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Section 1: PRISMA Checklist. 
 

eTable 1. Completed PRISMA Checklist. 

Section and 

Topic  

Item 

# 

Checklist item  Location 

where item is 

reported  

TITLE   

Title  1 Identify the report as a systematic review. 1* 

ABSTRACT   

Abstract  2 See the PRISMA 2020 for Abstracts checklist. 4-5* 

INTRODUCTION   

Rationale  3 Describe the rationale for the review in the context of existing knowledge. 6* 

Objectives  4 Provide an explicit statement of the objective(s) or question(s) the review addresses. 6* 

METHODS   

Eligibility 

criteria  

5 Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. 7-8* & S9 

Information 

sources  

6 Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to 

identify studies. Specify the date when each source was last searched or consulted. 

7-8* 

Search strategy 7 Present the full search strategies for all databases, registers and websites, including any filters and limits used. S7 

Selection 

process 

8 Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many 

reviewers screened each record and each report retrieved, whether they worked independently, and if applicable, 

details of automation tools used in the process. 

7-8*& S9 

Data collection 

process  

9 Specify the methods used to collect data from reports, including how many reviewers collected data from each 

report, whether they worked independently, any processes for obtaining or confirming data from study 

investigators, and if applicable, details of automation tools used in the process. 

8-9*& S10 

Data items  10a List and define all outcomes for which data were sought. Specify whether all results that were compatible with 

each outcome domain in each study were sought (e.g. for all measures, time points, analyses), and if not, the 

methods used to decide which results to collect. 

9-11* & S10-

15 

10b List and define all other variables for which data were sought (e.g. participant and intervention characteristics, 

funding sources). Describe any assumptions made about any missing or unclear information. 

7* & S8-10 

Study risk of 

bias assessment 

11 Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how 

many reviewers assessed each study and whether they worked independently, and if applicable, details of 

automation tools used in the process. 

9*  

Effect measures  12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or 

presentation of results. 

9-11* & S15 
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Section and 

Topic  

Item 

# 

Checklist item  Location 

where item is 

reported  

Synthesis 

methods 

13a Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study 

intervention characteristics and comparing against the planned groups for each synthesis (item #5)). 

9-10*  

13b Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing 

summary statistics, or data conversions. 

S10-18 

13c Describe any methods used to tabulate or visually display results of individual studies and syntheses. S10-18 

13d Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was 

performed, describe the model(s), method(s) to identify the presence and extent of statistical heterogeneity, and 

software package(s) used. 

8-11* & S10-

18 

13e Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup 

analysis, meta-regression). 

10-11* & 

S18-20 

13f Describe any sensitivity analyses conducted to assess robustness of the synthesized results. S18-20 

Reporting bias 

assessment 

14 Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting 

biases). 

S15 

Certainty 

assessment 

15 Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome. N/A 

RESULTS   

Study selection  16a Describe the results of the search and selection process, from the number of records identified in the search to the 

number of studies included in the review, ideally using a flow diagram. 

11-12* & S21 

16b Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were 

excluded. 

11* & S34 

Study 

characteristics  

17 Cite each included study and present its characteristics. 22* S34 

Risk of bias in 

studies  

18 Present assessments of risk of bias for each included study. Supplement 

Results of 

individual 

studies  

19 For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an 

effect estimate and its precision (e.g. confidence/credible interval), ideally using structured tables or plots. 

25-28* & 

S40-62 

Results of 

syntheses 

20a For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies. 11-13* 

20b Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary 

estimate and its precision (e.g. confidence/credible interval) and measures of statistical heterogeneity. If 

comparing groups, describe the direction of the effect. 

11-14* & 

S40-84 

20c Present results of all investigations of possible causes of heterogeneity among study results. 13& S44-84 

20d Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results. S55-84 

Reporting biases 21 Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis Supplement 
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Section and 

Topic  

Item 

# 

Checklist item  Location 

where item is 

reported  

assessed. 

Certainty of 

evidence  

22 Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. N/A 

DISCUSSION   

Discussion  23a Provide a general interpretation of the results in the context of other evidence. 14* 

23b Discuss any limitations of the evidence included in the review. 14-16* 

23c Discuss any limitations of the review processes used. 16-17* 

23d Discuss implications of the results for practice, policy, and future research. 17-19* 

OTHER INFORMATION  

Registration and 

protocol 

24a Provide registration information for the review, including register name and registration number, or state that the 

review was not registered. 

7* 

24b Indicate where the review protocol can be accessed, or state that a protocol was not prepared. 7* 

24c Describe and explain any amendments to information provided at registration or in the protocol. 7* 

Support 25 Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in 

the review. 

29* 

Competing 

interests 

26 Declare any competing interests of review authors. 29* 

Availability of 

data, code and 

other materials 

27 Report which of the following are publicly available and where they can be found: template data collection 

forms; data extracted from included studies; data used for all analyses; analytic code; any other materials used in 

the review. 

29* 

  Notes. NA=not applicable; S#= page number in the supplement; #*= page number in main paper. 
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Section 2. eMethods  

2.01. Search Databases and Syntaxes  

 

We searched the National Institutes of Health’s (NIH) iSearch COVID-19 Portfolio, which is a comprehensive, 

expert-curated database covering publications and preprints related to COVID-19, as well as EMBASE via OVID. 

 

eTable 2. Search Syntaxes Across Databases. 

NIH iSEARCH COVID 

(mRNA OR messenger OR “RNA messenger” OR vector* OR Pfizer OR Moderna OR Janssen OR AstraZeneca 

OR Oxford OR BioNTech OR BNT162b2 OR mRNA-1273 OR AZD1222 OR ChAdOx1 OR Ad26.COV2.S OR 

JNJ-78436735 OR COVISHIELD OR booster OR “third dose”) AND vaccin* AND (effectiveness OR efficacy) 

Limits: Date: January 01, 2021 to November 3, 2022 Fields: Title and Abstract and Full-text 

EMBASE Syntax 

(mRNA or messenger or “RNA messenger” or vector* or Pfizer or Moderna or Janssen or AstraZeneca or Oxford 

or BioNTech).mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug 

manufacturer, device trade name, keyword heading word, floating subheading word, candidate term word] 

(“BNT162b2” or “mRNA-1273” or “AZD1222” or “ChAdOx1” or “Ad26.COV2.S” or “JNJ-78436735” or 

COVISHIELD).mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug 

manufacturer, device trade name, keyword heading word, floating subheading word, candidate term word] 

(booster or “third dose”).mp. [mp=title, abstract, heading word, drug trade name, original title, device 

manufacturer, drug manufacturer, device trade name, keyword heading word, floating subheading word, 

candidate term word] 

1 or 2 or 3 

vaccination/ or Vaccin*.mp. or vaccine/ 

(effectiveness or efficacy).mp. [mp=title, abstract, heading word, drug trade name, original title, device 

manufacturer, drug manufacturer, device trade name, keyword heading word, floating subheading word, 

candidate term word] 

4 and 5 and 6 

limit 7 to dd=20210101-20221103 

limit 8 to covid-19 
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2.02. Operationalisation of Inclusion and Exclusion Criteria 

 

All studies that met the following criteria were included: 

1. Studies that included results for populations of individuals exclusively more than 18 years of age, and 

studies that also included results for minors less than 18 years of age (in addition to adults) but did not 

stratify results into different age groups (e.g., < 12 years, > 12 years) 

2. Studies that included participants who received a full primary series of any Canadian-licensed COVID-19 

vaccines (specifically, BNT162b2, mRNA-1273, ChAdOx1/AZD1222, or Ad26.COV2.S) or received an 

additional dose (a booster) specifically from a Canadian-licensed vaccine (BNT162b2, mRNA-1273, 

ChAdOx1/AZD1222, or Ad26.COV2.S) beyond a primary series of doses (this primary series could be of 

any brand of vaccine, and did not have to be Canadian-licensed COVID-19 vaccines) 

3. Studies that reported vaccine efficacy or effectiveness estimates that compared people who were 

fully vaccinated with those who were unvaccinated (including placebo groups), or compared people 

who were fully vaccinated and received an additional dose (i.e., those who received a booster) with 

those who were unvaccinated (or received a placebo)  

4. Studies that reported vaccine effectiveness for COVID-19 infections (asymptomatic infection 

and/or symptomatic illness), hospitalisations, and/or mortality  

5. Studies that provided baseline data (i.e., ≤42 days since the primary dose or ≤28 days since the 

booster dose) and at least one follow-up measurement (i.e., ≥112 days since the primary dose or ≥84 

days since a booster dose) 

6. Randomised controlled trials (RCT) or studies with longitudinal data designs  

7. Studies written in English or French 

All studies that met any of the following criteria were excluded: 

1. Studies that only included populations of individuals less than 18 years of age 

2. Studies that only included people who were partially vaccinated (for studies that had data for fully 

and partially vaccinated individuals (compared to unvaccinated) the data for fully vaccinated 

individuals was retained and the partially vaccinated data was excluded)  

3. Studies that reported only severe COVID-19 illness without stratifying results into hospitalisations 

and mortality (e.g., excluding studies that combined both outcomes) 

4. Studies that did not have discrete time intervals since the last dose of vaccine, e.g., only reported 

calendar time 

5. Studies that did not explicitly report vaccine efficacy or effectiveness data, e.g., those who only 

presented the data in a metric other than vaccine effectiveness or risk, hazard or odds ratios 

6. Studies using a non-human animal sample 

7. The following report types: abstracts, reviews, conference reports, study protocols, author 

responses, case reports, case series, and cross-sectional studies 

8. Articles written in any language other than English or French  
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2.03. Procedure for Coding Baseline and Follow-Up Time Points  

 

eTable 3. Coding Procedure for Classifying Time Points. 

Coding categories used to classify baseline and follow-up time points. 

For the primary series of COVID-19 vaccines, time was defined in relation to 

days since the last dose of the vaccine (i.e., days since completing the primary 

series, not days since effective date or full immunity). Classifications followed 

the designation below. 

For COVID-19 vaccine booster doses, time was defined 

in relation to days since the last dose of the vaccine 

received (not since effective date or full immunity). 

Classifications followed the designation below. 

Baseline 1: 0-13 days (since last dose)  

Baseline 2: 14-42 days  

FUP1: 112-139 days  

FUP2: 140-167 days  

FUP3: 168-195 days  

FUP4: 196-223 days  

FUP5: 224-251 days  

FUP6: 252-279 days  

FUP7: 280-307 days  

FUP8: 308-335 days  

FUP9: 336+ days  

Baseline 1: 0-6 days (since last dose) 

Baseline 2: 7-28 days  

FUP1: 84-111 days  

FUP2: 112-139 days  

FUP3: 140-167 days  

FUP4: 168-195 days  

FUP5: 196-223 days  

FUP6: 224-251 days  

FUP7: 252-279 days  

FUP8: 280-307 days  

FUP9: 308+ days  

When studies report time in more than one unit (days, weeks and months), we focus on extracting the more specific unit (i.e., 

prioritise days, then weeks, then months). All metrics are converted into days using specific conversion factors. 

When a study presents a single time point-estimate (e.g., day 120; at 20 weeks; at 

6 months), we report that number as both the lower and upper limit. We will use 

the following conversions as needed: 

Months: 30.5x (for both lower/upper limits) 

Weeks: 7x (for both lower/upper limits) 

Example: 

Code: Lower limit = 120; upper limit=120;  

Unit= Days 

*Conversion to days will be calculated separately 

When we only have a lower limit for time, we anchor our extraction on the lower 

limit, and mark the upper limit as “N/A”. For example, "120+ days" is treated the 

same as "120 days to N/A". 

We will then apply the following conversion factors if needed: 

Months: 30.5x+1 

Weeks: 7x+1 

Exception: When the lower bound is a baseline period (e.g., 7 days +), this time 

point will not be extracted as it likely aggregates VE across the full sample, 

rather than presenting results at baseline. 

Example: 

Code: Lower limit = 120; upper limit=N/A;  

Unit= Days 

*Conversion to days will be calculated separately 

When we only have an upper limit for time (e.g.  <2 months since the last dose of 

vaccine), we treat the lower limit as 0, and report the upper limit. We will then 

use the following conversion factors for the upper limit only: 

Months: 30.5y (e.g., 2 months = 61 days) 

Weeks: 7y (e.g., 2 weeks = 14 days) 

Example: 

Lower limit = 0; upper limit= 2;  

Unit= Months 

*Conversion to days will be calculated separately 

When studies state a range (e.g., "week 1-2") we extract the lower/upper limits as 

reported. We will then use the following conversion factors 

Months: 30.5x+1 for the lower limit; 30.5y for the upper limit (e.g., 2-3 months = 

62-91.5 days) 

Weeks: 7x+1 for the lower limit; 7y for the upper limit (e.g., 2-3 weeks= 15-21 

days) 

Example: 

Code: Lower limit= 1, upper limit=2, Unit= Weeks. 

*Conversion to days will be calculated separately  

If a time period is equally situated between 2 FUP periods (15 days overlap in 

FUP2 and 15 days overlap with FUP3), such that the midpoint is also between 

two categories, we pick the lower FUP category (FUP2). The rationale is that we 

assume there is attrition, so more data is concentrated in the 1st FUP. 

If reports a 181-210 day period. This overlaps equally between FUP3 and FUP4, 

and we would pick FUP3. 

Example: 

Lower limit = 181; upper limit= 210;  

Unit= Days 

*FUP selection is set automatically in the codebook 

using formulae (i.e., whenever the median of the FUP 

range falls between 2 FUP periods, it will pick the lower 

category) 

Notes. FUP = Follow-up time point. 
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2.04. Details of Meta-Analytic Procedure 

 

Data were included for meta-analytic review when they met all the following criteria: 

1. Reported percent vaccine effectiveness (VE), risk ratio (RR), odds risk (OR) or hazard ratio (HR) data, along 

with corresponding confidence intervals (CIs) 

2. Provided the above with regards to: (a) cases; (b) hospitalisations; and/or (c) deaths due to COVID-19 

3.  Reported data for baseline (0-42 days since second dose of vaccine or 0-28 days since booster dose of vaccine) 

and for at least one follow-up time point (≥ 112 days since complete primary series of a vaccine or ≥ 84 days since 

an additional dose of the vaccine) 

 

All estimates, and their corresponding CIs, were converted to risk ratios (RRs) when necessary. Conversions 

between percent VE and RRs used the following conventional equation: VE = (1-RR)*100. For the purpose of this 

review, ORs and HRs were assumed to be an equivalent metric to RRs (assuming equivalence between the metrics 

when using large sample sizes to study rare events such as COVID-19 infections, hospitalisations, and deaths). RRs 

were then log-transformed for use in meta-analytic models, and the CIs were used to derive a standard error for each 

effect size. The results of meta-analytic models were then converted back into a percent VE metric for presentation 

within our results. 

 

Multilevel models were used to calculate pooled effects, as we anticipated meaningful heterogeneity across studies 

and group comparisons (e.g., follow-up time points). When data was available, subgroup analyses were computed to 

examine how patterns of findings varied according to: 

1. Type of vaccine 

a) Overall (i.e., any vaccine) 

b) Any mRNA vaccines 

i) Moderna (mRNA-1273)  

ii) Pfizer-BioNTech (BNT162b2)  

c) Any adenovirus 

i) AstraZeneca/COVISHIELD (AZD1222/ChAdOx1)  

ii) Janssen (Johnson & Johnson: Ad26.COV2.S)  

2. Variants of Concern (VOC):  

a) Any variant 

b) Delta  

c) Omicron 

All analyses for the paper were computed using the metafor package in R (version 4.1.2). We used a multi-step 

procedure to determine which model to report according to the subgroups above. 

 

(A) First, when multiple studies were available for a given subgroup (e.g., when examining the effects of any 

vaccine type on cases), we computed three-level meta-analytic models, nesting effect sizes within studies. These 

models used the Restricted Maximum Likelihood procedure to obtain estimates. All three-level meta-analytic 

models explicitly considered all time points for which we had data available. Time points (broken down according 

to the categories outlined in the preceding table) were entered as a moderator variable in each model. For the results 

reported in this manuscript, we always set the 2nd baseline period (e.g., 14-42 days for the primary vaccine 

schedule) as the comparison group. This allowed us to evaluate the effect of each time point relative to this baseline 

to establish whether a statistically significant decrease in VE had occurred by a given follow-up time period. The 

time point variable was treated as a categorical variable for this purpose in modelling. This was done for a few 

reasons. First, modelling the variable in this manner would allow us not to assume a particular form for the effect of 

time, allowing us to model a non-linear trend over time (indeed, VE does not vary in a monotonic manner over time; 

e.g., increasing between the first two baselines). Second, because authors report VE results in clusters (i.e., 

aggregate results over a range like 110-130 days) rather than report the effects of time in a continuous manner, and 

the exact range of these clusters differs across studies, assuming that the time variable reflects truly equal intervals 

may be an unrealistic assumption. Modelling the time variable as we do allowed us to avoid making this assumption. 

In our manuscript, we only report effects from these three-level meta-analytic models. Further, we only report 

results for time points for which 4 or more studies contributed data (in order to focus our report on results that have 

a higher chance of being reliable). Other time points, however, were nevertheless modelled, and their results are 

provided in this supplement. 
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As with traditional univariate models (e.g., a random effects model), three-level meta-analytic models will weight 

estimates used in pooling according to their level of uncertainty (their standard errors). However, three-level models 

extend the method used in random effects models by further accounting for the covariance structure between the 

observations. This process has been described in detail within texts on three-level models (e.g., see 

Konstantopoulos, 2011, below). A description can also be found within the metafor documentation (and is 

summarized at:  https://www.metafor-project.org/doku.php/tips:weights_in_rma.mv_models). 

 

(B) Second, when only a single study was available for a given subgroup, separate random-effects models were used 

to estimate VE at each time point, treating all cohorts as independent groups. These models were computed using 

the DerSimonian and Laird procedure. These models were not computed to draw any inferences, but rather for 

descriptive purposes only. Their results are only reported in the supplement and not within the main manuscript. 

 

References for three-level meta-analytic models: 

 

• Harrer, M., Cuijpers, P., Furukawa, T. A., & Ebert, D. D. (2021). Doing Meta-Analysis With R: A Hands-On 

Guide (1st ed.). Chapman & Hall/CRC Press. 

• Konstantopoulos, S. (2011). Fixed effects and variance components estimation in three‐level meta‐analysis. 

Research Synthesis Methods, 2(1), 61-76. https://doi.org/10.1002/jrsm.35 

• Moeyaert, M., Ugille, M., Natasha Beretvas, S., Ferron, J., Bunuan, R., & Van den Noortgate, W. (2017). 

Methods for dealing with multiple outcomes in meta-analysis: a comparison between averaging effect sizes, 

robust variance estimation and multilevel meta-analysis. International Journal of Social Research Methodology, 

20(6), 559-572. https://doi.org/10.1080/13645579.2016.1252189 

• Tipton, E., Pustejovsky, J. E., & Ahmadi, H. (2019a). A history of meta‐regression: Technical, conceptual, and 

practical developments between 1974 and 2018. Research Synthesis Methods, 10(2), 161-179. 

https://doi.org/10.1002/jrsm.1338 

• Tipton, E., Pustejovsky, J. E., & Ahmadi, H. (2019b). Current practices in meta‐regression in psychology, 

education, and medicine. Research Synthesis Methods, 10(2), 180-194. https://doi.org/10.1002/jrsm.1339 

• Van den Noortgate, W., López-López, J. A., Marín-Martínez, F., & Sánchez-Meca, J. (2013). Three-level meta-

analysis of dependent effect sizes. Behavior Research Methods, 45(2), 576-594. https://doi.org/10.3758/s13428-

012-0261-6 

• Van den Noortgate, W., López-López, J. A., Marín-Martínez, F., & Sánchez-Meca, J. (2015). Meta-analysis of 

multiple outcomes: A multilevel approach. Behavior Research Methods, 47(4), 1274-1294. 

https://doi.org/10.3758/s13428-014-0527-2 

• Van den Noortgate, W., & Onghena, P. (2003). Multilevel meta-analysis: A comparison with traditional meta-

analytical procedures. Educational and Psychological Measurement, 63(5), 765-790. 

https://doi.org/10.1177/0013164403251027  

https://www.metafor-project.org/doku.php/tips:weights_in_rma.mv_models
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2.05. Adjustments and Imputations to VE Estimates Prior to Meta-Analytic Modelling 

 

To be included in meta-analytic models, each effect size extracted from studies needed to be accompanied by a 

corresponding standard error (SE). The standard error was always derived from the confidence intervals provided. 

However, several values were not usable for computation and needed adjustment. Similarly, a few VE point-

estimates required adjustments to compute models. The table that follows lists each of the adjustments/imputations 

we applied, along with our rationale.  

eTable 4. Rules Guiding the Adjustment/Imputation of VE Values. 

Problem Case Explanation and Solution 

1. Provided CIs were 

asymmetric (when 

computed as log RRs).  

Because standard errors (SEs) were derived from CIs, asymmetric CIs would produce two competing standard 

errors (SEs). To resolve this, we calculated the SE implied by both the upper and lower CI, and selected the 

larger of the 2 SEs for use in models. This represents the more conservative approach (assuming more, rather 

than less, error in estimates extracted). 

2. VE estimates were 

negative in magnitude 

(or, equivalently, RRs 

were >1.0 in 

magnitude). Applies to 

point estimates and CIs. 

If the original metric was an RR, OR, or HR, this was not a problem, and the estimate could be used directly in 

analyses.  

When the original metric was a VE, we needed to take into account that calculating VEs typically assumes a 

positive number, where: 

VE = (1-RR)*100 

When an RR is less than 1, the plausible range of VE is 0% to 100%. If we extend the logic of VE to the 

negative range, then we could assume that a VE equal to -100% represents non-vaccination offering the 

highest protection. From this extension, VE can have a range of -100% to 100%.  

 

However, when a VE is negative, its relation to RR needs to be adjusted as the RR metric is unbounded in the 

positive range. Specifically, RR ranges from 0 to infinity, which should correspond to VEs from 100% to –

100%). Consequently, when VE estimates were negative (or RR>1), we used the following formulas to 

convert between the two metrics. 

A negative VE was assumed to reflect the following formula: 

VE = (-1 + 1/RR)*100 

RR = 1 / (VE/100 +1) 

3. VE point estimate was 

100%, or RR point 

estimate was 0. 

Both these cases make it impossible to calculate a log-transformed RR (as the transformation cannot be 

applied to a value of zero). We therefore replaced/adjusted VE estimates of 100% with a VE value of 99.5% 

(equivalent RR would be .005). The choice of 99.5% stemmed from a recognition that VE is often reported 

without decimals, and that a value of 99.5% would be likely to be rounded up. This decision is more 

conservative than using a value between 99.5 and 100). 

4. Upper CI was equal to 

VE = 100% or RR = 0. 

Causes a similar problem as when the point estimate is VE = 100%. If a lower CI was available, we used that 

CI instead to derive the SE. Otherwise, we imputed a value of VE = 99.9% (or RR = .001). This allowed us to 

derive SEs while recognizing that the value may approach 100%. 

5. Lower CI is VE = 100 

or RR = 0. 

Causes a similar problem as when the point estimate is VE = 100%. If an upper CI was available, we used that 

CI instead to derive the SE. Otherwise, we imputed a value of VE = 97.5% (or RR = .025). This allowed us to 

derive SEs while recognizing that the value may approach 100%. 

The values of 99.9% for the upper CI and 97.5% for the lower CI were chosen to be symmetrical (in the log 

RR scale) around the value of VE = 100%. 

6. A study cohort had a 

point estimate for VE 

available, but no CIs. 

No SE could be computed for such effects, and they were removed from the meta-analytic models.  

7. A study cohort had a 

point estimate, but only 

one CI. 

In such cases, we used the SE suggested by the CI that was provided. 

8. A CI was reported as -

/+ infinity or a CI was 

reported as less than - 

100% (i.e., -189.8%)  

We treated “infinity” or “less than -100%”as a missing value. We reasoned such estimates would have large 

enough errors as to be too imprecise to warrant including within our models. 
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9. One of the CIs was 

equal in value to the 

point estimate. 

When a CI is equal in magnitude to the point estimate, the implied standard error (SE) is effectively zero. SEs 

of zero cannot be used in analyses, so we used the other (provided) CI to derive an SE. This rule can be seen as 

a specific case of rule #1. 

10. Both CIs were equal in 

magnitude to the point 

estimate. 

When both CIs are equal in magnitude to the point estimate, both imply a standard error (SE) of zero, which 

cannot be used in meta-analytic models. Since SEs of zero are not usually plausible, such occurrences were 

taken to be artifacts of rounding estimates in reporting when SE was very low. Because low SEs are 

particularly valuable in meta-analytic reviews, we sought to retain these studies while accounting for this. 

Our solution was to add a 5 beyond the last decimal of the upper CI reported and subtract a 5 beyond the last 

decimal of the lower CI reported. For example: 

[CI = 15.5 - 15.5] -> [CI = 15.45 - 15.55] 

[CI = 15 - 15] -> [CI = 14.5 - 15.5] 

This rule was derived assuming that these cases derived from rounding error (i.e., rounding the imputed values 

to the right to have one fewer decimal point would lead to the values on the left). This rule allowed us to retain 

estimates for meta-analytic modelling while accounting for the fact that these studies would have small SE 

values. 

Since 2 CIs were imputed, the meta-analysis used the whichever produced the larger SE as per rule #1. 

11. The point estimate was 

outside the range of the 

CI. 

This was assumed to be an error in reporting. We thus operated under the assumption that the point-estimate 

was accurate and used the CI that had a plausible value to derive SEs (e.g., the upper CI if it was higher than 

the point estimate, or the lower CI if it was below the point estimate). 
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2.06. Indices of Heterogeneity 

We computed three indices of effect size heterogeneity to qualify the findings from our meta-analytic models. These 

indices were computed whenever we produced three-level meta-analytic models and included: 

1. 95% Prediction Intervals (PI). Prediction intervals reflect the likely range within which a future effect size 

(i.e., a VE estimate from a new study, or VE observed in a new context) would be expected to fall. Prediction 

intervals are produced for every point estimate within the models (i.e., at each time point) and account for both 

sampling error and true variability in the population of effect sizes we are studying. Prediction intervals are 

represented in the same unit as our other estimates (i.e., VE as a percentage). 

a) Formal Interpretation: If we were to repeat our sampling of effect sizes (i.e., from primary studies) an 

infinite number of times, and then collected a new data point (i.e., a VE estimate from a new study), then 

95% of the generated prediction intervals would be expected to capture the new data point. 

b) We provide details on the exact way in which PIs are calculated (with equations) in the section below. 

 

2. σ (Sigma):  σ represents the estimated standard deviation in the (true) population of VE (i.e., without sampling 

error). The unit of this index is the same as used during the meta-analytic process; in our case, σ is provided in 

log odds ratios. In three-level models, σ can be divided into several levels. 

a) Within-Study σ: Indicates variability in VE within studies. This is the level 2 heterogeneity. 

b) Between-Study σ: Indicates variability in VE between studies. This is the level 3 heterogeneity. The 

between-study σ is comparable in interpretation to the tau (𝜏) parameter produced in traditional random 

effects models. 

c) Total σ: The variability within and between studies can be combined to represent the total heterogeneity 

across effect sizes in our review. This is the level 1 heterogeneity. We do not report level 1 heterogeneity in 

our manuscript as it can be derived from the other two levels: 

(1) 𝜎𝑙𝑣𝑙 1
2   =  𝜎𝑙𝑣𝑙 2

2   +  𝜎𝑙𝑣𝑙 3
2  

 

3. I2.  The value of I2 (which ranges from 0 to 1) captures the proportion of variability in observed effect sizes 

which cannot be attributed to sampling error. For example, a value of 0 indicates that most of the variability in 

VE estimates may be due to sampling errors, and a value of 1 indicates that most of the variability can be 

attributed to true variation in VE across studies (accounting for any sampling error).  This relative index of 

heterogeneity can be broken down into two levels: 

a) Within-Study I2: Indicates the relative heterogeneity in VE observed within studies.  

b) Between-Study I2: Indicates the relative heterogeneity in VE observed between studies. The between-study 

I2 is comparable in interpretation to the I2 produced in traditional random effects models. 
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Calculation of Prediction Intervals (PIs), and How These Values Relate to Confidence Intervals (CIs) 

 

In our modelling, PIs are calculated using the following formula. 

        𝑃𝐼 =  μ̂  ± z ∗ √𝑆𝐸 
2 + 𝜎2 

Where, μ̂ is the estimated vaccine effectiveness (VE) at a given time point, z is the critical value for an alpha of a 

given value (i.e., for a two-tailed 96% test, it would be approximately 1.956), SE is the standard error corresponding 

to a given VE estimate, and 𝜎 is the estimate of τ given in a model. When calculating PIs, we relied on the total 

variability estimated (level 1 𝜎), to reflect how estimates often vary both across studies and within studies (e.g., for 

different subgroups).  

 

Prediction intervals are calculated using the raw metric of the estimates being pooled in analyses, which in our case 

is a log transformation of a risk ratio. However, once the PI is calculated, it can be transformed back into a VE 

metric (i.e., a percentage ranging from -100% to 100%). 

 

The above formula contrasts with the (narrower/simpler) formula of a confidence interval, which is calculated using 

the following formula instead: 

      𝐶𝐼 =  μ̂  ± z ∗ SE 

As an example, the following list provides the value of each component of these equations when calculating the VE 

of the primary series of COVID-19 vaccines, generally, against any COVID-19 infection (i.e., row 1 of Table 1 in 

our manuscript). Values are given for the 14-42 day baseline, obtained for the November update of our review, and 

we provide different metric conversions when meaningful. Of note, calculations are all conducted in a log RR 

metric. Consequently, the order of the lower/upper PIs and CIs will be flipped in that metric, relative to when it is 

expressed as a VE. 

 

eTable 5. Descriptive Example for Calculating Prediction Intervals and Confidence Intervals. 

Parameter Valuea Description/Note 

μ̂ Log RR: -1.7743 

RR: 0.1696 

VE: 83.04% 

Estimate of vaccine effectiveness (VE). Calculated in the meta-analysis as a log RR value.  

z 1.956 Critical value for a two-tailed 95% statistical test (i.e., for an α of 0.05). 

SE Log RR: 0.0886 Standard error for the parameter μ, calculated by the meta-analytic model. It is not explicitly 

provided in the manuscript but can be back-calculated using the CIs and the equation above. 

𝜎2 All in Log RR: 

Lvl 1: 0.4225 

Lvl 2: 0.2052 

Lvl 3: 0.2173 

The level 1 value of 𝜎2 refers to the total variability and is the sum of the lvl 2 (within-study 

variability) and lvl 3 (between study variability) values of 𝜎2. 

Lower CIb Log RR: -1.9487 

RR: 0.1425 

VE: 85.75% 

This is calculated on the log RR scale using the CI equation above. Barring rounding error 

for each terma: 

-1.95 = -1.77 – 1.96*(0.089) 

Upper CIb Log RR: -1.5999 

RR: 0.2019 

VE: 79.81% 

This is calculated on the log RR scale using the CI equation above. Barring rounding error 

for each terma: 

-1.60 = -1.77 + 1.96*(0.089) 

Lower PIb Log RR: -3.0650 

RR: 0.0467 

VE: 95.33% 

This is calculated on the log RR scale using the PI equation above. Barring rounding error 

for each terma: 

−3.07 =  −1.77 − 1.96 ∗ √. 089 
2 + 0.422 

Upper PIb Log RR: -0.4837 

RR: 0.6165 

VE: 38.35% 

This is calculated on the log RR scale using the PI equation above. Barring rounding error 

for each terma: 

−3.07 =  −1.77 + 1.96 ∗ √. 089 
2 + 0.422 

aValues are rounded, so using the values reported here in the equations will lead to slight deviations based on 

rounding when doing the calculations. 
bThe lower (CI or PI) values in a log RR or an RR metric, each correspond to the upper values in a VE metric. 

Likewise, the upper (CI or PI) values in a log RR or an RR metric, each correspond to the lower values in a VE 

metric.
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Section 3. eResults A – Flowchart and Characteristics of Included Studies  
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eFigure 1. Literature Search Flow Diagram. 

These are approximate numbers. Although all the steps were properly registered, some challenges were faced with 

the overlap between the searches, the same record may have been full-text assessed more than once (e.g., updates 

and peer-review publication of preprints). If there were multiple exclusion reasons for one study, we choose the 

primary exclusion reason. 

 

eTable 6. Characteristics of Included Studies of Effectiveness of COVID-19 Vaccines. 

Author, 

year 

  

Study 

design 

Analytic 

Design 

Country Population 

and age 

groups 

Variant(s

) 

Vaccine(s) Outcome 

measure 

Days 

post-

primar

y 

series* 

Andeweg 

et al. 2022 

Case-

control 

Test Negative 

(symptomatic 

and 

asymptomatic

)  

Netherland 1,460,458 aged 

≥11 years 

Delta 

Omicron 

mRNA – 1273 

BNT162b2 

Ad26.CoV2.S 

Documented 

infections 

Hospitalisation

s 

0-29; 

120-

149; 

150-

179; 

180-

209; 

210 

Andrejko 

et al. 2022 

Case-

Contro

l 

Test-negative 

(symptomatic) 

USA  2,238 persons 

aged 13+ years 

Non-

specific 

BNT162b2 

mRNA-1273 

Documented 

infections 

  

14; 

120-

121; 

150; 

180; 

210; 

240; 

270 

Andrews, 

et al. 2022 

a 

Case-

Contro

l 

Test-negative 

(symptomatic) 

England 2,663,549 

Adults aged 

≥18 years 

Delta 

Omicron 

BNT162b2 

AZD1222(ChAdOx

1) 

mRNA-1273 

Documented 

infections 

15-28; 

141-

168; 

176+ 

Andrews, 

et al. 2022 

b 

Case-

Contro

l 

Test-negative 

(symptomatic) 

UK 5,233,372 

persons 

aged >16 years 

Delta BNT162b2 

AZD1222 

(ChAdOx1) 

Documented 

infections 

Hospitalisation

s 

Mortality 

15 to 

63; 

141+ 

Baum et al. 

2022 

Cohort Data-linked 

Cohort 

Finland 897,932 Adults 

aged ≥70 years 

Delta 

Omicron 

BNT162b2 

AZD1222(ChAdOx

1) 

mRNA-1273 

Hospitalisation

s 

0-13; 

181+;  

Bedston et 

al. 2022 

Cohort Data-linkage UK 82,959 HCWs 

aged ≥ 16 

years 

Non-

specific 

BNT162b2 Documented 

infections 

8 - 35; 

119 - 

147; 

147 - 

175; 

182+ 

Berec et al. 

2022 

Case-

Contro

l 

Population 

Retrospective 

Cohort and 

Data-linkage 

Czech 

Republic 

7,428,968 

Overall 

population 

Non-

specific 

BNT162b2 

Ad26.COV2.S 

mRNA-1273 

Documented 

infections 

Hospitalisation

s 

Mortality 

1-61; 

214.5 – 

244 

Britton et 

al. 2022 

Cohort Test-negative 

(symptomatic) 

USA 1,634,271 

adults aged 

≥20 years 

Delta BNT162b2 

mRNA-1273 

Ad26.CoV2.S 

Documented 

infections 

14-30; 

121-

150; 

151-

180; 

181-

210; 

211-

240; 

241-

270; 

271-300 

Bruxvoort 

et al. 2021 

Case-

Contro

l 

Test-negative  

(symptomatic 

and  

asymptomatic 

) 

USA 352,878 

unvaccinated 

and 352,878 

vaccinated 

Kaiser 

Permanente 

Delta mRNA-1273 Documented 

infections 

14-60; 

121-

150; 

151-180 
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Southern 

California 

(KPSC) 

members aged 

≥18years 

Buchan et 

al. 2022 

Case-

Contro

l 

Test-negative 

(symptomatic) 

Canada 134,435 Adults 

aged >18 years 

Delta 

Omicron 

BNT162b2 

Ad26.CoV2.S 

AZD1222 

(ChAdOx1) 

mRNA-1273 

Documented 

infections 

7-59; 

120-

179; 

180-

239; 

240+ 

Carazo, et 

al. 2022 a 

Case-

Contro

l 

Test-negative 

(symptomatic 

and 

asymptomatic

) 

Canada  696,439 aged ≥ 

12 years 

Omicron BNT162b2 

mRNA-1273 

Documented 

infections 

0-67; 

187-

247; 

277-337 

Carazo, et 

al. 2022 b 

Case-

Contro

l 

Test-negative 

(symptomatic 

and 

asymptomatic

)   

Canada  111,239 

HCWS aged 

≥18years who 

were paid by 

the Quebec 

publicly 

funded health-

care system 

Omicron BNT162b2 

mRNA-1273 

Documented 

infections 

Hospitalisation

s 

Mortality 

7-59 

183-364 

Carazo, et 

al. 2022 c 

Case-

Contro

l 

Test-negative 

(symptomatic 

and  

asymptomatic

)   

Canada 696,439 

individuals 

aged ≥12 years 

Omicron BNT162b2 

mRNA-1273 

Documented 

infections 

Hospitalisation

s 

0-61 

184-244 

275.5-

335.5 

Castillo, et 

al.2022 

Case-

Contro

l 

Test-negative 

(symptomatic) 

France 1,296,351 

Adults aged 

≥50 years 

Delta BNT162b2 

Ad26.CoV2.S 

AZD1222 

(ChAdOx1) 

mRNA-1273 

Documented 

infections 

Hospitalisation

s 

15-30; 

123-

152.5; 

153.5-

183; 

184+ 

Cerqueira-

Silva, et al. 

2022 a 

Cohort Test-negative 

(symptomatic) 

Brazil 899,050 Adults 

aged ≥18 years 

Omicron BNT162b2 

AZD1222(ChAdOx

1) 

Documented 

infections 

14-63; 

141+ 

Cerqueira-

Silva, et al. 

2022 b 

Case-

Contro

l 

Test-negative 

(symptomatic) 

Brazil 30,910 Adults 

aged >18 years 

Non-

specific 

BNT162b2, 

AZD1222 

(ChAdOx1) 

Ad26.CoV2.S 

Documented 

infections 

0-13; 

180+ 

Chambers 

et al. 2022 

Case-

control 

Test-negative 

(symptomatic 

and  

asymptomatic

) 

Canada 14,955 adults 

living with 

HIV aged ≥18 

years 

Omicron BNT162b2 

Ad26.CoV2.S 

AZD1222 

(ChAdOx1) 

mRNA-1273 

Documented 

infections 

Hospitalisation

s 

Mortality 

7-59 

120-179 

180+ 

Chemaitell, 

et al. 2022 

a 

Case-

Contro

l 

Test-negative 

(symptomatic 

and 

asymptomatic

) 

Qatar 84,884 Persons 

aged ≥12 years 

in Qatar 

Omicron BNT162b2 Documented 

infections 

30; 

120; 

150; 

180; 

210; 

240; 

270; 

300; 

330; 

360+ 

Chemaitell

y et al. 

2021 b 

Case-

Contro

l 

Test-negative  

(symptomatic 

and 

asymptomatic

) 

Qatar 494,859 

Persons aged 

≥12 years 

Delta BNT162b2 Documented 

infections 

30; 

120; 

150; 

180; 

210; 

240; 

270; 

300; 

330; 

360+ 

Chung et 

al. 2022 

Case 

Contro

l 

Test-negative  

(symptomatic 

and 

asymptomatic

) 

 Canada 3,045,059 

Ontario 

residents aged 

≥16 years, 

registered for 

provincial 

health 

Omicron BNT162b2 

Ad26.CoV2.S 

AZD1222 

(ChAdOx1) 

mRNA-1273 

Hospitalisation

s 

7-59 

120-179 

180-239 

240+ 
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insurance, and 

not in a long-

term care 

facility 

Collie et al. 

2022 

Case-

control 

Test-negative  

(symptomatic 

) 

South 

Africa 

38,367 patients 

aged ≥18 years 

that had been 

hospitalized for 

medical 

treatment 

Omicron BNT162b2 

 

Hospitalisation

s 

14-27 

150-180 

181-240 

de Gier et 

al. 2021 

Cohort Retrospective 

Cohort 

Netherland

s 

15,571 Persons 

aged ≥12 year 

in a nationwide 

registry of 

COVID-19 

Hospitalisation

s 

Delta BNT162b2 

Ad26.CoV2.S 

AZD1222 

(ChAdOx1) 

mRNA-1273 

Hospitalisation

s 

1-28; 

106 – 

133; 

141+ 

El Adam et 

al. 2022 

Case-

Contro

l 

Test-negative 

(symptomatic) 

Canada  27,602 HCWs, 

(36,776 

specimens) 

within the 

WHITE 

database aged 

≥18 years 

Non-

specific 

BNT162b2 

mRNA-1273 

Documented 

infections 

14-20; 

112-

195; 

197+ 

El Sahly et 

al. 2021 

RCT - 

open 

phase 

RCT USA 28,451 Adults 

aged ≥18 years 

with high risk 

for Covid-19 

Non-

specific 

mRNA-1273 Documented 

infections 

15 - 60; 

 123+ 

Ferdinands 

et al. 2022 

Case-

Contro

l 

Test-negative  

(asymptomati

c) 

USA 839,461 Adults 

aged ≥18 years 

Delta 

Omicron 

BNT162b2 

mRNA-1273 

Documented 

infections  

Hospitalisation

s 

14-61; 

62-183; 

184-

244; 

245-

305; 

306-366 

Florea et 

al. 2022 

 

Cohort Prospective 

Cohort 

USA 1,854,008 

KPSC 

members 

aged >18 years 

Non-

specific 

mRNA-1273 Documented 

infections 

Hospitalisation

s 

0-61; 

123 - 

183; 

184 - 

244 

Gray et al. 

2022 

Case-

Contro

l 

Test-negative 

(symptomatic) 

South 

Africa 

162,637 Adults 

aged ≥18 years 

Omicron BNT162b2 

Ad26.COV2.S 

mRNA-1273 

Documented 

infections 

14-27; 

148-207 

Gram et al. 

2022 

Cohort Cohort Denmark 7,351,244 

Persons aged 

≥12 years 

Delta 

Omicron 

BNT162b2 

mRNA-1273 

Documented 

infections 

Hospitalisation

s 

14-30; 

120+ 

Hall et al. 

2022 

Cohort Prospective 

Cohort 

UK 35,768 HCWs 

aged ≥18 years 

Non-

specific 

BNT162b2 

Ad26.CoV2.S 

AZD1222 

(ChAdOx1) 

mRNA-1273 

Documented 

infections 

0-13; 

134-

193+; 

194+ 

Hansen et 

al. 2022 

Cohort Cohort Denmark 3,090,833 

Persons aged 

≥12 years 

Omicron BNT162b2 

mRNA-1273 

Documented 

infections 

Hospitalisation

s 

14-30; 

121+ 

Horne et al. 

2022 

Cohort Cohort England 13,841,107 

Persons aged 

≥18 years 

Non-

specific 

BNT162b2 

AZD1222 

(ChAdOx1) 

Documented 

infections 

Hospitalisation

s 

Mortality 

22-42; 

106-

126; 

134-

154; 

162-182 

Katikireddi 

et al. 2022 

Case-

Contro

l 

Test-negative 

( symptomatic

)  

Scotland 2,534,527 

Adults 

aged >18 years 

Non-

specific 

AZD1222 

(ChAdOx1) 

Documented 

infections 

  

15 - 21; 

113 - 

119; 

127-

133; 

141-147 

Kirsebom 

et al. 2022 

a 

Case-

Contro

l 

Test-negative 

(symptomatic 

) 

England 626,148 Adults 

aged ≥18 years 

Omicron BNT162b2 

AZD1222(ChAdOx

1) 

mRNA-1273 

Documented 

infections 

Hospitalisation

s 

1-14; 

176+ 
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Kissling et 

al. 2022 

Case-

Contro

l 

Test-negative 

(symptomatic 

) 

European 

countries*

* 

14,282 persons 

aged ≥ 30 

years 

Delta BNT162b2 

Ad26.COV2.S 

mRNA-1273 

Documented 

infections 

For 

people 

30–59 

years 

old: 

14; 

203 

For 

people 

≥60 

years 

old:  

16; 

203 

Lauring et 

al. 2022 

Case-

Contro

l 

Test-negative 

and Syndrome 

negative 

comparison 

groups 

(asymptomati

c) 

USA 11,690 Adults 

aged ≥18 years 

Non-

specific 

BNT162b2 

mRNA-1273 

Hospitalisation

s 

0-13; 

151+ 

Lin, et al. 

2022 a 

Cohort Surveillance 

data linkage 

USA 10,600,823 

Adults aged 

≥18 years in 

North Carolina 

Non-

specific 

BNT162b2 

Ad26.CoV2.S 

mRNA-1273 

Documented 

infections 

Hospitalisation

s 

Mortality 

31.5; 

123; 

153.5; 

184; 

Lin, et al. 

2022 b 

Cohort Surveillance 

data linkage 

USA 10,600,823 

Adults aged 

≥18 years in 

North Carolina 

Non-

specific 

 

BNT162b2 

Ad26.CoV2.S 

mRNA-1273 

Documented 

infections 

Hospitalisation

s 

Mortality 

31.5; 

123; 

153.5; 

184; 

213.5; 

244; 

274.5; 

305 

Lind, et al. 

2022 a 

Case-

Contro

l 

Test-negative  

(symptomatic 

and 

asymptomatic

) 

USA 130,073 

Persons aged 

≥5 years 

Omicron BNT162b2 

mRNA-1273 

Documented 

infections 

0-14; 

151+ 

Lind, et al. 

2022 b 

Case-

control 

Test-negative  

(symptomatic 

and  

asymptomatic

) 

USA 441,356 

individuals 

enrolled in the 

Yale New 

Haven Health 

System 

(YNHH) (aged 

≥16 years) 

Alpha 

Delta 

mRNA-1273 

BNT162b2 

Documented 

infections 

Hospitalisation

s 

 

0-14 

150+ 

Lyngse et 

al. 2022 

Case-

Contro

l 

Data-linkage Denmark 24,693 primary 

cases, 53,584 

household 

contacts, 

11,631 

secondary 

cases 

Danish 

population (0 - 

80 years old) 

Delta BNT162b2 

Ad26.CoV2.S 

AZD1222 

(ChAdOx1) 

mRNA-1273 

Documented 

infections 

1-30.5; 

123 – 

152.5; 

153.5 - 

183; 

214.5 - 

244 

Lytras et 

al. 2022 

 

Cohort Observational 

Cohort 

Greece 9,200,000 

Persons aged 

≥15 years 

Non-

specific 

BNT162b2 

Ad26.CoV2.S 

AZD1222 

(ChAdOx1) 

mRNA-1273 

Mortality 0-30.5; 

184 

Machado et 

al. 2022 

Cohort Historical 

Cohort based 

on data 

linkage 

Portugal 471,439,909 

Adults aged 

≥65 years 

Adults 

Non-

specific 

BNT162b2 

mRNA-1273 

Documented 

infections 

Hospitalisation

s 

Mortality 

14-41; 

124-203 

Nielsen et 

al. 2022 

 

Cohort

  

Population-

based Cohort  

Denmark  748,322 

individuals 

with prior 

SARS-CoV-2 

infection.  

Omicron  BNT162b2  

Ad26.CoV2.S  

AZD1222 

(ChAdOx1)  

mRNA-1273  

Documented 

infections  

14-43;  

104-

133;  

134-

163;  

164-

193;  
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194-

223;  

224-

253;  

254-

283;  

284-

313;  

314-

343;  

344+  

Ng et al. 

2022 

Case-

Contro

l 

Retrospective 

Cohort 

Singapore 8,470 contact 

cases aged 0+ 

with median 

age of 36 years 

Delta mRNA-1273 

BNT162b2. 

Documented 

infections 

1-61; 

184 

Nordström,  

et al. 2022 

Case-

Contro

l 

Retrospective 

Cohort 

Sweden 1,684,958 

Adults 

aged >18 years 

in Sweden 

Non-

specific 

BNT162b2 

AZD1222 

(ChAdOx1) 

mRNA-1273 

Documented 

infections 

15-30; 

121-

180; 

181-

210; 

121+; 

181+; 

211+ 

Nyberg et 

al. 2022 

Cohort Retrospective 

Cohort 

England 1,191,526 

Adults aged 

≥20 years 

Delta 

Omicron 

BNT162b2 

AZD1222(ChAdOx

1) 

mRNA-1273 

Hospitalisation

s 

Mortality  

15-49; 

113 - 

133; 

141+ 

Petráš et al. 

2022 

Cohort Retrospective 

Cohort 

Prague 11,443 

Hospital staff 

aged ≥18 years 

Non-

specific 

BNT162b2 

Ad26.CoV2.S 

AZD1222 

(ChAdOx1) 

mRNA-1273 

Documented 

infections 

24; 

163 

Poukka et 

al. 2022 

Cohort Register-

based Cohort 

Finland 427,905 HCWs 

aged 16-69 

years 

Delta BNT162b2 

AZD1222 

(ChAdOx1) 

mRNA-1273 

Documented 

infections 

Hospitalisation

s 

0-13; 

181+ 

Robles-

Fontán et 

al. 2022 

Cohort Data Linkage Puerto 

Rico 

88,044 Persons 

aged ≥12 years 

Non-

specific 

BNT162b2 

Ad26.CoV2.S 

mRNA-1273 

Documented 

infections 

Hospitalisation

s 

Mortality 

14; 

144 

Rosenberg 

et al. 2022 

Cohort Surveillance-

based 

prospective 

Cohort 

USA 8,690,825 

Adults aged 

≥18 years in 

New York 

State 

Non-

specific 

BNT162b2 

mRNA-1273 

AZD1222 

(ChAdOx1) 

Documented 

infections 

Hospitalisation

s 

14-44; 

134-

164; 

  

Skowronsk

i et al. 

2021 

Case-

Contro

l 

Test-negative  

(asymptomati

c) 

  

Canada 872,440 Adults 

aged >18 years 

in British 

Columbia 

Delta BNT162b2 

AZD1222 

(ChAdOx1) 

mRNA-1273 

Documented 

infections 

Hospitalisation

s 

14-27; 

15-21 

113-

133; 

141-

161; 

169-

189; 

197-

217; 

225-

245; 

253-273 

1,973,637Adult

s aged >18 

years in 

Quebec 

15-21; 

113-

133; 

141-

161; 

169-

189; 

197-

217; 

225-

245; 

253-273 

Sobieszczy

k et al. 

2022 

RCT RCT USA, 

Chile, Peru 

32,380 Adults 

aged ≥18 years 

Non-

specific 

AZD1222 

(ChAdOx1)  

Documented 

infections 

0-15 

180-360 



22 

 

Starrfelt et 

al. 2022 

Cohort Population-

based Cohort 

Norway 4,301,995 

Adults aged 

≥18 years 

Non-

specific 

BNT162b2 

AZD1222(ChAdOx

1) 

mRNA-1273 

Documented 

infections 

Hospitalisation

s 

15-63; 

127-

175; 

183-

231; 

232+ 

Stowe et al. 

2022 

Case-

Contro

l 

Test-negative  

(symptomatic 

and 

asymptomatic

) 

England 409,985 Adults 

aged ≥18 years 

Delta 

Omicron 

BNT162b2 

AZD1222(ChAdOx

1) 

mRNA-1273 

Hospitalisation

s 

0-13; 

175+ 

Syed, et al. 

2022 

Cohort Prospective 

Cohort 

Qatar 1,241,501 

Persons aged 

≥12 years 

Non-

specific 

BNT162b2 

mRNA-1273 

Documented 

infections 

14-43; 

134-

163; 

164-333 

Tartof et al. 

2022 

Cohort Retrospective 

Cohort 

USA 3,436,957 

KPSC 

members 

aged >18 years 

Non-

specific 

BNT162b2 Documented 

infections 

Hospitalisation

s 

1-29; 

120-

149; 

150-

179; 

180-

209; 

210-239 

Thomas et 

al. 2021 

RCT RCT Global 44,047 Persons 

aged ≥16 years 

Non-

specific 

BNT162b2 Documented 

infections 

8-61 

123+ 

Thompson 

et al. 2021 

Cohort Test-negative  

(symptomatic) 

USA 41,552 Adults 

aged ≥50 years 

Non-

specific 

BNT162b2 

Ad26.CoV2.S 

mRNA-1273 

Hospitalisation

s 

14-27; 

112+ 

HCWs: healthcare workers; RCT: randomized controlled trial 

*It includes the baseline. 

**European countries: Croatia, France, Ireland, the Netherlands (community testing: NL-CO), Portugal, Romania, 

three regions in Spain, the Navarre region in Spain, as well as England and Scotland in the United Kingdom.  
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eTable 7. Characteristics of included studies of effectiveness of booster COVID-19 vaccines. 

Authors, 

year 

 

ID 

Study 

design 

Analytic 

Design 

Country Population and 

age group 

Variant Booster (Primary 

doses) 

Outcome 

measure 

Days 

post 

booste

r 

dose* 

Andeweg et 

al. 2022 

Case-

Contro

l 

Test-

negative  

Netherland

s 

1,460,458  

Immunization 

<11 to 60+ years 

old 

Delta, 

Omicro

n 

BNT162b2 

mRNA-1273  

(mRNA – 1273 

BNT162b2 

Ad26.CoV2.S) 

Documented 

infections 

0-29; 

90-

119; 

120-

149 

Cerqueira-

Silva, et al. 

2022 c 

Case-

Contro

l 

Test-

negative  

Brazil 2,471,576  

Persons aged 

≥18 years 

Omicro

n 

BNT162b2 

(CoronaVac) 

Documented 

infections 

Hospitalisation

s 

Mortality 

14-30; 

91-

120; 

120+ 

Cerqueira-

Silva, et al. 

2022 d 

Cohort Test-

negative  

Brazil and 

Scotland 

4,590,259 

individuals 

(4,653,517 tests) 

Persons aged 

≥18 years 

Omicro

n 

BNT162b2 

mRNA-1273 

( BNT162b2 

AZD1222 

(ChAdOx1) 

mRNA-1273) 

Documented 

infections 

14-28; 

91+ 

Chemaitelly, 

et al. 2022 c 

Case-

Contro

l 

Test-

negative  

Qatar 138,182, 

total population 

of Qatar 

All age ranges 

(<10 to >70 

years) 

Omicro

n 

BNT162b2, 

mRNA-1273 (same) 

 

Documented 

infections 

15-21; 

85-91; 

98+ 

Collie et al. 

2022 

Case-

Contro

l 

Test-

negative  

South 

Africa 

38,367  

Patients >18 

years 

hospitalized for 

medical 

treatment 

Omicro

n 

BNT162b2 

(same) 

Hospitalisation

s 

14-27; 

91.5-

122 

Consonni et 

al. 2022 

Cohort Cohort 

study 

Italy 5,596 HCWs 

were included 

Omicro

n 

BNT162b2 

(same) 

Documented 

infections 

7-29; 

90-

119; 

120+ 

Glatman-

Freedman et 

al. 2022 

Cohort Retrospectiv

e cohort 

Israel 1,561,812 

Persons aged 

≥16 years 

Omicro

n 

BNT162b2 

(same) 

Documented 

infections 

Hospitalisation

s 

Mortality 

8; 

84; 

106 - 

112; 

134-

140; 

Gram et al. 

2022 

Cohort Cohort 

study 

Denmark 7,351,244 

Persons aged 

≥12 years 

Omicro

n 

BNT162b2 

mRNA-1273 

(same) 

Documented 

infections 

Hospitalisation

s 

14-30; 

91-

120; 

120+ 

Hansen et al. 

2022 

Cohort Nationwide 

cohort study 

Denmark 3,090,833 

Persons aged 

≥18 years for the 

booster 

Omicro

n 

BNT162b2 

mRNA-1273 (same) 

Documented 

infections 

Hospitalisation

s 

14-30; 

91-

120; 

121+ 

Kirsebom et 

al. 2022 a 

Case-

Contro

l 

Test-

negative 

England 626,1481,127,51

7 eligible tests 

Persons aged 

≥18 years 

Omicro

n 

BNT162b2 

mRNA-1273 

(BNT162b2 

AZD1222l 

ChAdOx1, 

mRNA-1273) 

Documented 

infections 

Hospitalisation

s 

8; 

105+ 

Kirsebom et 

al. 2022 b 

Case-

Contro

l 

Test-

negative c 

England 10,281,119 

Persons aged 

≥40 years 

Omicro

n 

BNT162b2, 

ChAdOx1-S 

(BNT162b2, 

ChAdOx1-S, 

mRNA-1273) 

Documented 

infections 

7-13; 

105+ 

Nyberg et al. 

2022 

Cohort Retrospectiv

e cohort 

study 

England 1,191,526 

All age ranges 

(<10 to >70 

years) 

Delta; 

Omicro

n 

BNT162b2 

AZD1222(ChAdOx

1) 

mRNA-1273 

(same) 

Hospitalisation

s 

Mortality 

0-13; 

84+ 

Richterman et 

al. 2022 

Case-

Contro

l 

Test-

negative 

USA  14,520 HCWs 

(7.098 Omicron 

period) 

Omicro

n 

BNT162b2 

(same) 

 

Documented 

infections 

1-56; 

113+ 
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Stowe et al. 

2022 

Case-

Contro

l 

Test-

negative  

England 409,985 

Persons aged 

≥18 years 

Omicro

n 

BNT162b2 

AZD1222(ChAdOx

1) 

mRNA-1273 

(same) 

Hospitalisation

s 

7-13; 

105+ 

Suphanchaim

at et al. 2022 

Case-

Contro

l 

Test-

negative  

Thailand 1,460,458 Thai 

population 

Delta BNT162b2 

AZD1222l 

ChAdOx1 

(CoronaVac) 

Documented 

infections 

15-29; 

90+ 

Tseng et al. 

2022 

Case-

Contro

l 

Test-

negative  

USA 123,236 

Individuals aged 

≥18 years 

Omicro

n 

mRNA-1273 (same) Documented 

infections 

14-30; 

91-

150; 

150+ 

Notes: HCWs: healthcare workers; USA: United States of America. 

*It includes the baseline.
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• Britton, Amadea, Katherine E. Fleming-Dutra, Nong Shang, Zachary R. Smith, Tandin Dorji, Gordana Derado, Emma 
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Since Vaccination and Delta Variant Predominance.” JAMA, February. https://doi.org/10.1001/jama.2022.2068. 

• Bruxvoort, Katia J., Lina S. Sy, Lei Qian, Bradley K. Ackerson, Yi Luo, Gina S. Lee, Yun Tian, et al. 2021. 
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Control Study.” BMJ 375 (December): e068848. https://doi.org/10.1136/bmj-2021-068848. 
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Nasreen, et al. 2022. “Effectiveness of COVID-19 Vaccines against Omicron or Delta Symptomatic Infection and 
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• Carazo (a), Sara, Danuta M. Skowronski, Marc Brisson, Chantal Sauvageau, Nicholas Brousseau, Rodica Gilca, 

Manale Ouakki, Sapha Barkati, Judith Fafard, Denis Talbot, et al. 2022. “Protection against Omicron Re-Infection 

Conferred by Prior Heterologous SARS-CoV-2 Infection, with and without MRNA Vaccination,” April. 
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• Carazo (b), Sara, Danuta M Skowronski, Marc Brisson, Sapha Barkati, Chantal Sauvageau, Nicholas Brousseau, 
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3099(22)00578-3. (b) 

• Carazo (c), Sara, Danuta M Skowronski, Marc Brisson, Chantal Sauvageau, Nicholas Brousseau, Rodica Gilca, 
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https://doi.org/10.1101/2022.02.17.22270791. 
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Section 4. eResults B – Full Detailed Meta-Analytic Findings. 

 

eTable 8. Vaccine Effectiveness for Any Primary COVID-19 Vaccine Series Against Infections, Hospitalisations, and Mortality.  

Vaccine Type 

& Outcome 

Model 

Estimates 

Baseline days (weeks) 
Follow-up days  

(weeks) I2 

[w, b] 

σ 

[w, b] 0-13  

(0-2) 

14-42  

(2-6) 

112-139  

(16-20) 

140-167 

(20-24) 

168-195 

(24-28) 

196-223  

(28-32) 

224-251  

(32-36) 

252-279  

(36-40) 

280-307  

(40-44) 

308-335  

(44-48) 

336+  

(48+) 

ANY VACCINE               

Any variant               

Documented infections VE 67% 83% 61%* 55%* 50%* 57%* 50%* 47%* 50%* 46%* 53%* 

[51, 49] [.47, .45] 
95% CI [53, 77] [80, 86] [52, 68] [46, 63] [39, 60] [43, 67] [34, 62] [23, 63] [20, 69] [-31, 80] [6, 77] 

95% PI [-20, 91] [38, 95] [-29, 89] [-39, 88] [-45, 86] [-38, 88] [-46, 86] [-50, 86] [-49, 87] [-63, 89] [-50, 89] 

k (obs) 8 (14) 39 (94) 21 (48) 31 (75) 20 (47) 14 (21) 12 (19) 7 (10) 5 (6) 1 (1) 2 (2) 

Hospitalisations VE 88% 92% 89%* 86%* 83%* 82%* 79%* 80%* 80% - 74%* 

[34, 64] [.51, .70] 
95% CI [75, 94] [89, 94] [84, 92] [81, 90] [74, 88] [70, 89] [65, 87] [62, 90] [38, 93] - [46, 87] 

95% PI [21, 98] [53, 99] [36, 98] [22, 98] [0, 97] [-7, 97] [-20, 96] [-19, 97] [-36, 97] - [-41, 96] 

k (obs) 4 (7) 21 (55) 11 (37) 16 (37) 10 (19) 6 (8) 7 (9) 3 (4) 1 (1) - 2 (3) 

Mortality VE - 91% 91% 85%* 86% 85% 83% 88% 85% - 80% 

[26, 69] [.46, .75] 
95% CI - [85, 95] [81, 95] [73, 91] [73, 93] [61, 94] [64, 92] [61, 96] [52, 95] - [34, 94] 

95% PI - [45, 99] [37, 99] [3, 98] [9, 98] [-11, 98] [-13, 98] [0, 99] [-20, 98] - [-40, 98] 

k (obs) - 10 (23) 4 (7) 8 (15) 4 (8) 2 (2) 3 (5) 1 (1) 1 (1) - 1 (1) 

Omicron               

Documented infections VE 58% 61% 36%* 33%* 23%* 36%* 21%* 30%* 18%* 20%* 34% 

[31, 69] [.24, .36] 
95% CI [34, 73] [50, 69] [16, 52] [13, 48] [-2, 41] [15, 52] [-18, 49] [-10, 56] [-19, 46] [-28, 54] [-15, 62] 

95% PI [-10, 84] [5, 84] [-36, 74] [-39, 73] [-47, 69] [-37, 74] [-52, 70] [-46, 73] [-53, 68] [-55, 71] [-46, 76] 

k (obs) 2 (3) 11 (20) 5 (9) 6 (13) 4 (9) 5 (7) 2 (2) 2 (2) 3 (3) 1 (1) 1 (1) 

 Hospitalisations VE 69% 71% 70% 60% 52%* 48% 38% 51% 69% - - 

[40, 55] [.24, .00] 
95% CI [2, 90] [58, 80] [55, 80] [35, 75] [29, 67] [1, 73] [-21, 70] [7, 75] [2, 90] - - 

95% PI [-18, 92] [32, 88] [29, 87] [2, 84] [-12, 79] [-29, 81] [-43, 78] [-24, 82] [-18, 92] - - 

k (obs) 2 (2) 6 (7) 3 (4) 2 (3) 4 (4) 1 (1) 1 (1) 1 (1) 2 (2) - - 

 Mortality VE - 49% 62% 18% - - - - - - - 

- - 
95% CI - [-64, 90] [-76, 97] [2, 31] - - - - - - - 

95% PI -    - - - - - - - 

k (obs) - 1 (2) 1 (2) 1 (2) - - - - - - - 



31 

 

Vaccine Type 

& Outcome 

Model 

Estimates 

Baseline days (weeks) 
Follow-up days  

(weeks) I2 

[w, b] 

σ 

[w, b] 0-13  

(0-2) 

14-42  

(2-6) 

112-139  

(16-20) 

140-167 

(20-24) 

168-195 

(24-28) 

196-223  

(28-32) 

224-251  

(32-36) 

252-279  

(36-40) 

280-307  

(40-44) 

308-335  

(44-48) 

336+  

(48+) 

(Continued from previous page) 

 Delta               

Documented infections VE 72% 86%† 67%* 66%* 62%* 66%* 64%* 61%* 62% - - 

[34, 64] [.32, .43] 
95% CI [48, 85] [82, 89] [57, 75] [56, 74] [49, 71] [53, 75] [49, 74] [40, 74] [-49, 93] - - 

95% PI [6, 92] [58, 95] [3, 89] [-1, 88] [-12, 87] [-3, 89] [-9, 88] [-18, 87] [-62, 95] - - 

k (obs) 2 (2) 14 (30) 8 (15) 10 (24) 9 (19) 6 (10) 6 (7) 3 (4) 1 (1) - - 

Hospitalisations VE 88% 95% 92% 90%* 87%* 86% - 77%* -  68%* 

[53, 45] [.60, .56] 
95% CI [61, 96] [91, 97] [87, 96] [83, 94] [74, 93] [65, 95] - [7, 94] -  [-24, 92] 

95% PI [10, 98] [69, 99] [57, 99] [45, 98] [21, 98] [8, 98] - [-50, 97] -  [-64, 96] 

k (obs) 2 (3) 7 (17) 5 (14) 5 (14) 4 (8) 2 (3) - 1 (1) -  1 (1) 

Mortality VE - 94% 91% 83%* - - - - - - - 

[22, 69] [.41, .73] 
95% CI - [74, 99] [42, 99] [32, 96] - - - - - - - 

95% PI - [29, 100] [-27, 99] [-48, 98] - - - - - - - 

k (obs) - 2 (4) 1 (2) 2 (4) - - - - - - - 

Notes. I2 = Higgin’s and Thompson’s I2 presented at the within-study (w) and between-study levels (b); σ = estimate of 𝜏, the standard deviation of effect sizes in the population, 

presented at the within-study (w) and between-study levels (b); VE = vaccine effectiveness; CI = confidence interval; PI = prediction interval; k = number of studies pooled; obs = 

number of cohorts/observations pooled; greyed-out cells= fewer than 4 studies. 
†VE at this follow-up time point is statistically different from the VE observed at baseline 1 (0-13 days);  

*VE at this follow-up time point is statistically different from the VE observed at baseline 2 (14-42 days). 
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eTable 9. Vaccine Effectiveness for mRNA/Adenovirus Primary COVID-19 Vaccine Series Against Infections, Hospitalisations, and Mortality. 

Vaccine Type 

& Outcome 

Model 

Estimates 

Baseline days (weeks) 
Follow-up days  

(weeks) I2 

[w, b] 

σ 

[w, b] 0-13  

(0-2) 

14-42  

(2-6) 

112-139  

(16-20) 

140-167 

(20-24) 

168-195 

(24-28) 

196-223  

(28-32) 

224-251  

(32-36) 

252-279  

(36-40) 

280-307  

(40-44) 

308-335  

(44-48) 

336+  

(48+) 

ANY mRNA VACCINE              

Any variant               

Documented infections VE 71% 87% 66%* 57%* 52%* 52%* 48%* 48%* 51%* 51%* 59%* 

[32, 68] [.37, .54] 
95% CI [56, 80] [84, 90] [57, 74] [46, 65] [39, 63] [35, 64] [30, 61] [24, 64] [22, 69] [-10, 78] [7, 82] 

95% PI [-12, 92] [53, 97] [-20, 91] [-38, 88] [-44, 87] [-45, 87] [-49, 86] [-50, 86] [-49, 87] [-56, 89] [-47, 91] 

k (obs) 6 (8) 28 (59) 14 (28) 25 (48) 13 (26) 11 (13) 9 (14) 5 (7) 4 (5) 1 (1) 1 (1) 

Hospitalisations VE 87% 93% 89%* 87%* 84%* 82%* 80%* 79%* - - 73%* 

[26, 73] [.47, .78] 
95% CI [70, 95] [89, 95] [83, 93] [80, 91] [73, 90] [69, 90] [64, 88] [57, 90] - - [38, 88] 

95% PI [6, 98] [53, 99] [31, 98] [14, 98] [-5, 98] [-15, 97] [-27, 97] [-32, 97] - - [-50, 96] 

k (obs) 3 (4) 18 (33) 8 (20) 13 (20) 6 (9) 5 (7) 6 (7) 2 (3) - - 1 (2) 

Mortality VE - 94% 96% 87%* 90% 88% 87% - - - - 

[25, 71] [.49, .81] 
95% CI - [88, 97] [86, 99] [73, 94] [76, 96] [45, 97] [59, 96] - - - - 

95% PI - [55, 99] [59, 100] [-2, 98] [17, 99] [-30, 99] [-19, 99] - - - - 

k (obs) - 8 (15) 2 (3) 6 (8) 2 (6) 1 (1) 2 (3) - - - - 

Omicron               

Documented infections VE 32% 67% 49%* 32%* 25%* 29%* 16%* 26%* 16%* 22%* 35%* 

[9, 91] [.15, .49] 
95% CI [-26, 66] [53, 77] [25, 65] [2, 53] [-10, 50] [-5, 53] [-26, 49] [-13, 53] [-23, 45] [-21, 52] [-6, 61] 

95% PI [-58, 81] [0, 89] [-36, 83] [-51, 78] [-56, 76] [-54, 77] [-62, 74] [-57, 76] [-62, 73] [-59, 76] [-52, 80] 

k (obs) 1 (1) 8 (12) 3 (5) 4 (6) 2 (3) 3 (3) 1 (1) 2 (2) 3 (3) 1 (1) 1 (1) 

Hospitalisations VE 76% 72% 74% 59% 52% 48%* 40%* 51% - - 55% 

[24, 72] [.17, .31] 
95% CI [-69, 98] [58, 81] [60, 83] [35, 74] [26, 69] [6, 71] [-15, 69] [12, 73] - - [19, 75] 

95% PI [-73, 98] [32, 88] [36, 89] [-2, 83] [-14, 81] [-28, 81] [-41, 79] [-23, 82] - - [-16, 83] 

k (obs) 1 (1) 6 (6) 3 (3) 2 (2) 3 (3) 1 (1) 1 (1) 1 (1) - - 1 (1) 

Mortality VE - 3% 91% 19% - - - - - - - 

- - 
95% CI - [-53, 56] [19, 99] [-6, 38] - - - - - - - 

95% PI - - - - - - - - - - - 

k (obs) - 1 (1) 1 (1) 1 (1) - - - - - - - 

 Delta               

Documented infections VE 77% 91%† 73%* 72%* 69%* 63%* 65%* 59%†* 67% - - 

[20, 80] [.18, .37] 
95% CI [64, 86] [88, 93] [63, 80] [63, 79] [58, 77] [48, 74] [51, 75] [40, 72] [-37, 93] - - 

95% PI [41, 91] [78, 96] [33, 89] [33, 88] [25, 87] [10, 85] [14, 86] [-3, 84] [-49, 95] - - 

k (obs) 2 (2) 7 (12) 4 (6) 7 (11) 4 (8) 2 (3) 3 (4) 2 (3) 1 (1) - - 

 

(Continued from previous page) 

 

Hospitalisations 

 

VE 

 

87% 

 

93% 

 

89%* 

 

87%* 

 

84%* 

 

82%* 

 

80%* 

 

79%* 

 

- 

 

- 

 

73%* 
 

[26, 73] 

 

[.47, .78] 
95% CI [70, 95] [89, 95] [83, 93] [80, 91] [73, 90] [69, 90] [64, 88] [57, 90] - - [38, 88] 

95% PI [6, 98] [53, 99] [31, 98] [14, 98] [-5, 98] [-15, 97] [-27, 97] [-32, 97] - - [-50, 96] 

k (obs) 3 (4) 18 (33) 8 (20) 13 (20) 6 (9) 5 (7) 6 (7) 2 (3) - - 1 (2) 

Mortality VE - 94% 96% 87%* 90% 88% 87% - - - - 

[25, 71] [.49, .81] 95% CI - [88, 97] [86, 99] [73, 94] [76, 96] [45, 97] [59, 96] - - - - 

95% PI - [55, 99] [59, 100] [-2, 98] [17, 99] [-30, 99] [-19, 99] - - - - 
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Vaccine Type 

& Outcome 

Model 

Estimates 

Baseline days (weeks) 
Follow-up days  

(weeks) I2 

[w, b] 

σ 

[w, b] 0-13  

(0-2) 

14-42  

(2-6) 

112-139  

(16-20) 

140-167 

(20-24) 

168-195 

(24-28) 

196-223  

(28-32) 

224-251  

(32-36) 

252-279  

(36-40) 

280-307  

(40-44) 

308-335  

(44-48) 

336+  

(48+) 

k (obs) - 8 (15) 2 (3) 6 (8) 2 (6) 1 (1) 2 (3) - - - - 

ANY adenovirus VACCINE              

Any variant               

Documented infections VE 48% 69% 56%* 50%* 47%* 59% 60% 32%* 41%* - 45% 

[30, 69] [.26, .39] 
95% CI [15, 68] [60, 75] [42, 66] [37, 61] [31, 59] [27, 77] [40, 73] [-14, 60] [-6, 68] - [0, 70] 

95% PI [-33, 82] [18, 88] [-15, 83] [-24, 81] [-30, 80] [-19, 86] [-11, 85] [-50, 77] [-44, 81] - [-40, 82] 

k (obs) 2 (4) 14 (23) 7 (12) 12 (20) 7 (13) 2 (2) 3 (3) 2 (3) 1 (1) - 1 (1) 

Hospitalisations VE - 90% 89% 85% 82% 82% 79% 82% 79% - 76% 

[33, 65] [.45, .63] 
95% CI - [83, 94] [81, 94] [75, 91] [66, 90] [46, 94] [52, 91] [47, 94] [39, 93] - [25, 92] 

95% PI - [46, 98] [42, 98] [23, 97] [2, 97] [-18, 97] [-18, 97] [-16, 97] [-28, 97] - [-40, 96] 

k (obs) - 9 (15) 5 (11) 8 (11) 4 (6) 1 (1) 2 (2) 1 (1) 1 (1) - 1 (1) 

Mortality VE - 84% 77% 75% 82% 77% 79% 82% 76% - 69% 

[67, 25] [.57, .35] 
95% CI - [72, 91] [47, 90] [53, 86] [62, 91] [9, 94] [46, 92] [26, 95] [10, 94] - [-19, 92] 

95% PI - [28, 96] [-15, 95] [-14, 94] [11, 96] [-39, 97] [-11, 96] [-24, 97] [-39, 97] - [-55, 96] 

k (obs) - 7 (10) 3 (4) 5 (6) 3 (5) 1 (1) 2 (2) 1 (1) 1 (1) - 1 (1) 

Omicron               

Documented infections VE - 47% 52% 22% -3% - - - - - - 

[100,0] [.26, .00] 
95% CI - [24, 63] [-2, 77] [-13, 47] [-51, 48] - - - - - - 

95% PI - [-13, 75] [-25, 83] [-41, 65] [-63, 61] - - - - - - 

k (obs) - 3 (4) 1 (1) 2 (3) 1 (1) - - - - - - 

Hospitalisations VE - 60% 46% 45% - - - - - - - 

- - 
95% CI - [33, 76] [21, 63] [-89, 97] - - - - - - - 

95% PI -    - - - - - - - 

k (obs) - 1 (1) 1 (1) 1 (1) - - - - - - - 
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Vaccine Type 

& Outcome 

Model 

Estimates 

Baseline days (weeks) 
Follow-up days  

(weeks) I2 

[w, b] 

σ 

[w, b] 0-13  

(0-2) 

14-42  

(2-6) 

112-139  

(16-20) 

140-167 

(20-24) 

168-195 

(24-28) 

196-223  

(28-32) 

224-251  

(32-36) 

252-279  

(36-40) 

280-307  

(40-44) 

308-335  

(44-48) 

336+  

(48+) 

(Continued from previous page) 

Mortality VE - 84% -7% 17% - - - - - - - 

- - 
95% CI - [-22, 98] [-68, 63] [-4, 34] - - - - - - - 

95% PI - - - - - - - - - - - 

k (obs) - 1 (1) 1 (1) 1 (1) - - - - - - - 

 Delta               

Documented infections VE - 75% 59%* 58%* 54%* 64%* 64% 64% - - - 

[23, 76] [.14, .25] 

95% CI - [67, 81] [45, 70] [46, 68] [39, 66] [49, 75] [47, 76] [47, 76] - - - 

95% PI - [51, 87] [20, 79] [19, 78] [11, 76] [29, 82] [27, 83] [27, 83] - - - 

k (obs) 
- 5 (8) 2 (4) 5 (8) 3 (6) 2 (3) 1 (1) 1 (1) - - 

- 

 

Hospitalisations VE - 93% 93% 86% 83% - - - - - - 

[31, 65] [.39, .57] 
95% CI - [80, 97] [80, 98] [65, 94] [5, 97] - - - - - - 

95% PI - [54, 99] [55, 99] [14, 98] [-43, 98] - - - - - - 

k (obs) - 3 (4) 2 (3) 3 (4) 1 (2) - - - - - - 

Mortality VE - 93% 82% 79% - - - - - - - 

[0, 79] [.00, .42] 
95% CI - [69, 98] [-72, 99] [19, 95] - - - - - - - 

95% PI - [29, 99] [-83, 99] [-49, 98] - - - - - - - 

k (obs) - 2 (2) 1 (1) 2 (2) - - - - - - - 

Notes. I2 = Higgin’s and Thompson’s I2 presented at the within-study (w) and between-study levels (b); σ = estimate of 𝜏, the standard deviation of effect sizes in the population, 

presented at the within-study (w) and between-study levels (b); VE = vaccine effectiveness; CI = confidence interval; PI = prediction interval; k = number of studies pooled; obs = 

number of cohorts/observations pooled; greyed-out cells= fewer than 4 studies. 

*VE at this follow-up time point is statistically different from the VE observed at baseline 2 (14-42 days). 
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eTable 10. Vaccine Effectiveness for Individual Brands of Primary COVID-19 Vaccine Series Against Infections, Hospitalisations, and Mortality. 

Vaccine Type 

& Outcome 

Model 

Estimates 

Baseline days (weeks) 
Follow-up days  

(weeks) I2 

[w, b] 

σ 

[w, b] 0-13  

(0-2) 

14-42  

(2-6) 

112-139  

(16-20) 

140-167 

(20-24) 

168-195 

(24-28) 

196-223  

(28-32) 

224-251  

(32-36) 

252-279  

(36-40) 

280-307  

(40-44) 

308-335  

(44-48) 

336+  

(48+) 

BNT162b2 VACCINE              

Any variant               

Documented 

infections 

VE 73% 86%† 62%* 52%* 49%* 46%* 44%* 46%* 40%* 46%* 55%* 

[24, 76] [.29, .53] 
95% CI [59, 82] [81, 89] [49, 71] [38, 63] [33, 61] [24, 61] [24, 59] [19, 65] [1, 64] [-5, 72] [12, 77] 

95% PI [4, 92] [51, 96] [-24, 89] [-39, 86] [-43, 85] [-47, 84] [-48, 84] [-48, 85] [-54, 84]  [-44, 89] 

k (obs) 4 (5) 18 (29) 9 (15) 18 (28) 12 (20) 6 (7) 8 (9) 3 (4) 2 (2) 1 (1) 1 (1) 

Hospitalisations VE 88% 92% 88%* 84%* 81%* 77%* 77%* 74%* - - 68%* 

[24, 74] [.43, .76] 
95% CI [47, 97] [87, 95] [80, 93] [73, 90] [67, 89] [55, 88] [56, 88] [44, 88] - - [27, 86] 

95% PI [-15, 99] [52, 99] [27, 98] [0, 97] [-15, 97] [-34, 96] [-34, 96] [-43, 96] - - [-55, 95] 

k (obs) 1 (1) 13 (20) 6 (11) 7 (12) 6 (8) 3 (5) 5 (5) 2 (3) - - 1 (2) 

Mortality VE - 95% 93% 89%* 89%* - 83%* - - - - 

[86, 4] [.43, .10] 
95% CI - [93, 97] [77, 98] [81, 94] [82, 94] - [55, 94] - - - - 

95% PI - [86, 98] [67, 98] [67, 97] [68, 96] - [34, 96] - - - - 

k (obs) - 5 (7) 1 (1) 3 (3) 2 (4) - 1 (1) - - - - 

Omicron               

Documented 

infections 

VE - 56% 22%* 23%* 11%* 9%* -8%* 1%* -18%* -1%* 16%* 

[85, 15] [.21, .09] 
95% CI - [44, 66] [-12, 46] [0, 41] [-22, 38] [-34, 45] [-45, 34] [-39, 40] [-51, 27] [-41, 39] [-30, 50] 

95% PI - [23, 75] [-32, 58] [-27, 57] [-40, 52] [-46, 56] [-55, 47] [-51, 52] [-60, 41] [-52, 51] [-43, 60] 

k (obs) - 4 (5) 2 (2) 3 (4) 2 (2) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 

Hospitalisations VE 79% 68% 52% 54% 59% 42% 38% 44% - - 51% 

[94, 0] [.33, .00] 
95% CI [-77, 99] [44, 82] [-13, 80] [-10, 81] [31, 75] [-28, 76] [-36, 76] [-24, 76] - - [-14, 79] 

95% PI [-80, 99] [12, 89] [-38, 86] [-36, 87] [-11, 85] [-49, 83] [-54, 83] [-47, 83] - - [-39, 85] 

k (obs) 1 (1) 4 (4) 1 (1) 1 (1) 3 (3) 1 (1) 1 (1) 1 (1) - - 1 (1) 

 Delta               

Documented infections VE - 91% 76%* 73%* 72%* 70%* 69%* 69%* - - - 

[13, 86] [.12, .32] 
95% CI - [86, 94] [63, 85] [60, 82] [57, 82] [52, 81] [50, 81] [48, 82] - - - 

95% PI - [79, 96] [45, 90] [39, 88] [35, 88] [29, 87] [26, 87] [24, 87] - - - 

k (obs) - 3 (5) 1 (2) 3 (5) 2 (4) 1 (2) 1 (2) 1 (2) - - - 

Hospitalisations VE 89% 97% 94% 92%* 89%* 88%* - 82%* - - 74%* 

[25, 73] [.37, .64] 
95% CI [7, 99] [92, 99] [82, 98] [80, 97] [69, 96] [67, 95] - [41, 95] - - [9, 92] 

95% PI [-38, 99] [80, 100] [57, 99] [47, 99] [25, 98] [18, 98] - [-25, 98] - - [-51, 97] 

k (obs) 1 (1) 3 (4) 1 (2) 3 (4) 2 (3) 2 (3) - 1 (1) - - 1 (1) 

               

(Continued from previous page) 

 

Mortality 

 

VE 

 

- 

 

99% 

 

- 

 

92% 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 
 

- 

 

- 
95% CI - [97, 99] - [89, 94] - - - - - - - 

95% PI - - - - - - - - - - - 

k (obs) - 1 (1) - 1 (1) - - - - - - - 

mRNA-1273 VACCINE              

Any variant               

Documented infections VE - 92% 76%* 72%* 68%* 59%* 62%* 52%* 66% - - [41, 59] [.43, .51] 
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Vaccine Type 

& Outcome 

Model 

Estimates 

Baseline days (weeks) 
Follow-up days  

(weeks) I2 

[w, b] 

σ 

[w, b] 0-13  

(0-2) 

14-42  

(2-6) 

112-139  

(16-20) 

140-167 

(20-24) 

168-195 

(24-28) 

196-223  

(28-32) 

224-251  

(32-36) 

252-279  

(36-40) 

280-307  

(40-44) 

308-335  

(44-48) 

336+  

(48+) 

95% CI - [88, 94] [64, 85] [59, 80] [49, 80] [33, 76] [39, 76] [5, 76] [-49, 94] - - 

95% PI - [67, 98] [5, 94] [-11, 93] [-23, 92] [-41, 90] [-36, 91] [-53, 89] [-68, 96] - - 

k (obs) - 14 (23) 6 (10) 10 (17) 4 (7) 4 (5) 6 (7) 2 (3) 1 (1) - - 

Hospitalisations VE 87% 96% 95% 91%* 87%* 88%* 84%* 82%* - - 77%* 

[64, 31] [.49, .35] 
95% CI [-24, 99] [93, 97] [91, 97] [85, 95] [69, 95] [76, 94] [59, 94] [60, 92] - - [46, 91] 

95% PI [-44, 99] [83, 99] [80, 99] [67, 98] [42, 97] [51, 97] [26, 97] [23, 96] - - [-2, 95] 

k (obs) 1 (1) 6 (11) 3 (6) 4 (7) 2 (3) 3 (5) 2 (2) 2 (3) - - 1 (2) 

Mortality VE - 97% - 93% 95% - 88%* - - - - 

[14, 0] [.17, .00] 
95% CI - [92, 99] - [77, 98] [89, 98] - [75, 94] - - - - 

95% PI - [91, 99] - [75, 98] [87, 98] - [71, 95] - - - - 

k (obs) - 3 (4) - 1 (1) 1 (2) - 1 (1) - - - - 

Omicron               

Documented infections VE - 61% 31% -6% -6% - - - - - - 

[50, 50] [.45, .45] 
95% CI - [-99, 100] [-100, 100] [-100, 100] [-100, 100] - - - - - - 

95% PI - [-100, 100] [-100, 100] [-100, 100] [-100, 100] - - - - - - 

k (obs) - 2 (2) 1 (1) 1 (1) 1 (1) - - - - - - 

 Delta               

Documented infections VE - 94% 83%* 79%* 77%* 58%* 70%* 62%* 75% - - 

[75, 16] [.14, .07] 
95% CI - [92, 95] [79, 86] [76, 82] [72, 81] [45, 69] [62, 76] [51, 71] [-20, 95] - - 

95% PI - [91, 96] [75, 88] [70, 86] [66, 84] [36, 73] [55, 80] [42, 75] [-22, 95] - - 

k (obs) - 4 (6) 3 (4) 4 (6) 3 (5) 1 (2) 2 (3) 2 (3) 1 (1) - - 
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Vaccine Type 

& Outcome 

Model 

Estimates 

Baseline days (weeks) 
Follow-up days  

(weeks) I2 

[w, b] 

σ 

[w, b] 0-13  

(0-2) 

14-42  

(2-6) 

112-139  

(16-20) 

140-167 

(20-24) 

168-195 

(24-28) 

196-223  

(28-32) 

224-251  

(32-36) 

252-279  

(36-40) 

280-307  

(40-44) 

308-335  

(44-48) 

336+  

(48+) 

(Continued from previous page) 

Hospitalisations VE - 98% 97% 93%* 92%* 89%* - 82%* - - 77%* 

[0, 33] [.00, .10] 
95% CI - [95, 99] [95, 98] [92, 95] [78, 97] [86, 91] - [77, 86] - - [61, 86] 

95% PI - [95, 99] [95, 98] [91, 95] [77, 97] [84, 92] - [75, 87] - - [59, 87] 

k (obs) - 2 (3) 1 (2) 2 (3) 1 (2) 2 (3) - 1 (1) - - 1 (1) 

ChAdOx1 VACCINE              

Any variant               

Documented infections VE 43% 72% 55%* 50%* 40%* 94% 70% -31%* - - - 

[23, 77] [.26, .46] 
95% CI [-5, 69] [61, 79] [35, 69] [31, 64] [15, 57] [48, 99] [38, 86] [-78, 52] - - - 

95% PI [-49, 83] [14, 91] [-28, 85] [-34, 84] [-46, 80] [33, 100] [-8, 92] [-85, 69] - - - 

k (obs) 2 (3) 10 (18) 4 (8) 8 (16) 4 (9) 1 (1) 1 (1) 1 (2) - - - 

Hospitalisations VE - 92% 92% 87%* 84%* - 78% - - - - 

[36, 62] [.42, .55] 
95% CI - [87, 96] [86, 95] [78, 93] [70, 92] - [31, 93] - - - - 

95% PI - [67, 98] [63, 98] [43, 97] [26, 97] - [-25, 96] - - - - 

k (obs) - 7 (12) 4 (9) 6 (8) 3 (5) - 1 (1) - - - - 

Mortality VE - 94% 82% 79%* 88% - 82%* - - - - 

[0, 64] [.00, .28] 
95% CI - [89, 96] [9, 96] [65, 88] [76, 94] - [65, 91] - - - - 

95% PI - [85, 97] [-4, 97] [51, 91] [68, 95] - [54, 93] - - - - 

k (obs) - 4 (5) 1 (1) 2 (2) 1 (2) - 1 (1) - - - - 

Omicron               

Documented infections VE - 40% - 22% -3% - - - - - - 

[100, 0] [.22, .00] 
95% CI - [14, 59] - [-10, 46] [-48, 45] - - - - - - 

95% PI - [-19, 71] - [-37, 62] [-60, 57] - - - - - - 

k (obs) - 2 (3) - 2 (3) 1 (1) - - - - - - 

 Delta                

Documented infections VE - 78% 62%* 57%* 49%* 92% - - - - - 

[9, 91] 

 

[.10, .30] 
95% CI - [69, 85] [44, 75] [40, 70] [27, 65] [30, 99] - - - - -  

95% PI - [54, 90] [18, 83] [9, 80] [-8, 76] [23, 99] - - - - -  

k (obs) - 4 (6) 1 (2) 4 (6) 2 (4) 1 (1) - - - - -  

Hospitalisations VE - 93% 93% 86% 83% - - - - - - 

[31, 66] [.39, .57] 
95% CI - [80, 98] [80, 98] [65, 94] [5, 97] - - - - - - 

95% PI - [54, 99] [55, 99] [14, 98] [-43, 98] - - - - - - 

k (obs) - 3 (4) 2 (3) 3 (4) 1 (2) - - - - - - 

 

(Continued from previous page) 

 Ad26.COV2.S VACCINE              

Any variant               

Documented infections VE 17% 61% 56% 52% 57% 55% 56% 45% 43% - 46% 

[55, 44] [.20, .17] 
95% CI [-46, 63] [48, 70] [41, 67] [37, 64] [42, 67] [27, 72] [37, 70] [10, 66] [7, 65] - [13, 67] 

95% PI [-55, 69] [27, 79] [17, 77] [10, 74] [19, 77] [6, 79] [14, 78] [-14, 74] [-17, 73] - [-11, 75] 

k (obs) 1 (1) 4 (5) 3 (4) 4 (4) 4 (4) 1 (1) 2 (2) 1 (1) 1 (1) - 1 (1) 

Hospitalisations VE  74% 79% 73% 74% 70% 70% 70% 65% - 59% 

[86, 0] [.28, .00]  95% CI - [23, 91] [24, 94] [31, 90] [9, 93] [-13, 92] [-6, 92] [-12, 92] [-20, 90] - [-42, 90] 

 95% PI - [-24, 95] [-19, 96] [-20, 94] [-32, 95] [-46, 95] [-42, 95] [-45, 95] [-50, 94] - [-63, 94] 
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Vaccine Type 

& Outcome 

Model 

Estimates 

Baseline days (weeks) 
Follow-up days  

(weeks) I2 

[w, b] 

σ 

[w, b] 0-13  

(0-2) 

14-42  

(2-6) 

112-139  

(16-20) 

140-167 

(20-24) 

168-195 

(24-28) 

196-223  

(28-32) 

224-251  

(32-36) 

252-279  

(36-40) 

280-307  

(40-44) 

308-335  

(44-48) 

336+  

(48+) 

 k (obs) - 2 (2) 1 (1) 2 (2) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) - 1 (1) 

Mortality VE - 63% 83%* 77%* 78%* 74% 77% 80% 74% - 66% 

[0, 28] [.00, .13] 
95% CI - [47, 75] [74, 88] [68, 84] [70, 84] [57, 85] [66, 84] [64, 89] [61, 82] - [40, 81] 

95% PI - [42, 77] [71, 90] [64, 86] [67, 86] [54, 86] [63, 86] [61, 89] [57, 84] - [35, 82] 

k (obs) - 4 (4) 2 (2) 3 (3) 3 (3) 1 (1) 1 (1) 1 (1) 1 (1) - 1 (1) 

Notes. I2 = Higgin’s and Thompson’s I2 presented at the within-study (w) and between-study levels (b); σ = estimate of 𝜏, the standard deviation of effect sizes in the population, 

presented at the within-study (w) and between-study levels (b); VE = vaccine effectiveness; CI = confidence interval; PI = prediction interval; k = number of studies pooled; obs = 

number of cohorts/observations pooled; greyed-out cells= fewer than 4 studies. 
†VE at this follow-up time point is statistically different from the VE observed at baseline 1 (0-13 days);  

*VE at this follow-up time point is statistically different from the VE observed at baseline 2 (14-42 days). 
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eTable 11. Vaccine Effectiveness for Booster COVID-19 Vaccine Series Against Infections, Hospitalisations, and Mortality. 

Vaccine type & 

Outcomes 
Model Estimates 

Baseline days (weeks) Follow-up days (weeks) 
I2 

[w/b] 

σ 

[w/b] 0-6  

(0-1) 

7-28  

(1-4) 

84-111 

(12-16) 

112-139 

(16-20) 

140-167 

(20-24) 

ANY VACCINE         

Any variants         

Documented infections VE - 69% 55%* 42%* -14%* 

[24, 76] [.34, .61] 
95% CI - [56, 79] [35, 69] [13, 61] [-48, 30] 

95% PI - [-23, 93] [-48, 89] [-60, 86] [-81, 74] 

k (obs) - 14 (29) 12 (24) 8 (16) 2 (6) 

Hospitalisations VE 78% 89%† 74%* 71%* 87% 

[34, 64] [.35, .47] 
95% CI [60, 88] [82, 93] [60, 83] [51, 83] [60, 95] 

95% PI [17, 94] [59, 97] [8, 93] [-6, 92] [33, 97] 

k (obs) 1 (4) 7 (11) 8 (15) 4 (5) 1 (1) 

Mortality VE 83% 87% 86% 85% 73% 

[61, 31] [.31, .22] 
 95% CI [67, 91] [74, 93] [76, 92] [66, 93] [-37, 96] 

 95% PI [49, 94] [60, 96] [61, 95] [50, 95] [-48, 96] 

 k (obs) 1 (4) 2 (2) 3 (6) 1 (1) 1 (1) 

Omicron         

Documented infections VE - 66% 50%* 39%* -19%* 

[33, 67] [.35, .50] 
95% CI - [53, 76] [30, 64] [11, 58] [-49, 24] 

95% PI - [-15, 90] [-43, 86] [-54, 83] [-78, 67] 

k (obs) - 12 (25) 10 (20) 7 (14) 2 (6) 

Hospitalisations VE 69% 89% 74%* 71%* 87% 

[30, 68] [.32, .48] 
95% CI [36, 85] [82, 93] [60, 83] [51, 83] [62, 95] 

95% PI [-20, 92] [59, 97] [8, 93] [-6, 92] [35, 97] 

k (obs) 1 (2) 7 (11) 8 (13) 4 (5) 1 (1) 

Mortality VE 76% 86% 86% 83% 75% 

[33, 60] [.22, .29] 
95% CI [43, 90] [72, 93] [73, 92] [63, 92] [-45, 96] 

95% PI [14, 93] [56, 96] [55, 95] [42, 95] [-56, 97] 

k (obs) 1 (2) 2 (2) 3 (4) 1 (1) 1 (1) 

Delta         

Documented infections VE - 92% 90% - - 

- - 
 95% CI - [80, 97] [88, 91] - - 

 95% PI - - - - - 

 k (obs) - 1 (2) 1 (2) - - 
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(Continued from previous page) 

Hospitalisations VE 88% - 78% - - 

- - 
 95% CI [84, 90] - [62, 88] - - 

 95% PI - - - - - 

 k (obs) 1 (2) - 1 (2) - - 

Mortality VE 87% - 88% - - 

- - 
 95% CI [81, 91] - [77, 94] - - 

 95% PI - - - - - 

 k (obs) 1 (2)  1 (2) - - 

ANY mRNA VACCINE         

Any variants         

Documented infections  VE - 66% 49%* 36%* -21%* 

[34, 66] [.34, .48] 
95% CI - [53, 75] [30, 63] [9, 55] [-50, 21] 

95% PI - [-14, 90] [-42, 85] [-55, 81] [-78, 65] 

k (obs) - 13 (25) 11 (20) 8 (16) 2 (6) 

Hospitalisations VE 79% 90% 78%* 75%* 87% 

[52, 45] [.35, .33] 
95% CI [58, 90] [85, 93] [69, 84] [60, 84] [62, 95] 

95% PI [31, 94] [71, 96] [37, 92] [25, 91] [44, 97] 

k (obs) 1 (2) 7 (12) 8 (14) 4 (5) 1 (1) 

Mortailty VE 81% 87% 87% 84% 76% 

[0, 85] [.00, .24] 
95% CI [63, 90] [80, 92] [81, 92] [75, 90] [-35, 96] 

95% PI [52, 92] [73, 94] [73, 94] [66, 92] [-42, 97] 

k (obs) 1 (2) 2 (2) 3 (4) 1 (1) 1 (1) 

Omicron         

Documented infections VE - 66% 50%* 38%* -19%* 

[34, 66] 

 
[.35, .50] 

95% CI - [53, 76] [30, 65] [10, 58] [-50, 24] 

95% PI - [-17, 91] [-44, 86] [-55, 83] [-78, 67] 

k (obs) - 12 (23) 10 (18) 7 (14) 2 (6) 

Hospitalisations VE 75% 90% 77%* 74%* 86% 

[53, 44] [.36, .33] 
95% CI [38, 90] [85, 93] [68, 84] [59, 84] [61, 95] 

95% PI [4, 94] [70, 96] [35, 92] [23, 92] [42, 97] 

k (obs) 1 (1) 7 (12) 8 (13) 4 (5) 1 (1) 

Mortality VE 72% 87% 87% 84% 76% 

[0, 88] [.00, .24] 
 95% CI [16, 91] [77, 93] [78, 92] [73, 91] [-58, 98] 

 95% PI [-7, 93] [67, 95] [68, 95] [59, 94] [-63, 98] 

 k (obs) 1 (1) 2 (2) 3 (3) 1 (1) 1 (1) 

(Continued from previous page) 

Delta         
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Notes. I2 = Higgin’s and Thompson’s I2 presented at the within-study (w) and between-study levels (b); σ = estimate of 𝜏, the standard deviation of effect sizes in the 

population, presented at the within-study (w) and between-study levels (b); VE = vaccine effectiveness; CI = confidence interval; PI = prediction interval; k = number of 

studies pooled; obs = number of cohorts/observations pooled; greyed-out cells= fewer than 4 studies. 

*VE at this follow-up time point is statistically different from the VE observed at baseline 2 (7-28 days). 

 

  

Hospitalisations VE 86% - 83% - - 

- - 
95% CI [82, 89] - [74, 89] - - 

95% PI - -  - - 

k (obs) 1 (1) - 1 (1) - - 

Mortality 

VE 84% - 87% - -   

95% CI [74, 90] - [74, 93] - - - - 

95% PI - - - - -   

k (obs) 1 (1) - 1 (1) - -   

ANY adenovirus VACCINE        

Any variants         

Documented infections VE 82% 75% - - - 

[9, 90] [.37, 1.17] 
 95% CI [-30, 98] [-51, 97] - - - 

 95% PI [-85, 100] [-90, 99] - - - 

 k (obs) 2 (4) 2 (4) - - - 

Hospitalisations 

VE 82% - 76% - - 

- - 
95% CI [54, 93] - [72, 80] - - 

95% PI - - - - - 

k (obs) 1 (2) - 1 (2) - - 

Mortality 

VE 83% - 82% - -   

95% CI [61, 93] - [50, 94] - - - - 

95% PI - - - - -   

k (obs) 1 (2) - 1 (2) - -   
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eTable 12. Vaccine Effectiveness for Individual Brands of Booster COVID-19 Vaccines Against Infections, Hospitalisations, and Mortality. 

Vaccine Type 

& Outcome 
Model Estimates 

Baseline days (weeks) 
Follow-up days  

(weeks) I2 

[w, b] 

σ 

[w, b] 0-6  

(0-1) 

7-28  

(1-4) 

84-111  

(12-16) 

112-139 

(16-20) 

140-167 

(20-24) 

BNT162b2 VACCINE        

Any variant         

Documented infections VE - 71% 60%* 50%* -29%* 

[13, 87] [.33, .84] 
95% CI - [48, 84] [27, 78] [4, 74] [-72, 45] 

95% PI - [-49, 96] [-63, 94] [-71, 93] [-91, 82] 

k (obs) - 9 (16) 8 (15) 5 (7) 1 (1) 

Hospitalisations VE - 86% 77%* 71%* 85% 

[41, 56] [.28, .33] 
95% CI - [78, 91] [65, 85] [51, 83] [60, 94] 

95% PI - [60, 95] [37, 92] [17, 90] [43, 96] 

k (obs) - 5 (7) 5 (7) 3 (3) 1 (1) 

Mortality VE - 87% 87% 83% 78% 

[0, 96] [.00, .41] 
95% CI - [48, 97] [47, 97] [33, 96] [-83, 99] 

95% PI - [-19, 99] [-21, 99] [-38, 98] [-89, 99] 

k (obs) - 2 (2) 2 (2) 1 (1) 1 (1) 

Omicron         

Documented infections VE - 65% 53% 46% -36%* 

[20, 80] [.35, .69] 
95% CI - [38, 80] [16, 74] [-4, 72] [-76, 40] 

95% PI - [-47, 93] [-60, 91] [-66, 90] [-90, 75] 

k (obs) - 7 (13) 6 (12) 4 (5) 1 (1) 

Hospitalisations VE - 86% 77%* 71%* 85% 

[41, 56] [.28, .33] 
95% CI - [78, 91] [65, 85] [51, 83] [60, 94] 

95% PI - [60, 95] [37, 92] [17, 90] [43, 96] 

k (obs) - 5 (7) 5 (7) 3 (3) 1 (1) 

Mortality VE - 87% 87% 83% 78% 

[0, 96] [.00, .41] 
95% CI - [48, 97] [47, 97] [33, 96] [-83, 99] 

95% PI - [-19, 99] [-21, 99] [-38, 98] [-89, 99] 

k (obs) - 2 (2) 2 (2) 1 (1) 1 (1) 

 Delta         

Documented infections VE - 95% 91% - - 

- - 
95% CI - [94, 96] [89, 92] - - 

95% PI - - - - - 

k (obs) - 1 (1) 1 (1) - - 
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Vaccine Type 

& Outcome 
Model Estimates 

Baseline days (weeks) 
Follow-up days  

(weeks) I2 

[w, b] 

σ 

[w, b] 0-6  

(0-1) 

7-28  

(1-4) 

84-111  

(12-16) 

112-139 

(16-20) 

140-167 

(20-24) 

(Continued from previous page) 

mRNA-1273 VACCINE        

Any variant         

Documented infections VE - 71% 31%* 32%* -6%* 

[99, 0] [.43, .00] 
95% CI - [54, 81] [-25, 64] [1, 54] [-38, 30] 

95% PI - [19, 89] [-53, 77] [-45, 75] [-65, 61] 

k (obs) - 3 (7) 2 (2) 2 (6) 1 (5) 

Hospitalisations VE - 90% 84% 77% - 

- - 
95% CI - [87, 93] [78, 88] [63, 86] - 

95% PI - - - - - 

k (obs) - 1 (1) 1 (1) 1 (1) - 

Omicron         

Documented infections VE - 71% 31%* 32%* -6%* 

[99, 0] [.43, .00] 
95% CI - [54, 81] [-25, 64] [1, 54] [-38, 30] 

95% PI - [19, 89] [-53, 77] [-45, 75] [-65, 61] 

k (obs) - 3 (7) 2 (2) 2 (6) 1 (5) 

Mortality VE - - - - - 

- - 
95% CI - - - - - 

95% PI - - - - - 

k (obs) - - - - - 

ChAdOx1 VACCINE        

Any variant         

Documented infections VE - 77% 78% - - 

[3, 95] [.15, .90] 
95% CI - [-27, 96] [-26, 96] - - 

95% PI - [-80, 99] [-80, 99] - - 

k (obs) - 2 (3) 2 (3) - - 

Hospitalisations VE 82% - 76% - - 

- - 
95% CI [54, 93] - [72, 80] - - 

95% PI  -  - - 

k (obs) 1 (2) - 1 (2) - - 

Mortality VE 83% - 82% - - 

- - 
95% CI [61, 93] - [50, 94] - - 

95% PI  -  - - 

k (obs) 1 (2) - 1 (2) - - 

(Continued from Previous page) 

 Omicron         

Documented infections VE - 62% 27% - - 
- - 

95% CI - [44, 74] [-42, 69] - - 
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Vaccine Type 

& Outcome 
Model Estimates 

Baseline days (weeks) 
Follow-up days  

(weeks) I2 

[w, b] 

σ 

[w, b] 0-6  

(0-1) 

7-28  

(1-4) 

84-111  

(12-16) 

112-139 

(16-20) 

140-167 

(20-24) 

95% PI -   - - 

k (obs) - 1 (2) 1 (2) - - 

Hospitalisations VE 71% - 77% - - 

- - 
95% CI [67, 74] - [72, 81] - - 

95% PI  -  - - 

k (obs) 1 (1) - 1 (1) - - 

Delta         

Documented infections VE 87% 89% - - - 

- - 
95% CI [85, 89] [88, 90] - - - 

95% PI [--,    --] [--,    --] - - - 

k (obs) 1 (1) 1 (1) - - - 

Hospitalisations VE 89% - 70% - - 

- - 
95% CI [87, 91] - [45, 83] - - 

95% PI  -  - - 

k (obs) 1 (1) - 1 (1) - - 

Notes. I2 = Higgin’s and Thompson’s I2 presented at the within-study (w) and between-study levels (b); σ = estimate of 𝜏, the standard deviation of effect sizes in the population, 

presented at the within-study (w) and between-study levels (b); VE = vaccine effectiveness; CI = confidence interval; PI = prediction interval; k = number of studies pooled; obs = 

number of cohorts/observations pooled; greyed-out cells= fewer than 4 studies. 

*VE at this follow-up time point is statistically different from the VE observed at baseline 2 (7-28 days). 
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Section 5. eResults C – Publication Bias Analyses 

5.01. Publication Bias – Sensitivity/Moderation Analyses 

 

Our primary strategy to examine the operation of publication bias was to compare the results of studies that were published in peer-reviewed journals to those from preprint 

manuscripts. To do so, we used a meta-regression model, specified in a similar way to the primary analyses in our paper (e.g., 3-level model), but added an interaction term to the 

model between follow-up period and publication status (i.e., both of which were set as moderators in the model). The results of these analyses are presented in the table below (time 

points with fewer than 4 studies from which to pool results have been greyed out to signify a lower confidence in these numbers relative to those in black font). 

 

None of the interaction effects between time point and publication status were significant. This was true either when setting the 0-13 days baseline as the comparison group, or 

the 14-42 days baseline as the comparison group. However, in the latter case, there was a significant main effect of publication status such that the vaccine effectiveness (VE) 

estimate in the preprint condition was significantly lower in the preprint group relative to the published group (log OR = .57 [95% CI: .05, 1.09], p = .031). This pattern suggests 

that, overall, estimated VEs are lower in the preprint-group at baseline (at 14-42 days), but that there is no significant evidence that the decline in VE differs across the two groups. 

In other words, both published and unpublished (preprint) studies show similar evidence of decline in VE over time. However, the lower starting VE value in the preprint group is 

carried over across time points; in fact, the estimated VE in the model was lower at every time point for the preprint group compared to the published group. This suggests that the 

pattern of lower VE in unpublished studies is fairly consistent across time points. Examining the table below qualifies this assertion further.  

 

We qualify the above pattern further by plotting the results of our model. The figure below depicts estimated VEs for published articles and preprint manuscripts across time points, 

limiting findings to cases when at least 4 studies informed an estimate. Additionally, we plot the VE estimates extracted from the studies that were used for our analyses. These 

results visually demonstrate a noticeable tendency for preprints to report lower VE estimates than do published studies. 

 

eTable 13. Publication Bias Results – Effects of Any Vaccine for Documented Infections (Primary Series) 

Status Model Estimates 
Baseline days Follow-up days I2 

[w, b] 

σ 

[w, b] 0-13  14-42  112-139  140-167 168-195 196-223  224-251  252-279 280-307 308-335 336+ 

Published VE 70% 84% 63% 57% 53% 58% 52% 53% 49% 32% 46% 

[54, 45] [.48, .44] 

95% CI [55, 80] [81, 87] [55, 70] [48, 65] [41, 62] [43, 68] [36, 65] [30, 68] [16, 69] [-50, 77] [-13, 74] 

95% PI [-14, 92] [43, 96] [-25, 90] [-36, 88] [-42, 87] [-36, 89] [-43, 87] [-44, 88] [-50, 87] [-72, 87] [-58, 88] 

k (obs) 6 (11) 34 (88) 18 (45) 26 (70) 18 (46) 11 (18) 10 (17) 6 (10) 4 (6) 1 (1) 2 (2) 

Preprint VE 55% 72% 51% 50% 42% 46% 34% 25% 33% 32% 43% 

95% CI [3, 79] [55, 83] [13, 72] [16, 70] [-13, 71] [5, 69] [-19, 65] [-41, 67] [-34, 70] [-49, 76] [-39, 80] 

95% PI [-50, 90] [-8, 93] [-50, 88] [-50, 87] [-59, 87] [-54, 87] [-64, 84] [-71, 84] [-67, 85] [-72, 87] [-67, 89] 

k (obs) 2 (3) 6 (8) 4 (5) 5 (7) 3 (3) 4 (5) 3 (4) 2 (2) 2 (2) 1 (1) 1 (1) 

Notes. I2 = Higgin’s and Thompson’s I2 presented at the within-study (w) and between-study levels (b); σ = estimate of 𝜏, the standard deviation of effect sizes in the population, 

presented at the within-study (w) and between-study levels (b); VE = vaccine effectiveness; CI = confidence interval; PI = prediction interval; k = number of studies pooled; obs = 

number of cohorts/observations pooled. The findings aggregate VE estimates from 40 published studies (providing 314 observations) and 8 pre-prints (providing 41 observations). 

Numbers in grey font are for time points with fewer than 4 studies available for pooling. 
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eFigure 2. VE Estimates according to the Publication Status of Scientific Studies (Primary Series Against Infections) 

 

In addition to the above analyses, we can also compute a meta-analytic model that ignores time points and examines the main moderating effect of publication status (i.e., a 3-level 

model, nesting estimates within studies, and only including publication status a moderator). With this model, we find: 

1. A non-significant (marginal) moderation effect of publication status such that the vaccine effectiveness (VE) estimate in the preprint condition was significantly lower in 

the preprint group relative to the published group (log OR = .40 [95% CI: -.01, .82], p = .058); 

2. In the published condition the estimated VE is 69% (95% CI = 63 to 73 [95% PI = -32 to 93]; using 314 observations from 40 studies); and 

3. In the preprint condition the estimated VE is 53% (95% CI = 31 to 68 [95% PI = -56 to 90]; using 41 observations from 8 studies). 

 

Finally, we also conducted the above analyses examining the effects of publication status for VE against hospitalisations (for the primary series only). We computed a full model 

specified as we did in the initial table we presented for documented infections. The results are provided in the next table. In contrast to our findings for documented infections, there 

was no main effect of publication status at the baselines (i.e., baseline VEs did not significantly differ across published and unpublished studies at baseline), nor were there any 

significant interactions between publication status and any of the follow up periods. Although interaction effects were not significant, the estimated VE at each follow-up time point 

was lower than the corresponding estimated VEs for the published studies, for all but one time point. This could indicate a tendency for published studies to report a higher VE 

against Hospitalisations generally (compared to unpublished studies). That said, most time points had too few estimates from pre-prints to reliably evaluate the impact of publishing 

bias (i.e., fewer than 4 studies). As with infections, we also evaluated a model that did not take into account time points (only publication status), and this model did not find a 

significant effect of publication status. 
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eTable 14. Publication Bias Results – Effects of Any Vaccine for Hospitalisations (Primary Series) 

Status Model Estimates 
Baseline days Follow-up days I2 

[w, b] 

σ 

[w, b] 0-13  14-42  112-139  140-167 168-195 196-223  224-251  252-279 280-307 308-335 336+ 

Published VE 87% 92% 90% 87% 84% 83% 80% 81% 81% - 75% 

[33, 66] [.51, .72] 

95% CI [48, 97] [89, 95] [85, 93] [81, 91] [75, 90] [71, 90] [66, 88] [63, 91] [40, 94] - [48, 88] 

95% PI [-17, 99] [54, 99] [39, 98] [21, 98] [3, 97] [-6, 97] [-19, 97] [-18, 97] [-35, 98] - [-40, 96] 

k (obs) 1 (1) 18 (50) 8 (32) 13 (33) 6 (13) 6 (8) 7 (9) 3 (4) 1 (1) 0 (0) 2 (3) 

Preprint VE 86% 88% 81% 87% 79% - - - - - - 

95% CI [65, 95] [70, 95] [53, 92] [63, 95] [52, 91] - - - - - - 

95% PI [-1, 98] [12, 98] [-28, 97] [0, 98] [-31, 97] - - - - - - 

k (obs) 3 (6) 3 (5) 3 (5) 2 (4) 3 (6) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 

Notes. I2 = Higgin’s and Thompson’s I2 presented at the within-study (w) and between-study levels (b); σ = estimate of 𝜏, the standard deviation of effect sizes in the population, 

presented at the within-study (w) and between-study levels (b); VE = vaccine effectiveness; CI = confidence interval; PI = prediction interval; k = number of studies pooled; obs = 

number of cohorts/observations pooled. The findings aggregate VE estimates from 19 published studies (providing 154 observations) and 6 pre-prints (providing 26 observations). 

Numbers in grey font are for time points with fewer than 4 studies available for pooling. 

 

Finally, we considered whether to examine publication bias when it comes to VE against COVID-19 related mortality. However, too few studies were available for this purpose 

(i.e., we only have data from 1 preprint study examining general mortality data). 

 

5.02. Publication Bias – Funnel Plots 

 

In addition to the above meta-regression analyses, we also generated funnel plots for descriptive purposes. These analyses should not be used to draw strong inferences, as funnel 

plots are not well adapted to nested data (i.e., three-level meta-analyses). Further, it is important to consider that factors other than publication bias can cause skewness in funnel 

plots, which could render their interpretation misleading. For example, if we use a funnel plot to consider all VE estimates pooled in the current study (for documented infections), 

we may theoretically expect the following: 

a. VE should wane over time, such that data points associated with longer follow ups show lower VE estimates; 

b. That studies show attrition over time (i.e., follow-up VEs rely on increasingly smaller samples); and 

c. As a consequence of the above two factors, in the absence of publication bias, we would expect funnel plots to be skewed, such that samples with smaller sample sizes 

(i.e., translating to larger standard errors) should be associated with low VE by virtue of the two forces described above.  
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The following figure shows the funnel plot associated with a random-effects model that ignores nesting across studies (i.e., plots 

all VE estimates, regardless of time point, ignoring that multiple VE estimates are produced by different studies).  

 

 
eFigure 3. Funnel Plot Aggregating All VE Estimates Against Documented Infections (Primary Series) 

  

Interestingly, although we would expect a skew in the funnel plot for VE data, the observed skew is in the opposite direction than 

what we would theoretically expect. Studies with smaller sample sizes show higher VE (as indicated by a smaller OR; the pattern 

we outlined above would instead show larger OR values being associated with larger standard errors). Although this pattern is 

plotted in a descriptive manner, this could indicate the presence of publication bias.  

 

Overcoming the limitation of funnel plots.  Although funnel plots do not consider the nesting of the data, and their interpretation 

can be skewed due to factors such as waning VE and attrition within studies, these two limitations can be partially overcome by 

subsetting the data we use. Specifically, we can limit funnel plots to consider only a single follow-up period at a given time (e.g., 

generating a funnel plot at 0-14 days, another at 14-42 days, and so forth). Each of the following funnel plots were therefore 

generated in this manner. Each relied on analyses computed from random-effects models, limited to one time-point at a time, 

which pooled VE estimates from across studies. Each study could contribute multiple VE estimates, but only when these estimates 

were generated from distinct subsamples (i.e., “cohorts”). In line with the convention used above to evaluate publication bias, we 

only generated funnel plots when at least 4 studies could contribute data for a given time point. 

 

Although many of these funnel plots provide too few data points to reliably comment on the skewness of the VE estimates, there 

does appear to be considerable skewness for at least a few time points, most notably the 14-42 day interval, and the 112-139 day 

interval. These results, taken together with the meta-regression analyses above, suggest that publication bias could be skewing 

some of our findings.  
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eFigure 4. Funnel Plot Aggregating VE Estimates Against Documented Infections, Broken Down by Time Point (Primary 

Series) 

 

The above analyses were also repeated for the hospitalisation outcome. The results are in the plots below. Overall, there is again 

some evidence of skewness, depending on the time point being considered. Notably, most follow-up periods (112 days and above) 

show skewness in the plots. As with VE against documented infections, the direction of the skewness indicates that estimates with 

larger standard errors (e.g., from smaller studies) are associated with higher VE levels (i.e., smaller ORs). This again suggests that 

bias could be skewing our findings. 

 

 
eFigure 5. Funnel Plot Aggregating All VE Estimates Against Hospitalisations (Primary Series) 
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eFigure 6. Funnel Plot Aggregating VE Estimates Against Hospitalisations, Broken Down by Time Point (Primary Series). 
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Section 6. eResults D – Robustness Analyses, Moderation By Study Design 

 

Our meta-analysis evaluated results from three types of study designs: (1) Case control studies, predominantly using test-negative designs; (2) cohort-based 

studies; and (3) randomised control trials [RCTs]. To examine the impact of different study designs, we computed a three level meta-analytic model which 

examined moderation according to an interaction effect between time point and study design. The table below summarizes the predicted vaccine effectiveness 

(VE) estimates of this model for each time point. 

 

Overall, there was no significant difference between studies that used a case control or a cohort-based design (at any time point). Examining the table below 

further shows that roughly similar findings are available across both groups. RCTs did lead to significant differences against the 2nd baseline (14-42 days) and 

against the 252-279 day follow-up, when compared to either the case control or the cohort studies. All other comparisons were not statistically significant. 

However, these results are based on only 2 RCT studies at baseline and 1 RCT study at the follow up. Thus, the estimates specific to RCT designs may not be 

accurate, and particularly so for the 252-279 day follow-up, which has a very wide confidence interval (-75% to 73%). For the 14-42 day baseline, if the results 

are accurate, the higher VE estimate could be linked to the fact that RCTs were generally conducted early on in the pandemic, before the emergence of new 

variants of COVID-19. Nevertheless, the overall set of analyses provides little support for concerns that a different pattern of findings may emerge across the 

different designs. If RCTs were to have a tendency to produce different results than other designs, this should be monitored by future studies. However, for the 

purpose of our review, the addition of RCTs to our model likely has little overall impact on our results given that they make up a very small portion of the studies 

we synthesized. 

 

eTable 15. Moderation by Study Design – Effects of Any Vaccine for Documented Infections (Primary Series) 

Design Model Estimates 
Baseline days Follow-up days I2 

[w, b] 

σ 

[w, b] 0-13  14-42  112-139  140-167 168-195 196-223  224-251  252-279 280-307 308-335 336+ 

Case 

Control 

VE 64% 84% 61% 58% 52% 58% 53% 50% 49% 47% 56% 

[57, 43] [.48, .42] 

95% CI [44, 76] [79, 87] [48, 71] [46, 67] [37, 63] [42, 69] [32, 68] [17, 71] [2, 74] [-32, 81] [-19, 84] 

95% PI [-28, 90] [41, 95] [-30, 89] [-34, 88] [-43, 87] [-36, 88] [-43, 87] [-48, 87] [-53, 88] [-63, 89] [-56, 91] 

k (obs) 5 (9) 21 (45) 10 (21) 15 (36) 12 (29) 11 (18) 7 (11) 4 (5) 3 (3) 1 (1) 1 (1) 

Cohort VE 72% 81% 58% 51% 46% 52% 42% 49% 41% 22% 38% 

95% CI [41, 87] [76, 85] [44, 68] [36, 62] [27, 60] [20, 71] [15, 61] [14, 70] [-5, 66] [-57, 74] [-25, 71] 

95% PI [-18, 93] [32, 95] [-35, 88] [-44, 86] [-49, 85] [-47, 88] [-53, 85] [-50, 87] [-58, 85] [-76, 85] [-63, 86] 

k (obs) 2 (3) 17 (49) 10 (27) 16 (41) 9 (20) 4 (5) 6 (10) 3 (5) 3 (5) 1 (1) 2 (2) 

RCT VE 63% 94% 88% - - - - -4% - - -   

 95% CI [-10, 88] [85, 98] [67, 96] - - - - [-75, 73] - - -   

 95% PI [-49, 93] [71, 99] [40, 98] - - - - [-85, 84] - - -   

 k (obs) 1 (2) 2 (2) 2 (2) 0 (0) 0 (0) 0 (0) 0 (0) 1 (2) 0 (0) 0 (0) 0 (0)   

Notes. RCT = randomized control trial; I2 = Higgin’s and Thompson’s I2 presented at the within-study (w) and between-study levels (b); σ = estimate of 𝜏, the 

standard deviation of effect sizes in the population, presented at the within-study (w) and between-study levels (b); VE = vaccine effectiveness; CI = confidence 

interval; PI = prediction interval; k = number of studies pooled; obs = number of cohorts/observations pooled. The findings aggregate VE estimates from 26 case 

control studies (providing 179 observations), 19 cohort studies (providing 168 observations), and 3 RCTs (providing 8 observations). Numbers in grey font are 

for time points with fewer than 4 studies available for pooling. 

 

The figure below summarizes our results by plotting all estimates (and observations) for time points for which 4 or more studies contributed data points. 
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eFigure 7. VE Estimates according to the Design of Scientific Studies. 
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Section 7. eResults E – Robustness Analyses, Leave-One-Out Analyses 

 

To evaluate whether our meta-analytic modelling may be robust to the inclusion/exclusion of any given study from 

our analyses, we conducted a “leave-one-out” set of analyses. These focused on estimating levels of VE (across time 

points) for the primary vaccine series and the first booster against infections and hospitalizations (caused by any 

variant, and when considering any vaccine type). The figures in this section are forest plots that provide the results 

of these analyses, for each time point considered (i.e., baseline and follow up periods). These correspond to the 

results from the Figures in our main text. 

 

First, a single three-level analysis was conducted to evaluate VE when including all reviewed studies that provided 

data on the VE of primary series. The results of this analysis are provided at the bottom row of each forest plot. For 

example, the bottom row for section 7.01 (effects of the primary series against infections) corresponds to the first 

row of Table 1 in our main manuscript (this row is labelled “Total” under the Source column of the forest plots). 

These estimates serve as a baseline when examining the effects of leaving any given study out of the analysis. 

Importantly, the estimates for this row all come from a single model (i.e., a single model provided estimates for all 

time points separately). The results of each time points are presented in different figures solely due to the large 

number of estimates provided by these analyses. 

 

Second, a new three-level meta-analytic model was computed for each study in our review, dropping the study from 

our analysis. For example, the top row of the first set of figures provides VE data when study “01A-3” is dropped 

from the analysis (each code in the “Source” column stands for a different study; see our raw dataset to see which 

code corresponds to which study). Because our VE estimates pooled the results of 48 studies, the forest plots each 

include 48 rows specific to excluding each study individually. 

 

Estimates are provided for each of the studies (and for the total) for every time point, even though any given study 

provided data for only a subset of time points at a time. The reason for this, is that VEs across all time points are 

estimated simultaneously in a single multi-level model. Consequently, VE estimates at one time point not only 

consider data from that time point alone, but also across other time points (to account for baseline differences across 

studies). The column labelled “Removal” indicates whether the study provided an observation at the time point 

plotted or not in a specific figure (this is indicated by the presence of a “-1” indicating that the study was removed 

from contributing data for a given line).  

 

Lastly, we also included some columns indicating whether the significance of our moderation tests differed based on 

the exclusion of any given study. For the baseline at 14-42 days (the 2nd forest plot), a column “increase” indicated 

whether the estimated VE at 14-42 days is significantly different (i.e., higher) than the VE from the 1st first plot at 0-

7 days. In the 3rd plot, and each plot after, a column labelled “Waning” indicates whether the VE at that follow up 

period (e.g., at 112-139 days) was significantly different from the VE established at the baseline period of 14-42 

days. 

 

Findings. All leave-one-out analyses indicate that dropping any given study would have a negligible influence on 

our estimates. The point estimates and their 95% confidence intervals remain fairly stable (and similar) across all 

exclusions. Further, the significance of the moderation test comparing the 2nd baseline to each other time point is 

also very stable across exclusions. 
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7.01. Leave-One-Out Analyses for the Primary Series Against Infections 

 

eFigure 8. Leave-one-Out Analyses, Depicting the Impact of the Primary Series Against Infections at 0-7 Days. 

 
Notes. Source = individual studies from the review where each row indicates results when a specific study is 

excluded from the analysis (e.g., row 1 excludes study “01A-3”). VE = vaccine effectiveness. Lo.CI = lower bound 

of the 95% confidence interval around the VE estimate. Hi.CI = higher bound of the 95% confidence interval around 

the VE estimate. Removal = this column indicates whether a given study contributed observations specific to this 

time point (if so, this is indicated by a -1). 
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eFigure 9. Leave-one-Out Analyses, Depicting the Impact of the Primary Series Against Infections at 14-42 Days. 

 
Notes. Source = individual studies from the review where each row indicates results when a specific study is 

excluded from the analysis (e.g., row 1 excludes study “01A-3”). VE = vaccine effectiveness. Lo.CI = lower bound 

of the 95% confidence interval around the VE estimate. Hi.CI = higher bound of the 95% confidence interval around 

the VE estimate. Removal = this column indicates whether a given study contributed observations specific to this 

time point (if so, this is indicated by a -1). Increase = a column indicating whether the VE at 14-42 days is 

significantly higher than the VE at 0-7 days (1st plot) 
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eFigure 10. Leave-one-Out Analyses, Depicting the Impact of the Primary Series Against Infections at 112-139 

Days. 

 
Notes. Source = individual studies from the review where each row indicates results when a specific study is 

excluded from the analysis (e.g., row 1 excludes study “01A-3”). VE = vaccine effectiveness. Lo.CI = lower bound 

of the 95% confidence interval around the VE estimate. Hi.CI = higher bound of the 95% confidence interval around 

the VE estimate. Removal = this column indicates whether a given study contributed observations specific to this 

time point (if so, this is indicated by a -1). Waning = a column indicating whether the VE at this time point is 

significantly lower than the VE at 14-42 days (2nd plot). 
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eFigure 11. Leave-one-Out Analyses, Depicting the Impact of the Primary Series Against Infections at 140-167 

Days. 

 
Notes. Source = individual studies from the review where each row indicates results when a specific study is 

excluded from the analysis (e.g., row 1 excludes study “01A-3”). VE = vaccine effectiveness. Lo.CI = lower bound 

of the 95% confidence interval around the VE estimate. Hi.CI = higher bound of the 95% confidence interval around 

the VE estimate. Removal = this column indicates whether a given study contributed observations specific to this 

time point (if so, this is indicated by a -1). Waning = a column indicating whether the VE at this time point is 

significantly lower than the VE at 14-42 days (2nd plot). 
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eFigure 12. Leave-one-Out Analyses, Depicting the Impact of the Primary Series Against Infections at 168-195 

Days. 

 
Notes. Source = individual studies from the review where each row indicates results when a specific study is 

excluded from the analysis (e.g., row 1 excludes study “01A-3”). VE = vaccine effectiveness. Lo.CI = lower bound 

of the 95% confidence interval around the VE estimate. Hi.CI = higher bound of the 95% confidence interval around 

the VE estimate. Removal = this column indicates whether a given study contributed observations specific to this 

time point (if so, this is indicated by a -1). Waning = a column indicating whether the VE at this time point is 

significantly lower than the VE at 14-42 days (2nd plot). 
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eFigure 13. Leave-one-Out Analyses, Depicting the Impact of the Primary Series Against Infections at 196-223 

Days. 

 
Notes. Source = individual studies from the review where each row indicates results when a specific study is 

excluded from the analysis (e.g., row 1 excludes study “01A-3”). VE = vaccine effectiveness. Lo.CI = lower bound 

of the 95% confidence interval around the VE estimate. Hi.CI = higher bound of the 95% confidence interval around 

the VE estimate. Removal = this column indicates whether a given study contributed observations specific to this 

time point (if so, this is indicated by a -1). Waning = a column indicating whether the VE at this time point is 

significantly lower than the VE at 14-42 days (2nd plot). 
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eFigure 14. Leave-one-Out Analyses, Depicting the Impact of the Primary Series Against Infections at 224-251 

Days. 

 
Notes. Source = individual studies from the review where each row indicates results when a specific study is 

excluded from the analysis (e.g., row 1 excludes study “01A-3”). VE = vaccine effectiveness. Lo.CI = lower bound 

of the 95% confidence interval around the VE estimate. Hi.CI = higher bound of the 95% confidence interval around 

the VE estimate. Removal = this column indicates whether a given study contributed observations specific to this 

time point (if so, this is indicated by a -1). Waning = a column indicating whether the VE at this time point is 

significantly lower than the VE at 14-42 days (2nd plot). 
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eFigure 15. Leave-one-Out Analyses, Depicting the Impact of the Primary Series Against Infections at 252-279 

Days. 

 
Notes. Source = individual studies from the review where each row indicates results when a specific study is 

excluded from the analysis (e.g., row 1 excludes study “01A-3”). VE = vaccine effectiveness. Lo.CI = lower bound 

of the 95% confidence interval around the VE estimate. Hi.CI = higher bound of the 95% confidence interval around 

the VE estimate. Removal = this column indicates whether a given study contributed observations specific to this 

time point (if so, this is indicated by a -1). Waning = a column indicating whether the VE at this time point is 

significantly lower than the VE at 14-42 days (2nd plot). 
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eFigure 16. Leave-one-Out Analyses, Depicting the Impact of the Primary Series Against Infections at 280-307 

Days. 

 
Notes. Source = individual studies from the review where each row indicates results when a specific study is 

excluded from the analysis (e.g., row 1 excludes study “01A-3”). VE = vaccine effectiveness. Lo.CI = lower bound 

of the 95% confidence interval around the VE estimate. Hi.CI = higher bound of the 95% confidence interval around 

the VE estimate. Removal = this column indicates whether a given study contributed observations specific to this 

time point (if so, this is indicated by a -1). Waning = a column indicating whether the VE at this time point is 

significantly lower than the VE at 14-42 days (2nd plot). 
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7.02. Leave-One-Out Analyses for the Primary Series Against Hospitalisations 

 

eFigure 17. Leave-one-Out Analyses, Depicting the Impact of the Primary Series Against Hospitalisations at 0-7 

Days. 

 
Notes. Source = individual studies from the review where each row indicates results when a specific study is 

excluded from the analysis (e.g., row 1 excludes study “01A-3”). VE = vaccine effectiveness. Lo.CI = lower bound 

of the 95% confidence interval around the VE estimate. Hi.CI = higher bound of the 95% confidence interval around 

the VE estimate. Removal = this column indicates whether a given study contributed observations specific to this 

time point (if so, this is indicated by a -1). 
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eFigure 18. Leave-one-Out Analyses, Depicting the Impact of the Primary Series Against Hospitalisations at 14-

42 Days. 

 
Notes. Source = individual studies from the review where each row indicates results when a specific study is 

excluded from the analysis (e.g., row 1 excludes study “01A-3”). VE = vaccine effectiveness. Lo.CI = lower bound 

of the 95% confidence interval around the VE estimate. Hi.CI = higher bound of the 95% confidence interval around 

the VE estimate. Removal = this column indicates whether a given study contributed observations specific to this 

time point (if so, this is indicated by a -1). Increase = a column indicating whether the VE at 14-42 days is 

significantly higher than the VE at 0-7 days (1st plot) 
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eFigure 19. Leave-one-Out Analyses, Depicting the Impact of the Primary Series Against Hospitalisations at 112-

139 Days. 

 
Notes. Source = individual studies from the review where each row indicates results when a specific study is 

excluded from the analysis (e.g., row 1 excludes study “01A-3”). VE = vaccine effectiveness. Lo.CI = lower bound 

of the 95% confidence interval around the VE estimate. Hi.CI = higher bound of the 95% confidence interval around 

the VE estimate. Removal = this column indicates whether a given study contributed observations specific to this 

time point (if so, this is indicated by a -1). Waning = a column indicating whether the VE at this time point is 

significantly lower than the VE at 14-42 days (2nd plot). 
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eFigure 20. Leave-one-Out Analyses, Depicting the Impact of the Primary Series Against Hospitalisations at 140-

167 Days. 

 
Notes. Source = individual studies from the review where each row indicates results when a specific study is 

excluded from the analysis (e.g., row 1 excludes study “01A-3”). VE = vaccine effectiveness. Lo.CI = lower bound 

of the 95% confidence interval around the VE estimate. Hi.CI = higher bound of the 95% confidence interval around 

the VE estimate. Removal = this column indicates whether a given study contributed observations specific to this 

time point (if so, this is indicated by a -1). Waning = a column indicating whether the VE at this time point is 

significantly lower than the VE at 14-42 days (2nd plot). 
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eFigure 211. Leave-one-Out Analyses, Depicting the Impact of the Primary Series Against Hospitalisations at 

168-195 Days. 

 

 
Notes. Source = individual studies from the review where each row indicates results when a specific study is 

excluded from the analysis (e.g., row 1 excludes study “01A-3”). VE = vaccine effectiveness. Lo.CI = lower bound 

of the 95% confidence interval around the VE estimate. Hi.CI = higher bound of the 95% confidence interval around 

the VE estimate. Removal = this column indicates whether a given study contributed observations specific to this 

time point (if so, this is indicated by a -1). Waning = a column indicating whether the VE at this time point is 

significantly lower than the VE at 14-42 days (2nd plot). 
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eFigure 222. Leave-one-Out Analyses, Depicting the Impact of the Primary Series Against Hospitalisations at 

196-223 Days. 

 
Notes. Source = individual studies from the review where each row indicates results when a specific study is 

excluded from the analysis (e.g., row 1 excludes study “01A-3”). VE = vaccine effectiveness. Lo.CI = lower bound 

of the 95% confidence interval around the VE estimate. Hi.CI = higher bound of the 95% confidence interval around 

the VE estimate. Removal = this column indicates whether a given study contributed observations specific to this 

time point (if so, this is indicated by a -1). Waning = a column indicating whether the VE at this time point is 

significantly lower than the VE at 14-42 days (2nd plot). 
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eFigure 233. Leave-one-Out Analyses, Depicting the Impact of the Primary Series Against Hospitalisations at 

224-251 Days. 

 
Notes. Source = individual studies from the review where each row indicates results when a specific study is 

excluded from the analysis (e.g., row 1 excludes study “01A-3”). VE = vaccine effectiveness. Lo.CI = lower bound 

of the 95% confidence interval around the VE estimate. Hi.CI = higher bound of the 95% confidence interval around 

the VE estimate. Removal = this column indicates whether a given study contributed observations specific to this 

time point (if so, this is indicated by a -1). Waning = a column indicating whether the VE at this time point is 

significantly lower than the VE at 14-42 days (2nd plot). 

  



 

70 

 

7.03. Leave-One-Out Analyses for the First Booster Dose Against Infections 

 

eFigure 244. Leave-one-Out Analyses, Depicting the Impact of the Booster Against Infections at 14-42 Days. 

 
Notes. Source = individual studies from the review where each row indicates results when a specific study is 

excluded from the analysis (e.g., row 1 excludes study “31G-5”). VE = vaccine effectiveness. Lo.CI = lower bound 

of the 95% confidence interval around the VE estimate. Hi.CI = higher bound of the 95% confidence interval around 

the VE estimate. Removal = this column indicates whether a given study contributed observations specific to this 

time point (if so, this is indicated by a -1). N.A. = Not applicable; this column indicates that this time point cannot 

be evaluated against the previous one (0-13 days) because no data is available at this earlier time point. 
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eFigure 255. Leave-one-Out Analyses, Depicting the Impact of the Booster Against Infections at 112-139 Days. 

 
Notes. Source = individual studies from the review where each row indicates results when a specific study is 

excluded from the analysis (e.g., row 1 excludes study “31G-5”). VE = vaccine effectiveness. Lo.CI = lower bound 

of the 95% confidence interval around the VE estimate. Hi.CI = higher bound of the 95% confidence interval around 

the VE estimate. Removal = this column indicates whether a given study contributed observations specific to this 

time point (if so, this is indicated by a -1). Waning = a column indicating whether the VE at this time point is 

significantly lower than the VE at 14-42 days (2nd plot). 
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eFigure 266. Leave-one-Out Analyses, Depicting the Impact of the Booster Against Infections at 140-167 Days. 

 
Notes. Source = individual studies from the review where each row indicates results when a specific study is 

excluded from the analysis (e.g., row 1 excludes study “31G-5”). VE = vaccine effectiveness. Lo.CI = lower bound 

of the 95% confidence interval around the VE estimate. Hi.CI = higher bound of the 95% confidence interval around 

the VE estimate. Removal = this column indicates whether a given study contributed observations specific to this 

time point (if so, this is indicated by a -1). Waning = a column indicating whether the VE at this time point is 

significantly lower than the VE at 14-42 days (2nd plot). 
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7.04. Leave-One-Out Analyses for the First Booster Dose Against Hospitalizations 

 

eFigure 277. Leave-one-Out Analyses, Depicting the Impact of the Booster Against Hospitalisations at 14-42 

Days. 

 
Notes. Source = individual studies from the review where each row indicates results when a specific study is 

excluded from the analysis (e.g., row 1 excludes study “31G-5”). VE = vaccine effectiveness. Lo.CI = lower bound 

of the 95% confidence interval around the VE estimate. Hi.CI = higher bound of the 95% confidence interval around 

the VE estimate. Removal = this column indicates whether a given study contributed observations specific to this 

time point (if so, this is indicated by a -1). Increase = a column indicating whether the VE at 14-42 days is 

significantly higher than the VE at 0-7 days 
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eFigure 288. Leave-one-Out Analyses, Depicting the Impact of the Booster Against Hospitalisations at 112-139 

Days. 

 
Notes. Source = individual studies from the review where each row indicates results when a specific study is 

excluded from the analysis (e.g., row 1 excludes study “31G-5”). VE = vaccine effectiveness. Lo.CI = lower bound 

of the 95% confidence interval around the VE estimate. Hi.CI = higher bound of the 95% confidence interval around 

the VE estimate. Removal = this column indicates whether a given study contributed observations specific to this 

time point (if so, this is indicated by a -1). Waning = a column indicating whether the VE at this time point is 

significantly lower than the VE at 14-42 days (2nd plot). 
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eFigure 299. Leave-one-Out Analyses, Depicting the Impact of the Booster Against Hospitalisations at 140-167 

Days. 

 
Notes. Source = individual studies from the review where each row indicates results when a specific study is 

excluded from the analysis (e.g., row 1 excludes study “31G-5”). VE = vaccine effectiveness. Lo.CI = lower bound 

of the 95% confidence interval around the VE estimate. Hi.CI = higher bound of the 95% confidence interval around 

the VE estimate. Removal = this column indicates whether a given study contributed observations specific to this 

time point (if so, this is indicated by a -1). Waning = a column indicating whether the VE at this time point is 

significantly lower than the VE at 14-42 days (2nd plot). 
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