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Comparative effectiveness of third doses of BNT162b2 
(Pfizer-BioNTech) vs. mRNA-1273 (Moderna) vaccines 

4 

Third doses of mRNA-based vaccines have provided a way to
address waning immunity and broaden protection against
emerging SARS-CoV-2 variants 
o But evidence was lacking for their comparative effectiveness for a range

of Covid-19 outcomes across diverse populations 
We used the VA healthcare databases to emulate a target trial
and generate this evidence 
o In the overall population, and in subgroups defined by age, race, time

since completion of primary vaccination series, vaccine type of primary 
series 

o In time periods spanning SARS-CoV-2 delta- and omicron-variant 
predominance, and restricted to omicron-variant predominance 



Protocol  of a  target  trial  of third doses  of BNT162b2  vs.  mRNA-1273  vaccines  
and  risk  of  Covid-19  outcomes 
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Eligibility criteria 

Treatment 
strategies 

Assignment 
procedures 

Outcomes 

Follow-up 

Causal contrast 
Analysis plan 

Veterans aged ≥65 years or 18-64 years with high risk of severe Covid-19 between October 20 
and November 18, 2021, or ≥18 years between November 19, 2021, and February 8, 2022 
(based on national guidelines for third dose deployment); receipt of the second dose of an mRNA 
vaccine primary series at least 6 months earlier (based on the same guidelines); known 
residential address outside of a long-term care facility, use of the VA healthcare system during the 
past year but not in the past 3 days, known smoking status and BMI in the past year... 

1. Third dose of BNT162b2 vaccine at baseline 
2. Third dose of mRNA-1273 vaccine at baseline 

Participants are randomly assigned to a strategy at baseline within strata defined by calendar 
date of third dose, calendar month of second mRNA vaccine dose, age, sex, race, urbanicity of 
residence, geographic location, number of SARS-CoV-2 tests performed in the past 12 months 

(1) Documented SARS-CoV-2 infection, (2) Symptomatic Covid-19, (3) Covid-19 
hospitalization, (4) Covid-19 ICU admission, (5) Covid-19 death 

Starts on the day of third dose receipt (baseline) and ends on the day of the outcome of interest, 
death, 112 days (16 weeks) after baseline, or the end of the study period (February 15, 2022) 

Per-protocol effect 

Cumulative incidence (risk) curves comparing the vaccination groups. Subgroup analyses by 
baseline age, race, time since completion of primary series, vaccine type of primary series 
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Evaluating the influence of SARS-CoV-2 
variants on vaccine comparative effectiveness 

Period spanning delta- and omicron-variant 
predominance 
oTarget trial described 

Period restricted to omicron-variant predominance 
oA second identical target trial, except 

o Recruitment: January 1 to March 1, 2022 
o Only outcome is documented infection 
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We emulated these target trials using a 
national database of electronic health records 

7 

U.S. Department of Veterans Affairs (VA) healthcare 
system 
oLargest integrated healthcare system in the U.S. 

VA Corporate Data Warehouse (CDW) 
oDetailed information on demographics, inpatient and outpatient 

encounters, medications, laboratory results 
oData refreshed nightly 
oDecades of follow-up 



Mapping variables to the available data 

Variable Ascertainment 
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Covid-19 vaccination 

SARS-CoV-2 infection 
Symptomatic Covid-19 
(≥1 symptoms documented within 4 days of infection: fever, 
chills, cough, shortness of breath/difficulty breathing, sore 
throat, loss of taste/smell, headache, myalgia/muscle pain, 
diarrhea, vomiting) 

Covid-19 related hospitalization 
(a hospitalization within 21 days of infection) 

Covid-19 related ICU admission 
(an ICU admission during a Covid-19 hospitalization) 

Covid-19 death 
(a death within 30 days of SARS-CoV-2 infection) 

Records in Immunization domain and procedures 
recorded in Outpatient or Inpatient domains 

VA Covid-19 National Surveillance Tool 

Records in Outpatient, Inpatient, Vital Signs, Health 
Factors, and Fee domains 

Records in Inpatient domain 

Records in Inpatient domain and specialty transfer 
codes 

Records in Patient domain 



      
   

9

Applied the same eligibility criteria to 
Veterans in the database 

9 
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Closely matched recipients of each vaccine 

10 

Based on risk factors for infection or Covid-19 severity also 
associated with the probability of receiving a particular vaccine 
o Calendar date of third dose, calendar month of second mRNA vaccine 

dose, age, sex, race, urbanicity of residence, geographic location, number 
of SARS-CoV-2 tests performed in the past 12 months 

All measured variables were well-balanced between the 2 groups 
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Negative control analyses suggested little 
confounding 

11 

Negative control outcome #1: 
Symptomatic Covid-19 in the first 7 

days after the third vaccine dose 

Negative control outcome #2: 
Non-Covid-19 death over the follow-up 
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Slightly lower risk of all studied Covid-19 outcomes for a 
third dose of the mRNA-1273 vs. BNT162b2 vaccine 

Documented SARS-CoV-2 infection 
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Slightly lower risk of all studied Covid-19 outcomes for a 
third dose of the mRNA-1273 vs. BNT162b2 vaccine 

Symptomatic Covid -19 
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Slightly lower risk of all studied Covid-19 outcomes for a 
third dose of the mRNA-1273 vs. BNT162b2 vaccine 

Covid -19 hospitalization 
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Slightly lower risk of all studied Covid-19 outcomes for a 
third dose of the mRNA-1273 vs. BNT162b2 vaccine 

Covid -19 ICU admission 
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Slightly lower risk of all studied Covid-19 outcomes for a 
third dose of the mRNA-1273 vs. BNT162b2 vaccine 

Covid -19 death 



        
    

 

17 17 

This pattern was similar in a time period 
restricted to omicron-variant predominance 

Documented SARS-CoV-2 infection 
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Key  Takeaways 

Absolute risks of the studied Covid-19 outcomes over 16 weeks 
were low regardless of the third mRNA vaccine received, 
during a period spanning delta- and omicron-variant 
predominance 
o Risks <4% for infection, <0.03% for death, within each vaccine 

group 
Evidence for a lower risk of Covid-19 outcomes for the mRNA-
1273 vs. BNT162b2 vaccine over the study period 
o 45 fewer infections, 11 fewer hospitalizations per 10,000 persons 

Similar pattern for documented infection over 9 weeks during 
a period restricted to omicron-variant predominance 
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Methodologic  Takeaways 

It is possible to design and conduct a rapid response study
using sound causal techniques and VA EHR data 
o Leveraging existing resources for Covid-19 data 
o Incorporating best practices for phenotyping and utilization of

computational resources 
Standardized elements can assist with study design 
o Target trial protocol specification and emulation table 
o Flowchart for the selection of eligible individuals 

Analytic programs streamlined for flexibility 
o Parameterizing the analysis process to handle multiple sensitivity

analyses 
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Sharing 
Materials 

Centralized Interactive 
Phenomics Resource 
(CIPHER) 
Partners Pages 
o VA CAUSAL 
o VA CAUSAL Methods Core 

Publications and materials 

https://vhacdwdwhweb100.vha.med.va.gov/phenotype/index.php/VA_CAUSAL_Methods_Core 

https://vhacdwdwhweb100.vha.med.va.gov/phenotype/index.php/VA_Phenomics_Library_-_Centralized_Interactive_Phenomics_Resource_(CIPHER)
https://vhacdwdwhweb100.vha.med.va.gov/phenotype/index.php/VA_CAUSAL
https://vhacdwdwhweb100.vha.med.va.gov/phenotype/index.php/VA_CAUSAL_Methods_Core
https://vhacdwdwhweb100.vha.med.va.gov/phenotype/index.php/VA_CAUSAL_Methods_Core
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GitHub and General Architecture 

21 
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Navigating the Materials Within GitHub EC 

Click here to navigate backwards 

22 

!! Ignore the notes related to version control, clicking on 
this will only make things more confusing !! 

Instead, click on the individual files to see the contents 
inside. 
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Starting  Point 
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Overview of Materials 
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Study  Design  Tables  and  Figures 
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Standardizing Study 
Design Elements 

29 

Tables and Figures 
used in study design 
and included in the 
manuscript have been 
shared as templates for 
VA researchers. 
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Codebook 

30 
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“Codebook” Tab 

“ExampleLong” Tab 
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Disclaimer About Analytic Programs 
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Diagram Illustrating the  
Folder  Structure 
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(and more…) 
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Navigating  the  readme  and  scripts 
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Example: %prelim() and 2a-vaccine-prelim.sas 

R 
code 
within 
SAS 
Grid* 

* https://vincicentral.vinci.med.va.gov/SitePages/VINCI_University-SAS_Grid.aspx – Go to “Select SAS/Grid Guides” for more information 

35 

https://vincicentral.vinci.med.va.gov/SitePages/VINCI_University-SAS_Grid.aspx
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Example: prelim_function() 
7 – fit a Kaplan-Meier survival model for first X days 

4 – perform matching with pre-specified seed 

8 – build the negative control plot 

1 – setup the function and defaults 

2 – load program dependencies 5 – save the matched data for use in tables 

3 – initialize the logs 
6 – print event counts and preliminary statistics to log 

9 – save the PDF plot 
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Who may find this set of materials useful? 

Point interventions (administered at a single point in time) 
Baseline confounders only (here, adjustment is made via 
matching) 
Non-parametric estimator (Kaplan-Meier) 
Non-parametric bootstrap procedure (including both 
matching and subsequent analyses) to calculate 
percentile-based 95% confidence intervals for all 
estimates 

37 
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