomatic phases; this was a modelling study that incorporated asymptomatic/presymptomatic transmission but only through scenarios based on assumed transmissibility and the impact on e.g. the proportion of the population that would become infected
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	No primary data related to person-to-person transmission during asymptomatic, pre-symptomatic or post-symptomatic phases
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	No primary data related to person-to-person transmission during asymptomatic, pre-symptomatic or post-symptomatic phases
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	No primary data related to person-to-person transmission during asymptomatic, pre-symptomatic or post-symptomatic phases

	Wan K.H., Huang S.S., Young A.L., Lam D.S.C. Precautionary measures needed for ophthalmologists during pandemic of the coronavirus disease 2019 (COVID-19). Acta Ophthalmologica. 98 (3) (pp 221-222), 2020. Date of Publication: 01 May 2020. 
	No primary data related to person-to-person transmission during asymptomatic, pre-symptomatic or post-symptomatic phases
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	No primary data related to person-to-person transmission during asymptomatic, pre-symptomatic or post-symptomatic phases; there was a suggestion that asymptomatic/presymptomatic transmission occurred but exposure histories were not reported fully and the risk cannot be quantified (no denominator); negative serial intervals suggesting presymptomatic transmission were, however, discussed 

	Wang L, Zhou Y, He J, Zhu B, Wang F, Tang L, Eisenberg M, Song PXK An epidemiological forecast model and software assessing
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	No primary data related to person-to-person transmission during asymptomatic, pre-symptomatic or post-symptomatic phases; this was a modelling study that did not incorporate asymptomatic/presymptomatic transmission
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Appendix F: Characteristics of included studies table
Table F.1 Characteristics of included studies
	Study identifier
	Study type
	Country
	Population
	Exposure phase(s)/state(s) investigated
	Comparative study
	Transmission outcomes
	Reviewer comments

	Bae 2020[4]
	Cluster/outbreak investigation (case study/series)
	South Korea
	People at risk of person-to-person transmission of SARS-CoV-2 in community setting
	Presymptomatic
	No
	Quantitative assessment of SARS-CoV-2 transmission risk
	None

	Baettig 2020[5]
	Cluster/outbreak investigation (case study/series)
	Switzerland
	People at risk of person-to-person transmission of SARS-CoV-2 in community setting
	Presymptomatic
	No
	Quantitative assessment of SARS-CoV-2 transmission risk
	None

	Bai 2020b[6]
	Cluster/outbreak investigation (case study/series)
	China
	People at risk of person-to-person transmission of SARS-CoV-2 in community setting
	Asymptomatic
	No
	Qualitative assessment of SARS-CoV-2 transmission risk
	None

	Buonanno 2020[8]
	Mathematical modelling of epidemic spread
	Italy
	People at risk of person-to-person transmission of SARS-CoV-2 in indoor commercial environments
	Asymptomatic
Symptomatic
	Yes (asymptomatic transmission in different indoor environments)
	Quantitative assessment of SARS-CoV-2 transmission risk
	None

	Cai 2020[9]
	Cluster/outbreak investigation (case study/series)
	China
	People at risk of person-to-person transmission of SARS-CoV-2 in community settings
	Presymptomatic
Symptomatic
	No
	Qualitative assessment of SARS-CoV-2 transmission risk
	None

	Chan 2020[10]
	Cluster/outbreak investigation (case study/series)
	China
	People at risk of person-to-person transmission of SARS-CoV-2 in community settings
	Presymptomatic
Symptomatic
	No
	Qualitative assessment of SARS-CoV-2 transmission risk
	None

	Chen 2020;[11] He 2020a;[19] Yin 2020[52]
	Relative transmissibility (nested case–control study)
	China
	People at risk of person-to-person transmission of SARS-CoV-2 in community and nosocomial settings
	Asymptomatic
Symptomatic
	Yes
	Quantitative assessment of SARS-CoV-2 transmission risk
	Multiple reports/analyses of same data

	Cheng 2020[12]
	Relative transmissibility (nested case–control study)
	Taiwan
	People at risk of person-to-person transmission of SARS-CoV-2 in community and nosocomial settings
	Presymptomatic
Asymptomatic
Symptomatic
	Yes
	Quantitative assessment of SARS-CoV-2 transmission risk
	None

	Ferretti 2020[13]
	Mathematical modelling of epidemic spread
	Not applicable (generic setting – not focused on a specific country)
	People at risk of person-to-person transmission of SARS-CoV-2 in any setting
	Presymptomatic
Asymptomatic
Symptomatic
	Yes
	Quantitative assessment of SARS-CoV-2 transmission risk
	None

	Gao 2020a[14]
	Cluster/outbreak investigation (case study/series)
	China
	People at risk of person-to-person transmission of SARS-CoV-2 in nosocomial setting
	Asymptomatic
	No
	Quantitative assessment of SARS-CoV-2 transmission risk
	PPE in use

	Gao 2020b[15]
	Cluster/outbreak investigation (case study/series)
	China
	People at risk of person-to-person transmission of SARS-CoV-2 in community settings
	Presymptomatic
	No
	Qualitative assessment of SARS-CoV-2 transmission risk
	None

	Gatto 2020[16]
	Mathematical modelling of epidemic spread
	Italy
	People at risk of person-to-person transmission of SARS-CoV-2 in any setting
	Susceptible
Exposed
Presymptomatic
Infected with severe symptoms
Asymptomatic or with mild symptoms
Hospitalised
In home quarantine
Recovered
Dead
	Yes
	Quantitative assessment of SARS-CoV-2 transmission risk
	None

	Guan 2020[17]
	Cluster/outbreak investigation (case study/series)
	China
	People at risk of person-to-person transmission of SARS-CoV-2 in community settings
	Presymptomatic
Symptomatic
	No
	Qualitative assessment of SARS-CoV-2 transmission risk
	None

	Hamner 2020[18]
	Cluster/outbreak investigation (case study/series)
	USA
	People at risk of person-to-person transmission of SARS-CoV-2 in community setting
	Presymptomatic
Symptomatic
	No
	Quantitative assessment of SARS-CoV-2 transmission risk
	None

	He 2020b[20]
	Cluster/outbreak investigation (case study/series)
	China
Hong Kong
Japan
Malaysia
Singapore
Taiwan
USA
Vietnam
	People at risk of person-to-person transmission of SARS-CoV-2, reporting of settings incomplete, but includes community settings
	Presymptomatic
Symptomatic
	No
	Qualitative assessment of SARS-CoV-2 transmission risk
	Cannot rule out overlap with other cluster/outbreak investigations

	Hijnen 2020[21]
	Cluster/outbreak investigation (case study/series)
	Italy
	People at risk of person-to-person transmission of SARS-CoV-2 in community settings
	Presymptomatic
	No
	Quantitative assessment of SARS-CoV-2 transmission risk
	None

	Hu 2020[22]
	Cluster/outbreak investigation (case study/series)
	China
	People at risk of person-to-person transmission of SARS-CoV-2 in community setting
	Asymptomatic
	No
	Quantitative assessment of SARS-CoV-2 transmission risk
	None

	Huang 2020a[23]
	Cluster/outbreak investigation (case study/series)
	China
	People at risk of person-to-person transmission of SARS-CoV-2 in community settings
	Presymptomatic
	No
	Quantitative assessment of SARS-CoV-2 transmission risk
	None

	Huang 2020b[24]
	Cluster/outbreak investigation (case study/series)
	China
	People at risk of person-to-person transmission of SARS-CoV-2 in community settings
	Presymptomatic
	No
	Qualitative assessment of SARS-CoV-2 transmission risk
	None

	Kang 2020[25]
	Cluster/outbreak investigation (case study/series)
	China
	People at risk of person-to-person transmission of SARS-CoV-2 in community settings
	Presymptomatic
	No
	Qualitative assessment of SARS-CoV-2 transmission risk
	None

	Li 2020a[27]
	Cluster/outbreak investigation (case study/series)
	China
	People at risk of person-to-person transmission of SARS-CoV-2 in community and nosocomial settings
	Presymptomatic
Symptomatic
	No
	Qualitative assessment of SARS-CoV-2 transmission risk
	None

	Li 2020b[28]
	Cluster/outbreak investigation (case study/series)
	China
	People at risk of person-to-person transmission of SARS-CoV-2 in community setting
	Presymptomatic
	No
	Qualitative assessment of SARS-CoV-2 transmission risk
	None

	Li 2020c[29]
	Mathematical modelling of epidemic spread
	China
	People at risk of person-to-person transmission of SARS-CoV-2 in any setting
	Susceptible
Exposed
Documented
Infected (symptoms severe
enough to be confirmed/observed)
Undocumented infected (lacking symptoms severe enough to be confirmed/observed)
	Yes
	Quantitative assessment of SARS-CoV-2 transmission risk
	None

	Li 2020d[30]
	Cluster/outbreak investigation (case study/series)
	China
	People at risk of person-to-person transmission of SARS-CoV-2 in nosocomial setting
	Presymptomatic
	No
	Qualitative assessment of SARS-CoV-2 transmission risk
	None

	Liu 2020b[31]
	Cluster/outbreak investigation (case study/series)
	Taiwan
	People at risk of person-to-person transmission of SARS-CoV-2 in community setting
	Presymptomatic
	No
	Quantitative assessment of SARS-CoV-2 transmission risk
	None

	Lu 2020a[33]
	Cluster/outbreak investigation (case study/series)
	China
	People at risk of person-to-person transmission of SARS-CoV-2 in community settings
	Presymptomatic
	No
	Qualitative assessment of SARS-CoV-2 transmission risk
	None

	Lu 2020b[34]
	Cluster/outbreak investigation (case study/series)
	China
	People at risk of person-to-person transmission of SARS-CoV-2 in community setting
	Asymptomatic
	No
	Qualitative assessment of SARS-CoV-2 transmission risk
	None

	Park 2020[35]
	Relative transmissibility (nested case–control study)
	South Korea
	People at risk of person-to-person transmission of SARS-CoV-2 in community settings
	Presymptomatic
Asymptomatic
	Yes
	Quantitative assessment of SARS-CoV-2 transmission risk
	None

	Pung 2020[36]
	Cluster/outbreak investigation (case study/series)
	Singapore
	People at risk of person-to-person transmission of SARS-CoV-2 in community settings
	Unknown (presymptomatic or asymptomatic)
	No
	Qualitative assessment of SARS-CoV-2 transmission risk
	Multiple clusters/outbreaks reported in same article; overlap with Yong 2020[53] and Wei 2020[46] summarised separately

	Qian 2020[37]
	Cluster/outbreak investigation (case study/series)
	China
	People at risk of person-to-person transmission of SARS-CoV-2 in community settings
	Presymptomatic or asymptomatic
	No
	Quantitative assessment of SARS-CoV-2 transmission risk
	None

	Qiu 2020a[38]
	Cluster/outbreak investigation (case study/series)
	China
	People at risk of person-to-person transmission of SARS-CoV-2 in community settings
	Asymptomatic
	No
	Qualitative assessment of SARS-CoV-2 transmission risk
	None

	Qiu 2020b[39]
	Cluster/outbreak investigation (case study/series)
	China
	People at risk of person-to-person transmission of SARS-CoV-2 in community settings
	Presymptomatic
	No
	Qualitative assessment of SARS-CoV-2 transmission risk
	None

	Ravaioli 2020[40]
	Cluster/outbreak investigation (case study/series)
	Italy
	People at risk of person-to-person transmission of SARS-CoV-2 in nosocomial setting
	Presymptomatic
	No
	Quantitative assessment of SARS-CoV-2 transmission risk
	PPE in use

	Rothe 2020;[41] Kupferschmidt 2020;[26] Bohmer 2020[7]
	Cluster/outbreak investigation (case study/series)
	Germany
	People at risk of person-to-person transmission of SARS-CoV-2 in community setting
	Presymptomatic or pauci-symptomatic
	No
	Qualitative assessment of SARS-CoV-2 transmission risk
	Multiple reports of, or commentary on, same cluster/outbreak

	Scott 2020[42]
	Cluster/outbreak investigation (case study/series)
	USA
	People at risk of person-to-person transmission of SARS-CoV-2 in community and nosocomial settings
	Asymptomatic
	No
	Quantitative assessment of SARS-CoV-2 transmission risk
	Some PPE in use

	Song 2020[43]
	Cluster/outbreak investigation (case study/series)
	China
	People at risk of person-to-person transmission of SARS-CoV-2 in community setting
	Presymptomatic
	No
	Qualitative assessment of SARS-CoV-2 transmission risk
	None

	Tong 2020[44]
	Cluster/outbreak investigation (case study/series)
	China
	People at risk of person-to-person transmission of SARS-CoV-2 in community settings
	Presymptomatic
	No
	Qualitative assessment of SARS-CoV-2 transmission risk
	None

	Wan 2020[45]
	Mathematical modelling of epidemic spread
	China
	People at risk of person-to-person transmission of SARS-CoV-2 in any setting
	Susceptible
Exposed
Infectious with symptoms
Infectious but asymptomatic
Isolated susceptible
Quarantined infected awaiting confirmation
Hospitalised
Recovered (including recovered after being hospitalised)
Dead
	Yes
	Quantitative assessment of SARS-CoV-2 transmission risk
	None

	Wei 2020[46]
	Cluster/outbreak investigation (case study/series)
	Singapore
	People at risk of person-to-person transmission of SARS-CoV-2 in community settings
	Presymptomatic
	No
	Qualitative assessment of SARS-CoV-2 transmission risk
	Multiple clusters/outbreaks reported in same article; overlap with Yong 2020[53] and Pung 2020[36] summarised separately

	Wu 2020;[47] Yang 2020;[50] Liu 2020c[32]
	Cluster/outbreak investigation (case study/series)
	China
	People at risk of person-to-person transmission of SARS-CoV-2 in community setting
	Presymptomatic
Symptomatic
	No
	Qualitative assessment of SARS-CoV-2 transmission risk
	Multiple reports of same cluster/outbreak

	Xia 2020[48]
	Cluster/outbreak investigation (case study/series)
	China
	People at risk of person-to-person transmission of SARS-CoV-2 in community settings
	Presymptomatic
	No
	Qualitative assessment of SARS-CoV-2 transmission risk
	None

	Xiao 2020[49]
	Cluster/outbreak investigation (case study/series)
	China
	People at risk of person-to-person transmission of SARS-CoV-2 in community settings
	Presymptomatic
	No
	Qualitative assessment of SARS-CoV-2 transmission risk
	None

	Ye 2020[51]
	Cluster/outbreak investigation (case study/series)
	China
	People at risk of person-to-person transmission of SARS-CoV-2 in community settings
	Presymptomatic
	No
	Qualitative assessment of SARS-CoV-2 transmission risk
	None

	Yong 2020;[53] Pung 2020;[36] Wei 2020[46]
	Cluster/outbreak investigation (case study/series)
	Singapore
	People at risk of person-to-person transmission of SARS-CoV-2 in community setting
	Presymptomatic
	No
	Qualitative assessment of SARS-CoV-2 transmission risk
	Multiple reports of same cluster/outbreak

	Yu 2020[54]
	Cluster/outbreak investigation (case study/series)
	China
	People at risk of person-to-person transmission of SARS-CoV-2 in community settings
	Presymptomatic
	No
	Qualitative assessment of SARS-CoV-2 transmission risk
	None

	Zhang 2020a[55]
	Cluster/outbreak investigation (case study/series)
	China
	People at risk of person-to-person transmission of SARS-CoV-2 in community settings
	Asymptomatic
	No
	Qualitative assessment of SARS-CoV-2 transmission risk
	None

	Zhang 2020b[56]
	Relative transmissibility (nested case–control study)
	China
	People at risk of person-to-person transmission of SARS-CoV-2 in community and nosocomial settings
	Presymptomatic Asymptomatic
	Yes
	Quantitative assessment of SARS-CoV-2 transmission risk
	Cannot rule out overlap with cluster/outbreak investigations

	Zhang 2020c[57]
	Cluster/outbreak investigation (case study/series)
	China
	People at risk of person-to-person transmission of SARS-CoV-2 in community settings
	Presymptomatic or pauci-symptomatic
Symptomatic
	No
	Qualitative assessment of SARS-CoV-2 transmission risk
	None

	Zhao 2020[58]
	Cluster/outbreak investigation (case study/series)
	China
	People at risk of person-to-person transmission of SARS-CoV-2 in community settings
	Uncertain (probably presymptomatic)
	No
	Qualitative assessment of SARS-CoV-2 transmission risk
	None


Studies listed in alphabetical order; grey shading indicates consideration of evidence from outside mainland China
PPE personal protective equipment; SARS-CoV-2 severe acute respiratory syndrome coronavirus 2
Appendix G: Evidence tables
Table G.1 Case series reports investigating clusters/outbreaks and associated transmission chains
	Study identifier
	Index case(s)
	Associated cluster/outbreak
	Case identification and contact tracing
	Exposure and precautions/controls
	Transmission outcomes
	Study qualitya
	Reviewer comments

	Cai 2020[9]
	Source of infection
Temporarily in Wuhan, Hubei province, China

Date(s) of infection
Not reported (returned to Wenzhou, Zhejiang province, China on 18 Dec 2019)
	Setting
Community (shopping centre, office, and associated contacts)

Location
Wenzhou, Zhejiang province, China

Earliest exposure to index case
18 Dec 2019

Latest follow up
12 Feb 2020
	Identification method
SARS-CoV-2 RNA (RT-PCR)

Contact tracing
Extensive (shopping centre staff, office staff, customers, and their contacts)

People tested
Contacts of first symptomatic case and colleague, including index case, and their contacts
	Exposure phase(s) relative to index case’s infection
Presymptomatic (days since index case was infected not calculable)

Symptomatic

Precautions/controls used
Closure of shopping centre
	Transmission demonstrated
Uncertain (possibly presymptomatic)

Attack rate (exposure via index case only)
Not calculable (possibly at least 1 secondary infection resulting from presymptomatic exposure to index case)
	Clear inclusion criteria: yes

Condition measured in standard, reliable way: yes

Valid methods used to identify condition: yes

Consecutive inclusion: not applicable

Complete inclusion: unclear

Clear reporting of demographics: yes

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: yes

Clear reporting of presenting site(s)/clinic(s) demographic information: not applicable

Statistical analysis appropriate: not applicable
	None

	He 2020b[20]
	Source of infection
Not reported (77 transmission pairs investigated, therefore, 77 index cases)

Date(s) of infection
Not reported (on or before 18 Dec 2019 for the first transmission pair)
	Setting
Not reported (mostly community (household or extended family) among transmission pairs)

Location
Mainland China (numbers of transmission pairs in parentheses):
Hefei, Anhui province (8); Nanyang, Henan province (10); Shaanxi province (19); Shenzhen, Guangdong province (10)

Other (numbers of transmission pairs in parentheses):
Chicago, Illinois, USA (1); Hong Kong (8); Japan (12); Malaysia (2); Singapore (1); Taiwan (4); Vietnam (2)

Earliest exposure to index case
18 Dec 2019 (across the 77 transmission pairs)

Latest follow up
5 Mar 2020 (across the 77 transmission pairs)
	Identification method
Laboratory testing (no further details reported)

Contact tracing
No primary contact tracing as part of the study (information about transmission
pairs obtained from public domain sources, such as government and media communications)

People tested
Not reported (but transmission pairs reported as laboratory-confirmed cases)
	Exposure phase(s) relative to index case’s infection
Presymptomatic (days since index case was infected not calculable) or symptomatic (depending on transmission pair)

Precautions/controls used
Home quarantine of some cases among transmission pairs
	Transmission demonstrated
Uncertain (possibly presymptomatic)

Attack rate (exposure via index case only)
Not calculable (possibly at least 3 secondary infections resulting from presymptomatic exposure to 3 index cases, reported as ‘transmission pair 54’ (Nanyang, Henan province, China), ‘transmission pair 63’ (Shaanxi province, China) and ‘transmission pair 68’ (Shaanxi province, China))
	Clear inclusion criteria: yes

Condition measured in standard, reliable way: unclear

Valid methods used to identify condition: unclear

Consecutive inclusion: unclear

Complete inclusion: unclear

Clear reporting of demographics: yes

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: yes

Clear reporting of presenting site(s)/clinic(s) demographic information: not applicable

Statistical analysis appropriate: not applicable
	Serial interval and incubation period distributions (estimated from information about transmission pairs) and viral shedding profiles (relative to onset of symptoms in a separate sample of laboratory-confirmed cases) also reported, but not relevant to this review; no apparent overlap between ‘transmission pair 54’ (Nanyang, Henan province, China), ‘transmission pair 63’ (Shaanxi province, China) or ‘transmission pair 68’ (Shaanxi province, China) and clusters/outbreaks summarised elsewhere in this table, but cannot rule out overlap between other transmission pairs and clusters/outbreaks summarised elsewhere in the table, therefore summarised here in a single row

	Chan 2020[10]
	Source of infection
Visiting relatives in Wuhan, Hubei province, China (possibly 2 index cases with common exposure)

Date(s) of infection
29 Dec 2019 to 4 Jan 2020 (returned to Shenzhen, Guangdong
province, China on 4 Jan 2020)
 
	Setting
Community (household and family gatherings)

Location
Shenzhen, Guangdong
province, China

Earliest exposure to index case
29 Dec 2019

Latest follow up
15 Jan 2020
	Identification method
SARS-CoV-2 RNA (RT-PCR) or radiological (ground-glass appearance on CT scan of the lungs, 1 household member only)

Contact tracing
Limited (extended family only)

People tested
Index case’s household
	Exposure phase(s) relative to index case’s infection
Presymptomatic (< 7 days since either index case was infected)

Symptomatic

Precautions/controls used
Some wearing of surgical masks by index case’s household while visiting relatives in Wuhan, Hubei province, China, including relative in hospital
	Transmission demonstrated
Uncertain (possibly presymptomatic)

Attack rate (exposure via index case only)
Not calculable (possibly at least 3 secondary infections resulting from presymptomatic exposure to either index case)
	Clear inclusion criteria: yes

Condition measured in standard, reliable way: yes

Valid methods used to identify condition: yes

Consecutive inclusion: not applicable

Complete inclusion: unclear

Clear reporting of demographics: yes

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: yes

Clear reporting of presenting site(s)/clinic(s) demographic information: not applicable

Statistical analysis appropriate: not applicable
	None

	Li 2020d[30]
	Source of infection
Not reported (but investigation based in Wuhan, Hubei province, China)

Date(s) of infection
Not reported (but index case had ground-glass appearance on preoperative CT scan of the chest, 3 Jan 2020) 
	Setting
Nosocomial (unrecognised preoperative infection in thoracic surgery department)

Location
Wuhan, Hubei province, China

Earliest exposure to index case
3 Jan 2020 (or before)

Latest follow up
3 Mar 2020
	Identification method
SARS-CoV-2 RNA (RT-PCR) or clinical (symptoms suggesting infection) or radiological (ground-glass appearance on CT scan of the chest)

Contact tracing
Limited (exposure history investigated retrospectively for hospital patients/staff with confirmed infection)

People tested
Suspected cases
	Exposure phase(s) relative to index case’s infection
Presymptomatic (days since index case was infected not calculable)

Precautions/controls used
Hospital quarantine of confirmed cases, closure of hospital to new admissions
	Transmission demonstrated
Uncertain (possibly presymptomatic)

Attack rate (exposure via index case only)
Not calculable (possibly at least 3 secondary infections resulting from presymptomatic exposure to index case)
	Clear inclusion criteria: yes

Condition measured in standard, reliable way: yes

Valid methods used to identify condition: yes

Consecutive inclusion: unclear

Complete inclusion: unclear

Clear reporting of demographics: yes

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: yes

Clear reporting of presenting site(s)/clinic(s) demographic information: not applicable

Statistical analysis appropriate: /not applicable
	Data extracted are for transmission chain associated with ‘patient 01’; no other transmission chains were reported in the article

	Tong 2020[44]
	Source of infection
Living in Wuhan, Hubei province, China

Date(s) of infection
Not reported (travelled to Zhoushan, Zhejiang province, China on 5 Jan 2020)
	Setting
Community (academic conference and associated households)

Location
Zhoushan, Zhejiang province, China

Earliest exposure to index case
5 Jan 2020

Latest follow up
1 Feb 2020
	Identification method
SARS-CoV-2 RNA (RT-PCR)

Contact tracing
Limited (households of 2 conference attendees who dined with index case)

People tested
Households of 2 conference attendees who dined with index case
	Exposure phase(s) relative to index case’s infection
Presymptomatic (days since index case was infected not calculable)

Precautions/controls used
Hospital isolation of confirmed cases, home quarantine for other household members
	Transmission demonstrated
Uncertain (possibly presymptomatic)

Attack rate (exposure via index case only)
Not calculable (possibly at least 1 secondary infection resulting from presymptomatic exposure to index case)
	Clear inclusion criteria: yes

Condition measured in standard, reliable way: yes

Valid methods used to identify condition: yes

Consecutive inclusion: not applicable

Complete inclusion: unclear

Clear reporting of demographics: yes

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: yes

Clear reporting of presenting site(s)/clinic(s) demographic information: not applicable

Statistical analysis appropriate: not applicable
	None

	Bai 2020b[6]
	Source of infection
Living in Wuhan, Hubei province, China

Date(s) of infection
Not reported (travelled to Anyang, Henan province, China on 10 Jan 2020)
	Setting
Community (family gatherings)

Location
Anyang, Henan, province, China

Earliest exposure to index case
10 Jan 2020

Latest follow up
11 Feb 2020
	Identification method
SARS-CoV-2 RNA (RT-PCR)

Contact tracing
Limited (extended family only)

People tested
Extended family, including index case
	Exposure phase(s) relative to index case’s infection
Asymptomatic (no abnormalities on CT scan of the chest; days since index case was infected not calculable)

Precautions/controls used
Isolation of index case for observation after relatives confirmed infected
	Transmission demonstrated
Uncertain (possibly asymptomatic)

Attack rate (exposure via index case only)
Not calculable (possibly at least 1 secondary infection resulting from asymptomatic exposure to index case)
	Clear inclusion criteria: yes

Condition measured in standard, reliable way: yes

Valid methods used to identify condition: yes

Consecutive inclusion: not applicable

Complete inclusion: unclear

Clear reporting of demographics: yes

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: yes

Clear reporting of presenting site(s)/clinic(s) demographic information: not applicable

Statistical analysis appropriate: not applicable
	None

	Xia 2020[48]
	Source of infection
Travelling to Wuhan, Hubei province, China, or having contact with people from
Wuhan, people with confirmed infection or people with respiratory symptoms (50 clusters/outbreaks investigated, therefore, 50 index cases)

Date(s) of infection
10 to 28 Jan 2020 (range across the 50 index cases) 
	Setting
Community (including household or extended family)

Location
China, excluding Hubei province 

Earliest exposure to index case
10 Jan 2020

Latest follow up
16 Feb 2020
	Identification method
Not reported (possibly RT-PCR)

Contact tracing
Extensive (tracing process not reported, but number of clusters/outbreaks investigated suggests systematic approach to contact tracing)

People tested
Not reported (possibly symptomatic cases only)
	Exposure phase(s) relative to index case’s infection
Presymptomatic (days since index case was infected not calculable)

Precautions/controls used
Quarantine of close contacts of symptomatic and test-positive cases
	Transmission demonstrated
Uncertain (possibly presymptomatic)

Attack rate (exposure via index case only)
Not calculable (possibly at least 4 secondary infections resulting from presymptomatic exposure to 4 index cases, reported as ’cluster 5’, ‘cluster 21’, ‘cluster 29’, and ‘cluster 46’)
	Clear inclusion criteria: yes

Condition measured in standard, reliable way: unclear

Valid methods used to identify condition: unclear

Consecutive inclusion: unclear

Complete inclusion: unclear

Clear reporting of demographics: yes

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: yes

Clear reporting of presenting site(s)/clinic(s) demographic information: not applicable

Statistical analysis appropriate: not applicable
	Estimated duration of incubation period also reported, from which proportion of presymptomatic transmission estimated; cannot rule out overlap with other clusters/outbreaks investigated in China, therefore summarised here in a single row

	Kang 2020[25]
	Source of infection
Travelling via Wuhan, Hubei province, China (possibly 2 index cases with common exposure)

Date(s) of infection
11 Jan 2020 (travelled to Guangzhou, Guangdong province, China)
	Setting
Community (family gathering and contact with other residents in apartment building)

Location
Guangzhou, Guangdong province, China

Earliest exposure to index case
11 Jan 2020

Latest follow up
27 Jan 2020 (or after)
	Identification method
SARS-CoV-2 RNA (RT-PCR or genetic sequencing)

Contact tracing
Limited (extended family and household of another resident of apartment building with whom index case had contact)

People tested
Index case’s extended family and other residents in apartment building with whom the index case had contact
	Exposure phase(s) relative to index case’s infection
Presymptomatic (< 7 days since either index case was infected)

Precautions/controls used
Hospital isolation of confirmed cases, no mask worn in apartment building by resident using lift immediately after index case
	Transmission demonstrated
Uncertain (possibly presymptomatic)

Attack rate (exposure via index case only)
Not calculable (possibly at least 2 secondary infections resulting from presymptomatic exposure to index case)
	Clear inclusion criteria: yes

Condition measured in standard, reliable way: yes

Valid methods used to identify condition: yes

Consecutive inclusion: unclear

Complete inclusion: unclear

Clear reporting of demographics: yes

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: yes

Clear reporting of presenting site(s)/clinic(s) demographic information: not applicable

Statistical analysis appropriate: not applicable
	Data extracted are for ‘community infection event’, one of several clusters investigated in the article (the other ‘representatives’ of clusters/outbreaks reported in detail involved symptomatic transmission by index cases)

	Zhang 2020c[57]
	Source of infection
Meeting people in Hangzhou, Zhejiang province, China who were later confirmed as infected

Date(s) of infection
12 and 13 Jan 2020 (discrepancy between article text and table, but extracted dates more plausible given overall context of article)
	Setting
Community (household and passengers on return flight from Singapore to Hangzhou, Zhejiang province, China)

Location
Hangzhou, Zhejiang province, China (after returning from Singapore)

Earliest exposure to index case
12 Jan 2020

Latest follow up
9 Feb 2020
	Identification method
SARS-CoV-2 RNA (RT-PCR)

Contact tracing
Limited (index case’s household and close contacts during flight from Singapore)

People tested
Index case’s household
	Exposure phase(s) relative to index case’s infection
Presymptomatic (< 7 days since index case was infected)

Symptomatic

Precautions/controls used
Quarantine by airport authorities of index case’s household and close contacts among passengers and crew on return flight from Singapore
	Transmission demonstrated
Uncertain (possibly pauci-symptomatic)

Attack rate (exposure via index case only)
Not calculable (possibly at least 1 secondary infection resulting from presymptomatic or pauci-symptomatic exposure to index case)
	Clear inclusion criteria: yes

Condition measured in standard, reliable way: yes

Valid methods used to identify condition: yes

Consecutive inclusion: not applicable

Complete inclusion: unclear

Clear reporting of demographics: yes

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: yes

Clear reporting of presenting site(s)/clinic(s) demographic information: not applicable

Statistical analysis appropriate: not applicable
	Data extracted are for ‘case cluster 1’ in which the index case’s household travelled on holiday to Singapore on 19 Jan 2020, returning to Hangzhou, Zhejiang province, China on 22 Jan 2020; no data relevant to this review could be extracted for ‘case cluster 2’, which relates to an international tour group that visited Singapore and Malaysia (no apparent overlap with ‘cluster A’ tour group of Pung 2020)[36]

	Wu 2020;[47] Yang 2020;[50] Liu 2020c[32]
	Source of infection
Uncertain (possibly related to employee visiting wholesale markets on or before 12 and 13 Jan 2020)

Date(s) of infection
Uncertain (possibly 12 to 13 Jan 2020 – see under source of infection above)
	Setting
Community (department store)

Location
Tianjin, China

Earliest exposure to index case
12 Jan 2020

Latest follow up
18 Feb 2020 (Wu 2020)[47], 20 Feb 2020 (Yang 2020)[50] or 22 Feb 2020 (Liu 2020c)[32]
	Identification method
SARS-CoV-2 RNA (RT-PCR (Liu 2020c))[32]

Contact tracing
Limited (staff, customers and possibly their close contacts, including family members)

People tested
Not reported
	Exposure phase(s) relative to index case’s infection
Presymptomatic (7 to 10 days since index case was infected)

Symptomatic

Precautions/controls used
Disinfection and closure of department store after cluster recognised, surrounding roads disinfected, centralised/home isolation/quarantine of staff and customers
	Transmission demonstrated
Uncertain (possibly presymptomatic)

Attack rate (exposure via index case only)
Not calculable (possibly at least 6 customers with confirmed infection resulting from presymptomatic exposure)
	Clear inclusion criteria: unclear

Condition measured in standard, reliable way: yes

Valid methods used to identify condition: yes

Consecutive inclusion: not applicable

Complete inclusion: unclear

Clear reporting of demographics: unclear

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: unclear

Clear reporting of presenting site(s)/clinic(s) demographic information: not applicable

Statistical analysis appropriate: not applicable
	Articles published in Chinese and incomplete translation might account for some lack of clarity in reporting; unless otherwise stated data extracted from Wu 2020,[47] which focused solely on the cluster/outbreak summarised here; Yang 2020[50] reported 377 clusters/outbreaks outside Hubei province, China, including a detailed description of the cluster/outbreak summarised here (another cluster/outbreak reported in detail did not describe the transmission chain and so no data relevant to this review could be extracted); unable to fully translate example of family cluster/outbreak also reported in Liu 2020c,[32] which might refer to presymptomatic transmission

	Gao 2020a[14]
	Source of infection
Unknown

Date(s) of infection
Unknown
	Setting
Nosocomial (unrecognised infection in emergency department)

Location
Guangzhou, Guangdong
province, China

Earliest exposure to index case
13 Jan 2020

Latest follow up
2 Mar 2020
	Identification method
SARS-CoV-2 RNA (RT-PCR)

Contact tracing
Extensive (screening of hospital patients, visitors (family members) and staff)

People tested
Patients, including index case, at least some of the visitors, and staff
	Exposure phase(s) relative to index case’s infection
Asymptomatic (except for shortness of breath associated with underlying health condition and non-COVID-19 abnormalities on CT scan of the chest; days since index case was infected not calculable)

Precautions/controls used
Hospital quarantine of index case, other patients and visitors, all of whom wore masks except when eating or drinking; hospital staff wore N95 respirators, isolation gowns and goggles
	Transmission demonstrated
No (exposure to asymptomatic case with PPE in use)

Attack rate (exposure via index case only)
0% (0/455) with PPE in use (95% CI 0% to 0.8%; calculated by HIS team)
	Clear inclusion criteria: yes

Condition measured in standard, reliable way: yes

Valid methods used to identify condition: yes

Consecutive inclusion: not applicable

Complete inclusion: yes

Clear reporting of demographics: yes

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: yes

Clear reporting of presenting site(s)/clinic(s) demographic information: yes

Statistical analysis appropriate: not applicable
	None

	Li 2020a[27]
	Source of infection
Travelling via Wuhan, Hubei province, China

Date(s) of infection
14 Jan 2020 (travelled to Xuzhou, Jiangsu province, China on 14 Jan 2020)
	Setting
Community (households and family gatherings) and nosocomial (hospital ward visited by index case)

Location
Xuzhou, Jiangsu province, China

Earliest exposure to index case
14 Jan 2020

Latest follow up
17 Feb 2020
	Identification method
SARS-CoV-2 RNA (RT-PCR)

Contact tracing
Limited (households, extended family, hospital patients and visitors)

People tested
Index case’s extended family, another hospital patient and their extended family)
	Exposure phase(s) relative to index case’s infection
Presymptomatic (< 7 days since index case was infected)

Symptomatic

Precautions/controls used
Not reported
	Transmission demonstrated
Uncertain (possibly presymptomatic)

Attack rate (exposure via index case only)
Not calculable (possibly at least 1 secondary infection resulting from presymptomatic exposure to index case)
	Clear inclusion criteria: yes

Condition measured in standard, reliable way: yes

Valid methods used to identify condition: yes

Consecutive inclusion: not applicable

Complete inclusion: unclear

Clear reporting of demographics: yes

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: yes

Clear reporting of presenting site(s)/clinic(s) demographic information: unclear

Statistical analysis appropriate: not applicable
	None

	Yu 2020[54]
	Source of infection
Living in Wuhan, Hubei province, China (possibly 2 index cases)

Date(s) of infection
Not reported (travelled to Shanghai, China on 15 Jan 2020)
	Setting
Community (household and family gathering)

Location
Shanghai, China

Earliest exposure to index case
15 Jan 2020

Latest follow up
25 Jan 2020
	Identification method
SARS-CoV-2 RNA (RT-PCR)

Contact tracing
Limited (extended family only)

People tested
Index cases and extended family
	Exposure phase(s) relative to index case’s infection
Presymptomatic (days since index case was infected not calculable)

Precautions/controls used
Hospital isolation of suspected cases
	Transmission demonstrated
Yes (presymptomatic)

Attack rate (exposure via index case only)
Not calculable (at least 1 secondary infection resulting from presymptomatic exposure, direction of transmission uncertain)
	Clear inclusion criteria: yes

Condition measured in standard, reliable way: yes

Valid methods used to identify condition: yes

Consecutive inclusion: not applicable

Complete inclusion: unclear

Clear reporting of demographics: yes

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: yes

Clear reporting of presenting site(s)/clinic(s) demographic information: not applicable

Statistical analysis appropriate: not applicable
	None

	Guan 2020[17]
	Source of infection
Living in Xiaogan, Hubei province, China

Date(s) of infection
Not reported (travelled to Wuhan, Hubei province, China on 15 Jan 2020, and on to Beijing, China on 16 Jan 2020)
	Setting
Community (household, family gatherings and visiting friends)

Location
Wuhan, Hubei province and Beijing, China

Earliest exposure to index case
15 Jan 2020

Latest follow up
18 Feb 2020
	Identification method
SARS-CoV-2 RNA (RT-PCR)

Contact tracing
Limited (household, extended family, friends and their extended families)

People tested
Index case, extended family, friends and their extended family 
	Exposure phase(s) relative to index case’s infection
Presymptomatic (days since index case was infected not calculable)

Symptomatic

Precautions/controls used
Index case ‘wore a mask throughout’, friends wore masks during train journey to Beijing, other contacts mainly home isolation following exposure to index case
	Transmission demonstrated
Uncertain (possibly presymptomatic)

Attack rate (exposure via index case only)
Not calculable (direction of transmission between presumed index case and friends uncertain, incomplete contact tracing and denominator not reported)
	Clear inclusion criteria: yes

Condition measured in standard, reliable way: yes

Valid methods used to identify condition: yes

Consecutive inclusion: not applicable

Complete inclusion: unclear

Clear reporting of demographics: yes

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: yes

Clear reporting of presenting site(s)/clinic(s) demographic information: not applicable

Statistical analysis appropriate: not applicable
	None

	Xiao 2020[49]
	Source of infection
Visiting gym used by confirmed cases in Bengbu, Anhui province, China

Date(s) of infection
15 to 18 Jan 2020 (travelled to Shanghai, China on 19 Jan 2020)
	Setting
Community (family gatherings, visiting friends)

Location
Bengbu, Anhui province and Shanghai, China

Earliest exposure to index case
15 Jan 2020 (or later)

Latest follow up
21 Feb 2020
	Identification method
SARS-CoV-2 RNA (RT-PCR)

Contact tracing
Extensive (investigated all close contacts of index case, including family members and healthcare workers)

People tested
Unclear (possibly symptomatic cases only)
	Exposure phase(s) relative to index case’s infection
Presymptomatic (< 7 days since index case was infected)

Precautions/controls used
Home/hospital isolation of close contacts of suspected cases, 1 case wore a mask on the way to work
	Transmission demonstrated
Uncertain (possibly presymptomatic)

Attack rate (exposure via index case only)
Not calculable (transmission chain unclear and denominator not reported)
	Clear inclusion criteria: yes

Condition measured in standard, reliable way: yes

Valid methods used to identify condition: yes

Consecutive inclusion: not applicable

Complete inclusion: unclear

Clear reporting of demographics: unclear

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: unclear

Clear reporting of presenting site(s)/clinic(s) demographic information: not applicable

Statistical analysis appropriate: not applicable
	Article published in Chinese and incomplete translation might account for some lack of clarity in reporting

	Song 2020[43]
	Source of infection
Attending work meeting in Beijing, China (or travelling via Wuhan, Hubei province, China, alternative index case)

Date(s) of infection
15 Jan 2020 (or 19 Jan 2020, alternative index case; travelled to Beijing, China on 19 Jan 2020)
	Setting
Community (family gatherings)

Location
Beijing, China

Earliest exposure to index case
15 or 19 Jan 2020

Latest follow up
6 Mar 2020
	Identification method
SARS-CoV-2 RNA (RT-PCR)

Contact tracing
Limited (extended family only)

People tested
Extended family, including both possible index cases (possibly suspected cases only)
	Exposure phase(s) relative to index case’s infection
Presymptomatic (< 7 days since either index case was infected)

Precautions/controls used
Not reported
	Transmission demonstrated
Uncertain (presymptomatic)

Attack rate (exposure via index case only)
Not calculable (possibly at least 2 secondary infections resulting from presymptomatic exposure, direction of transmission uncertain)
	Clear inclusion criteria: yes

Condition measured in standard, reliable way: yes

Valid methods used to identify condition: yes

Consecutive inclusion: not applicable

Complete inclusion: unclear

Clear reporting of demographics: yes

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: yes

Clear reporting of presenting site(s)/clinic(s) demographic information: not applicable

Statistical analysis appropriate: not applicable
	Data extracted are for ‘family B’; data not extracted for 3 other family clusters/outbreaks involving symptomatic transmission

	Scott 2020[42]
	Source of infection
Visiting family in Wuhan and other locations in Hubei province, China

Date(s) of infection
7 to 19 Jan 2020 (travelled to Maricopa County, Arizona, USA 19 Jan 2020)
	Setting
Community (household and rideshare partners) and nosocomial (through contact with healthcare setting)

Location
Maricopa County, Arizona, USA

Earliest exposure to index case
Before 19 Jan 2020

Latest follow up
5 Mar 2020
	Identification method
SARS-CoV-2 RNA (RT-PCR)

Contact tracing
Limited (people exposed to index case from 1 day before clinical samples obtained, including household, rideshare partners and healthcare workers)

People tested
Index case, other suspected (symptomatic) cases and high-risk contacts (prolonged contact (>= 10 minutes) at < 2 metres)
	Exposure phase(s) relative to index case’s infection
Asymptomatic (except for ‘previously existing mild non-productive cough’; 11 to 14 days since index case was infected)

Precautions/controls used
Index case wore a mask while travelling to clinic and during clinic visit, and while in same room as housemates after returning home; home quarantine with separate accommodation for housemates; home quarantine for healthcare workers with high-risk exposure (close contact or not using recommended PPE)
	Transmission demonstrated
No (asymptomatic, except for pre-existing cough, some PPE use)

Attack rate (exposure via index case only)
0% (0/10) among high-risk contacts; possibility of PPE being used (95% CI 0% to 31%; calculated by HIS team)
	Clear inclusion criteria: yes

Condition measured in standard, reliable way: yes

Valid methods used to identify condition: yes

Consecutive inclusion: not applicable

Complete inclusion: unclear

Clear reporting of demographics: unclear

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: yes

Clear reporting of presenting site(s)/clinic(s) demographic information: not applicable

Statistical analysis appropriate: not applicable
	None

	Qian 2020[37]
	Source of infection
Visiting temple in Zhejiang province, China (2 index cases with common exposure)

Date(s) of infection
19 Jan 2020
	Setting
Community (household and family gatherings)

Location
Zhejiang province, China

Earliest exposure to index case
19 Jan 2020

Latest follow up
11 Feb 2020
	Identification method
SARS-CoV-2 RNA (RT-PCR)

Contact tracing
Limited (extended family only)

People tested
Extended family, including index cases
	Exposure phase(s) relative to index case’s infection
Presymptomatic (< 7 days since index case was infected) or asymptomatic (no testing/investigations other than RT-PCR reported; < 7 days since index case was infected)

Precautions/controls used
Hospital quarantine for contacts
	Transmission demonstrated
Uncertain (possibly presymptomatic, assuming first index case infected first; second index patient asymptomatic and tested positive after first index case)

Attack rate (exposure via index case only)
75% (3/4), or 80% (4/5) if second index case counted as exposed (95% CI 19% to 99% or 28% to 99%, respectively; calculated by HIS team)
	Clear inclusion criteria: yes

Condition measured in standard, reliable way: yes

Valid methods used to identify condition: yes

Consecutive inclusion: not applicable

Complete inclusion: unclear

Clear reporting of demographics: yes

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: yes

Clear reporting of presenting site(s)/clinic(s) demographic information: not applicable

Statistical analysis appropriate: not applicable
	None

	Huang 2020a[23]
	Source of infection
Working in Wuhan, Hubei province, China

Date(s) of infection
7 to 19 Jan 2020
	Setting
Community (household, family gathering and meetings with friends in restaurants and karaoke room)

Location
Hefei (including Feidong), Anhui province, China

Earliest exposure to index case
19 Jan 2020

Latest follow up
20 Feb 2020
	Identification method
SARS-CoV-2 RNA (RT-PCR; at least 2 positive test results at least 24 hours apart required for confirmation of infection)

Contact tracing
Extensive (close contacts of index case and their contacts, including households, relatives, classmates, friends,
and healthcare workers where relevant)

People tested
Index case and close contacts
	Exposure phase(s) relative to index case’s infection
Presymptomatic (days since index case was infected not calculable, but <= 12 days since index case was infected)

Precautions/controls used
Hospital/home quarantine of close contacts without symptoms, wearing masks and with emphasis on hand hygiene once symptoms developed; index case visited relatives on 19 Jan 2020 without wearing a mask, but wore a mask while attending outpatient clinic on 22 Jan 2020; healthcare workers used PPE (contact, droplet, and airborne precautions with eye protection) when caring for index case after admission/isolation
	Transmission demonstrated
Yes (presymptomatic)

Attack rate (exposure via index case only)
40% (7/22) among household, extended family and friends of index case with close contact during presymptomatic phase; excludes contacts who reported transient subjective symptoms, but tested negative using RT-PCR (95% CI 14% to 55%; calculated by HIS team)
	Clear inclusion criteria: yes

Condition measured in standard, reliable way: yes

Valid methods used to identify condition: yes

Consecutive inclusion: not applicable

Complete inclusion: yes

Clear reporting of demographics: yes

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: yes

Clear reporting of presenting site(s)/clinic(s) demographic information: not applicable

Statistical analysis appropriate: not applicable
	None

	Yong 2020;[53] Pung 2020;[36] Wei 2020[46]
	Source of infection
Living in Wuhan, Hubei province, China (possibly 2 index cases)

Date(s) of infection
Not reported (travelled to Singapore on 19 Jan 2020 (Pung 2020[36] and Wei 2020))[46]
	Setting
Community (church attendance)

Location
Singapore

Earliest exposure to index case
19 Jan 2020

Latest follow up
26 Feb 2020 (Yong 2020)[53] or 7 Mar 2020 (Pung 2020)[36] or 16 Mar 2020 (Wei 2020)[46]
	Identification method
[bookmark: _Hlk66288397]SARS-CoV-2 RNA (RT-PCR) or serological testing (ELISA and VNT)

Contact tracing
Comprehensive (all people with prolonged contact at < 2 metres from 14 days before symptoms started until isolation of confirmed cases)

People tested
Suspected (symptomatic) cases, including all patients admitted to hospital with pneumonia (ELISA and VNT testing for 1 case who had recovered from infection)

	Exposure phase(s) relative to index case’s infection
Presymptomatic (days since index case was infected not calculable)

Precautions/controls used
Hospital isolation of confirmed cases and centralised/home quarantine of close contacts, supported by active case finding (Pung 2020)[36]
	Transmission demonstrated
Yes (presymptomatic)

Attack rate (exposure via index case only)
Not calculable (at least 3 secondary infections resulting from presymptomatic exposure to index case)
	Clear inclusion criteria: yes

Condition measured in standard, reliable way: yes

Valid methods used to identify condition: yes

Consecutive inclusion: not applicable

Complete inclusion: yes

Clear reporting of demographics: yes

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: yes

Clear reporting of presenting site(s)/clinic(s) demographic information: not applicable

Statistical analysis appropriate: not applicable
	Unless otherwise stated data extracted from Yong 2020,[53] which focused mainly on linking 3 clusters, including ‘church A’ for which data extracted here (data not extracted for ‘family gathering’ or ‘church B’ because these involved symptomatic transmission); ‘cluster C’ of Pung 2020[36] and ‘cluster A’ of Wei 2020[46] assumed to be the same as ‘church A’ of Yong 2020;[53]; Pung 2020[36] focused on first 3 clusters identified in Singapore (‘cluster A’ – tourist group from China and shopworkers – excluded because members of tour group and local shopworker reported as having symptoms concurrently; ‘cluster B’ – company conference summarised separately); primary aim of Wei 2020[46] was to summarise evidence from clusters most likely to demonstrate presymptomatic transmission based on systematic investigation of all confirmed cases in Singapore (7 clusters in total; ‘cluster B’ to ‘cluster G’ summarised separately)

	Zhang 2020a[55]
	Source of infection
Temporarily in Wuhan, Hubei province, China (including visiting relative)

Date(s) of infection
Not reported (travelled to Beijing, China on 19 Jan 2020)
	Setting
Community (household and family gathering)

Location
Beijing, China

Earliest exposure to index case
19 Jan 2020

Latest follow up
29 Feb 2020
	Identification method
SARS-CoV-2 RNA (RT-PCR)

Contact tracing
Limited (extended family only)

People tested
Extended family, including index case
	Exposure phase(s) relative to index case’s infection
Asymptomatic (but with ground-glass appearance on CT scan of the chest; days since index case was infected not calculable)

Precautions/controls used
Hospital isolation of confirmed cases
	Transmission demonstrated
Uncertain (possibly asymptomatic, but with ground-glass appearance on CT scan of the chest)

Attack rate (exposure via index case only)
Not calculable (possibly at least 3 secondary infections resulting from asymptomatic exposure to index case)
	Clear inclusion criteria: yes

Condition measured in standard, reliable way: yes

Valid methods used to identify condition: yes

Consecutive inclusion: not applicable

Complete inclusion: unclear

Clear reporting of demographics: yes

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: yes

Clear reporting of presenting site(s)/clinic(s) demographic information: not applicable

Statistical analysis appropriate: not applicable
	None

	Gao 2020b[15]
	Source of infection
Attending work meeting involving residents of Wuhan, Hubei province, China (meeting location not reported, but index case stayed in same hotel as Wuhan residents)

Date(s) of infection
15 and 16 Jan 2020 (travelled on to Japan on 19 Jan 2020 and returned to Wuxi, Jiangsu province, China on 24 Jan 2020)
	Setting
Community (fellow travellers in tour group visiting Japan and their relatives/friends)

Location
Japan and Wuxi, Jiangsu province, China

Earliest exposure to index case
19 Jan 2020

Latest follow up
11 Mar 2020
	Identification method
SARS-CoV-2 RNA (RT-PCR or genetic sequencing)

Contact tracing
Limited (contacts of first symptomatic case, including tour group visiting Japan and their contacts)

People tested
First symptomatic case and at least some of their contacts, including index case
	Exposure phase(s) relative to index case’s infection
Presymptomatic (< 7 days since index case was infected)

Precautions/controls used
Quarantine of close contacts
	Transmission demonstrated
Uncertain (possibly presymptomatic)

Attack rate (exposure via index case only)
Not calculable (possibly at least 1 secondary infection resulting from presymptomatic exposure to index case)
	Clear inclusion criteria: yes

Condition measured in standard, reliable way: unclear

Valid methods used to identify condition: yes

Consecutive inclusion: not applicable

Complete inclusion: unclear

Clear reporting of demographics: yes

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: yes

Clear reporting of presenting site(s)/clinic(s) demographic information: not applicable

Statistical analysis appropriate: not applicable
	None

	Zhao 2020[58]
	Source of infection
Working in Jingzhou, Hubei province, China

Date(s) of infection
Not reported (travelled to Chongqing, China on 20 Jan 2020)
	Setting
Community (household, relatives, friends, workers in restaurant and Mahjong hall)

Location
Chongqing, China

Earliest exposure to index case
20 Jan 2020

Latest follow up
9 Feb 2020 (or after)
	Identification method
SARS-CoV-2 RNA (PCR, no further details reported)

Contact tracing
Extensive (extended family, fellow students, work colleagues, etc)

People tested
Uncertain (index case and at least some contacts)
	Exposure phase(s) relative to index case’s infection
Uncertain, but probably presymptomatic (days since index case was infected not calculable)

Precautions/controls used
None
	Transmission demonstrated
Uncertain (possibly presymptomatic)

Attack rate (exposure via index case only)
Not calculable (across 3 generations of infection investigated, 18% (13/74) people exposed only ‘during the incubation period’ became infected)
	Clear inclusion criteria: yes

Condition measured in standard, reliable way: unclear

Valid methods used to identify condition: yes

Consecutive inclusion: not applicable

Complete inclusion: unclear

Clear reporting of demographics: unclear

Clear reporting of clinical information: not applicable

Clear reporting of outcomes and follow up: yes

Clear reporting of presenting site(s)/clinic(s) demographic information: not applicable

Statistical analysis appropriate: not applicable
	Article published in Chinese and incomplete translation might account for some lack of clarity in reporting

	Pung 2020[36]
	Source of infection
Living in Wuhan, Hubei province, China or other location in mainland China (several possible index cases)

Date(s) of infection
Not reported (travelled to Singapore on 20 Jan 2020 or before)
	Setting
Community (work meeting/conference involving employees living in 19 countries and their households)

Location
Singapore

Earliest exposure to index case
20 Jan 2020

Latest follow up
7 Mar 2020
	Identification method
SARS-CoV-2 RNA (RT-PCR)

Contact tracing
Comprehensive (all people with contact from 14 days before symptoms started until isolation of confirmed cases, including hotel workers in the conference venue); open source reports used for contacts outside Singapore; active case finding with support from the Malaysian 
International Health Regulation focal point (first symptomatic case was identified in Malaysia after returning from the conference)

People tested
Conference attendees remaining in Singapore
	Exposure phase(s) relative to index case’s infection
Unknown (days since index case was infected not calculable, index case not clearly identified, but assumed to be conference attendee from China)

Precautions/controls used
Hospital isolation of suspected/ confirmed cases, centralised/home quarantine of close contacts (those who had prolonged contact with a confirmed case at < 2 metres), telephone surveillance of other contacts
	Transmission demonstrated
Uncertain (possibly presymptomatic or asymptomatic, but insufficient information about index case to infer symptom status)

Attack rate (exposure via index case only)
Not calculable (at least 7 secondary infections resulting from exposure during the conference, transmission chain uncertain)
	Clear inclusion criteria: yes

Condition measured in standard, reliable way: yes

Valid methods used to identify condition: yes

Consecutive inclusion: not applicable

Complete inclusion: yes

Clear reporting of demographics: unclear

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: yes

Clear reporting of presenting site(s)/clinic(s) demographic information: not applicable

Statistical analysis appropriate: not applicable
	Data extracted are for transmission chain associated with ‘cluster B’ – company conference; article focused on first 3 clusters identified in Singapore (‘cluster A’ – tourist group from China and shopworkers – excluded because members of tour group and local shopworker reported as having symptoms concurrently; ‘cluster C’ – church – summarised alongside Yong 2020[53] and Wei 2020)[46]

	Rothe 2020;[41] Kupferschmidt 2020;[26] Bohmer 2020[7]
	Source of infection
Uncertain (being visited in Shanghai, China by relatives living in Wuhan, Hubei province, China (Bohmer 2020)[7] or sitting near coughing passenger during flight to Munich, Bavaria, Germany)

Date(s) of infection
16 Jan 2020 (visited by relatives; Bohmer 2020)[7] or 19 Jan 2020 (travelled to Munich, Bavaria, Germany)
	Setting
Community (work)

Location
Munich, Bavaria, Germany

Earliest exposure to index case
20 Jan 2020

Latest follow up
5 Feb 2020 (Rothe 2020)[41] or 2 May 2020 (Bohmer 2020)[7]
	Identification method
SARS-CoV-2 RNA (RT-PCR)

Contact tracing
Extensive (all people with confirmed infection linked to index case and their contacts; Bohmer 2020)[7]

People tested
People who had high-risk contact with a confirmed case (cumulative face-to-face contact > 15 minutes, direct contact with secretions or body fluids of confirmed case, or healthcare workers who worked within 2 metres of a confirmed case without PPE) and other symptomatic contacts (Bohmer 2020)[7]
	Exposure phase(s) relative to index case’s infection
Presymptomatic (< 7 days since index case was infected) or pauci-symptomatic (reported originally as asymptomatic; index case had taken medicine containing paracetamol)

Precautions/controls used
Hospital isolation of cases confirmed in Germany; home quarantine for high-risk contacts and company site closed and disinfected after cases confirmed (Bohmer 2020)[7]
	Transmission demonstrated
Uncertain (presymptomatic or pauci-symptomatic)

Attack rate (exposure via index case only)
Not calculable (at least 1 secondary infection resulting from presymptomatic/pauci-symptomatic exposure to index case)
	Clear inclusion criteria: yes

Condition measured in standard, reliable way: yes

Valid methods used to identify condition: yes

Consecutive inclusion: not applicable

Complete inclusion: unclear

Clear reporting of demographics: yes

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: yes

Clear reporting of presenting site(s)/clinic(s) demographic information: not applicable

Statistical analysis appropriate: /not applicable
	Unless otherwise stated data extracted from Rothe 2020;[41] Kupferschmidt 2020[26] and Bohmer 2020[7] reported independent commentary and investigation, respectively, on the same cluster/outbreak

	Huang 2020b[24]
	Source of infection
Travelling via Wuhan, Hubei province, China

Date(s) of infection
21 Jan 2020 (travelled to Nanjing, Jiangsu province, China)
	Setting
Community (household and family gatherings)

Location
Nanjing, Jiangsu province, China

Earliest exposure to index case
21 Jan 2020

Latest follow up
2 Feb 2020
	Identification method
SARS-CoV-2 RNA (PCR, no further details reported)

Contact tracing
Limited (extended family only)

People tested
Extended family, including index case
	Exposure phase(s) relative to index case’s infection
Presymptomatic (days since index case was infected not calculable)

Precautions/controls used
Not reported
	Transmission demonstrated
Uncertain (possibly presymptomatic)

Attack rate (exposure via index case only)
Not calculable (possibly at least 4 secondary infections resulting from presymptomatic exposure to index case)
	Clear inclusion criteria: yes

Condition measured in standard, reliable way: yes

Valid methods used to identify condition: yes

Consecutive inclusion: not applicable

Complete inclusion: unclear

Clear reporting of demographics: unclear

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: yes

Clear reporting of presenting site(s)/clinic(s) demographic information: not applicable

Statistical analysis appropriate: not applicable
	None

	Bae 2020[4]
	Source of infection
Living in Wuhan, Hubei province, China

Date(s) of infection
Not reported (travelled via Yangzhou, Jiangsu province, China to Jeju Island, South Korea on 21 Jan 2020)
	Setting
Community (tourism)

Location
Jeju Island, South Korea

Earliest exposure to index case
21 Jan 2020

Latest follow up
8 Feb 2020
	Identification method
Clinical (symptoms suggesting infection)

Contact tracing
Extensive (based on CCTV in hotel and travel route through Jeju Island, South Korea)

People tested
None (quarantine included monitoring for symptoms, but none were reported)
	Exposure phase(s) relative to index case’s infection
Presymptomatic (days since index case was infected not calculable)

Precautions/controls used
Quarantine of close contacts (duration > 10 seconds) on Jeju Island, South Korea
	Transmission demonstrated
No (presymptomatic)

Attack rate (exposure via index case only)
0% (0/11) among close contacts on Jeju Island, South Korea (95% CI 0% to 28%; calculated by HIS team)
	Clear inclusion criteria: yes

Condition measured in standard, reliable way: unclear

Valid methods used to identify condition: unclear

Consecutive inclusion: not applicable

Complete inclusion: yes

Clear reporting of demographics: unclear

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: yes

Clear reporting of presenting site(s)/clinic(s) demographic information: not applicable

Statistical analysis appropriate: not applicable
	None

	Liu 2020b[31]
	Source of infection
Temporarily living in Wuhan, Hubei province, China

Date(s) of infection
21 Oct 2019 to 20 Jan 2020 (travelled to Taiwan on 20 Jan 2020)
	Setting
Community (household)

Location
Taiwan

Earliest exposure to index case
21 Jan 2020

Latest follow up
11 Feb 2020
	Identification method
SARS-CoV-2 RNA (RT-PCR)

Contact tracing
Limited (household only)

People tested
Index case’s household
	Exposure phase(s) relative to index case’s infection
Presymptomatic (days since index case was infected not calculable)

Precautions/controls used
Not reported
	Transmission demonstrated
Yes (presymptomatic)

Attack rate (exposure via index case only)
100% (1/1) among household members (95% CI 3% to 100%; calculated by HIS team)
	Clear inclusion criteria: yes

Condition measured in standard, reliable way: yes

Valid methods used to identify condition: yes

Consecutive inclusion: not applicable

Complete inclusion: unclear

Clear reporting of demographics: yes

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: yes

Clear reporting of presenting site(s)/clinic(s) demographic information: not applicable

Statistical analysis appropriate: not applicable
	None

	Lu 2020b[34]
	Source of infection
Not reported (index case assumed to be relative resident in Xiangyang, Hubei province, China)

Date(s) of infection
Not reported (travelled to Guangdong province, China on 21 Jan 2020)
	Setting
Community (family gathering)

Location
Guangdong province, China

Earliest exposure to index case
21 Jan 2020

Latest follow up
13 Feb 2020
	Identification method
SARS-CoV-2 RNA (nucleic acid, no further details reported) or radiological (ground-glass appearance on CT scan of the chest, first confirmed case only)

Contact tracing
Unclear (‘close contacts’ of first confirmed case, including extended family)

People tested
Unclear (first confirmed case and at least two contacts, including index case)
	Exposure phase(s) relative to index case’s infection
Asymptomatic (but with ground-glass appearance on CT scan of the chest; days since index case was infected not calculable)

Precautions/controls used
Hospital investigation for contacts of first confirmed case
	Transmission demonstrated
Uncertain (possibly asymptomatic, but with ground-glass appearance on CT scan of the chest)

Attack rate (exposure via index case only)
Not calculable (possibly at least 1 secondary infection resulting from asymptomatic exposure to index case)
	Clear inclusion criteria: unclear

Condition measured in standard, reliable way: unclear

Valid methods used to identify condition: unclear

Consecutive inclusion: not applicable

Complete inclusion: unclear

Clear reporting of demographics: unclear

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: yes

Clear reporting of presenting site(s)/clinic(s) demographic information: not applicable

Statistical analysis appropriate: not applicable
	None

	Hu 2020[22]
	Source of infection
Visiting Huanggang, Hubei province, China

Date(s) of infection
19 to 20 Jan 2020 (returned to Nanjing, Jiangsu province, China on 21 Jan 2020)
	Setting
Community (household)

Location
Nanjing, Jiangsu province, China

Earliest exposure to index case
21 Jan 2020

Latest follow up
18 Feb 2020
	Identification method
SARS-CoV-2 RNA (RT-PCR)

Contact tracing
Extensive (cohabiting family members of confirmed/suspected cases and other close contacts for symptomatic cases as part of larger study)

People tested
Index case and other members of their household
	Exposure phase(s) relative to index case’s infection
Asymptomatic (but with typical signs of viral infection on CT scan of the chest; < 7 days since index case was infected)

Precautions/controls used
Hospital admission for all asymptomatic carriers
	Transmission demonstrated
Yes (asymptomatic, but with typical signs of viral infection on CT scan of the chest)

Attack rate (exposure via index case only)
100% (3/3) assuming all members of index case’s household are reported (95% CI 29% to 100%; calculated by HIS team)
	Clear inclusion criteria: yes

Condition measured in standard, reliable way: yes

Valid methods used to identify condition: yes

Consecutive inclusion: yes

Complete inclusion: yes

Clear reporting of demographics: yes

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: yes

Clear reporting of presenting site(s)/clinic(s) demographic information: yes

Statistical analysis appropriate: not applicable
	Data extracted are for detailed investigation of transmission chain associated with ‘case 13’; part of larger study focused on clinical characteristics of asymptomatic/presymptomatic infections; transmission chains for other cases not reported

	Qiu 2020a[38]
	Source of infection
Various – mainly living in or visiting Wuhan, Hubei province, China or having contact with another person who had been in Wuhan (case ‘C’4’ in ‘cluster 19’ had contact with colleague who had been in Wuhan)

Date(s) of infection
Not reported
	Setting
Community (households, family gatherings, meeting friends, work, shared transport, etc)

Location
Huaihua and Shaoyang, Hunan province, China

Earliest exposure to index case
Before 22 Jan 2020

Latest follow up
12 Feb 2020
	Identification method
SARS-CoV-2 RNA (RT-PCR)

Contact tracing
Extensive (contact history investigated for all confirmed cases)

People tested
Not reported (but includes case ‘C’4’ and subsequent cases in ‘cluster 19’; retrospective study of confirmed cases to explore their contact history and associated transmission chains)
	Exposure phase(s) relative to index case’s infection
Asymptomatic (‘no symptoms
with a positive result of PCR test’; days since index case was infected not calculable)

Precautions/controls used
‘Level one emergency response’ implemented in Hunan province, China on 24 Jan 2020; PPE used in hospitals (no further details reported)
	Transmission demonstrated
Uncertain (asymptomatic, but uncertain whether e.g. CT scan of the chest performed)

Attack rate (exposure via index case only)
Not calculable (possibly at least 1 secondary infection resulting from asymptomatic exposure to index case ‘C’4’)
	Clear inclusion criteria: yes

Condition measured in standard, reliable way: unclear

Valid methods used to identify condition: yes

Consecutive inclusion: yes

Complete inclusion: yes

Clear reporting of demographics: unclear

Clear reporting of clinical information: unclear

Clear reporting of outcomes and follow up: unclear

Clear reporting of presenting site(s)/clinic(s) demographic information: unclear

Statistical analysis appropriate: not applicable
	Data extracted are for detailed investigation of transmission chain associated with ‘cluster 19’; part of larger study focused on transmission and clinical characteristics of infection (data not extracted for other clusters involving symptomatic transmission or possible asymptomatic transmission, but without testing for SARS-CoV-2 RNA)

	Qiu 2020b[39]
	Source of infection
Working in Wuhan, Hubei province, China (possibly 2 index cases with common exposure)

Date(s) of infection
22 Nov 2019 to 22 Jan 2020 (travelled to Zhengzhou, Henan province, China on 22 Jan 2020)
	Setting
Community (household and family gatherings)

Location
Zhengzhou, Henan province, China

Earliest exposure to index case
22 Jan 2020

Latest follow up
11 Feb 2020
	Identification method
SARS-CoV-2 RNA (RT-PCR)

Contact tracing
Limited (extended family)

People tested
Suspected cases

	Exposure phase(s) relative to index case’s infection
Presymptomatic (days since index case was infected not calculable)

Symptomatic

Precautions/controls used
Hospital isolation of suspected cases
	Transmission demonstrated
Uncertain (possibly presymptomatic)

Attack rate (exposure via index case only)
Not calculable (possibly at least 1 secondary infection resulting from presymptomatic exposure to index case)
	Clear inclusion criteria: unclear

Condition measured in standard, reliable way: unclear

Valid methods used to identify condition: yes

Consecutive inclusion: not applicable

Complete inclusion: unclear

Clear reporting of demographics: yes

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: yes

Clear reporting of presenting site(s)/clinic(s) demographic information: not applicable

Statistical analysis appropriate: not applicable
	Article published in Chinese and incomplete translation might account for some lack of clarity in reporting

	Ye 2020[51]
	Source of infection
Living in Wuhan, Hubei province, China (possibly 3 index cases)

Date(s) of infection
Not reported (travelled to Luzhou, Sichuan province, China on 22 Jan 2020)
	Setting
Community (household and family gatherings)

Location
Luzhou, Sichuan province, China

Earliest exposure to index case
22 Jan 2020

Latest follow up
15 Feb 2020
	Identification method
SARS-CoV-2 RNA (RT-PCR)

Contact tracing
Extensive (44 contacts of first confirmed case admitted to hospital for physical examination)

People tested
Uncertain (but included index case and extended family)
	Exposure phase(s) relative to index case’s infection
Presymptomatic (days since index case was infected not calculable)

Precautions/controls used
Hospital isolation of confirmed cases
	Transmission demonstrated
Yes (presymptomatic)

Attack rate (exposure via index case only)
Not calculable (at least 2 secondary infections resulting from presymptomatic exposure to index case)
	Clear inclusion criteria: yes

Condition measured in standard, reliable way: unclear

Valid methods used to identify condition: yes

Consecutive inclusion: not applicable

Complete inclusion: unclear

Clear reporting of demographics: yes

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: yes

Clear reporting of presenting site(s)/clinic(s) demographic information: not applicable

Statistical analysis appropriate: not applicable
	None

	Lu 2020a[33]
	Source of infection
Living in Wuhan, Hubei province, China (possibly 4 index cases with at least some common exposure)

Date(s) of infection
Not reported (travelled to Guangzhou, Guangdong province, China on 23 Jan 2020)
	Setting
Community (household and restaurant)

Location
Guangzhou, Guangdong province, China

Earliest exposure to index case
24 Jan 2020 (excluding index case’s household)

Latest follow up
10 Feb 2020
	Identification method
SARS-CoV-2 RNA (RT-PCR)

Contact tracing
Extensive (customers and staff present in restaurant at lunchtime on 24 Jan 2020)

People tested
Index case and restaurant contacts
	Exposure phase(s) relative to index case’s infection
Presymptomatic (days since index case was infected not calculable)

Precautions/controls used
Quarantine (location not reported) of customers who ate lunch in the restaurant on 24 Jan 2020
	Transmission demonstrated
Yes (presymptomatic)

Attack rate (exposure via index case only)
Not calculable (at least 2 secondary infections resulting from presymptomatic exposure to the index case)
	Clear inclusion criteria: yes

Condition measured in standard, reliable way: yes

Valid methods used to identify condition: yes

Consecutive inclusion: not applicable

Complete inclusion: yes

Clear reporting of demographics: unclear

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: yes

Clear reporting of presenting site(s)/clinic(s) demographic information: not applicable

Statistical analysis appropriate: not applicable
	None

	Li 2020b[28]
	Source of infection
Visiting relatives in Wuxi, Jiangsu
province, China

Date(s) of infection
26 to 28 Jan 2020 (travelled on to Zhoushan, Zhejiang province, China on 31 Jan 2020)
	Setting
Community (family gatherings)

Location
Zhoushan, Zhejiang province, China

Earliest exposure to index case
31 Jan 2020

Latest follow up
11 Feb 2020
	Identification method
SARS-CoV-2 RNA (RT-PCR)

Contact tracing
Limited (extended family only)

People tested
Extended family, including index case
	Exposure phase(s) relative to index case’s infection
Presymptomatic (< 7 days since index case was infected)

Precautions/controls used
Home quarantine of index case from 29 Jan 2020 (after relatives in Wuxi, Jiangsu province, China identified as suspected cases) not adhered to; hospital isolation from 5 Feb 2020 (after relatives in Wuxi confirmed as infected)
	Transmission demonstrated
Uncertain (possibly presymptomatic)

Attack rate (exposure via index case only)
Not calculable (possibly at least 1 secondary infection resulting from presymptomatic exposure to index case)
	Clear inclusion criteria: yes

Condition measured in standard, reliable way: yes

Valid methods used to identify condition: yes

Consecutive inclusion: not applicable

Complete inclusion: unclear

Clear reporting of demographics: yes

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: yes

Clear reporting of presenting site(s)/clinic(s) demographic information: not applicable

Statistical analysis appropriate: not applicable
	None

	Hijnen 2020[21]
	Source of infection
Working in Milan, Lombardy, Italy (dermatology outpatient clinic)

Date(s) of infection
18 Feb 2020 (travelled to Munich, Bavaria, Germany on or before 20 Feb 2020)
	Setting
Community (work meeting and taxi journey)

Location
Munich, Bavaria Germany

Earliest exposure to index case
20 Feb 2020

Latest follow up
20 Apr 2020
	Identification method
SARS-CoV-2 RNA (RT-PCR) or serological testing (ELISA)

Contact tracing
Limited (meeting attendees, their households, work colleagues, etc)

People tested
Index case and other meeting attendees (except 1 with no signs of infection; ELISA testing for 1 attendee for whom SARS-CoV-2 RNA testing not available)
	Exposure phase(s) relative to index case’s infection
Presymptomatic (< 7 days since index case was infected)

Precautions/controls used
Nobody wore a mask during the meeting; hospital/hotel/home isolation of meeting attendees after index case’s infection confirmed
	Transmission demonstrated
Yes (presymptomatic)

Attack rate (exposure via index case only)
At least 85% (11/13) among meeting attendees (95% CI 55% to 98%; calculated by HIS team)
	Clear inclusion criteria: yes

Condition measured in standard, reliable way: yes

Valid methods used to identify condition: yes

Consecutive inclusion: not applicable

Complete inclusion: yes

Clear reporting of demographics: yes

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: yes

Clear reporting of presenting site(s)/clinic(s) demographic information: not applicable

Statistical analysis appropriate: not applicable
	None

	Wei 2020[46]
	Source of infection
Having dinner with confirmed case, Singapore

Date(s) of infection
15 Feb 2020 (attended singing class on 24 Feb 2020)
	Setting
Community (singing class)

Location
Singapore

Earliest exposure to index case
24 Feb 2020

Latest follow up
29 Feb 2020
	Identification method
SARS-CoV-2 RNA (PCR, no further details reported)

Contact tracing
Extensive (active case finding and monitoring from onset of symptoms)

People tested
Suspected (symptomatic) cases; asymptomatic people tested only for groups at very high risk of infection (e.g. people on evacuation flights from Wuhan, Hubei province, China and households with high attack rates)
	Exposure phase(s) relative to index case’s infection
Presymptomatic (7 to 10 days since index case was infected)

Precautions/controls used
Isolation of confirmed cases and daily monitoring of contacts
	Transmission demonstrated
Uncertain (possibly presymptomatic)

Attack rate (exposure via index case only)
Not calculable (possibly at least 1 secondary infection resulting from presymptomatic exposure to index case)
	Clear inclusion criteria: yes

Condition measured in standard, reliable way: yes

Valid methods used to identify condition: yes

Consecutive inclusion: not applicable

Complete inclusion: yes

Clear reporting of demographics: yes

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: yes

Clear reporting of presenting site(s)/clinic(s) demographic information: not applicable

Statistical analysis appropriate: not applicable
	Data extracted are for ‘cluster B’; primary aim was to summarise evidence from clusters most likely to demonstrate presymptomatic transmission based on systematic investigation of all confirmed cases in Singapore (7 clusters in total; ‘cluster A’ summarised alongside ‘church A’ of Yong 2020[53] and ‘cluster C’ of Pung 2020;[36] remaining clusters summarised separately)

	Wei 2020[46]
	Source of infection
Contact with confirmed case, Singapore

Date(s) of infection
26 Feb 2020
	Setting
Community (household)

Location
Singapore

Earliest exposure to index case
27 Feb 2020

Latest follow up
5 Mar 2020
	Identification method
SARS-CoV-2 RNA (PCR, no further details reported)

Contact tracing
Extensive (active case finding and monitoring from onset of symptoms)

People tested
Suspected (symptomatic) cases; asymptomatic people tested only for groups at very high risk of infection (e.g. people on evacuation flights from Wuhan, Hubei province, China and households with high attack rates)
	Exposure phase(s) relative to index case’s infection
Presymptomatic (< 7 days since index case was infected)

Precautions/controls used
Isolation of confirmed cases and daily monitoring of contacts
	Transmission demonstrated
Uncertain (possibly presymptomatic)

Attack rate (exposure via index case only)
Not calculable (possibly at least 1 secondary infection resulting from presymptomatic exposure to index case)
	Clear inclusion criteria: yes

Condition measured in standard, reliable way: yes

Valid methods used to identify condition: yes

Consecutive inclusion: not applicable

Complete inclusion: yes

Clear reporting of demographics: yes

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: yes

Clear reporting of presenting site(s)/clinic(s) demographic information: not applicable

Statistical analysis appropriate: not applicable
	Data extracted are for ‘cluster C’; primary aim was to summarise evidence from clusters most likely to demonstrate presymptomatic transmission based on systematic investigation of all confirmed cases in Singapore (7 clusters in total; ‘cluster A’ summarised alongside ‘church A’ of Yong 2020[53] and ‘cluster C’ of Pung 2020;[36] remaining clusters summarised separately)

	Wei 2020[46]
	Source of infection
Attending singing class involving confirmed case, Singapore

Date(s) of infection
27 Feb 2020 (attended church on 1 Mar 2020)
	Setting
Community (church)

Location
Singapore

Earliest exposure to index case
1 Mar 2020

Latest follow up
5 Mar 2020
	Identification method
SARS-CoV-2 RNA (PCR, no further details reported)

Contact tracing
Extensive (active case finding and monitoring from onset of symptoms)

People tested
Suspected (symptomatic) cases; asymptomatic people tested only for groups at very high risk of infection (e.g. people on evacuation flights from Wuhan, Hubei province, China and households with high attack rates)
	Exposure phase(s) relative to index case’s infection
Presymptomatic (< 7 days since index case was infected)

Precautions/controls used
Isolation of confirmed cases and daily monitoring of contacts
	Transmission demonstrated
Uncertain (possibly presymptomatic)

Attack rate (exposure via index case only)
Not calculable (possibly at least 2 secondary infections resulting from presymptomatic exposure to index case)
	Clear inclusion criteria: yes

Condition measured in standard, reliable way: yes

Valid methods used to identify condition: yes

Consecutive inclusion: not applicable

Complete inclusion: yes

Clear reporting of demographics: yes

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: yes

Clear reporting of presenting site(s)/clinic(s) demographic information: not applicable

Statistical analysis appropriate: not applicable
	Data extracted are for ‘cluster F’; primary aim was to summarise evidence from clusters most likely to demonstrate presymptomatic transmission based on systematic investigation of all confirmed cases in Singapore (7 clusters in total; ‘cluster A’ summarised alongside ‘church A’ of Yong 2020[53] and ‘cluster C’ of Pung 2020;[36] remaining clusters summarised separately)

	Wei 2020[46]
	Source of infection
Contact with patient with pneumonia, the Philippines

Date(s) of infection
23 Feb to 2 Mar 2020 (returned to Singapore on or after 2 Mar 2020)
	Setting
Community (household)

Location
Singapore

Earliest exposure to index case
3 Mar 2020

Latest follow up
8 Mar 2020
	Identification method
SARS-CoV-2 RNA (PCR, no further details reported)

Contact tracing
Extensive (active case finding and monitoring from onset of symptoms)

People tested
Suspected (symptomatic) cases; asymptomatic people tested only for groups at very high risk of infection (e.g. people on evacuation flights from Wuhan, Hubei province, China and households with high attack rates)
	Exposure phase(s) relative to index case’s infection
Presymptomatic (days since index case was infected not calculable, but <= 13 days since index case was infected)

Precautions/controls used
Isolation of confirmed cases and daily monitoring of contacts
	Transmission demonstrated
Uncertain (possibly presymptomatic)

Attack rate (exposure via index case only)
Not calculable (possibly at least 1 secondary infection resulting from presymptomatic exposure to index case)
	Clear inclusion criteria: yes

Condition measured in standard, reliable way: yes

Valid methods used to identify condition: yes

Consecutive inclusion: not applicable

Complete inclusion: yes

Clear reporting of demographics: yes

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: yes

Clear reporting of presenting site(s)/clinic(s) demographic information: not applicable

Statistical analysis appropriate: not applicable
	Data extracted are for ‘cluster D’; primary aim was to summarise evidence from clusters most likely to demonstrate presymptomatic transmission based on systematic investigation of all confirmed cases in Singapore (7 clusters in total; ‘cluster A’ summarised alongside ‘church A’ of Yong 2020[53] and ‘cluster C’ of Pung 2020;[36] remaining clusters summarised separately)

	Hamner 2020[18]
	Source of infection
Not reported (index case assumed to be choir member who attended practice on 3 Mar 2020 and developed symptoms on 7 Mar 2020)

Date(s) of infection
Before 7 Mar 2020
	Setting
Community (choir practice)

Location
Skagit County, Washington, USA

Earliest exposure to index case
3 Mar 2020 (or before)

Latest follow up
10 Apr 2020
	Identification method
SARS-CoV-2 RNA (RT-PCR) or clinical (symptoms suggesting infection)

Contact tracing
Limited (choir members only)

People tested
Index case and some other choir members (no further details reported)
	Exposure phase(s) relative to index case’s infection
Presymptomatic (days since index case was infected not calculable)

Symptomatic

Precautions/controls used
Self-isolation/quarantine of some choir members from 17 Mar 2020 in response to email from choir director confirming infection in at least 1 member of the choir and emphasising importance of social distancing and awareness of symptoms; formal instruction to quarantine from 18 Mar 2020 for choir members who had not already developed symptoms
	Transmission demonstrated
Uncertain (possibly presymptomatic)

Attack rate (exposure via index case only)
5% (1/21) among choir members who attended practice only on 3 Mar 2020; the single case in the numerator did not receive a laboratory test, but had symptoms suggesting infection (95% CI 0.1% to 24%; calculated by HIS team)
	Clear inclusion criteria: yes

Condition measured in standard, reliable way: unclear

Valid methods used to identify condition: unclear

Consecutive inclusion: not applicable

Complete inclusion: yes

Clear reporting of demographics: unclear

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: yes

Clear reporting of presenting site(s)/clinic(s) demographic information: not applicable

Statistical analysis appropriate: not applicable
	Data extracted are for choir practice on 3 Mar 2020; article highlighted choir practice on 10 Mar 2020 as being more likely transmission event from symptomatic index case to other members of the choir (further analyses related to 10 Mar 2020 choir practice not extracted); exposure histories of index case and other choir members unclear (2/37 choir members attended neither the 3 nor 10 Mar 2020 practices, but developed symptoms suggesting infection)

	Wei 2020[46]
	Source of infection
Travelling to Indonesia

Date(s) of infection
3 to 7 Mar 2020 (returned to Singapore on or after 7 Mar 2020)
	Setting
Community (index case ‘met a woman’, no further details reported)

Location
Singapore

Earliest exposure to index case
8 Mar 2020

Latest follow up
12 Mar 2020
	Identification method
SARS-CoV-2 RNA (PCR, no further details reported)

Contact tracing
Extensive (active case finding and monitoring from onset of symptoms)

People tested
Suspected (symptomatic) cases; asymptomatic people tested only for groups at very high risk of infection (e.g. people on evacuation flights from Wuhan, Hubei province, China and households with high attack rates)
	Exposure phase(s) relative to index case’s infection
Presymptomatic (< 7 days since index case was infected)

Precautions/controls used
Isolation of confirmed cases and daily monitoring of contacts
	Transmission demonstrated
Uncertain (possibly presymptomatic)

Attack rate (exposure via index case only)
Not calculable (possibly at least 1 secondary infection resulting from presymptomatic exposure to index case)
	Clear inclusion criteria: yes

Condition measured in standard, reliable way: yes

Valid methods used to identify condition: yes

Consecutive inclusion: not applicable

Complete inclusion: yes

Clear reporting of demographics: yes

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: yes

Clear reporting of presenting site(s)/clinic(s) demographic information: not applicable

Statistical analysis appropriate: not applicable
	Data extracted are for ‘cluster G’; primary aim was to summarise evidence from clusters most likely to demonstrate presymptomatic transmission based on systematic investigation of all confirmed cases in Singapore (7 clusters in total; ‘cluster A’ summarised alongside ‘church A’ of Yong 2020[53] and ‘cluster C’ of Pung 2020;[36] remaining clusters summarised separately)

	Baettig 2020[5]
	Source of infection
Recreational visit to the Alps, Switzerland

Date(s) of infection
8 Mar 2020
	Setting
Community (military recruit school)

Location
Monte Ceneri, Ticino, Switzerland

Earliest exposure to index case
8 Mar 2020

Latest follow up
27 Mar 2020
	Identification method
SARS-CoV-2 RNA (PCR, no further details reported)

Contact tracing
Limited (contacts in military school only)

People tested
Index case and symptomatic contacts
	Exposure phase(s) relative to index case’s infection
Presymptomatic (< 7 days since index case was infected)

Precautions/controls used
Isolation of index case after infection confirmed; quarantine of close contacts (< 2 metres for > 15 minutes in the 48 hours before index case developed symptoms) in separate
military barrack
	Transmission demonstrated
Uncertain (possibly presymptomatic) 

Attack rate (exposure via index case only)
2% (1/55); another 6 people with symptoms suggesting infection tested negative using PCR (95% CI 0.05% to 10%; calculated by HIS team)
	Clear inclusion criteria: unclear

Condition measured in standard, reliable way: yes

Valid methods used to identify condition: yes

Consecutive inclusion: not applicable

Complete inclusion: yes

Clear reporting of demographics: yes

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: yes

Clear reporting of presenting site(s)/clinic(s) demographic information: yes

Statistical analysis appropriate: not applicable
	Possibility of symptomatic exposure of index case’s close contacts not reported (contact tracing based on index case’s presymptomatic phase) 

	Wei 2020[46]
	Source of infection
Travelling to Japan

Date(s) of infection
29 Feb to 8 Mar 2020 (returned to Singapore on or after 8 Mar 2020)
	Setting
Community (household)

Location
Singapore

Earliest exposure to index case
9 Mar 2020

Latest follow up
11 Mar 2020
	Identification method
SARS-CoV-2 RNA (PCR, no further details reported)

Contact tracing
Extensive (active case finding and monitoring from onset of symptoms)

People tested
Suspected (symptomatic) cases; asymptomatic people tested only for groups at very high risk of infection (e.g. people on evacuation flights from Wuhan, Hubei province, China and households with high attack rates)
	Exposure phase(s) relative to index case’s infection
Presymptomatic (days since index case was infected not calculable, but <= 9 days since index case was infected)

Precautions/controls used
Isolation of confirmed cases and daily monitoring of contacts
	Transmission demonstrated
Uncertain (possibly presymptomatic)

Attack rate (exposure via index case only)
Not calculable (possibly at least 1 secondary infection resulting from presymptomatic exposure to index case)
	Clear inclusion criteria: yes

Condition measured in standard, reliable way: yes

Valid methods used to identify condition: yes

Consecutive inclusion: not applicable

Complete inclusion: yes

Clear reporting of demographics: yes

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: yes

Clear reporting of presenting site(s)/clinic(s) demographic information: not applicable

Statistical analysis appropriate: not applicable
	Data extracted are for ‘cluster E’; primary aim was to summarise evidence from clusters most likely to demonstrate presymptomatic transmission based on systematic investigation of all confirmed cases in Singapore (7 clusters in total; ‘cluster A’ summarised alongside ‘church A’ of Yong 2020[53] and ‘cluster C’ of Pung 2020;[36] remaining clusters summarised separately)

	Ravaioli 2020[40]
	Source of infection
Not reported

Date(s) of infection
Not reported
	Setting
Nosocomial (transplant surgery department)

Location
Bologna, Emilia-Romagna, Italy

Earliest exposure to index case
Not reported (article received 6 Apr 2020, first published 5 May 2020)

Latest follow up
Not reported (article received 6 Apr 2020, first published 5 May 2020)
	Identification method
SARS-CoV-2 RNA (RT-PCR)

Contact tracing
Limited (patients on whom surgeon had operated during presymptomatic phase and clinical colleagues)

People tested
Index case (surgeon) and contacts (patients and clinical colleagues)
	Exposure phase(s) relative to index case’s infection
Presymptomatic (days since index case was infected not calculable)

Precautions/controls used
Home quarantine for surgeon once infection confirmed, PPE used while working in presymptomatic phase (hand hygiene, surgical mask and gloves for preoperative visits and standard surgical procedures); clinical colleagues used PPE (surgical masks when distance < 1 metre and gloves for any contact)
	Transmission demonstrated
No (exposure to presymptomatic case with PPE in use)

Attack rate (exposure via index case only)
0% (0/28) among patients on whom surgery performed by index case and clinical colleagues, with PPE in use (95% CI 0% to 12%; calculated by HIS team)
	Clear inclusion criteria: yes

Condition measured in standard, reliable way: yes

Valid methods used to identify condition: yes

Consecutive inclusion: yes

Complete inclusion: yes

Clear reporting of demographics: unclear

Clear reporting of clinical information: yes

Clear reporting of outcomes and follow up: unclear

Clear reporting of presenting site(s)/clinic(s) demographic information: unclear

Statistical analysis appropriate: not applicable
	None


Studies listed in chronological order; grey shading indicates consideration of evidence from outside mainland China; italics indicate consideration of asymptomatic transmission
CI confidence interval; COVID-19 coronavirus disease 2019; CT computerised tomography; ELISA enzyme-linked immunosorbent assay; HIS Healthcare Infection Society; PCR polymerase chain reaction; PPE personal protective equipment; RNA ribonucleic acid; RT-PCR reverse transcription PCR; SARS-CoV-2 severe acute respiratory syndrome coronavirus 2; VNT virus neutralisation test
a Assessed using Joanna Briggs Institute critical appraisal checklist for case series (response options for each criterion are yes/no/unclear/not applicable)
Table G.2 Comparative observational studies investigating relative transmissibility
	Study identifier
	Index case(s) and study design
	Associated cluster/outbreak
	Case identification and contact tracing
	Exposure and precautions/controls
	Transmission outcomes
	Study qualitya
	Reviewer comments

	Chen 2020;[11] He 2020a;[19] Yin 2020[52]
	Source of infection
Not reported (but refers to undiagnosed imported cases before 14 Jan 2020; multiple index cases, including 1 super-spreader (resulting in at least 10 secondary infections), identified via active surveillance – see under study design below)

Date(s) of infection
Not reported

Study design
Observational (prospective index case identification with contact tracing via ‘continuous isolation medical observations of new coronavirus pneumonia cases and close contacts of asymptomatic infections’ (using contract tracing surveillance data; He 2020a))[19]

Selection criteria
All 161 confirmed (symptomatic; He 2020a)[19] cases and 30 asymptomatic cases between 21 Jan and 6 Mar 2020

Demographic characteristics
Age: not reported
Gender: not reported

Clinical characteristics
Pre-existing conditions: not reported
COVID-19 severity: not reported

Consent
Not reported (but study granted ethical approval)
	Setting
Community (households, family gatherings, religious gatherings, other social contacts (e.g. meeting friends), work, education, shopping, shared transport, etc) and nosocomial (via contact with healthcare settings)

Location
Ningbo, Zhejiang province, China

Earliest exposure to index case
Not reported (first case confirmed 21 Jan 2020; ‘earliest onset’ traced back to 14 Jan 2020)

Latest follow up
Not reported (identification of index cases ended 6 Mar 2020)
	Identification method
SARS-CoV-2 RNA (nucleic acid, no further details reported)

Contact tracing
Extensive (‘close contacts with the case in accordance with clear contact time and the contact time is short, no other close contacts of exposure or exposure history and other relevant principles of judgment chosen in some cases to estimate the incubation period’); total 2147 close contacts

People tested
Not reported (but see under precautions/controls used to right)

Contacts’ demographic characteristics
Age: not reported
Gender: not reported

Contacts’ clinical characteristics
Pre-existing conditions: not reported
	Exposure phase(s) relative to index case’s infection
Asymptomatic (days since index case was infected not calculable; asymptomatic not defined)

Symptomatic

Precautions/controls used
Centralised/home ‘isolation’ of close contacts, with medical observation; for super-spreaders, medical observation period extended to 21 days and testing frequency increased
	Transmission demonstrated
Yes (asymptomatic)

Attack rate
Symptomatic exposure (close contacts of 161 confirmed/symptomatic cases), 6.30% (126/2001) versus asymptomatic exposure (close contacts of 30 asymptomatic cases), 4.11% (6/146)

Chi-squared = 1.28, p = 0.288

RR = 1.5 (95% CI 0.7 to 3.4); He 2020a[19]

Fisher’s exact test, p = 0.84 including secondary infections associated with super-spreader, or p = 0.37 excluding secondary infections associated with super-spreader (Yin 2020)[52]

OR = 1.568 (95% CI 0.679 to 3.620) including secondary infections associated with super-spreader, or OR = 1.212 (95% CI 0.522 to 2.815) excluding secondary infections associated with super-spreader (Yin 2020)[52]

Yin 2020[52] also reported absolute differences in transmission rates (with 95% CIs)

Reproduction number 
Overall: 0.78 (126/161) among symptomatic cases versus 0.20 (6/30) among asymptomatic cases, RR = 3.9 (95% CI 1.5 to 11.8); He 2020a[19]

Symptomatic secondary infections only: RR = 6.6 (95%
CI 2.0 to 34.7); reproduction numbers for symptomatic and asymptomatic infections not reported; He 2020a[19]

Relative transmissibility according to symptom status
Asymptomatic exposure (6/146 contacts tested positive, regardless of whether or not the contacts had symptoms) versus symptomatic exposure (126/2001 contacts tested positive, regardless of whether or not the contacts had symptoms, or 94/1904 if super-spreader and associated contacts excluded), OR = 0.64 (95% CI 0.28 to 1.47), or OR = 0.83 (95% CI 0.36 to 1.92) if super-spreader excluded; calculated by HIS team
	Validity
Clearly focused issue: yes

Appropriate method used: yes

Cases recruited in acceptable way: yes

Controls selected in acceptable way: yes

Exposure measured accurately: can’t tell

Confounding factors accounted for in design/analysis: no

Results
Precise results/estimate of risk: yes

Believable results: yes

Applicability
Results applicable to local population: yes

Results fit with other available evidence: yes
	Unless otherwise stated data extracted from Chen 2020[11] (article published in Chinese and incomplete translation might account for some lack of clarity in reporting; estimated incubation period also reported, but not relevant to this review); He 2020a[19] and Yin 2020[52] reported independent re-analyses of the same data

He 2020a[19] noted that symptomatic cases might be infectious for longer than asymptomatic cases and that this might explain the difference in results based on RRs estimated via attack rates and those estimated via reproduction numbers; He 2020a[19] also noted that the greater number of contacts among symptomatic cases (compared to asymptomatic cases) might reflect a real difference in contact patterns (also noted by Chen 2020)[11] or it might be an artefact of the contact tracing system, in which case the RR might be over-estimated; Yin 2020[52] also noted the differences in numbers of contacts traced for symptomatic and asymptomatic cases

	Cheng 2020[12]
	Source of infection
Not reported (multiple index cases identified via Taiwan National Notifiable Disease Surveillance System)

Date(s) of infection
Not reported

Study design
Observational (prospective index case identification with contact tracing)

Selection criteria
First 100 confirmed cases (15 Jan to 18 Mar 2020)

Demographic characteristics
Age: median 44 years (range 11 to 88 years)
Gender: 56 male, 44 female

Clinical characteristics
Pre-existing conditions: not reported
COVID-19 severity: classified according to World Health Organization interim guidance

Consent
Informed consent waived as part of
public health response/surveillance
	Setting
Community (household, family gatherings, other social contacts (e.g. meeting friends), shared transport, etc) and nosocomial (via contact with healthcare settings)

Location
Taiwan

Earliest exposure to index case
Not reported (first case confirmed 21 Jan 2020 and contacts up to 4 days before symptom onset investigated)

Latest follow up
2 Apr 2020 
	Identification method
SARS-CoV-2 RNA (RT-PCR)

Contact tracing
Comprehensive (all close contacts, defined as people having face-to-face contact with a confirmed case during the investigation period for > 15 minutes without appropriate PPE, including household/family members and hospital staff/patients where relevant (no minimum contact time for hospital staff/patients); contacts more than 4 days before symptom onset (or confirmed infection for asymptomatic index cases) excluded; total 2761 close contacts followed up until 14 days after the last exposure to the index case

People tested
People meeting COVID-19 notification criteria, including index cases, their household/hospital contacts, and other contacts with suspected (symptomatic) infection

Contacts’ demographic characteristics
Age: mean/median not reported (range 0 to 96 years)
Gender: 1155 male, 1437 female, 169 unknown

Contacts’ clinical characteristics
Pre-existing conditions: not reported
	Exposure phase(s) relative to index case’s infection
Presymptomatic (days since index case was infected not calculable)

Asymptomatic (days since index case was infected not calculable; asymptomatic not defined)

Symptomatic

Precautions/controls used
Hospital isolation of confirmed cases and home quarantine of close contacts; appropriate PPE determined by exposure setting and procedures performed (e.g. N95 respirators required when performing aerosol-generating procedures)
	Transmission demonstrated
Yes (presymptomatic)

No (asymptomatic)

Attack rate
Presymptomatic exposure only: 0.7% (2/299), 95% CI 0.2% to 2.4%, number of index cases not reported; relative transmissibility compared to any symptomatic exposure, RR = 0.99 (95% CI 0.23 to 4.29); attack rate defined as ratio of symptomatic confirmed cases to close contacts (i.e. excludes asymptomatic secondary infections)

Asymptomatic exposure only: 0% (0/91) among close contacts of 9 asymptomatic cases

Relative transmissibility according to symptom status
Presymptomatic exposure (2/299 contacts tested positive, regardless of whether or not the contacts had symptoms) versus symptomatic exposure (20/2371 contacts tested positive, regardless of whether or not the contacts had symptoms), OR = 0.79 (95% CI 0.18 to 3.40); calculated by HIS team

Asymptomatic exposure (0/91 contacts tested positive, regardless of whether or not the contacts had symptoms) versus symptomatic exposure (20/2371 contacts tested positive, regardless of whether or not the contacts had symptoms), OR = 0.63 (95% CI 0.04 to 10.44); calculated by HIS team
	Validity
Clearly focused issue: yes

Appropriate method used: yes

Cases recruited in acceptable way: yes

Controls selected in acceptable way: yes

Exposure measured accurately: can’t tell

Confounding factors accounted for in design/analysis: no

Results
Precise results/estimate of risk: yes

Believable results: yes

Applicability
Results applicable to local population: yes

Results fit with other available evidence: yes
	Risk of transmission stratified by exposure setting and interval between index case’s symptom onset and contacts’ first day of exposure (e.g. to compare household transmissibility with other exposure settings based on any presymptomatic exposure) also reported, but cannot rule out some symptomatic exposure and so data not extracted; estimated serial interval and incubation period also reported, but not relevant to this review; cannot rule out overlap between study population and individual clusters/outbreaks in Taiwan summarised in Table G.1



	Zhang 2020b[56]
	Source of infection
Not reported (multiple index cases identified via contact tracing surveillance) 

Date(s) of infection
Not reported

Study design
Observational (analysis of contact tracing surveillance data, but whether prospective or retrospective not reported)

Selection criteria
All 83 confirmed cases without symptoms at diagnosis between 28 Jan and 15 Mar 2020

Demographic characteristics
Age: not reported
Gender: reported only for index cases associated with confirmed secondary cases (6 male, 6 female)

Clinical characteristics
Pre-existing conditions: not reported
COVID-19 severity: reported only for index cases associated with confirmed secondary cases; classification criteria (for mild, moderate and severe symptoms) not reported

Consent
Informed consent waived (contact tracing surveillance data used), although authors noted under ‘management process’ that written/verbal information (including study rationale, duration, legal basis, precautions, disease-related medical observation during quarantine and contact information for responsible authorities) was provided to contacts
	Setting
Community (household, family gatherings, meeting friends, other social/recreational events, shared transport, etc) and nosocomial (through contact with healthcare settings)

Location
Guangzhou, Guangdong province, China

Earliest exposure to index case
Not reported (contact tracing surveillance started 28 Jan 2020)

Latest follow up
Not reported (contact tracing surveillance ended 15 Mar 2020)
	Identification method
SARS-CoV-2 RNA (nucleic acid, no further details reported)

Contact tracing
Extensive (close contacts of presymptomatic cases identified through active surveillance, including household members and extended family, carers, healthcare workers (including those involved in aerosol-generating procedures), work colleagues, people who shared small spaces such as entertainment venues or transport); close contact defined as having contact with an index case up to 2 days before the index case was tested and without using ‘proper protection’ (usually meaning wearing a surgical mask consistently while in contact with the index case); close contacts of contacts with confirmed/suspected infection traced recursively; close contacts exposed to > 2 confirmed cases excluded; total 369 close contacts

People tested
All close contacts (tested at the beginning and end of medical observation; additional testing for those who developed symptoms during quarantine)

Contacts’ demographic characteristics
Age: median 35 years (range 0 to 93 years)
Gender: reported only for confirmed cases (5 male, 7 female)

Contacts’ clinical characteristics
Pre-existing conditions: not reported
	Exposure phase(s) relative to index case’s infection
Presymptomatic (days since index case was infected not calculable)

Asymptomatic (no clinically identifiable signs of infection throughout 14-day quarantine; days since index case was infected not calculable)

Precautions/controls used
Centralised (e.g. hotel) quarantine of close contacts; transfer to ‘medical institution’ for confirmed/suspected cases
	Transmission demonstrated
Yes (presymptomatic and asymptomatic)

Attack rate
0.8% (1 contact tested positive, denominator (total number of contacts) not reported) among close contacts of asymptomatic cases, compared with 3.5% (5 contacts tested positive, denominator not reported) among close contacts of presymptomatic cases who later developed mild symptoms, 5.7% (5 contacts tested positive, denominator not reported) among close contacts of 
presymptomatic cases who later developed moderate symptoms, and 4.5% (1 contact tested positive, denominator not reported) among close contacts of presymptomatic cases who later developed severe symptoms; attack rate refers to any contact who tested positive, regardless of whether or not they had symptoms

Relative transmissibility according to symptom status
Asymptomatic exposure (1/125 contacts tested positive, regardless of whether or not the contacts had symptoms) versus presymptomatic exposure (11/244 contacts tested positive, regardless of whether or not the contacts had symptoms), OR = 0.17 (95% CI 0.02 to 1.34); calculated by HIS team (attack rates according to symptom status imputed by HIS team)
	Validity
Clearly focused issue: yes

Appropriate method used: yes

Cases recruited in acceptable way: yes

Controls selected in acceptable way: yes

Exposure measured accurately: yes

Confounding factors accounted for in design/analysis: no

Results
Precise results/estimate of risk: can’t tell

Believable results: yes

Applicability
Results applicable to local population: yes

Results fit with other available evidence: yes
	Cannot rule out overlap between study population and individual clusters/outbreaks in Guangzhou, Guangdong province, China summarised in Table G.1

	Park 2020[35]
	Source of infection
Unknown

Date(s) of infection
Unknown (but before first case developed symptoms on 22 Feb 2020)

Study design
Observational (retrospective investigation of a single cluster/outbreak with contact tracing)

Selection criteria
Not applicable (but all 1145 people working/living in or visiting building where cluster/outbreak identified between 21 Feb and 8 Mar 2020 were investigated)

Demographic characteristics
See under contact tracing to right

Clinical characteristics
See under contact tracing to right

Consent
Informed consent waived as part of
public health response/surveillance
	Setting
Community (call centre in commercial/residential building and associated households)

Location
Seoul, South Korea

Earliest exposure to index case
21 Feb 2020 (or before)

Latest follow up
3 Apr 2020 (or after)
	Identification method
SARS-CoV-2 RNA (RT-PCR)

Contact tracing
Comprehensive (all call centre workers, other people living/working in the building, visitors and household contacts of confirmed cases); total number of contacts not reported

People tested
1143 people associated with building containing call centre (922 employees, 201 residents and 20 visitors; another 2 residents not tested); also 955 household contacts of confirmed cases regardless of whether contacts symptomatic

Contacts’ demographic characteristics
Age: mean 38 years (range 30 to 80 years (employees, residents and visitors only)
Gender: 237 male, 620 female, 286 unknown (employees, residents and visitors only)

Contacts’ clinical characteristics
Pre-existing conditions: not reported
	Exposure phase(s) relative to index case’s infection
Presymptomatic (defined as having no symptoms at the time of positive test result, but developed symptoms during the 14 days of monitoring; days since index case was infected not calculable)

Asymptomatic (defined as having no symptoms at the time of positive test result nor during the 14 days of monitoring); days since index case was infected not calculable)

Symptomatic (defined as having symptoms at the time of positive test result)

Precautions/controls used
Building closed on 9 Mar 2020 (immediately after Korea Centers for Disease Control and Prevention notified of cluster/outbreak) with testing offered to all people working/living there and visitors; isolation of confirmed cases, quarantine of test-negative contacts; text messages sent to people who had been near the building for > 5 minutes (identified via mobile phone tracking; total 16 628 messages) with instructions to avoid contact with other people and seek testing; investigation, testing and monitoring of household contacts of all confirmed cases
during 14-day quarantine
	Transmission demonstrated
No (presymptomatic/asymptomatic; authors noted that isolation/quarantine might have interrupted transmission, and so presymptomatic/asymptomatic transmission could not be ruled out)

Attack rate
0% (0/11) among household members of 4 presymptomatic cases, 0% (0/4; reported as 0/17 in the authors’ discussion, but this is inconsistent with overall number of contacts investigated) among household members of 4 asymptomatic cases, and 16.2% (34/210) among household members of all 89 symptomatic cases (95% CI 11.6% to 22.0%)

Relative transmissibility according to symptom status
Presymptomatic exposure (0/11 contacts tested positive, regardless of whether or not the contacts had symptoms) versus symptomatic exposure (34/210 contacts tested positive, regardless of whether or not the contacts had symptoms), OR = 0.22 (95% CI 0.01 to 3.86); calculated by HIS team

Asymptomatic exposure (0/4 contacts tested positive, regardless of whether or not the contacts had symptoms) versus symptomatic exposure (34/210 contacts tested positive, regardless of whether or not the contacts had symptoms), OR = 0.57 (95% CI 0.03 to 10.80); calculated by HIS team
	Validity
Clearly focused issue: yes

Appropriate method used: yes

Cases recruited in acceptable way: yes

Controls selected in acceptable way: yes

Exposure measured accurately: yes

Confounding factors accounted for in design/analysis: no

Results
Precise results/estimate of risk: can’t tell

Believable results: yes

Applicability
Results applicable to local population: yes

Results fit with other available evidence: yes
	Authors noted that mass testing might have prevented asymptomatic transmission because asymptomatic cases received information about their possible infection and therefore might have self-isolated from their household members


Studies listed in chronological order; grey shading indicates consideration of evidence from outside mainland China
CI confidence interval; COVID-19 coronavirus disease 2019; HIS Healthcare Infection Society; OR odds ratio; PCR polymerase chain reaction; PPE personal protective equipment; RNA ribonucleic acid; RR relative risk; RT-PCR reverse transcription PCR; SARS-CoV-2 severe acute respiratory syndrome coronavirus 2
a Assessed using Critical Appraisal Skills Programme case–control study checklist (response options for each criterion are yes/no/can’t tell); the studies in this table were treated as nested case–control studies for the purpose of estimating relative transmissibility
Table G.3 Mathematical modelling studies investigating relative/absolute transmissibility
	Study identifier
	Model overview
	Model structure
	Assumptions and inputs
	Model fitting and validation
	Transmission risk estimates
	Study quality
	Reviewer comments

	Li 2020c[29]
	Context
Spatial and temporal modelling of SARS-CoV-2 transmission in China

Approach
Adaptation of SEIR
compartmental model based on a network of Chinese cities,
allowing for spatial mobility of the population

Purpose
Estimation of parameters of epidemic spread, such as the reproduction number, under various containment strategies applied in China in response to the epidemic, and exploration of the impact on transmission of undocumented infections

Time period modelled
10 Jan to 8 Feb 2020
	Model states
Susceptible, exposed, documented
infected (symptoms severe
enough to be confirmed/observed), and undocumented infected (lacking symptoms severe enough to be confirmed/observed)

Model specification
Ordinary differential equations

Parameterisation in relation to symptom status
Documented infected transmission rate, and (via a scaling factor) undocumented infection transmission rate

Containment strategies
Travel restrictions between Wuhan, Hubei province, China and other major cities in China from 23 Jan 2020, plus self-quarantine, contact precautions and more rapid access to testing for confirmation of infection 

Time-varying components
Population mobility (estimated from mobile phone tracking during 2018 spring festival, adjusted to allow for reduced mobility after introduction of travel restrictions on 23 Jan 2020), and reporting delay (transition from exposed to infected states) reflecting increased awareness of infection risk and care-seeking behaviour as outbreak progressed
	Key assumptions
Mobility patterns during 2020 spring festival mirror those during 2018 festival; reporting delay constant from person to person within specified time periods

Data inputs
Chinese national COVID-19 data (daily numbers of confirmed cases for 375 Chinese cities), Chinese human mobility data

	Estimation method
Stochastic integration (using Runge-Kutta method) and iterated ensemble-adjustment Kalman filter
with Bayesian computation (to obtain maximum likelihood estimates)

Uncertainty
Incorporated via epidemiological data (see under data inputs to left), different initial values for mean of reporting delay distribution (6 to 10 days) and seeding of the epidemic (maximum number of initial infections, 1500 to 2500), and prior distributions for parameters estimated during model fitting

Sensitivity analysis
Simulations using additional reporting delay (2 days added to each simulation generated using the reporting delay distribution), larger maximum seeding (3000), and using normal (instead of uniform) distributions for priors

Validation
Synthetic testing of model-inference framework (using simulations to reproduce specified parameter values); repeated simulations for each combination of reporting delay and seeding then 2000 outbreaks simulated using mean parameter estimates and results compared with observed numbers and spatial distribution of confirmed cases; external validation using infection rates among people evacuated from China to other countries during the epidemic
	Absolute risks of transmission in relation to symptom status
Reported only for documented infected state, transmission rate 1.12 (95% CrI 1.07 to 1.17) during 10 to 23 Jan 2020, 0.51 (95% CrI 0.37 to 0.68) during 24 Jan to 3 Feb 2020, and 0.35 (95% CrI 0.30 to 0.52) during 24 Jan to 8 Feb 2020

Relative transmissibility according to symptom status
Relative transmission rate for undocumented infections (compared to documented infections), 0.55 (95% CrI 0.49 to 0.60) during 10 to 23 Jan 2020, 0.47 (95% CrI 0.36 to 0.64) during 24 Jan to 3 Feb 2020, and 0.42 (95% CrI 0.34 to 0.61) during 24 Jan to 8 Feb 2020
	Not assessed
	Corrected estimates extracted from supplementary material (corrections as of 25 Mar 2020); undocumented infections include mild, limited and asymptomatic infections; article focused on estimation under assumed conditions 

	Wan 2020[45]
	Context
Temporal modelling of SARS-CoV-2 transmission in China, excluding Hubei province

Approach
Adaptation of SEIR compartmental model based on national data for mainland China, excluding Hubei province

Purpose
Evaluation of effectiveness of containment strategies, estimation of the impact of partial lifting of control measures, and prediction of the epidemic spread in mainland China, excluding Hubei province 

Time period modelled
20 Jan to 3 Mar 2020
	Model states
Susceptible, exposed, infectious with symptoms, infectious but asymptomatic, isolated susceptible, quarantined infected awaiting confirmation, hospitalised, recovered (including recovered after being hospitalised), and dead

Model specification
Ordinary differential equations

Parameterisation in relation to symptom status
Infectious with symptoms transmission rate, and (via a scaling factor) asymptomatic infectious transmission rate

Containment strategies
Integrated restrictions and self-protection measures, including travel restrictions, quarantine on arrival, contact tracing followed by quarantine/isolation, and reduced contact (e.g. wearing a mask)

Time-varying components
Contact rate (contacts decrease as total number of reported cases increases)
	Key assumptions
Recovered state confers immunity throughout epidemic period, no births, no deaths due to non-epidemic causes, initial number of people in susceptible state equal to population of mainland China, excluding Hubei province

Data inputs
Chinese national COVID-19 data, excluding Hubei province (cumulative confirmed cases, cumulative deaths, newly confirmed cases, and cumulative recovered cases)
	Estimation method
MCMC (convergence assessed using Geweke diagnostic criterion

Uncertainty
Via MCMC (prior distributions not reported)

Sensitivity analysis
Not reported

Validation
Data from 20 Jan to 24 Feb 2020 used to fit model, and data from 25 Feb to 3 Mar 2020 used to compare model predictions and observed data (visual comparisons)
	Absolute risks of transmission in relation to symptom status
Reported only for infected symptomatic state, transmission rate 0.05 (95% CrI not reported)

Relative transmissibility according to symptom status
Relative transmission rate for infectious but asymptomatic (compared to infectious with symptoms), 0.81 (95% CrI not reported)
	Not assessed
	Authors noted that a time-varying recovery rate might provide a better fit to the data, and that age-related mortality and recovery rates might be more realistic; article combined estimation under assumed conditions and prediction of impact on epidemic spread by controlling contact rates

	Gatto 2020[16]
	Context
Spatial and temporal modelling of SARS-CoV-2 transmission in Italy

Approach
Adaptation of SEIR
compartmental model based on a network of Italian provinces,
allowing for spatial mobility of the population

Purpose
Evaluation of the impact on transmission of specific containment strategies to support emergency planning in Italy (e.g. estimation of hospital cases or deaths averted)

Time period modelled
21 Feb to 25 Mar 2020
	Model states
Susceptible, exposed, presymptomatic, infected with severe symptoms, asymptomatic or with mild symptoms, hospitalised, in home quarantine, recovered, and dead

Model specification
Ordinary differential equations

Parameterisation in relation to symptom status
Presymptomatic transmission rate, asymptomatic transmission rate, and symptomatic transmission rate

Containment strategies
Successive restrictions (including strict local/national lockdown or social distancing without lockdown) implemented in Italy from 21 Feb to 25 Mar 2020

Time-varying components
Presymptomatic transmission rate, reflecting impact of containment measures and increased awareness of infection risk as outbreak progressed
	Key assumptions
Exposed state is not infectious; presymptomatic, infected with severe symptoms, asymptomatic or with mild symptoms, are infectious states; communities interact in accordance with mobility data (see under data inputs below)

Data inputs
Italian national data on COVID-19 hospital admissions, deaths, etc; Italian human mobility data (estimated from historical census data and updated to reflect mobility patterns at the start of 2020); estimated parameters of epidemic spread (durations of latent and infectious periods, serial interval, etc) from published sources, either as point estimates (e.g. proportion of symptomatic cases quarantined averaged across Italy during observed period) or as means and associated CIs
	Estimation method
MCMC (method of assessing convergence not reported)

Uncertainty
Incorporated via epidemiological estimates (see under data inputs to left) and prior distributions for parameters to be estimated via model fitting

Sensitivity analysis
Not reported

Validation
Graphical comparisons of estimated and observed daily hospitalisations and deaths in Italian regions and nationwide
	Absolute risks of transmission in relation to symptom status
Not reported

Relative transmissibility according to symptom status
Relative transmission rate for presymptomatic infections with containment measures (initial lockdown in parts of northern Italy) introduced on 22 Feb 2020 (compared to presymptomatic infections before 22 Feb 2020), 0.82 (95% CrI 0.77 to 0.86)


Relative transmission rate for presymptomatic infections with additional containment measures (more extensive lockdown in northern Italy and social distancing in other parts of Italy) introduced on 8 Mar 2020 (compared to presymptomatic infections before 22 Feb 2020), 0.66 (95% CrI 0.64 to 0.70)

Relative transmission rate for asymptomatic or with mild symptoms (compared to presymptomatic infections), 0.033 (95% CrI 0.027 to 0.036; article reports upper limit as 0.0036, but extra zero assumed to be a typographical error)

Relative transmission rate for infected with severe symptoms (compared to asymptomatic or with mild symptoms), 1.03 (95% CrI 0.79 to 1.38)
	Not assessed
	Authors noted that consideration of population age structure in relation to 
mobility, social mixing, susceptibility to infection, case fatality ratio, etc could be explored in future extensions of the model; asymptomatic infections and infection with mild symptoms grouped together; article combined estimation under assumed conditions and prediction of impact on epidemic spread of containment measures (in terms of e.g. hospital cases or deaths averted; data not extracted because not relevant to this review)

	Ferretti 2020[13]
	Context
Temporal modelling of SARS-CoV-2 transmission in a generic setting (not focused on a specific country)

Approach
Renewal equation formulation incorporating authors’ estimated distribution of the generation interval (time between successive infections being acquired) and estimates of other parameters of epidemic spread from published sources

Purpose
Estimation of the contribution of different transmission routes to the epidemic spread and determination of speed/scale of case identification and contact tracing needed to control the epidemic

Time period modelled
Not applicable (but e.g. estimate of exponential growth rate from which doubling time estimated based on data from China, 25 Jan to 4 Feb 2020)
	Model states
Not strictly applicable, but modelling allows for presymptomatic, asymptomatic, symptomatic, and environmental transmission (asymptomatic defined as never developing noticeable symptoms, environmental transmission defined as occurring through contamination not accounted for by identifying close contacts)

Model specification
Renewal equation (recursive integral equation), weighted by  infectivity as a function of time elapsed since previous cases acquired the infection

Parameterisation in relation to symptom status
Presymptomatic/symptomatic transmission rate and (via a scaling factor) asymptomatic transmission rate

Containment strategies
Identification and isolation of symptomatic cases combined with tracing and quarantining of contacts

Time-varying components
Average infectivity (rate of infecting others) is a function of
time since acquiring infection
	Key assumptions
Infectivity of presymptomatic cases equal to that of symptomatic cases who acquired infection at the same time; infectivity of asymptomatic cases proportional to that of symptomatic cases who acquired infection at the same time; infectivity as a function of time since acquiring infection constant throughout epidemic; susceptible population not depleted through acquired immunity, changing contact patterns, etc during time period modelled; transmission pair data used to fit generation interval distribution representative of presymptomatic/ symptomatic exposure during epidemic; delay of 72 hours between developing symptoms and quarantine of contacts using manual contact tracing 

Data inputs
Worldwide reports of transmission pairs used to fit generation interval distribution; other key parameters of epidemic spread from published sources, either as point estimates (epidemic doubling time, with associated CI calculated by the authors from source data) or as distributional location/shape parameters, including those used to define priors for parameters estimated during transmission modelling (incubation period and relative infectivity of asymptomatic cases)
	Estimation method
Maximum composite likelihood for generation interval distribution, using Akaike’s information criterion to compare models with different underlying statistical distributions (Weibull, gamma, and lognormal); sequential Bayesian estimation for transmission modelling (e.g. 
fitting shape of presymptomatic/symptomatic contributions to overall transmission using estimated generation interval distribution, then calculating relative scaling constant of environmental contribution, and finally calculating overall scaling constant to reproduce observed exponential growth rate); further modelling examined impact of case isolation, contact tracing and quarantine (allowing for reporting delays of up to 72 hours depending on the type of contact tracing used; data not extracted as not relevant to this review)

Uncertainty
Incorporated via epidemiological data (see under data inputs to left) and repeated simulations from prior distributions for parameters estimated during model fitting

Sensitivity analysis
Not reported (but 
different statistical distributions compared for estimation of generation interval (see under estimation method above)

Validation
Fitted distributions for generation interval compared graphically with 2 previously
published serial interval distributions and assumed incubation period distribution
	Absolute risks of transmission in relation to symptom status
Presymptomatic reproduction number, point estimate 0.9, uncertainty median 0.7 (95% CrI 0.2 to 1.1)

Asymptomatic reproduction number, point estimate 0.1, uncertainty median 0.2 (95% CrI 0.0 to 1.2)

Symptomatic reproduction number, point estimate 0.8, uncertainty median 0.6 (95% CrI 0.2 to 1.1)

Relative transmissibility according to symptom status
Presymptomatic reproduction number as proportion of total reproduction number, point estimate 0.47, uncertainty median 0.35 (95% CrI 0.11 to 0.58)

Asymptomatic reproduction number as proportion of total reproduction number, point estimate 0.06, uncertainty median 0.09 (95% CrI 0.00 to 0.57)

Symptomatic reproduction number as proportion of total reproduction number, point estimate 0.38, uncertainty median 0.28 (95% CrI 0.09 to 0.49)

	Not assessed
	Authors noted that real-world identification of symptom status would depend on perceptions of infected people and their contacts (e.g. what is noticeable might differ between parties), that the renewal equation formulation does not allow for recursion across the contact network (i.e. contacts of contacts being traced), and that the model was calibrated using the epidemic growth rate observed in China early in the epidemic, whereas the spread of the epidemic outside China appeared to be faster (perhaps reflecting regional differences in underlying epidemic parameters); point estimate and uncertainty median assumed to be posterior mean and median, respectively; environmental transmission equal to proportion of total reproduction number not accounted for by presymptomatic, asymptomatic or symptomatic transmission (data not extracted because not relevant to this review); article combined estimation under assumed conditions and prediction of impact on epidemic spread of various approaches to contact tracing, including digital contact tracing

	Buonanno 2020[8]
	Context
Modelling airborne transmission of SARS-CoV-2 in commercial indoor environments in Italy

Approach
Estimation of viral load emitted by an infected person given viral load in the mouth and combinations of respiratory and physical activity, and incorporation of estimates into infection risk model for transmission in indoor commercial environments based on human activity patterns and engineering factors, particularly ventilation characteristics

Purpose
Estimation of quanta emission rates (quantum defined as ‘dose of airborne droplet nuclei required to cause infection in 63% of susceptible persons’), and demonstration/prediction of impact of asymptomatic transmission in commercial indoor environments in Italy before/after introduction of containment measures

Time period modelled
Not applicable (but cites e.g. containment measures implemented in Italy, 21 Feb to 11 Mar 2020)
	Model states
Not strictly applicable, but modelling allows for viral load emitted by symptomatic/asymptomatic cases, and transmission risks in indoor commercial environments in the case of asymptomatic cases; quanta emission rates calculated for combinations of 4 expiratory activities (voiced counting, whispered counting, ‘unmodulated vocalization’, and breathing) and 5 physical activity levels (resting, standing, light exercise, moderate exercise, and heavy exercise) across 5 commercial indoor environments (pharmacy, supermarket, restaurant, post office, and bank); inhalation rates of exposed people also taken into account 

Model specification
Differential equations (modelling quanta emission rates) and integral equation (modelling transmission in indoor environments)

Parameterisation in relation to symptom status
Asymptomatic transmission rate

Containment strategies
Lockdown restrictions and voluntary measures (e.g. fewer staff on duty, customers queueing outside, and ventilation increased by keeping external doors open) implemented in Italy from 21 Feb to 11 Mar 2020

Time-varying components
Numbers of staff and customers, aspects of ventilation, etc varied with containment measures (see under containment strategies above); exposure periods dependent on type of indoor environment (maximum 3.5 hours’ exposure modelled per environment)
	Key assumptions
Droplets emitted by infected people have same viral load as sputum; SARS-CoV-2 viable in air for up to 3 hours after being aerosolised (half-life 1.1 hours); quanta emission rate constant during exposure period; viral incubation period longer than exposure period in modelled scenarios; droplets instantaneously and evenly distributed throughout the modelled environment; quanta emission rates for asymptomatic cases as for symptomatic cases, but expected activity levels greater (light exercise rather than resting); activity levels for exposed people equivalent to standing or light exercise; model based on ‘worst-case’ scenario for asymptomatic transmission 

Data inputs
Estimated SARS-CoV-2 viral load in sputum, SARS-CoV-2 inactivation rate (half-life), and generic physical parameters (e.g. particle size distributions for different respiratory activities, and average inhalation rate for each physical activity level) from published sources; corrective coefficient of infectivity (ratio of 1 infectious quantum to infectious dose expressed in viral RNA copies) extrapolated from SARS-CoV data
	Estimation method
Analytical expression (summation) for quanta emission rates; numerical integration of Wells-Riley equation for modelling asymptomatic transmission in indoor environments (no further details reported)

Uncertainty
Not reported (possibly deterministic solution of Wells-Riley equation)

Sensitivity analysis
Not reported

Validation
Not reported (but credibility of asymptomatic reproduction numbers assessed qualitatively by comparing results for different scenarios)
	Absolute risks of transmission in relation to symptom status
Asymptomatic reproduction number before lockdown and with natural ventilation, 3.70 in pharmacy, 2.19 in supermarket, 47.3 in restaurant, 3.64 in post office, and 3.52 in bank (95% CIs not reported)

Asymptomatic reproduction number before lockdown and with mechanical ventilation, 5.35 in restaurant (other environments not reported in detail, but ranged from 1.16 to 1.30; 95% CIs not reported)

Asymptomatic reproduction number after lockdown and with natural ventilation, 0.49 in pharmacy, 0.17 in supermarket, 0.41 in post office, and 0.81 in bank (restaurant not modelled as lockdown implied restaurant closure; 95% CIs not reported)

Asymptomatic reproduction number after lockdown and with mechanical ventilation, 0.22 in pharmacy, 0.12 in supermarket, 0.17 in post office, and 0.34 in bank (restaurant not modelled as lockdown implied restaurant closure; 95% CIs not reported)

Relative transmissibility according to symptom status
Not reported
	Not assessed
	Authors noted that estimated asymptomatic reproduction number in restaurant before lockdown and with natural ventilation reflected high occupancy (80 customers and 4 waiting staff) and long exposure period (1.5 hours per sitting); asymptomatic viral load estimates incorporated in modelling (1×109
copies per mL) might be more representative of presymptomatic/symptomatic viral load, and asymptomatic and symptomatic infections differed only in terms of respiratory and physical activity levels modelled; article combined estimation under assumed conditions and prediction of impact on epidemic spread of asymptomatic transmission in various indoor commercial environments


Studies listed in chronological order; grey shading indicates consideration of evidence from outside mainland China 
CI confidence interval; COVID-19 coronavirus disease 2019; CrI credible interval; MCMC Markov chain Monte Carlo; SARS-CoV severe acute respiratory syndrome coronavirus; SARS-CoV-2 severe acute respiratory syndrome coronavirus 2; SEIR susceptible–exposed–infected–recovered

Appendix H: GRADE tables
Table H.1 GRADE profile for absolute transmissibility of presymptomatic infections – cluster/outbreak studies
	Quality assessment
	Transmission demonstrated
	Attack rateb
	Quality

	Number of studies
	Design
	Risk of biasa
	Inconsistency
	Indirectness
	Imprecision
	Other considerations
	
	
	

	Contacts’ exposure period relative to index case acquiring infection: < 7 days

	1 (Chan 2020)[10]
	Observational studies
	Seriousc
	No serious inconsistency
	No serious indirectness
	Very seriousd
	None
	Uncertain
	Not calculable
	Very low

	1 (Kang 2020)[25]
	Observational studies
	Very seriouse
	No serious inconsistency
	No serious indirectness
	Very seriousd
	None
	Uncertain
	Not calculable
	Very low

	1 (Zhang 2020c)[57]
	Observational studies
	Seriousc
	No serious inconsistency
	Seriousf
	Very seriousd
	None
	Uncertain
	Not calculable
	Very low

	1 (Li 2020a)[27]
	Observational studies
	Very seriousg
	No serious inconsistency
	No serious indirectness
	Very seriousd
	None
	Uncertain
	Not calculable
	Very low

	1 (Xiao 2020)[49]
	Observational studies
	Very serioush
	No serious inconsistency
	No serious indirectness
	Very seriousd
	Yesi
	Uncertain
	Not calculable
	Very low

	1 (Song 2020)[43]
	Observational studies
	Seriousc
	No serious inconsistency
	No serious indirectness
	Very seriousd
	None
	Uncertain
	Not calculable
	Very low

	1 (Gao 2020b)[15]
	Observational studies
	Very seriousj
	No serious inconsistency
	No serious indirectness
	Very seriousd
	None
	Uncertain
	Not calculable
	Very low

	1 (Rothe 2020;[41] Kupferschmidt 2020;[26] Bohmer 2020)[7]
	Observational studies
	Seriousc
	No serious inconsistency
	Seriousf
	Very seriousd
	None
	Uncertain
	Not calculable
	Very low

	1 (Li 2020b)[28]
	Observational studies
	Seriousc
	No serious inconsistency
	No serious indirectness
	Very seriousd
	None
	Uncertain
	Not calculable
	Very low

	1 (Hijnen 2020)[21]
	Observational studies
	No serious risk of bias
	No serious inconsistency
	No serious indirectness
	Very seriousk
	None
	Yes
	At least 85% (11/13; 95% CI 55% to 98%)
	Very low

	1 (Wei 2020[46] [‘cluster C’]) 
	Observational studies
	No serious risk of bias
	No serious inconsistency
	No serious indirectness
	Very seriousd
	None
	Uncertain
	Not calculable
	Very low

	1 (Wei 2020[46] [‘cluster F’]) 
	Observational studies
	No serious risk of bias
	No serious inconsistency
	No serious indirectness
	Very seriousd
	None
	Uncertain
	Not calculable
	Very low

	1 (Wei 2020[46] [‘cluster G’]) 
	Observational studies
	No serious risk of bias
	No serious inconsistency
	No serious indirectness
	Very seriousd
	None
	Uncertain
	Not calculable
	Very low

	1 (Baettig 2020)[5]
	Observational studies
	Seriousl
	No serious inconsistency
	No serious indirectness
	Seriousm
	None
	Uncertain
	2% (1/55; 95% CI 0.05% to 10%)
	Very low

	Contacts’ exposure period relative to index case acquiring infection: 7 to 10 days

	1 (Wu 2020;[47] Yang 2020;[50] Liu 2020c)[32]
	Observational studies
	Very seriousn
	No serious inconsistency
	No serious indirectness
	Very seriousd
	Yesi
	Uncertain
	Not calculable
	Very low

	1 (Wei 2020[46] [‘cluster B’]) 
	Observational studies
	No serious risk of bias
	No serious inconsistency
	No serious indirectness
	Very seriousd
	None
	Uncertain
	Not calculable
	Very low

	Contacts’ exposure period relative to index case acquiring infection: not calculable, but < 10 days

	1 (Wei 2020[46] [‘cluster E’]) 
	Observational studies
	No serious risk of bias
	No serious inconsistency
	No serious indirectness
	Very seriousd
	None
	Uncertain
	Not calculable
	Very low

	Contacts’ exposure period relative to index case acquiring infection: not calculable, but < 13 days

	1 (Huang 2020a)[23]
	Observational studies
	No serious risk of bias
	No serious inconsistency
	No serious indirectness
	Seriousm
	None
	Yes
	40% (7/22; 95% CI 14% to 55%)
	Very low

	Contacts’ exposure period relative to index case acquiring infection: not calculable, but < 14 days

	1 (Wei 2020[46] [‘cluster D’]) 
	Observational studies
	No serious risk of bias
	No serious inconsistency
	No serious indirectness
	Very seriousd
	None
	Uncertain
	Not calculable
	Very low

	Contacts’ exposure period relative to index case acquiring infection: not calculable

	1 (Cai 2020)[9]
	Observational studies
	Seriousc
	No serious inconsistency
	No serious indirectness
	Very seriousd
	None
	Uncertain
	Not calculable
	Very low

	1 (He 2020b)[20]
	Observational studies
	Very seriouso
	No serious inconsistency
	No serious indirectness
	Very seriousd
	None
	Uncertain
	Not calculable
	Very low

	1 (Li 2020d)[30]
	Observational studies
	Very seriouse
	No serious inconsistency
	No serious indirectness
	Very seriousd
	None
	Uncertain
	Not calculable
	Very low

	1 (Tong 2020)[44]
	Observational studies
	Seriousc
	No serious inconsistency
	No serious indirectness
	Very seriousd
	None
	Uncertain
	Not calculable
	Very low

	1 (Xia 2020)[48]
	Observational studies
	Very seriouso
	No serious inconsistency
	No serious indirectness
	Very seriousd
	None
	Uncertain
	Not calculable
	Very low

	1 (Yu 2020)[54]
	Observational studies
	Seriousc
	No serious inconsistency
	No serious indirectness
	Very seriousd
	None
	Yes
	Not calculable
	Very low

	1 (Guan 2020)[17]
	Observational studies
	Seriousc
	No serious inconsistency
	No serious indirectness
	Very seriousd
	None
	Uncertain
	Not calculable
	Very low

	1 (Yong 2020;[53] Pung 2020[36] [‘cluster C’]; Wei 2020[46] [‘cluster A’]) 
	Observational studies
	No serious risk of bias
	No serious inconsistency
	No serious indirectness
	Very seriousd
	None
	Yes
	Not calculable
	Very low

	1 (Zhao 2020)[58]
	Observational studies
	Very seriousp
	No serious inconsistency
	No serious indirectness
	Very seriousd
	Yesi
	Uncertain
	Not calculable
	Very low

	1 (Huang 2020b)[24]
	Observational studies
	Very seriousq
	No serious inconsistency
	No serious indirectness
	Very seriousd
	None
	Uncertain
	Not calculable
	Very low

	1 (Bae 2020)[4]
	Observational studies
	Very seriousr
	No serious inconsistency
	No serious indirectness
	Very seriousk
	None
	No
	0% (0/11; 95% CI 0% to 28%)
	Very low

	1 (Liu 2020b)[31]
	Observational studies
	Seriousc
	No serious inconsistency
	No serious indirectness
	Very seriousk
	None
	Yes
	100% (1/1; 95% CI 3% to 100%)
	Very low

	1 (Qiu 2020b)[39]
	Observational studies
	Very seriouss
	No serious inconsistency
	No serious indirectness
	Very seriousd
	Yesi
	Uncertain
	Not calculable
	Very low

	1 (Ye 2020)[51]
	Observational studies
	Very seriousj
	No serious inconsistency
	No serious indirectness
	Very seriousd
	None
	Yes
	Not calculable
	Very low

	1 (Lu 2020a)[33]
	Observational studies
	Serioust
	No serious inconsistency
	No serious indirectness
	Very seriousd
	None
	Yes
	Not calculable
	Very low

	1 (Hamner 2020)[18]
	Observational studies
	Very seriousr
	No serious inconsistency
	No serious indirectness
	Very seriousm
	None
	Uncertain
	5% (1/21; 95% CI 0.1% to 24%)
	Very low

	1 (Ravaioli 2020)[40]
	Observational studies
	Very seriousu
	No serious inconsistency
	No serious indirectness
	Very seriousm
	Yesv
	No
	0% (0/28; 95% CI 0% to 12%)
	Very low


CI confidence interval; HIS Healthcare Infection Society; PPE personal protective equipment
a Risk of bias refers to limitations in design, analysis and reporting of studies not covered by other quality domains
b Attack rates and CIs calculated by HIS team
c Quality of evidence downgraded by 1 level because of lack of clarity regarding complete inclusion
d Quality of evidence downgraded by 2 levels because no CIs or other measures of precision reported
e Quality of evidence downgraded by 2 levels because of lack of clarity regarding consecutive inclusion and complete inclusion
f Quality of evidence downgraded by 1 level because exposure was possibly pauci-symptomatic rather than presymptomatic
g Quality of evidence downgraded by 2 levels because of lack of clarity regarding complete inclusion and reporting of presenting site(s)/clinic(s) demographic information
h Quality of evidence downgraded by 2 levels because of lack of clarity regarding complete inclusion, reporting of demographics, and reporting of outcomes and follow up
i One or more articles published in Chinese and incomplete translation might account for some lack of clarity in reporting
j Quality of evidence downgraded by 2 levels because of lack of clarity regarding measurement in standard, reliable way, and complete inclusion
k Quality of evidence downgraded by 2 levels because number of contacts investigated is below threshold of 18 needed to ensure 95% CI is narrower than 50 percentage points whatever the true attack rate
l Quality of evidence downgraded by 1 level because of lack of clarity regarding inclusion criteria
m Quality of evidence downgraded by 1 level because number of contacts investigated is below threshold of 68 needed to ensure 95% CI is narrower than 25 percentage points whatever the true attack rate
n Quality of evidence downgraded by 2 levels because of lack of clarity regarding inclusion criteria, complete inclusion, reporting of demographics, and reporting of outcomes and follow up
o Quality of evidence downgraded by 2 levels because of lack of clarity regarding measurement in standard, reliable way, valid methods used to identify condition, consecutive inclusion, and complete inclusion
p Quality of evidence downgraded by 2 levels because of lack of clarity regarding measurement in standard, reliable way, complete inclusion, and reporting of demographics
q Quality of evidence downgraded by 2 levels because of lack of clarity regarding complete inclusion and reporting of demographics
r Quality of evidence downgraded by 2 levels because of lack of clarity regarding measurement in standard, reliable way, valid methods used to identify condition, and reporting of demographics
s Quality of evidence downgraded by 2 levels because of lack of clarity regarding inclusion criteria, measurement in standard, reliable way, and complete inclusion
t Quality of evidence downgraded by 1 level because of lack of clarity regarding reporting of demographics
u Quality of evidence downgraded by 2 levels because of lack of clarity regarding reporting of demographics, reporting of outcomes and follow up, and reporting of presenting site(s)/clinic(s) demographic information
v PPE in use
Table H.2 GRADE profile for absolute transmissibility of asymptomatic infections – cluster/outbreak studies
	Quality assessment
	Transmission demonstrated
	Attack rateb
	Quality

	Number of studies
	Design
	Risk of biasa
	Inconsistency
	Indirectness
	Imprecision
	Other considerations
	
	
	

	Contacts’ exposure period relative to index case acquiring infection: < 7 days

	1 (Hu 2020)[22]
	Observational studies
	No serious risk of bias
	No serious inconsistency
	Seriousc
	Very seriousd
	None
	Yes
	100% (3/3; 95% CI 29% to 100%)
	Very low

	Contacts’ exposure period relative to index case acquiring infection: 11 to 14 days

	1 (Scott 2020)[42]
	Observational studies
	Very seriouse
	No serious inconsistency
	Seriousf
	Very seriousd
	Yesg
	No
	0% (0/10; 95% CI 0% to 31%)
	Very low

	Contacts’ exposure period relative to index case acquiring infection: not calculable

	1 (Bai 2020b)[6]
	Observational studies
	Serioush
	No serious inconsistency
	No serious indirectness
	Very seriousi
	None
	Uncertain
	Not calculable
	Very low

	1 (Gao 2020a)[14]
	Observational studies
	No serious risk of bias
	No serious inconsistency
	Seriousj
	No serious imprecision
	Yesk
	No
	0% (0/455; 95% CI 0% to 0.8%)
	Very low

	1 (Zhang 2020a)[55]
	Observational studies
	Serioush
	No serious inconsistency
	Seriousl
	Very seriousi
	None
	Uncertain
	Not calculable
	Very low

	1 (Lu 2020b)[34]
	Observational studies
	Very seriousm
	No serious inconsistency
	Seriousl
	Very seriousi
	None
	Uncertain
	Not calculable
	Very low

	1 (Qiu 2020a)[38]
	Observational studies
	Very seriousn
	No serious inconsistency
	No serious indirectness
	Very seriousi
	None
	Uncertain
	Not calculable
	Very low


CI confidence interval; COVID-19 coronavirus disease 2019; CT computerised tomography; HIS Healthcare Infection Society; PPE personal protective equipment
a Risk of bias refers to limitations in design, analysis and reporting of studies not covered by other quality domains
b Attack rates and CIs calculated by HIS team
c Quality of evidence downgraded by 1 level because ‘asymptomatic’ index case had typical signs of viral infection on CT scan of the chest
d Quality of evidence downgraded by 2 levels because number of contacts investigated is below threshold of 18 needed to ensure 95% CI is narrower than 50 percentage points whatever the true attack rate
e Quality of evidence downgraded by 2 levels because of lack of clarity regarding complete inclusion and reporting of demographics
f Quality of evidence downgraded by 1 level because ‘asymptomatic’ index case had a pre-existing cough
g Some PPE in use
h Quality of evidence downgraded by 1 level because of lack of clarity regarding complete inclusion
i Quality of evidence downgraded by 2 levels because no CIs or other measures of precision reported
j Quality of evidence downgraded by 1 level because ‘asymptomatic’ index case had shortness of breath associated with underlying health condition (and non-COVID-19 abnormalities on CT scan of the chest)
k PPE in use
l Quality of evidence downgraded by 1 level because ‘asymptomatic’ index case had ground-glass appearance on CT scan of the chest
m Quality of evidence downgraded by 2 levels because of lack of clarity regarding inclusion criteria, measurement in standard, reliable way, valid methods used to identify condition, complete inclusion, and reporting of demographics
n Quality of evidence downgraded by 2 levels because of lack of clarity regarding measurement in standard, reliable way, reporting of demographics, reporting of clinical information (e.g. uncertain whether CT scan of the chest performed), reporting of outcomes and follow up, and reporting of presenting site(s)/clinic(s) demographic information
Table H.3 GRADE profile for absolute transmissibility of indeterminate (presymptomatic or asymptomatic) infections – cluster/outbreak studies
	Quality assessment
	Transmission demonstrated
	Attack rateb
	Quality

	Number of studies
	Design
	Risk of biasa
	Inconsistency
	Indirectness
	Imprecision
	Other considerations
	
	
	

	Contacts’ exposure period relative to index case acquiring infection: < 7 days

	1 (Qian 2020)[37]
	Observational studies
	Seriousc
	No serious inconsistency
	No serious indirectness
	Very seriousd
	Yese
	Uncertain
	75% (3/4; 95% CI 19% to 99%), or 80% (4/5; 95% CI 28% to 99%) if second index case counted as exposed
	Very low

	Contacts’ exposure period relative to index case acquiring infection: not calculable

	1 (Pung 2020[36] [‘cluster B’]) 
	Observational studies
	Seriousf
	No serious inconsistency
	No serious indirectness
	Very seriousg
	Yesh
	Uncertain
	Not calculable
	Very low


CI confidence interval; HIS Healthcare Infection Society
a Risk of bias refers to limitations in design, analysis and reporting of studies not covered by other quality domains
b Attack rates and CIs calculated by HIS team
c Quality of evidence downgraded by 1 level because of lack of clarity regarding complete inclusion
d Quality of evidence downgraded by 2 levels because number of contacts investigated is below threshold of 18 needed to ensure 95% CI is narrower than 50 percentage points whatever the true attack rate
e Two index cases with common exposure, but only 1 developed symptoms; potentially presymptomatic or asymptomatic transmission
f Quality of evidence downgraded by 1 level because of lack of clarity regarding reporting of demographics
d Quality of evidence downgraded by 2 levels because no CIs or other measures of precision reported
h Index case assumed to be unidentified conference attendee; potentially presymptomatic or asymptomatic transmission
Table H.4 GRADE profile for relative transmissibility according to symptom status (fewer symptoms versus more symptoms) – nested case–control studiesa
	Quality assessment
	Number of people
	Effect
	Quality

	Number of studies
	Design
	Risk of biasb
	Inconsistency
	Indirectness
	Imprecision
	Other considerations
	Fewer symptoms
	More symptoms
	Relativec
	Absolute
	

	Presymptomatic exposure versus symptomatic exposure

	1 (Cheng 2020)[12]
	Observational studies
	Very seriousd
	No serious inconsistency
	No serious indirectness
	Very seriouse
	None
	Cases: 2
Controls: 297
	Cases:20
Controls: 2351
	OR 0.79 (95% CI 0.18 to 3.40)
	Not applicable
	Very low

	1 (Park 2020)[35]
	Observational studies
	Seriousf
	No serious inconsistency
	No serious indirectness
	Very seriouse
	None
	Cases: 0
Controls: 11
	Cases: 34
Controls: 176
	OR 0.22 (95% CI 0.01 to 3.86)
	Not applicable
	Very low

	Asymptomatic exposure versus symptomatic exposure, including super-spreader

	1 (Chen 2020;[11] He 2020a;[19] Yin 2020)[52]
	Observational studies
	Very seriousd
	No serious inconsistency
	No serious indirectness
	Very seriouse
	Noneg
	Cases: 6
Controls: 140
	Cases: 126
Controls: 1875
	OR 0.64 (95% CI 0.28 to 1.47)
	Not applicable
	Very low

	Asymptomatic exposure versus symptomatic exposure, excluding super-spreader

	1 (Chen 2020;[11] He 2020a;[19] Yin 2020)[52]
	Observational studies
	Very seriousd
	No serious inconsistency
	No serious indirectness
	Very seriouse
	Noneg
	Cases: 6
Controls: 140
	Cases: 94
Controls: 1810
	OR 0.83 (95% CI 0.36 to 1.92)
	Not applicable
	Very low

	Asymptomatic exposure versus symptomatic exposure

	1 (Cheng 2020)[12]
	Observational studies
	Very seriousd
	No serious inconsistency
	No serious indirectness
	Very seriouse
	None
	Cases: 0
Controls: 91
	Cases: 20
Controls: 2351
	OR 0.63 (95% CI 0.04 to 10.44)
	Not applicable
	Very low

	1 (Park 2020)[35]
	Observational studies
	Seriousf
	No serious inconsistency
	No serious indirectness
	Very seriouse
	None
	Cases: 0
Controls: 4
	Cases: 34
Controls: 176
	OR 0.57 (95% CI 0.03 to 10.80)
	Not applicable
	Very low

	Asymptomatic exposure versus presymptomatic exposure

	1 (Zhang 2020b)[56]
	Observational studies
	Seriousf
	No serious inconsistency
	No serious indirectness
	Very seriouse
	None
	Cases: 1
Controls: 124
	Cases: 11
Controls: 233
	OR 0.17 (95% CI 0.02 to 1.34)
	Not applicable
	Very low


CI confidence interval; HIS Healthcare Infection Society; OR odds ratio; SARS-CoV-2 severe acute respiratory syndrome coronavirus 2
a Fewer/more symptoms refers to symptom status in source individuals during exposure of contacts; cases/controls refers to contacts who tested positive/negative, respectively, for SARS-CoV-2 
b Risk of bias refers to limitations in design, analysis and reporting of studies not covered by other quality domains
c ORs and CIs calculated by HIS team
d Quality of evidence downgraded by 2 levels because not possible to tell whether exposure was measured accurately, and confounding factors not accounted for in design/analysis of study
e Quality of evidence downgraded by 2 levels because the 95% CI crosses both lower (0.8) and upper (1.25) default thresholds for imprecision of dichotomous outcomes
f Quality of evidence downgraded by 1 level because confounding factors not accounted for in design/analysis of study
g One or more articles published in Chinese and incomplete translation might account for some lack of clarity in reporting

Table H.5 GRADE profile for relative transmissibility according to symptom status (fewer symptoms versus more symptoms) – mathematical modelling studiesa
	Quality assessment
	Number of people
	Effect
	Quality

	Number of studies
	Design
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Other considerations
	Fewer symptoms
	More symptoms
	Relative
	Absolute
	

	Infectious but asymptomatic versus infectious with symptoms

	1 (Wan 2020)[45]
	Modelling studies
	Not assessed
	No serious inconsistency
	Seriousb
	Very serious
	None
	Not applicable
	Not applicable
	RR 0.81 (95% CrI not reported)
	Not applicable
	Not applicable

	Asymptomatic or with mild symptoms versus infected with severe symptoms

	1 (Gatto 2020)[16]
	Modelling studies
	Not assessed
	No serious inconsistency
	Very seriousc
	Very serious
	None
	Not applicable
	Not applicable
	Not calculabled
	Not applicable
	Not applicable

	Asymptomatic or with mild symptoms versus presymptomatic

	1 (Gatto 2020)[16]
	Modelling studies
	Not assessed
	No serious inconsistency
	Very seriousc
	No serious imprecision
	None
	Not applicable
	Not applicable
	RR 0.033 (95% CrI 0.027 to 0.036)
	Not applicable
	Not applicable

	Undocumented infections versus documented infections without containment measures (10 Jan to 23 Jan 2020)

	1 (Li 2020c)[29]
	Modelling studies
	Not assessed
	No serious inconsistency
	Very seriouse
	No serious imprecision
	None
	Not applicable
	Not applicable
	RR 0.55 (95% CrI 0.49 to 0.60)
	Not applicable
	Not applicable

	Undocumented infections versus documented infections with containment measures (24 Jan to 3 Feb 2020)

	1 (Li 2020c)[29]
	Modelling studies
	Not assessed
	No serious inconsistency
	Very seriouse
	No serious imprecision
	None
	Not applicable
	Not applicable
	RR 0.47 (95% CrI 0.36 to 0.64)
	Not applicable
	Not applicable

	Undocumented infections versus documented infections with containment measures (24 Jan to 8 Feb 2020)

	1 (Li 2020c)[29]
	Modelling studies
	Not assessed
	No serious inconsistency
	Very seriouse
	No serious imprecision
	None
	Not applicable
	Not applicable
	RR 0.42 (95% CrI 0.34 to 0.61)
	Not applicable
	Not applicable

	Presymptomatic reproduction number as percentage of total reproduction number

	1 (Ferretti 2020)[13]
	Modelling studies
	Not assessed
	No serious inconsistency
	No serious indirectness
	Not assessed
	None
	Not applicable
	Not applicable
	47% (95% CrI 11% to 58%)f
	Not applicable
	Not applicable

	Asymptomatic reproduction number as percentage of total reproduction number

	1 (Ferretti 2020)[13]
	Modelling studies
	Not assessed
	No serious inconsistency
	No serious indirectness
	Not assessed
	None
	Not applicable
	Not applicable
	6% (95% CrI 0% to 57%)f
	Not applicable
	Not applicable

	Symptomatic reproduction number as percentage of total reproduction number

	1 (Ferretti 2020)[13]
	Modelling studies
	Not assessed
	No serious inconsistency
	No serious indirectness
	Not assessed
	None
	Not applicable
	Not applicable
	28% (95% CrI 9% to 49%)f
	Not applicable
	Not applicable


CrI credible interval; RR relative risk
a Fewer/more symptoms refers to symptom status in source individuals during exposure of contacts
b Quality of evidence downgraded by 1 level because mathematical modelling studies provide indirect estimates of transmission risks compared to epidemiological studies
c Quality of evidence downgraded by 2 levels because mathematical modelling studies provide indirect estimates of transmission risks compared to epidemiological studies, and asymptomatic infection grouped together with infection with mild symptoms
d Study reports relative effect for more symptoms versus fewer symptoms, i.e. infected with severe symptoms versus asymptomatic or with mild symptoms, RR 1.03 (95% CrI 0.79 to 1.38)
e Quality of evidence downgraded by 2 levels because mathematical modelling studies provide indirect estimates of transmission risks compared to epidemiological studies, and symptom statuses investigated not wholly aligned with those of interest (presymptomatic or asymptomatic); undocumented infected defined as lacking symptoms severe enough to be confirmed/observed; documented infected defined as symptoms severe enough to be confirmed/observed
f Percentages for presymptomatic, asymptomatic and symptomatic transmission do not add to 100%; remainder corresponds to environmental transmission (defined as occurring through contamination not accounted for by identifying close contacts)

Table H.6 GRADE profile for relative transmissibility of asymptomatic infections according to ventilation characteristics in indoor commercial environments – mathematical modelling studies
	Quality assessment
	Number of people
	Effect
	Quality

	Number of studies
	Design
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Other considerations
	Mechanical ventilation
	Natural ventilation
	Relative
	Absolute
	

	Asymptomatic reproduction number before lockdown, mechanical ventilation versus natural ventilation

	1 (Buonanno 2020)[8]
	Modelling studies
	Not assessed
	No serious inconsistency
	Very seriousa
	Very seriousb
	None
	Not applicable
	Not applicable
	Not reportedc
	Not applicable
	Not applicable

	Asymptomatic reproduction number during lockdown, mechanical ventilation versus natural ventilation

	1 (Buonanno 2020)[8]
	Modelling studies
	Not assessed
	No serious inconsistency
	Very seriousa
	Very seriousb
	None
	Not applicable
	Not applicable
	Not reportedd
	Not applicable
	Not applicable


CI confidence interval
a Quality of evidence downgraded by 2 levels because mathematical modelling studies provide indirect estimates of transmission risks compared to epidemiological studies, asymptomatic viral load estimates incorporated in modelling (1×109 copies per mL) might be more representative of presymptomatic/symptomatic viral load, and asymptomatic/symptomatic infections differed only in terms of respiratory/physical activity levels modelled
b Quality of evidence downgraded by 2 levels because no CIs or other measures of precision reported
c Study reports reproduction numbers for asymptomatic transmission before lockdown and with mechanical/natural ventilation in 5 indoor commercial environments: supermarket, 2.19 with natural ventilation; bank, 3.52 with natural ventilation; post office, 3.64 with natural ventilation; pharmacy, 3.70 with natural ventilation; restaurant, 5.35 with mechanical ventilation versus 47.3 with natural ventilation; reproduction numbers with mechanical ventilation reported only for restaurant, other environments ranged from 1.16 to 1.30; no CIs or other measures of precision reported
d Study reports reproduction numbers for asymptomatic transmission during lockdown and with mechanical/natural ventilation in 4 indoor commercial environments: supermarket, 0.12 with mechanical ventilation versus 0.17 with natural ventilation; post office, 0.17 with mechanical ventilation versus 0.41 with natural ventilation; pharmacy, 0.22 with mechanical ventilation versus 0.49 with natural ventilation; bank, 0.34 with mechanical ventilation versus 0.81 with natural ventilation; restaurants required to close during lockdown and additional voluntary measures included fewer staff on duty, customers queueing outside, and ventilation increased by keeping external doors open; no CIs or other measures of precision reported

Appendix I: Consultation
This part of the report will be completed after the consultation to reflect the stakeholder comments received and actions taken in response.
image1.emf

