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ABSTRACT 

Background. The need to rapidly immunize the population against SARS-CoV-2 to obtain 

herd immunity together with shortage of vaccine supplies suggest to vaccinate the largest 

number of people with a single dose of vaccine delaying the second dose.  

Methods. The primary outcomes of our metaanalysis were the efficacy of one or both doses 

of vaccines in preventing COVID-19 and their safety. 

In addition, using a differential equation model taking into account the effects of lockdown 

and vaccination, we sought to study the effectiveness of one or both doses of vaccines in 

preventing new cases of COVID-19 in UK and Israel. These countries, where a large portion 

of the population is already vaccinated, have different vaccination strategies, 3 vs. 12 weeks 

delay between first and second dose. 

Findings. The first vaccine dose averted infection in 71% of participants, while the booster 

dose cumulatively prevented COVID-19 in 87% of participants. 

The pooled treatment effects in two age subgroups (<65 or ≥65 years) were not significantly 

different. No significant difference on efficacy between white and black or ethnic minorities 

was observed. Mortality was reduced by 56% after active treatment versus placebo. The pooled 

Risk-Ratio of experiencing a serious event after vaccination was 6%.  

Population data modelling show a dramatic reduction of the number of daily new cases in UK 

starting at 16 days after the first dose administration. Notably, the number of dose-1 daily 

administrations explains the observed reduction of daily new cases in UK and is able to 

predict new observations with high certainty. In Israel, the effects of the first dose of vaccine 

in reducing the incidence of COVID-19 was virtually immediate. 
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Interpretation. Our RCT metaanalysis and population-based analysis show that the first dose 

of COVID-19 vaccines averts infection in almost 3/4 of subjects and suggest that postponing 

the second dose by at least 12 weeks is a suitable strategy that allows vaccinating more 

people, substantially increasing the benefits of vaccines.  

 

Funding: There was no external funding source for this study. 

Systematic review registration: PROSPERO number CRD42021235143. 
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RESEARCH IN CONTEXT 

 

Evidence before this study 

Until now, certain countries have managed to vaccinate a higher proportion of their 

population than the rest of the world. Almost half of the population in UK has been 

vaccinated with 1 dose and 5% with both doses, while 59% of the Israel population received 

the first dose and 53% both doses. However, the modality of administration is wide different 

with a prevalence of single dose in UK and booster shots in Israel. 

These different approaches can permit to evaluate if delaying the second dose does not 

compromise vaccine effectiveness and to compare the efficacy of various types of vaccines in 

preventing SARS-CoV-2 infection. 

 

Added value of this study  
 

This pooled analysis was conducted to obtain more robust and precise estimates of COVID-19 

vaccine efficacy after first or after both doses of the vaccines. The first vaccine averted 

infection in 71% of participants, while the booster dose cumulatively prevented COVID-19 

infection in 87% of participants. 

Population modelling data show a dramatic reduction of the number of daily new cases in UK 

starting at 16 days after the first dose administration. Notably, the number of dose-1 daily 

administrations explains the reduction of COVID-19 new cases in the UK data and is able to 

predict new observations with high certainty. The number of dose-2 daily administrations 

slightly improves the model forecast. In Israel, the effects of the first dose of vaccine in 

reducing the incidence of COVID-19 was virtually immediate. 
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Implications of all the available evidence 

Our RCT metaanalysis and population-based analysis show that the first dose of COVID-19 

vaccines averts infection in almost 3/4 of subjects suggesting that postponing the second dose 

by at least 12 weeks is a suitable strategy that allows vaccinating more people, substantially 

increasing the benefits of vaccines.  
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INTRODUCTION 

Since the World Health Organization (WHO) declared a global pandemic on March 11, 2020, 

the Coronavirus Disease 2019 (COVID-19) has affected approximately 132 million people 

worldwide, causing more than 2.8 million deaths (1). 

Nowadays, all hopes are being posed on vaccines against Severe Acute Respiratory 

Syndrome Coronavirus 2 (SARS-CoV-2) that could contribute in mitigating the devastating 

effects of COVID-19 on health and socio-economic systems.  

Currently, the US Food and Drug Administration (FDA) issued an emergency use 

authorization (EUA) for Pfizer-BioNTech, Moderna and Johnson&Johnson-Janssen vaccines. 

Based on the scientific opinion of the European Medicines Agency (EMA), the European 

Commission granted a conditional marketing authorisation to the above vaccines additionally 

to the AstraZeneca one. 

In early August 2020, the Russian government authorized the commercialization of the Gam-

COVID-Vac, also known as Sputnik V, for high-risk groups and this vaccine is currently 

available in over 50 countries worldwide.  

Following the recommendations by the Joint Committee on Vaccination and Immunisation 

(JCVI), the UK Chief Medical Officers have adopted the strategy of vaccinating the largest 

number of citizens with a single dose of vaccine delaying to 12 weeks the second dose (2).   

Due to shortage of vaccine supplies, this strategic plan might permit a massive vaccination 

possibly representing a valuable guidance for highly populated countries, provided that the 

delay between first and second dose does not reduce vaccine effectiveness. 

Until now, certain countries have managed to vaccinate a higher proportion of their 

population than the rest of the world. Almost half of the population in UK has been 
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vaccinated with 1 dose and 5% with both doses, while 59% of the Israel population received 

the first dose and 53% both doses. However, there are relevant differences between these 

countries based on the type of vaccine utilized, with a prevalence of AstraZeneca in the UK 

and of Pfizer BioNTech in Israel, as well as on the modality of administration with a 

prevalence of single dose in UK and booster shots in Israel. 

These different approaches can permit to evaluate if delaying the second dose does not 

compromise vaccine effectiveness and to compare the efficacy of various types of vaccines in 

preventing and/or reducing SARS-CoV-2 infection. 

We used publicly available data of COVID-19 daily cases and vaccinations to estimate 

vaccine effectiveness in reducing SARS-CoV-2 onset. 

In our living systematic review and network metaanalysis we assessed the safety and efficacy 

of recommended administration schemes for Pfizer-BioNTech, Moderna, AstraZeneca, Janssen 

and Gam-COVID-Vac (Sputnik V) vaccines (3-6), as well as their efficacy beyond the 

intervals evaluated for their emergency use authorization. Secondary aims were to investigate 

the treatment efficacy in age and race subgroups. 

As many as 263 candidate vaccines have been developed until now, of these 81 have reached 

the clinical phase and 2 new vaccines are in phase 2/3 trials for COVID-19 prevention 

purposes (7). 

Therefore, new data on vaccine efficacy and safety are continuously released requiring 

continual, active monitoring of the evidence and metaanalysis update. Our living metaanalysis will 

permit to update COVID-19 vaccine information as soon as new data are published or new vaccine 

approvals from FDA and/or EMA are granted. 

  

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3827806

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

w
ed



8 
 

METHODS 

Searching strategy and selection criteria 

Our study follows PRISMA recommendations (preferred reporting items for systematic 

reviews and metaanalyses) (8) and its protocol was registered on the PROSPERO website 

(CRD42021235143).  

Randomized controlled trials (RCTs) were searched on electronic databases, PubMed, 

Embase and Cochrane clinical trial registers, from inception, without language or date 

restriction until end of March 2021.  The supplementary material reports search terms. All 

phase 3 or phase 2/3 RCTs of COVID-19 vaccines, whose data has been published or is 

publicly available from FDA or EMA, were eligible for inclusion.   

Outcome measures 

The primary outcomes are the efficacy of each type of vaccine (BNT162b2 mRNA Pfizer 

BioNTech, mRNA-1273 Moderna, ChAdOx1 nCoV-19 AstraZeneca, Gam-COVID-Vac 

Sputnik V, Janssen Ad26.COV2.S) in preventing COVID-19 after first or second doses in 

participants with no prior evidence of SARS-CoV-2 infection and safety. For each study 

included in the metaanalysis, the vaccine efficacy was computed as (1−IRR)×100, where IRR 

is the Incidence Risk Ratio of  PCR-confirmed cases of COVID-19 per 1000 person-years of 

follow-up in the vaccine group over the corresponding confirmed cases, again per 1000 person-

years, calculated in the placebo group. 

Only for SputnikV vaccine, neither the surveillance time nor the cases of COVID-19 per 1000 

person-years of follow-up were reported. SputnikV outcomes were therefore approximated 

considering the median time of follow-up for the computation of the surveillance time and the 

number of COVID-19 recorded cases in the per-protocol population. When the incidence rate 
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per 1000 person-years (number of new disease cases verified in the observation period/time) 

was reported, the surveillance time was calculated as the ratio between the number of COVID-

19 recorded cases and the incidence rate.  

The number of serious adverse events in the treatment arms was used to compute a pooled risk 

ratio of vaccine versus placebo. Serious events are the sum of life-threatening events, 

hospitalization, disability or permanent damage, and other serious (important medical) events. 

Deaths were considered apart.  

Secondary outcomes were the efficacy of each type of vaccine in age and race subgroups 

(participants <65 versus participants >65 years and white versus black and ethnic minorities). 

 

Data extraction and quality assessment 

Two reviewers (MFR and GA) independently screened the titles of the papers selected as 

well as their abstracts for eligibility. These reviewers extracted data independently and then 

crosschecked the data. We used Cochrane Collaboration Risk of Bias tool for study quality 

assessment (8). Any unresolved discrepancies or appraisal of the results were resolved 

through the action of a third reviewer (SM) acting as an arbiter. Evidence quality was 

assessed by the GRADE approach (9). 

Risk of bias within individual studies 

For each eligible RCT, reviewers used a revision of Cochrane’s tool for assessing risk of bias 

in randomised trials (RoB 2.0) (10) to rate trials as either at 1) low risk of bias, 2) some 

concerns (unclear risk), or 3) high risk of bias, across the following domains: bias arising 

from “random sequence generation”, “allocation concealment”, “blinding of participants 

and personnel”, “blinding outcome assessment”, “incomplete outcome data” “selective 

reporting” and “others”. 
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For each risk, the judgments (Low risk, Unclear risk, High risk) are reported together with their 

descriptive justifications. Judgements were given by two independent statisticians after 

reaching an agreement on the evaluation. 

 

Modelling of COVID19 new cases pre and during vaccination in UK and Israel 

In addition we sought to study the effect of vaccines in preventing new cases of COVID-19 in 

two countries with a different strategy in vaccination and where a large portion of the 

population is already vaccinated, UK and Israel. Two models were applied separately to the 

two periods of observation, pre vaccination and during vaccination. The first period lasts from 

31/07/2020 to 12/12/2020 for UK and to 18/12/2020 for Israel. The trend of new cases during 

the second time-periods (i.e. from 13/12/2020 or from 19/12/2020 to 22/03/2021 for UK and 

Israel, respectively) were evaluated by a differential equation model taking into account the 

effects of both lockdown and vaccination, including first and second doses. The model 

equations are reported below: 

Pre-Vaccination 

{

𝑑𝑌(𝑡)

𝑑𝑡
= 𝑘𝑖𝑛𝑐𝑌(𝑡)                       𝑖𝑓     𝑡 < 𝑡𝑙𝑜𝑐𝑘𝑠𝑡𝑎𝑟𝑡

| 𝑡 > (𝑡𝑙𝑜𝑐𝑘𝑒𝑛𝑑
+ 𝑙𝑜𝑐𝑘) 

𝑑𝑌(𝑡)

𝑑𝑡
= 𝑘𝑖𝑛𝑐𝑌(𝑡) − 𝑘𝑙𝑜𝑐𝑘𝑌(𝑡)               𝑖𝑓     (𝑡𝑙𝑜𝑐𝑘𝑒𝑛𝑑

+ 𝑙𝑜𝑐𝑘)  < 𝑡 < (𝑡𝑙𝑜𝑐𝑘𝑒𝑛𝑑
+ 𝑙𝑜𝑐𝑘)  

                                                                                  (1)       

During Vaccination 

{

𝑑𝑌(𝑡)

𝑑𝑡
= 𝑘𝑖𝑛𝑐𝑌(𝑡) − 𝑘𝑑𝑜𝑠𝑒1𝑌(𝑡)𝐷1(𝑡 − 1) − 𝑘𝑑𝑜𝑠𝑒2𝑌(𝑡)𝐷2(𝑡 − 2)        𝑖𝑓     𝑡 < 𝑡𝑙𝑜𝑐𝑘𝑠𝑡𝑎𝑟𝑡

| 𝑡 > (𝑡𝑙𝑜𝑐𝑘𝑒𝑛𝑑
+ 𝑙𝑜𝑐𝑘) 

𝑑𝑌(𝑡)

𝑑𝑡
= 𝑘𝑖𝑛𝑐𝑌(𝑡) − 𝑘𝑙𝑜𝑐𝑘𝑌(𝑡) − 𝑘𝑑𝑜𝑠𝑒1𝑌(𝑡)𝐷1(𝑡 − 1) − 𝑘𝑑𝑜𝑠𝑒2𝑌(𝑡)𝐷2(𝑡 − 2)   𝑖𝑓     (𝑡𝑙𝑜𝑐𝑘𝑒𝑛𝑑

+ 𝑙𝑜𝑐𝑘)  < 𝑡 < (𝑡𝑙𝑜𝑐𝑘𝑒𝑛𝑑
+ 𝑙𝑜𝑐𝑘)  

(2)       

 

The variable Y represents the daily new cases. In the model (1),  the parameter 𝑘𝑖𝑛𝑐 represents 

the rate of increase in daily new cases due to the infection spread; 𝑘𝑙𝑜𝑐𝑘 and 𝑙𝑜𝑐𝑘 are the 

parameters associated with the decrease in the number of new cases due to the delayed (𝑙𝑜𝑐𝑘) 

effect of governmental restrictive measures (lockdown). Model (2) includes also the effect of 
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the administration of vaccines, considered separately for the first and second doses (𝑘𝑑𝑜𝑠𝑒1 and 

𝑘𝑑𝑜𝑠𝑒2). A Weighted Least Square algorithm was applied to estimate the parameters using the 

inverse of the squared expectations. The first observation period was used to estimate 

exclusively the effect of lockdown and the values of the parameter obtained were kept constant 

in the second estimation phase in order to evaluate and estimate the effect of vaccination. 

Statistical Analysis 

We used a random effect model for the assessment of the overall COVID-19 vaccine efficacy 

versus placebo. The pooled effect was the estimated average IRR and the corresponding 95% 

Confidence Interval (CI). A mixed-effects conditional Poisson regression model (the binomial-

normal) was used.  

Publication bias was evaluated graphically by means of the funnel plot and a random mixed 

effect version of the Egger test was used to test for plot asymmetry. 

The cumulate percentage of COVID-19 cases verified after the administration of the first dose 

was reported after 14 days, in correspondence of the second dose administration, after 14 days 

from the second dose and within the entire follow-up period. All the percentages were 

evaluated over the population who received at least one dose.   

All the statistical analyses were conducted in R (11): Publication Bias (12) and metafor (13) 

packages were used for the performed analyses. 
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RESULTS 

A total of 158,261 participants, 52% men, were randomized and 135,153 completed the 

trials and entered the analysis for the primary outcome: reverse transcriptase-polymerase 

chain reaction (RT-PCR)-confirmed COVID-19 assessed after the first or after the second 

dose in participants with no prior evidence of SARS-CoV-2 infection as well as safety. 

Figure A1 shows the flow chart of the study selection process. 

Study quality assessment 

Table A1 reports the judgements on each study given by two independent statisticians for each 

item of the Cochrane Collaboration risk of bias tool.  The risk of bias summary is reported in 

Figure A2. All studies were RCTs. Two studies (AstraZeneca and SputnikV trials) were judged 

“Unclear” of “Selective outcome reporting” due to insufficient information to permit 

judgement of ‘Low risk’ or ‘High risk. Another main reason for having some concern 

(“Unclear” judgment) was related to the “Allocation Concealment” (2 studies: Pfizer-

BioNTech and AstraZeneca). All studies were scored at “Low” risk for “Random Sequence 

Generation”, “Blinding outcome assessment” and “Selective outcome reporting”. 

Heterogeneity and Publication bias 

The Cochrane's Q test for heterogeneity had a Q value of 64.6, while the I2 index, which 

measures the extent of heterogeneity, was 95.8 (P<0.001) (estimated amount of total 

heterogeneity 2=0.82). This analysis indicates significant heterogeneity among studies 

supporting the use of a random effect model in all analyses.  

From the visual inspection of the funnel plot in Figure A3, AstraZeneca and Janssen have an 

effect size outside the confidence intervals.  

Egger’s test, commonly used to assess potential publication bias in a metaanalysis via funnel 

plot asymmetry, was highly significant (P<0.0001). 
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Treatment efficacy 

Figure 1 shows the forest plot of vaccine efficacy per dose. Overall, the first dose averted 

infection in 71% of participants, while the booster dose cumulatively prevented COVID-19 in 

87% of the participants. 

The pooled treatment effects in the two age subgroups (<65 or ≥65 years) were not significantly 

different (P=0.93) to the overall effect (Figure 2). 

The metaanalysis conducted on race subgroups, available only for Pfizer-BioNTech, Moderna 

and Janssen vaccines, did not highlight any significant difference between white and black plus 

ethnic minorities. The efficacy was 89% (95%CI: 71–96%) in the white subjects and 91% 

(95%CI: 55–98%) in black and ethnic minorities (P=0.99). Forest plot in Figure 3 reports the 

efficacy per study and the pooled effects in the two groups.  

 

Safety outcomes 

The pooled Risk Ratio of experiencing a serious event after vaccination was 6%, while the risk 

of mortality due to COVID-19 infection after active treatment versus placebo was reduced by 

56% (Figure 4).  

The highest risk ratios for death were estimated for SputnikV 0.99 (95%CI: 0.10-9.54) and 

Moderna 1.00 (95%CI: 0.25-3.99). Janssen vaccine showed the lowest odds 0.19 (95%CI: 

0.05-0.64).    

 

Population effects of vaccine in preventing COVID-19 in Israel and in UK 

Figures 5 and 6 show the trends over time of the number of vaccines administered (upper 

panels) and the number of new cases observed and fitted (bottom panels) in the two time-

periods, i.e. prior to and during vaccination, for UK and Israel scenarios, respectively. Notably, 

the number of dose-1 daily administrations explains the observed reduction of daily new cases 

in UK and is able to predict new observations with high certainty. The number of dose-2 daily 

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3827806

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

w
ed



14 
 

administrations slightly improves the model forecast. While during the first period of 

observation (Panel C) in UK the effect in reducing the daily new cases of COVID-19 was 

entirely ascribable to the lockdown, the second time-period examined (Panel D) was affected 

by the combination of lockdown and vaccination. The effect of the lockdown in preventing 

new cases of COVID-19 was very rapid (τlock=2 days), while that of the first dose of vaccine 

had a delay of 16 days but was long lasting. The rate of reduction of new cases of COVID-19 

with the first dose was about four times the effect of the second dose. 

Instead, in the Israel scenario, the effect of the lockdown during the first period of observation 

was delayed by ca. 15 days (τlock=15.6 days), while the effects of the first dose of vaccine in 

reducing the incidence of COVID-19 was virtually immediate.  

Table 1 reports the estimates of the parameters of model (1) (Pre-vaccine) and of model (2) 

(During vaccine) for the two countries. The decrease in daily new cases was about 1.5 times 

larger during the vaccination than in the pre-vaccination period in UK. The influence of 

vaccination was magnified in Israel with a 2.5 times larger effect in reducing the daily new 

cases as compared with the first lockdown. In Israel, the delay of the first dose of vaccine in 

reducing the number of new COVID-19 cases approached zero.  

The effect of the first dose of vaccine, 𝑘𝑑𝑜𝑠𝑒1 parameter, in preventing COVID-19 spread was 

significantly smaller in UK than in Israel (P<0.001) (Table 1).  
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DISCUSSION 

 

Our study shows that the first dose of COVID-19 vaccines averts infection in 71% of 

subjects. This finding together with the population results, showing that the component of the 

model explaining the observed reduction of daily new cases was the first vaccine dose, 

suggest that postponing the second dose at least 12 weeks is a suitable strategy allowing more 

people vaccination and substantially increasing the benefits of vaccines. 

In fact, we found in the RCT metaanalysis that the overall efficacy of the first dose of 

COVID-19 vaccines is 71% increasing up to 87% with the booster shots. Population 

modelling data show a dramatic reduction of the number of daily new cases in UK starting at 

16 days after the first dose administration. Notably, the number of dose-1 daily 

administrations explains the highest reduction of daily new cases in the UK data and is able 

to predict new observations with high certainty. The number of dose-2 daily administrations 

slightly improves the model forecast. Similar results were obtained with Israel vaccination 

data.  

In order to take into account also the effects of school closures, workplace closures and mass 

gatherings restrictions on the reduction of COVID-19 infection, we have examined previous 

time series in the same countries during lockdown periods. We found that lockdown per se in 

UK and Israel contributed to a 7-10% reduction of COVID-19 new cases.  Our data agree 

with Islam et al. (14), who have previously shown a reduction of COVID-19 incidence of 

13% as a consequence of the implementation of physical distancing interventions. Therefore, 

the strongest effect in COVID-19 prevention seems to derive from the first dose vaccination 

and a 12 weeks delay in the second dose is a totally acceptable strategy. The effects of the 

first dose of vaccine were more pronounced in Israel than in UK possibly depending on the 

type of vaccine used. 
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Vaccines were also effective in preventing COVID-19 in race and age subgroups and reduced 

death probability of 56% as compared with placebo. 

Compared with placebo, the probability of having a serious event was relatively small for 

participants in the study groups receiving the vaccine.  

Tuite et al. (15) modelled the effects of different scenarios for dose allocation of Pfizer-

BioNTech vaccine in the US. They considered a fixed strategy – in which 50% of each 

vaccine instalment was preserved for second doses to be administered 21 days after the first 

dose – and a flexible strategy reserving 10% of the supply for second doses during the first 21 

days, 90% during each of the next 21 days, and 50% thereafter. The Authors (15) showed that 

the flexible strategy would reduce new cases of COVID-19 of 23-29% more as compared 

with the fixed strategy. Using data from all types of COVID-19 vaccines currently available, 

we show that the booster dose reduces infection by a further 16% as compared with the first 

dose alone.  

Our living metaanalysis is built on cumulative networks of evidence from RCTs that will be 

updated over time. When a larger number of vaccines will be on the market, we will 

implement a network metaanalysis to compare and grade their efficacy and safety.  

In conclusion, our study demonstrates that vaccinating the population with one dose prevents 

COVID-19 in 71% of the cases, while the second dose seems to add a prevention efficacy of 

further 16%. Furthermore, delaying the second dose by 12 weeks does not reduce the efficacy 

of vaccines, but, on the contrary, gives enough time to vaccinate a larger number of people 

drastically reducing the incidence of COVID-19 new cases. UK together with Canada are 

currently the only countries to have adopted a maximal 12 weeks delay. This strategy created 

many controversies among scientists due to lack of scientific evidence (16). Our study 

support the measures adopted by NHS and, in densely populated countries, this strategy could 

help reaching herd immunity considerably faster.  
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Table 1. Estimates of model parameters 

 

Pre-Vaccine - model (1) During Vaccine - model (2) 

 

𝑘𝑖𝑛𝑐 

 

𝑘𝑙𝑜𝑐𝑘 
 

𝑙𝑜𝑐𝑘 
 

𝑘𝑖𝑛𝑐 

 

𝑘𝑑𝑜𝑠𝑒1 

 

𝑘𝑑𝑜𝑠𝑒2 

 

1 

 

2 

 

Average Decrease 

 

Israel 0.029 0.095 15.6 0.12 6.84E-07 1.74E-06 →0 52 0.2294 

UK 0.038 0.070 1.96 0.06 8.22E-08 2.38E-08 16 24.7 0.1016 

 

Model (1): The parameter 𝑘𝑖𝑛𝑐 represents the rate of increase in daily new cases due to the 

infection spread; 𝑘𝑙𝑜𝑐𝑘 and 𝑙𝑜𝑐𝑘 are the parameters associated with the decrease in the 

number of new cases due to the delayed (𝑙𝑜𝑐𝑘) effect of governmental restrictive measures 

(lockdown).  

Model (2) includes also the effect of the administration of vaccines, considered separately for 

the first and second doses (𝑘𝑑𝑜𝑠𝑒1 and 𝑘𝑑𝑜𝑠𝑒2).   
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FIGURE LEGENDS 

Figure 1 

Forest plot of the vaccine efficacy reported as IRR, the Incidence Risk Ratio of PCR-confirmed 

cases of COVID-19 per 1000 person-years of follow-up, in the vaccine group over the 

corresponding confirmed cases, again per 1000 person-years, calculated in the placebo group. 

The cases of COVID-19 are those recorded after the first or the second dose in participants 

with no prior evidence of SARS-CoV-2 infection.  

The plot shows the estimated IRR along with the corresponding confidence intervals.  

In each metaanalysis, results of the individual studies are shown together with the overall effect 

size.   

 

Figure 2 

Forest plot of the vaccine efficacy by age reported as IRR, the Incidence Risk Ratio of PCR-

confirmed cases of COVID-19 per 1000 person-years of follow-up, in the vaccine group over 

the corresponding confirmed cases, again per 1000 person-years, calculated in the placebo 

group. The cases of COVID-19 are those recorded from day 7 following the second dose in 

participants with no prior evidence of SARS-CoV-2 infection.  

The plot shows the estimated IRR along with the corresponding confidence intervals. Results 

are referred to the whole population included in the primary outcome of the metaanalysis 

(“Overall”) and to the two subgroups of age (“Age less than 65 years” and “Age greater than 

65 years”). 

For the Janssen RCT the age cut-off was set to 68 years. 
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The test and the corresponding P values to evaluate a possible difference in terms of efficacy 

between the two age subgroups are reported at the bottom of the plot. 

 

Figure 3 

Forest plot of the vaccine efficacy reported as IRR, the Incidence Risk Ratio of PCR-confirmed 

cases of COVID-19 per 1000 person-years of follow-up, in the vaccine group over the 

corresponding confirmed cases, again per 1000 person-years, calculated in the placebo group. 

The cases of COVID-19 are those recorded from day 7 following the second dose in 

participants with no prior evidence of SARS-CoV-2 infection.  

The plot shows the estimated IRR along with the corresponding confidence intervals. 

Results are shown for the two subgroups for race (white or black and ethnic minorities). In 

addition, the plot reports the number of cases of COVID-19 and the respective surveillance 

time for the vaccine and control group. 

In each metaanalysis, results of the individual studies are shown together with the overall effect 

size.  For the AstraZenaca and SputnikV vaccines, efficacy data by race are not available. 

The test and the corresponding P value to evaluate a possible difference in terms of efficacy 

between the two race subgroups are reported at the bottom of the plot. 

 

Figure 4 

Forest plot of the Risk Ratio of serious adverse event (excluding death) and deaths after 

vaccines administration.  

The plot shows the estimated Risk Ratio with the corresponding confidence intervals. Results 

are shown for the two subgroups (serious adverse events and deaths).  In addition, the plot 

reports the number of cases of adverse event occurrences or death and the respective population 

at risk in the vaccine and control groups. 
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In each metaanalysis, results of the individual studies are shown together with the overall effect 

size.   

 

Figure 5 

United Kingdom scenario. Panel A shows the observed number of first doses of vaccine 

administered (red asterisks); panel B shows the observed number of second vaccine doses (red 

asterisks) and delayed effect (blue line). Panel C reports the observed (red asterisks) and fitted 

(black line) daily new cases in the pre-vaccine period. Panel D reports the observed (red 

asterisks) and fitted (black line) daily new cases during the vaccine period.   

Figure 6 

Israel scenario. Panel A shows the observed number of first doses of vaccine administered 

(red asterisks); panel B shows the observed number of second vaccine doses (red asterisks) and 

delayed effect (blue line). Panel C reports the observed (red asterisks) and fitted (black line) 

daily new cases in the pre-vaccine period. Panel D reports the observed (red asterisks) and 

fitted (black line) daily new cases during the vaccine period.   
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SUPPLEMENTARY MATERIAL 

 

 

Study 
Random sequence 

 generation 
Allocation concealment 

Blinding of participant and 

personnel 

Blinding outcome 

assessment 

Incomplete 

outcome data 

Selective 

reporting 
Other 

F.P. Polack,N Engl J Med. 2020 
(Pfizer-BioNTech) 

With the use of an interactive 

Web-based system, participants 
in the trial were randomly 

assigned 

in a 1:1 ratio to receive 30 μg of 

BNT162b2 (0.3 ml volume per 

dose) or saline placebo. 

Insufficient information 
about the allocation 

concealment process to 

permit judgement of ‘Low 

risk’ or ‘High risk 

Site staff who were 
responsible for safety 

evaluation and were unaware 

of group assignments 
observed participants 

for 30 minutes after 

vaccination for any 
acute reactions. 

An independent data 
and safety monitoring 

board reviewed 

efficacy and 

unblinded safety data. 

Percentage of 
dropouts 14.6% 

All 

prespecified 
outcomes were 

reported 

The study 

appears to be 
free of other 

source of bias 

Score Low Unclear Low Low Low Low Low 

L.R. Baden, N Engl J Med. 2020 

(Moderna)) 

Participants were randomly 
assigned in a 1:1 ratio, through 

the use of a centralized 

interactive response technology 
system, to receive vaccine or 

placebo. 

all other trial staff and 

participants remain 

unaware of the treatment 
assignments 

vaccine administrators who 

were aware of treatment 

assignments but had no 
other role in the conduct of the 

trial. Once the injection was 

completed, only trial staff who 
were unaware of treatment 

assignments performed 

assessments and interacted 
with the participants 

Access to the 

randomization code 
was strictly controlled 

at the pharmacy. The 

data and safety 
monitoring board 

reviewed efficacy 

data at the group level 
and unblinded safety 

data at the participant 

level. 

Percentage of 

dropouts 7.3% 

All 

prespecified 

outcomes were 
reported 

The study 

appears to be 

free of other 
source of bias 

Score Low Low Low Low Low Low Low 

M.Voysey, Lancet. 2020 
(AstraZeneca) 

This is a pooled interim analysis 

of four trials (COV001, 

COV002, COV003 and 
COV005)  following different 

procedures Randomisation lists 

were prepared by the study 
statistician (MV) using block 

randomisation, stratified by 

study site and study group, and 
uploaded into to the secure web 

platform used for the study 

electronic case report form 
(REDCap version 9.5.22) for 

COV001, COV002, and 

COV003 

In COV005, the 

randomisation list was 

held by the unmasked 
study pharmacist who 

prepared the vaccines for 

administration, with all 
other trial staff masked to 

group allocation. The trial 

staff administering the 
vaccine prepared vaccines 

out of sight of the 

participants and syringes 
were covered with an 

opaque material until 

ready for administration to 
ensure masking of 

participants (only for 

COV005 trial) 

...all other trial staff masked to 

group allocation (only for 

COV005 trial) 

All cases of COVID-

19 were reviewed by 

two members of a 
masked independent 

clinical review team 

who assessed clinical 
details, including 

medical history, 

symptoms, adverse 
events, and swab 

results, and assigned 

severity scores 
according to the 

WHO clinical 

progression scale 

Percentage of  

participants not 
evaluated 

43.7% 

All  

pre-specified 
outcomes were 

reported 

The study 

appears to be 
free of other 

source of bias 

Score Low Unclear Unclear Low Unclear Low Low 
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Study 
Random sequence 

generation 
Allocation concealment 

Blinding of participant and 

personnel 

Blinding outcome 

assessment 

Incomplete 

outcome data 

Selective 

reporting 
Other 

D.Y. Logunov, Lancet. 2021 

(Sputnik V) 

Enrolled participants were 

divided into five age strata (18–

30 years, 31–40 years, 41–50 
years, 51–60 years, and >60 

years) and were assigned to two 

study groups using stratified 
(block size 4) interactive web 

response system (IWRS) 

randomisation in a ratio of 3:1 
to the vaccine group or the 

placebo group. 

Investigators, participants, 
and all study staff were 

masked to group 

assignment. 

Investigators, participants, and 

all study staff were masked to 
group assignment. 

Investigators, 

participants, and all 

study staff were 
masked to group 

assignment. 

Percentage of  
participants not 

evaluated 

44.1% 

All  
pre-specified 

outcomes were 

reported 

The primary 
outcome 

should have 

been reported 
as cases of 

confirmed 

COVID-19 
along with the 

surveillance 

time or as 
incidence rate 

per person-

year 

Score Low Low Low Low Unclear Low Unclear 

 

Table A1. Bias risks and respective judgements for each study included in the metaanalysis, according to the items of the “Risk of bias” 

assessment tool.  
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Figure A1  
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Records identified through 

database searching  
(n=372)  

Records identified through 

other sources  

(FDA,EMA) 
(n=4)  

Full text articles screened 
(n=9)  

Full text articles assessed for 

eligibility 
(n=9)  

Study included in the 

qualitative analysis 
(n=9)  

Study included in the 

quantitative analysis 
(n=9)  

Records excluded because did 

not met inclusion criteria: 
• Not related Sars-Cov2 

vaccine (n=37) 

• Deposited Trials 

(n=316) 

Total number of records identified 
(n=376)  

Record screened 
(n=23)  

• Phase 1/2 RCT (n=12) 

• Report (n=1) 

• Protocol (1) 
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Figure A1. Study selection process. Preferred Reporting Items for Systematic Review and Meta-

Analysis (PRISMA) flow diagram. 
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Figure A2  

 

 

 

 Figure A2. Risk of bias summary according to the items of the “Risk of bias” assessment tool. 
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Figure A3 

 

 

 

 

Figure A3. Funnel plot. Light grey and dark grey bands are 95% and 99% confidence interval, 

respectively. 
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Searching strategy 

“Vaccine”[MeSH]) AND “Covid-19”[MeSH]”; “randomized controlled trial”[MeSH] AND “Covid-

19”[MeSH]”; “Vaccine”[MeSH] AND “Trial”; “Covid-19 vaccine”[MeSH] AND “randomized 

controlled trial”[MeSH]; “Covid-19 vaccine”[MeSH] AND “Trial”[MeSH];  
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