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BACKGROUND
Description of the condition
In December 2019, a novel coronavirus outbreak began in Wuhan, Hubei Province, China. This coronavirus, named severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), quickly spread worldwide, such that on March 11 2020, the WHO declared COVID-19 a pandemic. 

This Coronavirus disease (COVID-19) has now spread across the globe. The number of cases has increased in an almost exponential manner during the first and subsequent waves in many countries (1) The clinical spectrum of COVID-19 ranges from mild to critically ill cases. Approximately 15%-30% of patients infected with SARS-CoV2 suffer from acute respiratory distress syndrome (2) with persons with weakened immune systems being at higher risk of getting severely sick from SARS CoV-2. (3) This putative virus is an enveloped positive-sense RNA virus, which is host-specific and can infect humans and many animals. (4) It is genetically closer to the severe acute respiratory syndrome coronavirus (SARS-CoV) than the Middle-East respiratory syndrome coronavirus (MERS-CoV) with 380 amino acid substitution differences in the encoded proteins. (5) 

Further, genetic variants of SARS-CoV-2 have been emerging and circulating at global level. (6) The WHO has developed a definition of a variant of concern (VOC) for molecular surveillance: the B.1.1.7 (Alpha), B.1.351 (Beta), P.1 (Gamma), and B.1.617.2 (Delta) variants. (7)

To curtail the pandemic and prevent disease outbreaks that could overwhelm worldwide health systems, efforts have focused on developing a COVID-19 vaccine.(8) (9)

Description of the intervention
COVID-19 vaccine development aiming at conferring protection against infection and/or symptomatic disease has been accelerated. Processes that traditionally take years have been achieved in less than a year. Different vaccine platforms technologies  (i.e., technologies that have in common the use of a ‘backbone’ carrier or vector that is modified with a different antigen or set of antigens) are being tested: virus vaccines (live attenuated virus or inactivated virus); protein-based vaccine (protein subunits or virus-like particle), viral vector vaccine (non replicating viral vector, replicating viral vector) and nucleid acid-based vaccines (DNA and RNA based vaccines). (10)

How the intervention might work
Vaccines aim to generate an immune reponse that would allow avoiding SARS-CoV-2 infection and reducing disease severity.

Live attenuated virus vaccine: Live attenuated virus vaccines are developed so that in an immunocompetent host, they replicate sufficiently to generate a strong immune reponse. (11) Live attenuated vaccines may have the potential to replicate in an uncontrolled manner in immunosuppressed individuals, thus rendering them less suitable for use within this population. (12)

Inactivated virus 
In contrast, inactivated vaccines contain either inactivated whole or altered pathogens, thus precluding their replication. As inactivated vaccines do not contain any live pathogen, they cannot cause the diseases against which they are designed to protect, even in people with severely weakened immune systems. However, a disadvantage is that inactivated vaccines do not always induce a strong or long-lasting immune response as live attenuated vaccines.
Inactivated virus technologies present multiple viral proteins for immune recognition. They have a stable expression of conformation-dependent antigenic epitopes. (13) However, pitfalls include their potential to alter viral epitopes, which may adversely affect immunogenicity due to a possibility that the native structure of the viral antigen is not maintained. (14) As a result, the administration of multiple doses, booster injections, or adjuvant addition is often needed to elicit protective humoral immune responses. (11) 

Protein subunit vaccines are composed of fragments of the virus. Akin to inactivated whole-cell vaccines, protein subunit vaccines do not harbour live components of the pathogen.(15) However, by  containing only the necessary antigenic parts of the pathogen for mounting a protective immune reponse, they may thus be distinguished from inactivated whole-cell vaccines. (15) As the subunit vaccine only relies on the antigen of interest by using recombinant technology, it is considered a more reliable and safer technique than inactivated vaccines. (16) Nevertheless, this advantage may be offset by its inability to display the virus's full antigenic complexity, which may cause an unbalanced immune response and lower its protective efficacy. (17) Consequently, adjuvants may be required to boost immune responses and increase immunogenicity. 

Apart from this ‘traditional’ live and non-live vaccines, several other platforms  developed over the past few decades. These include virus-like particles, viral vectors, nucleic acid-based RNA and DNA vaccines (11), all of which have been employed in COVID 19 vaccine development.  
 
Virus-like particle vaccines (VLP) contain virus-like particles which closely resemble viruses, but are non-infectious as they contain no viral genetic material. (18) This platform has been used against hepatitis B and Human papillomavirus (HPV), constitute another type of protein-based vaccine composed of proteins from the viral capsid. (19) VLP vaccines consist of self-assembled viral structural proteins that may mimic the conformation of native SARS- CoV virions, (20)  thereby making them immunogenic and inducing highly neutralising antibody titers. In light of their non-replicating and non infectious constructs, VLPs may have an enhanced safety profile.   

Viral vector vaccines 
Viral vector-based vaccines differ from most conventional vaccines insofar that they do not actually contain antigens. (21) In contrast, they contain non-infectious virus-like particles, which are assembled without incorporating genetic material. (22) Two types types of viral vector-based vaccines exist, non-replicating vector vaccines. Non-replicating vector vaccines are unable to make new viral particles and only produce the vaccine antigen, in contrast replicating vector vaccines, produce new viral particles in the cells they infect. The COVID-19 viral vector vaccines under development use non-replicating viral vectors. (21) They are generally constructed from a carrier virus, such as an adeno- or pox-virus, and are engineered to carry the key target for COVID-19 vaccines. (16) Whilst vector vaccines confer the key advantage that they may induce the innate immune responses required for eliciting adaptive immune responses, a potential disadvantage is that the host may already possess immunity against the vector due to prior exposure, thus reducing its efficacy. (11) Furthermore, another disadvantage of this vaccine delivery strategy is that it is limited to presenting only a small number of CoV antigens to the host immune system. (16) 

Nucleid acid-based vaccines 
Nucleic acid vaccines use genetic material from a pathogen to stimulate an immune response against it. (23)
Candidates feature prominently in the COVID-19 vaccine landscape. Nucleic acid vaccines, such as mRNA vaccines and DNA vaccines, are delivered into human cells, then transcribed into viral proteins. (16)
· mRNA vaccine 
Whilst mRNA vaccines are considered a new type of vaccine to protect against infectious diseases, (24) this platform has been garnering interest among researchers for decades. The mechanism of action of mRNA vaccines is to instruct cells how to make a protein that may trigger an immune response. (24) The translation of mRNA occurs in the host cell's cytosol, circumventing the risk of integration into the host genome. (24) 
· DNA vaccine 
DNA vaccines involve the direct introduction into tissues of a plasmid containing the DNA sequence encoding the antigen(s) against which an immune response is sought. (25) DNA vaccine candidates consist in injecting plasmid containing the DNA sequence encoding for the SARS-Cov 2 antigen which will stimulate the immune response. Due to the good biocompatibility of plasmid DNA, their cost-efficient production and long shelf life, DNA vaccine-based immunotherapeutic strategies have been developed for treatment of infections. (26)  However, their disadvantage is that the DNA molecules must cross the nuclear membrane to be transcribed, and they generally have low immunogenicity. (16)
[bookmark: _GoBack]Why it is important to do this review
Given the high relevance to the global health community and the increasing number of vaccine candidates now being tested in phase 2 and phase 3 trials, there is an urgent need to produce and maintain a living map and synthesis of the effectiveness and safety of COVID-19 vaccines. The COVID‐NMA initiative was set up to provide decision‐makers with a complete, high‐quality and up‐to‐date synthesis of evidence using pairwise meta‐analyses and when possible and appropriate, network meta‐analyses (NMAs), as soon as results are available. 

In the coming months and years, a large amount of data will be published in relation to a large number of vaccine products. This living systematic review (i.e., a systematic review which is continually updated, including new evidence as it becomes available) aims to answer the question: what is the current evidence with respect to immune response, and the efficacy and safety of the COVID-19 vaccines?  


OBJECTIVES
To assess the comparative efficacy, immunogenicity and safety of COVID-19 vaccines on SARS CoV-2 of any type (wild-type or variant) as well as SARS CoV-2 variants of concern Alpha (B.1.1.7), Beta (B.1.351), Gamma (P.1), Delta (B.1.617.2) in addition to any other newly discovered variants of concerns as identified by WHO.

This is a protocol of a living systematic review and network meta-analysis of randomized controlled trials (RCTs) evaluating COVID-19 vaccines. The living systematic review is part of the larger COVID-NMA initiative, (27)which aims to provide decision-makers with a complete, high-quality and up-to-date living systematic review on interventions for preventing and treating COVID-19. (28) This protocol on SARS-COV2 vaccines is a sub-protocol within the COVID-NMA project. 
The NMA, where feasible, aims to provide results for all possible comparisons (direct and indirect) across different vaccines.

This is the protocol for a Cochrane living systematic review. All results will be made available on the COVID-NMA platform (https://covid-nma.com) and updated weekly.

As this is an emerging topic and  knowledge about this infection is evolving rapidly, we will set up regular meetings with content experts to update the protocol (e.g., definition of the nodes of the network, effect modifiers) and specify other important aspects (e.g., margin of equivalence).

The review is registered in Prospero CRD42021271897.

METHODS
Criteria for considering studies for this systematic review
Types of studies
We will include parallel or cluster-randomized controlled trials (RCTs) evaluating the efficacy, immunogenicity and safety of COVID-19 vaccines in humans.
Single-arm studies, non-randomized studies and modelling studies of interventions for COVID-19 will not be included in the review. 
We have no restriction on language. 

Types of participants
Participants will include children or adults with no restriction on age and comorbidities whatever their serologic status at baseline.

Types of interventions
Eligible interventions will include any COVID-19 vaccines, particularly:
· live attenuated virus vaccine;
· inactivated virus vaccine;
· protein subunit vaccine;
· virus-like particle (VLP) vaccine;
· non-replicating viral vector (e.g., recombinant adenovirus) vaccine;
· replicating viral vector vaccine;
· DNA based vaccine; 
· RNA based vaccine.

The list of types of vaccine could expand over time for any new type of vaccine candidate for COVID-19.

For a given vaccine candidate, we will include only the vaccine selected after early phase trials which are evaluated in phase 2-3 trials.

As aforementioned, we will set up regular meetings with content experts to update the protocol and discuss definitions of the nodes that represent the interventions being compared. 

Type of comparator
Comparator will include placebo (placebo could consist of saline placebo, injecting only the vaccine adjuvant or injecting vaccine protecting for other diseases such as meningococcal conjugate vaccine), no vaccine or another COVID-19 vaccine.

Types of outcome measures
Our outcomes were identified with content experts considering the outcomes most frequently evaluated in the registered RCTs and after consulting the main outcomes recommended by the U.S. Food and Drug Administration (FDA) guidance for the development of vaccine. (29)

Critical outcomes
We will consider only critical outcomes in the GRADE ‘Summary of findings table.

Efficacy outcomes
· Incidence of participants with confirmed SARS-CoV-2 infection after complete vaccination
· confirmed by RT-PCR or Nucleic acid amplification testing (NAAT) or other validated test 
· Incidence of confirmed symptomatic COVID-19 after complete vaccination
· confirmed by RT-PCR or NAAT or other validated test 
· Severe or critical COVID-19 as reported by trialists 
· All-cause mortality 

Our outcomes include any SARS-CoV-2 (wild-type or variants of concern such as Alpha (B.1.1.7), Beta (B.1.351), Gamma (P.1), Delta (B.1.617.2). However, we will record data related to variant and explore the impact of vaccine on variants in a meta regression model if appropriate. For incidence of confirmed infections, we will be reporting the timeframe of vaccination as defined by trial authors and presenting the different timeframes used accordingly. 

Safety outcomes
· Incidence of systemic adverse events (AE)
· Of note: when the number of participants with at least one systemic AE is not reported, we will use as proxy measures (for adults) the number of participants with malaise as first choice, headache as second choice, and fever ≥37.5 °C as third choice; for children we will use as proxy measures irritability as first choice, decreased activity/weakness as second choice, and fever ≥37.5 °C as third choice. 
· Incidence of any adverse events
· Incidence of any serious adverse events (SAEs) 

Important outcomes
Efficacy outcomes
· Incidence of confirmed symptomatic COVID-19 after first dose
· confirmed with positive test for SARS-CoV-2 infection by RT-PCR or NAAT or other validated test 
· Incidence of participants with confirmed SARS-CoV-2 infection after first dose
· confirmed by RT-PCR or Nucleic acid amplification testing (NAAT) or other validated test (symptomatic or asymptomatic) 

Immunogenicity outcomes
· The geometric mean titres (GMT) of specific antibody against SARS-CoV-2  (2 weeks after the first dose)
· The GMT of neutralizing antibody against SARS-CoV-2 (2 weeks after second dose)
· Cellular immune responses (i.e., IFN-γ  enzyme-linked immunospot - ELISpot)

Specific safety outcomes
· Incidence of local adverse events 
· When the number of participants with at least one local AE is not reported, we will use as a proxy measure pain as first choice, local swelling/induration as second choice, and erythema/redness as third choice.
· Incidence of withdrawals due to adverse events
· Incidence of specific safety outcomes 
· cardio-embolic events (Pulmonary embolism, stroke, venous thrombosis, cavernous sinus thrombosis, pericarditis), 
· haematological events (thrombocytopenia, hemorrhage, bruising, neutropenia, anaemia, lymphadenopathy), 
· neurological events (stroke, headache, delirium, paresthesia).
· Vaccine-enhanced disease (VED) 

Note: As the start of follow-up (T0) may vary (e.g., follow-up starts “14 days after the last dose” or “21 days after the first dose”), we will systematically record the T0 considered. For safety outcomes, we will consider preferably T0 = time the first dose is injected. We will systematically record the follow-up duration for the outcomes considered. When the same outcome is recorded at several time points, we will record the farthest in time. 
For specific antibody against SARS-CoV-2, we will consider preferably T0 = 2 weeks after the first dose;
For neutralizing antibody against SARS-CoV-2, we will consider preferably T0 = 2 weeks after second dose.
For cellular antibodies, we will consider preferably T0 = time after the first dose. The delay will be recorded.

Search methods for identification of studies
We will use the search strategies defined in the protocol for the larger COVID-NMA initiative (https://covid-nma.com) (28) and ﻿outlined in Appendix 1 to identify randomized trials evaluating vaccines for COVID-19﻿. Search methods and strategies will be reviewed approximately yearly, to ensure they reflect any terminology changes in the topic area, or in the databases. Of note, the secondary sources are revising the strategy very frequently (e.g., at least once a week for the L.OVE Platform). 


Electronic searches
· The Epistemonikos L·OVE COVID-19 platform (https://app.iloveevidence.com/covid19), searched every working day since September 4, 2020. This platform was set up by the epistemonikos foundation. The primary data sources used to set up this platform includes PubMed, EMBASE, CINAHL (the Cumulative Index to Nursing and Allied Health Literature), PsycINFO, LILACS (Latin American & Caribbean Health Sciences Literature), Wanfang Database, CBM (Chinese Biomedical Literature Database), CNKI (Chinese National Knowledge Infrastructure), VIP (Chinese Scientific Journal Database), IRIS (WHO Institutional Repository for Information Sharing), IRIS PAHO (PAHO Institutional Repository for Information Sharing), IBECS (Spanish Bibliographic Index on Health Sciences), Microsoft Academic, ICTRP Search Portal, Clinicaltrials.gov, ISRCTN registry, Chinese Clinical Trial Registry, IRCT (Iranian Registry of Clinical Trials), EU Clinical Trials Register (Clinical trials for covid-19), Japan NIPH Clinical Trials Search, JPRN (Japan Primary Registries Network) (JPRN - includes JapicCTI, JMACCT CTR, jRCT, UMIN CTR), MedRxiv, BioRxiv, SSRN Preprints, Research Square, ChinaXiv and SciELO Preprints.
Complete data sources and search methods for the register are available at: https://app.iloveevidence.com/covid19/methods.

· The Cochrane COVID-19 Study Register (https://covid-19.cochrane.org/), searched every working day since September 4, 2020. The Cochrane COVID-19 Study Register is a specialised register built within the Cochrane Register of Studies (CRS) and is maintained by Cochrane Information Specialists. The register contains study reports from several sources, including: 
· daily searches of PubMed
· daily searches of ClinicalTrials.gov
· weekly searches of Embase.com
· weekly searches of the WHO International Clinical Trials Registry Platform (ICTRP)
· weekly searches of medRxiv
· monthly searches of the Cochrane Central Register of Controlled Trials (CENTRAL)

Complete data sources and search methods for the register are available at: community.cochrane.org/about-covid-19-study-register 

We will also search the Retraction Watch Database for retracted studies (https://retractionwatch.com/retracted-coronavirus-covid-19-papers/).

We will also systematically search for updates or publication of the preprints using a preprint tracker developed in collaboration with a research team from the French National Centre for Scientific Reseach (CNRS) (30)  

Searching other resources
We will search the following trial registries for unpublished and ongoing studies:
· the World Health Organization (WHO) International Clinical Trials Registry Platform (ICTRP, https://www.who.int/ictrp/en/), to identify ongoing and completed clinical trials on COVID-19. We will use the List By Health Topic: 2019-nCoV / COVID-19 filter and retrieve all studies identified. 

We will also search the European Medicine Agency (EMA) clinical data website https://clinicaldata.ema.europa.eu/web/cdp/home) to identify trials submitted to the EMA and search for the Clinical Study Report (CSR) of eligible studies. We will also search the FDA website to identify FDA approval trials. This search will be done monthly.

For preprints versus subsequent full publications, we will favor the latter as they are the latest documents of trial findings.(28) Regarding CSR, it will be decided on a case-to-case bases. If needed, we will contact investigators to better understand discrepancies. 

Data collection and analysis
We will search, screen and extract data daily (on working days). The updated synthesis will be reported online (https://covid-nma.com) at least once a week; the review will be updated only if the conclusion has change (e.g. change in certainty for the critical outcomes). 

Selection of studies
W﻿e will ﻿search and screen the citations retrieved daily and use an Excel spreadsheet to document search dates and citations identified. Screening of records and abstracts will be done in duplicate, independently. A third reviewer will resolve any disagreements.

Since the COVID-NMA initiative was set up to perform daily search and screening of trial results (28), and given the current evolving nature of the COVID-19 vaccination evidence base, we decided to omit searching the references of included studies as our living search process identifies COVID-19 trial records prospectively from the point of trial registration. It is very unlikely that we would identify any study report from the screening of selected reports considering the quality of the secondary sources available. Specifically, the Epistemonikos L·OVE COVID-19 platform (31) implements the following strategies in order to identify articles potentially missed by their electronic search:
· manually check all the systematic reviews identified by our search and we add the studies included in those reviews to the repository;
· manually check all the overviews of systematic reviews, scoping reviews or other broad syntheses reporting a list of included reviews/studies and we add the included articles to the repository;
· evaluate potentially eligible articles sent by users through the contact email or other means (e.g. Twitter);
· run a daily search for randomised trials in Twitter using the following strategy: #COVID19 OR #COVID-19 OR #COVID_19 OR #COVID randomized OR randomised;
· scan relevant scientific conferences, websites and events relevant to COVID-19.

In the full Cochrane review we will discuss our search methods and whether they pose as potential biases in the review process.(28)

Data extraction and management
All data will be extracted in duplicate. Two reviewers will independently read each preprint, publication, protocol, or other study reports, evaluate the completeness of the data and assess the risk of bias. Based on a pilot data extraction form, we will design, evaluate and modify, if needed, a specific structured data extraction form to ensure consistency in the extraction of information. The form will be implemented on the COVID-NMA platform on the extraction module developed specifically. All discrepancies automatically identified by the platform data extraction module will be discussed by the two reviewers to reach a consensus. ﻿

Information extracted will include study characteristics (such as first author, publication year and journal), number of participants randomized, patient characteristics (age, gender, pre-existing neutralizing or specific antibodies or participants seropositive, comorbidities), intervention details (type of vaccines, dosing, schedule and route of administration), co-interventions (paracetamol or other pain killers systematically provided to mitigate the immediate effects of vaccination, non-COVID routine child immunization (paediatric immunization), non-COVID routine adult immunization (influenza, pneumococcal vaccine), outcome measures, and risk of bias assessment. 

We will also record specific safety outcomes particularly cardio-embolic events (pulmonary embolism, stroke, venous thrombosis, cavernous sinus thrombosis, pericarditis), haematological events (thrombocytopenia, hemorrhage, bruising, neutropenia, anaemia, lymphadenopathy), neurological events (stroke, headache, delirium, paresthesia).

For dichotomous outcomes, we will extract the number of events and number of total participants in each study arm. We will also extract the vaccine efficacy and 95% CI for each outcome when available. For continuous outcomes, we will record the geometric mean titre and 95% CI in each arm.

We will extract the data as analyzed by trial authors. When several analyses are reported, we will prioritize extraction of the primary analysis as planned by the authors.

Where appropriate and reported, we will record outcome measures stratified by:
· age (children, adults or elderly; we will record the threshold used to define these age strata);
· immune status (competent or immunocompromised);
· pregnancy status.

To explore the efficacy of vaccine on variants, we will also record data related to the SARS-CoV-2 sequencing particularly the number of COVID-19 patients related to the wild-type SARS-CoV-2, and the different variants of concern such as Alpha (B.1.1.7), Beta (B.1.351), Gamma (P.1), Delta (B.1.617.2). This will be done only for critical outcomes of efficacy. 

When necessary (i.e., any missing information), we will contact trial authors and ask them to supply information that we need but cannot retrieve from the available study reports. These data will be requested by a personalized email sent by the WHO, with whom we are collaborating on COVID-NMA. 

Assessment of risk of bias in the included studies
Risk of Bias 2 tool
Each study will be assessed with the Cochrane 'Risk of Bias 2' (RoB 2) tool for randomized controlled trials.(32)

We will assess Risk of ﻿Bias for the critical ﻿outcomes of the review﻿. We will record judgements for each domain using the online data extraction tool we developed. Risk of ﻿Bias will be assessed independently, in duplicate with consensus by researchers with epidemiological training (currently four people) or Cochrane Response members (the number of people involved varies). All have been previously trained in clinical epidemiology and systematic reviews. All have participated in a training program where they had to read the training material and perform data extraction and RoB assessments with a team of experienced researchers. The data quality will be assessed by members of the Cochrane Bias Methods Group, who will check a random sample of 10% of  the extracted reports.

The Cochrane RoB 2 tool is structured into five domains: 1) risk of bias arising from the randomization process, 2) risk of bias due to deviations from intended interventions, 3) risk of bias due to missing outcome data, 4) risk of bias in the measurement of the outcome, 5) risk of bias in the selection of the reported result. Within each domain, a series of 'signalling questions' elicit information relevant to the risk of bias assessment. The response options to the signalling questions are: “Yes”; “Probably yes”; “Probably no”; “No”; and “No information”. A risk of bias judgement for each domain is generated by an algorithm, based on answers to the signaling questions. Judgement can be 'Low', ‘Some concerns’ or 'High' risk of bias. Overall, risk of bias will be considered as “low risk of bias” if all domains are at ‘low risk’; “some concerns” if at least one domain is of ‘some concern’ and no domains are ‘high risk of bias’; and “high risk of bias” if there is at least one domain assessed as ‘high risk’, or several domains with ‘some concerns’. In the context of this protocol, we are interested in quantifying the effect of assignment to the interventions at baseline, regardless of whether the interventions are received as intended (i.e., the ‘intention-to-treat effect’).

For cluster-randomized trials, if any, we will also rely on the extension of the RoB tool 2.0 for cluster-randomized trials. We will particularly add the domain 1b: Risk of bias arising from the timing of identification or recruitment of participants in a cluster-randomized trial.

While we will rely on the signalling questions to assess each domain and justify our assessment, we will not record the answers of systematic reviewers or how consensus was obtained for the signalling questions. This will be done only at the domain level.

The risk of bias assessment will be considered as part of an evaluation of the certainty of the evidence and sensitivity analysis.

Measures of treatment effect
For dichotomous outcomes, we will use the risk ratio or rate ratio accompanied by the 95% confidence interval (CI) as a measure of effect. For outcomes measured with geometric mean titres (GMT) we will use the ratio of means with the accompanying 95% CI.

Unit of analysis issues
Different comparisons from multi-arm trials will be analyzed separately for all pairwise meta-analyses. If we perform network meta-analysis (NMA), we will properly account for the correlation of effect sizes coming from multi-arm trials (see Statistical Analysis).  
If we identify any eligible cluster-randomized trials, we will extract results that properly account for the cluster design (such as based on a multilevel model or on generalized estimating equations). If such an analysis is not reported, we will contact authors to try to obtain the parameters required to be able to calculate an estimate of the intraclass correlation coefficient for the meta-analyses  to adjust for the design effect. Should these not be obtained, the trial will still be include, although it will be mentioned as a limitation of the analysis. 

Dealing with missing data
For missing outcome data, we will extract the number of participants who dropped out before the completion of the study and how missing outcome data were handled by the study authors. We will assess the appropriateness of any imputation methods used to account for early dropouts in our risk of bias assessments. To assess the potential impact of missing outcome data on the results, we will conduct sensitivity analyses, making different assumption on different proportions of missing data.

Assessment of heterogeneity
[bookmark: _Hlk77605096]At each update, we will first generate descriptive statistics for study and population characteristics and we will examine the distribution of important clinical and methodological variables (such as age, immunocompromised status, location etc.) (See ‘Subgroup analysis and investigation of heterogeneity/incoherence’ section). Visual inspection of forest plots, the I-square statistic, the between-study variance (tau-square), pred iction intervals (the interval within which the effect of a future study is expected to lie) (33) will be used to assess the level of heterogeneity.

Assessment of transitivity
[bookmark: _Hlk77604888][bookmark: _Hlk77601932]If a certain number of studies is available (e.g. at least 3 studies for 30% of the available direct comparisons), we will opt for conducting network meta-analysis (NMA). Prior to this analysis, we will assess whether the assumption that the anchor treatments are transitive to allow valid indirect inference is likely to be plausible. Specifically, we will evaluate the similarity of the distribution of the potential effect modifiers (variants of the virus, baseline risk such as rate of transmission of COVID-19 at the time the trials were conducted, immune status) across the available comparisons. Throughout the living review, we will be consulting content experts and update, if necessary, the list of potential effect modifiers. We will use boxplots to depict the distributions of these variables across comparisons. In terms of node (i.e. vaccine) definition, we do not expect substantial heterogeneity that could threaten the transitivity assumption. 

Assessment of reporting biases
We will assess the selective non-reporting or under-reporting of results in the trials identified according to the framework proposed in Chapter 13 of the Cochrane Handbook.(34)

We will use funnel plots (in the presence of at least ten studies per meta-analysis) and statistical tests (such as the Egger’s test) to assess the potential for small-study effects. If asymmetry is found, we will explore possible reasons for the apparent association between study size and study effect. If publication bias is suspected, we will apply selection models that make assumptions about the probability of publication based on the study results.(35) If NMA is deemed feasible, we will also draw comparison-adjusted funnel plots; these are modified funnel plots appropriate for putting together all studies from a NMA irrespective of the comp  arison they evaluate. (36) This will be done only for critical outcomes.

Data synthesis
We will analyse each type of vaccine separately. We will combine trials with comparators as placebo or adjuvant or other control together under the same comparison at the specific vaccine level. All eligible RCTs will be included in the primary analysis, whatever the risk of bias assessment. 

For each direct comparison with at least two studies providing data, we will perform pairwise meta-analysis and present summary effect estimates with 95% CIs. We will use the random-effects model to incorporate the anticipated clinical and methodological heterogeneity across studies. 

[bookmark: _Hlk77602778]In the presence of excessive heterogeneity across studies (i.e., diverse forest plots and/or tau-square above the 75% quartile of empirical distributions), we will not synthesize the trial data quantitatively but only qualitatively unless we will be able to set up homogeneous subsets of the available trials.

[bookmark: _Hlk77602877][bookmark: _Hlk77601435]If there are no major concerns about transitivity (see ‘Assessment of transitivity’ section), we will also perform random effects NMA for each outcome. The analysis will be performed at the vaccine level (not the type of vaccine), hence we will not combine different vaccines. We will assume a common heterogeneity parameter for each network. We will present the results in terms of effect sizes and 95% CIs in league tables and will use colours to represent the certainty of the evidence for every comparison. We will assess the impact of heterogeneity on the results by using prediction intervals. To rank the interventions, in the absence of excessive uncertainty in the relative effects, we will use the surface under the cumulative ranking curve (SUCRA).(37)  This will be done for critical outcomes. We will run analyses and produce graphical displays using R (netmeta package) (38) and Stata network  (39)and network graphs packages. (40) If important concerns about transitivity are detected, we will only perform pairwise meta-analyses.

Assessment of incoherence
[bookmark: _Hlk77603295]We will evaluate the assumption coherence, which refers to the agreement between direct and indirect evidence, using local and global tests. Local approaches assess coherence in parts of the network while global approaches in the entire network jointly. Specifically, we will use the side-splitting method.(41) and the design-by-treatment interaction model.(34) P-values smaller than 0.10 will be considered as suspicious for incoherence. Tests for incoherence are known to have low power and may not be able to detect incoherence even when present, so we will interpret the results of the tests with caution.

Subgroup analysis and investigation of heterogeneity/incoherence
Pre-specified subgroup analysis will explore whether the following population characteristics explain heterogeneity:
· Age:
· children or adolescents (aged <18 years);
· adults (18-59 years);
· elderly (>60 years).
· Specific populations:
· immunocompromised participants;
· pregnant women.

We will evaluate the impact of the different SARS-CoV-2 variants in a meta-regression model. It should be noted that, as the evidence based on COVID-19/SARS-CoV-2 variants continues to evolve we will further explore the impact of special characteristics on the review findings. 

Subgroup analysis will be performed for critical outcomes only (See ‘Types of outcome measures’ section);(28) it will be conducted for the NMA if the NMA is feasible, and for pairwise comparisons if the NMA is deemed inappropriate or not possible. 

Sensitivity analysis
We will perform sensitivity analyses by excluding RCTs with an overall high risk of bias, RCTs reported in preprint only and early phase trials (I, II). As in the field of vaccine, most trials do not report intent to treat analysis but per protocol analysis, we will also run the analyses using the number of participants randomized instead of those analyzed allowing for uncertainty in our missing outcome data assumptions.(39, 42, 43) For the NMA, we will also perform a sensitivity analyses assuming that the effects of the vaccines of the same type (e.g., RNA-based vaccine) are related although not identical.

[bookmark: _Hlk77603886]Summary of findings and assessment of the certainty of the evidence of the review findings
To evaluate the certainty of the evidence in the results of the pairwise comparisons for the critical outcomes, two review authors will independently assess the overall certainty of the evidence for each outcome using the GRADE approach.(44) We will use the five GRADE considerations (Risk of bias assessment, consistency of effect, imprecision, indirectness and publication bias) to assess the certainty of a body of evidence related to studies that contributed data to pairwise meta-analyses for prespecified outcomes. The assessment will be based on a minimally contextualised approach,(45) with the null effect as the threshold for the critical outcomes of mortality and serious adverse events. (46)For other outcomes, thresholds to determine appreciable benefit or harm will rely on content experts’ advice. 

We will prepare separate 'Summary of findings' tables of the NMA analysis for each critical outcome. These tables will report the different comparisons included in the network, relative and absolute effect estimates,  and the certainty of the evidence. (47) (48)Absolute effects will be calculated GRADEpro (49) using the baseline risks in the control groups of the included studies. Two review authors will independently rate the evidence's overall certainty for each outcome using the CINeMA tool and all decisions to downgrade or update the certainty of evidence will be made explicit. 

To evaluate the certainty of the evidence in the NMA for the critical outcomes, we will use the CINeMA tool that considers the following domains: within-study-bias, across-studies bias, indirectness, imprecision, heterogeneity and incoherence.(50) (51)For within-study bias and indirectness, CINeMA calculates the contribution of each study in the estimation and combines these contributions with the study-specific evaluations (low, moderate, high) to rate the relative effect for each comparison in the network. The domains of imprecision, heterogeneity and incoherence use a pre-specified important size of effect to specify the margin of equivalence between two interventions. This will be defined by consulting the content experts.
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APPENDICES
Search strategies

Cochrane COVID-19 Study Register

	Source
	Current Strategy (last updated March 31, 2021)

	ClinicalTrials.gov
	COVID-19 OR 2019-nCoV OR SARS-CoV-2 OR coronavirus


	WHO ICTRP
	COVID OR 2019-nCoV OR SARS-CoV-2 OR coronavirus OR corona virus


	PubMed
	(2019 nCoV[tiab] OR 2019nCoV[tiab] OR corona virus[tiab] OR corona viruses[tiab] OR coronavirus[tiab] OR coronaviruses[tiab] OR COVID[tiab] OR COVID19[tiab] OR nCov 2019[tiab] OR SARS-CoV2[tiab] OR SARS CoV-2[tiab] OR SARSCoV2[tiab] OR SARSCoV-2[tiab] OR "COVID-19"[Mesh] OR "COVID-19 Testing"[Mesh] OR "COVID-19 Vaccines"[Mesh] OR "Coronavirus"[Mesh:NoExp] OR "Receptors, Coronavirus"[Mesh] OR "SARS-CoV-2"[Mesh] OR "Spike Glycoprotein, Coronavirus"[Mesh]) NOT ("animals"[mh] NOT "humans"[mh]) NOT (editorial[pt] OR newspaper article[pt])


	Embase.com
	((('anti-SARS-CoV-2 agent'/exp OR 'coronaviridae'/de OR 'coronavirinae'/de OR 'coronaviridae infection'/de OR 'coronavirus disease 2019'/exp OR 'coronavirus infection'/de OR 'COVID-19 testing'/exp OR 'sars coronavirus 2 test kit'/exp OR 'sars-related coronavirus'/de OR 'severe acute respiratory syndrome coronavirus 2'/exp OR '2019 ncov':ti,ab,kw OR 2019ncov:ti,ab,kw OR (((corona* OR corono*) NEAR/1 (virus* OR viral* OR virinae*)):ti,ab,kw) OR coronavir*:ti,ab,kw OR coronovir*:ti,ab,kw OR covid:ti,ab,kw OR covid19:ti,ab,kw OR hcov*:ti,ab,kw OR 'ncov 2019':ti,ab,kw OR 'sars cov2':ti,ab,kw OR 'sars cov 2':ti,ab,kw OR sarscov2:ti,ab,kw OR 'sarscov 2':ti,ab,kw) NOT (('animal experiment'/de OR 'animal'/exp) NOT ('human'/exp OR 'human experiment'/de))) NOT 'editorial'/it) NOT ([medline]/lim OR [pubmed-not-medline]/lim) AND [1-12-2019]/sd


	CENTRAL

	1 ("2019 nCoV" OR 2019nCoV OR "corona virus*" OR coronavirus* OR COVID OR COVID19 OR "nCov 2019" OR "SARS-CoV2" OR "SARS CoV-2" OR SARSCoV2 OR "SARSCoV-2"):TI,AB AND CENTRAL:TARGET
2 Coronavirus:MH AND CENTRAL:TARGET
3 Coronavirus:EH AND CENTRAL:TARGET
4 #1 OR #2 OR #3
5 2019 TO 2021:YR AND CENTRAL:TARGET
6 #5 AND #4
7 INSEGMENT
8 #6 NOT #7

	
medRxiv

	We screen the entire COVID-19 results identified by the Stephen B. Thacker CDC Library



For the Cochrane COVID-19 Study Register we:
1. Select new studies “Last week”
2. Select update new references “Last week”
3. Select results available “Report results”
4. Select study characteristics, study type “Interventional”
5. Select study characteristics, study aim “Treatment and management”
6. Select study characteristics, intervention assignment “Randomized”


Epistemonikos L·OVE COVID-19 platform

	Search strategy

	coronavir* OR coronovirus* OR betacoronavir* OR "beta-coronavirus" OR "beta-coronaviruses" OR "corona virus" OR "virus corona" OR "corono virus" OR "virus corono" OR hcov* OR covid* OR "2019-ncov" OR cv19* OR "cv-19" OR "cv 19" OR "n-cov" OR ncov* OR (wuhan* AND (virus OR viruses OR viral)) OR "2019-ncov-related" OR "cv-19-related" OR "n-cov-related" OR sars* OR sari OR "severe acute respiratory syndrome" OR antisars* OR "anti-sars-cov-2" OR "anti-sars-cov2" OR "anti-sarscov-2" OR "anti-sarscov-2" OR "post-COVID-19" OR "Not-of-COVID-19" OR "corona patients" OR "article-covid-19" OR "post-covid-19" OR "post-covid" OR "with-covid-19" OR "pre-covid" OR "pre-covid-19" OR "with-covid" OR "anti-covid-19" OR "n-covid" OR "no-covid"



For the Epistemonikos L*OVE COVID-19 platform we:
1. Select type of question “Prevention or treatment”
2. Select intervention “Public health”, “Vaccination” and “SARS-CoV-2 vaccines”
3. Select “Primary studies”
4. Filter results by “RCT”
5. Export the results in a .ris file
6. Upload the results into Rayyan ®
7. Export results in an excel file
8. Eliminate duplicates
9. Cross-check with the latest extraction to eliminate duplicates and obtain only new articles (L*OVE platform doesn’t filter results by day)



15

