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Ethical Statement 
The institutional review boards across the UC Health system determined this 

cohort study was not human participants research and therefore was exempt from 

approval and informed consent.  

Overview 
Safe and effective vaccines are imperative to the COVID-19 pandemic response. 

In the United States, two vaccines based on the messenger RNA (mRNA) platform have 

been widely used: BNT162b2 (Pfizer BioNTech) and mRNA-1273 (Moderna). Large-

scale phase 3 trials for both mRNA vaccines have demonstrated over 94% efficacy of  

against symptomatic, laboratory confirmed COVID-19 with acceptable non-serious 

adverse-event profiles including local reactions, systemic events, and antipyretic or pain 

medication use during the follow-up period1,2. BNT162b2 and mRNA-1273 vaccines were 

initially authorized under the Emergency Use Authorization (EUA) framework in the 

United States with the known and potential benefits outweighing the known and potential 

risks 3,4. The vaccines were later licensed and fully approved by the FDA for marketing5. 

Emerging evidence indicates myocarditis or pericarditis are a risk especially in young 

males along with a few other possible risks such as thromboembolism and hemorrhagic 

stroke as potential adverse outcomes of the mRNA-based COVID-19 vaccines6–18. 

Studies using Real World Data (RWD) are ongoing to assess the risk of other adverse 

events of special interest (AESIs) identified by public health institutions, which are often 

difficult to capture in RCTs due to limitations in sample size and statistical power to 

capture rare events. It is important to explore the risk of adverse events post-vaccination 

to help assess the real-world safety of vaccines to help inform medical and policy-level 

decision-making in ongoing vaccination efforts to address the COVID-19 pandemic. 

We aim to analyze real-world clinical data of over 3 million individuals vaccinated 

with BNT162b2, mRNA-1273, or have a documented PCR+ test for SARS-CoV-2 across 

the University of California Health System (UC Health) and their linked vaccination 

records from the California Immunization Registry (CAIR) to assess the risk of 15 AESIs 

post-vaccination (Table-1). Specifically, we aim to assess the crude incidence rate and 

short-term relative incidence of 15 AESIs among four sets of cohorts:   
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1. Vaccinated cohort (Vx) – individuals who were vaccinated and did not have a 

documented SARS-CoV-2 infection on or any time prior to vaccination as well as 

any time during the follow up risk period post vaccination. Two such cohorts will 

be analyzed for each mRNA vaccine (BNT162b2 and mRNA-1273 respectively).  

2. Natural infection cohort (Ifx) – individuals who were reported to have a 

documented case of PCR+ confirmed SARS-CoV-2 infection and were not 

vaccinated on or any time prior the infection as well as any time during the risk 

period post infection.  

3. Vaccinated with infection cohort (IfxVx) – this cohort will represent individuals 

who were vaccinated with either BNT162b2 or mRNA-1273 (first dose), and among 

those vaccinated who were positive for SARS-CoV-2 any time before the 

vaccination or any time during the risk period post vaccination. The PCR+ results 

will be utilized to ascertain the patients with SARS-COV-2 infection before and 

after vaccination.   

4. Natural infection with vaccination (VxIfx) – this cohort will represent individuals 

who were SARS-CoV-2 positive and among those who were positive who were 

vaccinated with either BNT162b2 or mRNA-1273 on or any time prior to PCR+ 

SARS-CoV-2 test or anytime during the risk period post PCR+ SARS-CoV-2 

infection.  

The vaccination cohort (Vx) and the natural infection cohorts (Ifx) will be utilized for the 

primary analysis, whereas the vaccinated with infection cohort (IfxVx) and natural 

infection with vaccination (VxIfx) will be utilized for sensitivity analysis.   
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Table-1 AESIs phenotypes to be considered in this study. These 15 AESIs were obtained from the Center 
for Biologics Evaluation and Research Office of Biostatistics and Epidemiology protocol titled Background 
rates of adverse events of special interest for COVID-19 vaccine safety monitoring 
(https://tinyurl.com/2re8ad6c). Few modifications in the phenotype definition were made. We require that 
patients with an AESI could be identified from any clinical setting such as Inpatient visits (IP), outpatient 
visits (OP) or emergency visit (ER). For e.g. in the case of AMI, we will not restrict to IP alone, instead we 
will consider IP, OP or ER. The reason to do so is because UC is a specialty care and patients could be 
referred to UC from elsewhere.    

Adverse event of special interest Clinical setting Clean period 
Acute myocardial infarction IP; OP; ER 365d 

Anaphylaxis IP; OP; ER 30d 

Appendicitis IP; OP; ER 365d 

Bell’s Palsy IP; OP; ER 183d 

Deep vein thrombosis IP; OP; ER 365d 

Disseminated intravascular coagulation IP; OP; ER 365d 

Encephalomyelitis IP; OP; ER 183d 

Guillain-Barre syndrome IP; OP; ER 365d 

Hemorrhagic stroke IP; OP; ER 365d 

Immune thrombocytopenia IP; OP; ER 365d 

Myocarditis pericarditis IP; OP; ER 365d 

Narcolepsy IP; OP; ER 365d 

Non-hemorrhagic stroke IP; OP; ER 365d 

Pulmonary embolism IP; OP; ER 365d 

Transverse myelitis IP; OP; ER 365d 

 

Objective 
To evaluate the risk of AESIs post first dose of BNT162b2 or mRNA-1273 vaccines in 

vaccination cohort as well as post SARS-CoV-2 infection in the natural infection cohort 

as primary analysis. Risk of AESIs post first dose of BNT162b2 or mRNA-1273 vaccines 

in the vaccinated and infection cohort and post SARS-CoV-2 infection in natural infection 

with vaccination cohort as sensitivity analysis.   

 Primary Objective 
To determine the relative incidence of 15 AESIs as illustrated in Table-1 within 21 

days post-BNT162b2 and within 28 days post-mRNA-1273 vaccines first dose 

among the population not infected with SARS-CoV-2 any time prior to vaccination 

or any time during the risk period – vaccination cohort (Vx), as well as within 30 

days post-SARS-CoV-2 infection in the population that did not vaccinate any time 

prior to infection or during the risk period post infection – natural infection cohort 

https://tinyurl.com/2re8ad6c
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(Ifx). These cohorts will be further stratified by age and sex to conduct the analysis 

whenever possible.  

 Secondary Objective 
1. To characterize the study cohorts with respect to age, sex, demographics, 

and comorbidities prior to vaccination or SARS-CoV-2 infection and assess 

the heterogeneity between cohorts.  

2. To characterize the patient-level vaccination record linkage between 

University of California Health Data Warehouse (UCHDW) and the 

California Immunization Register (CAIR).  

3. To determine the crude incidence rate of 15 AESI pre-vaccination and within 

21 days post-BNT162b2 vaccine and within 28 days post mRNA-1273 

vaccines first dose in cohort population represented by the vaccination 

cohort (Vx) i.e., vaccinated population without PCR+ confirmed SARS-CoV-

2 infection before vaccination as well as during the risk period post 

vaccination. Determine the crude incidence rate by stratifying the cohort 

population by age and sex.  

4. To determine the crude incidence rate of 15 AESI pre-SARS-CoV-2 

infection and within 30 days post-SARS-CoV-2 infection confirmed with 

PCR+ test results in the cohort population represented by the natural 

infection cohort (Ifx) i.e., population infected with SARS-CoV-2 without any 

record of mRNA-vaccination prior to infection as well as within 30 days post 

infection. Determine the crude incidence rate by stratifying the cohort 

population by age and sex. 

5. To determine the crude incidence rate of 15 AESI per-vaccination and within 

21 days post-BNT162b2 vaccine and within 28 days post-mRNA-1273 

vaccines first dose in the cohort population represented by the vaccination 

with infection cohort (IfxVx) i.e., vaccination population with a PCR+ 

confirmed SARS-CoV-2 infection any time before vaccination or during the 

risk period post vaccination. Determine the crude incidence rate by 

stratifying the cohort population by age and sex. 
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6. To determine the crude incidence rate of 15 AESI pre-SARS-CoV-2 

infection and within 30 days post-SARS-CoV-2 infection confirmed with 

PCR+ test results in the cohort population represented by the natural 

infection with vaccination cohort (VxIfx) i.e., individuals with an mRNA-

vaccination record any time prior to SARS-CoV-2 infection or during the 30 

days risk period post-SARS-CoV-2 infection. Determine the crude incidence 

rate by stratifying the cohort population by age and sex. 

7. To determine the relative incidence of 15 AESI per-vaccination and within 

21 days post-BNT162b2 vaccine and within 28 days post-mRNA-1273 

vaccines first dose in the cohort population represented by the vaccination 

with infection cohort (IfxVx) i.e., vaccination population with a PCR+ 

confirmed SARS-CoV-2 infection any time before vaccination or during the 

risk period post vaccination. Determine the relative incidence by stratifying 

the cohort population by age and sex.  

8. To determine the relative incidence of 15 AESI pre-SARS-CoV-2 infection 

and within 30 days post-SARS-CoV-2 infection confirmed with PCR+ test 

results in the cohort population represented by the natural infection with 

vaccination cohort (VxIfx) i.e., individuals with a vaccination record any time 

prior to SARS-CoV-2 infection or during the 30 days risk period post-SARS-

CoV-2 infection. Determine the relative incidence by stratifying the cohort 

population by age and sex. 

9. To assess the robustness of the results by performing the following 

sensitivity analyses: 

a. Determine the long-term safety of vaccines by calculating the relative 

incidence rate of 15 AESI post-BNT162b2 and mRNA-1273 vaccines 

up to 30-, 60- and 90-days post-vaccination risk periods for the 

overall population as well as the population stratified by the age, and 

sex among the individuals represented in the vaccination cohort (Vx). 

b. Determine the long-term impact of COVID-19 on 15 AESI by 

calculating the relative incidence rate of AESIs post-SARS-CoV-2 

infection up to 30-, 60- and 90-days for the overall population as well 
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as the population stratified by the age, and sex among the individuals 

represented by the natural infection cohort (Ifx). 

c. To assess the impact of clean window criteria on the relative 

incidence of 15 AESIs within 21 days post-BNT162b2 vaccination, 

within 28 days post-mRNA-1273 vaccination and within 30 days 

post-SARS-CoV-2 infection among the individuals represented by 

the vaccination cohort (Vx) and natural infection cohort (Ifx) 

respectively among the overall population as well as population 

stratified by age and sex. 

d. To assess the impact of study start periods on the relative incidence 

of 15 AESIs within 21 days post-BNT162b2 vaccination, within 28 

days post-mRNA-1273 vaccination and within 30 days post-SARS-

CoV-2 infection among the individuals represented by the 

vaccination cohort (Vx) and natural infection cohort (Ifx) respectively 

among the overall population as well as population stratified by age 

and sex.  

e. To assess the impact of bias due to event dependent observation 

period by eliminating patients who might have expired any time post-

vaccination or post-SARS-CoV-2 infection among the vaccinated 

cohorts (Vx) as well as natural infection cohort (Ifx) for the overall 

population and the populations stratified by age and sex.  

f. To assess the crude incidence rate and relative incidence of 15 

AESIs in pre-specified follow up risk period per CBER surveillance 

program protocol post-vaccination as well as post-SARS-CoV-2 

infection in the vaccination cohort (Vx) as well as natural infection 

cohort (Ifx) for the overall population, and the population stratified by 

age and sex. 

g. To assess the impact of possible time varying confounding using 

negative controls as well as patient level healthcare utilization before 

vaccination among the individuals represented by the vaccination 
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cohort (Vx) and before the SARS-CoV-2 infection among the 

individuals represented by the natural infection cohort (Ifx).  

Study Design 
This is a retrospective cohort study to characterize and evaluate the risk of AESIs 

(Table-1) post-vaccination or post infection (see below for cohort design) using routinely 

collected real-world data across UC Health and linked vaccination records from California 

Immunization Registry. We will utilize self-controlled case series (SCCS) to determine the 

relative incidence of AESIs within 21 days post-BNT162b2 vaccination first dose and 

within 28 days post-mRNA-1273 vaccination first dose as well as within 30 days post-

SARS-CoV-2 infection. We will calculate crude incidence rates per 100,000 person days 

of AESIs pre- and post-vaccination as well as pre- and post-SARS-CoV-2 infection.  

Four different types of cohorts will be constructed to determine the post-

vaccination and post-natural infection relative incidence of AESIs. First, a vaccination 

cohort will be constructed representing individuals who were vaccinated with BNT162b2 

or mRNA-1273 vaccine respectively without any documented SARS-CoV-2 infection any 

time prior to vaccination or any time during the risk period post vaccination – the 

vaccination cohort (Vx). Second, a natural infection cohort will be constructed to 

representing individuals who were infected with SARS-CoV-2 and were not vaccinated 

any time prior to the infection or any time during the risk period post infection – the natural 

infection cohort (Ifx). Third, a vaccinated with infection cohort will be constructed 

representing individuals who were vaccinated with either BNT162b2 or mRNA-1273 

vaccines respectively and were infected with SARS-CoV-2 any time prior to vaccination 

or any time during the risk period post vaccination – the vaccinated with infection cohort 

(IfxVx).  Finally, a fourth, natural infection with vaccination cohort will be constructed 

representing individuals who were infected with SARS-CoV-2 and were vaccinated any 

time prior to the infection or any time during the risk period post infection – the natural 

infection with vaccination cohort (VxIfx). The vaccination cohort (Vx) and the natural 

infection cohort (Ifx) will be used for primary analysis, whereas the vaccinated with 

infection cohort (IfxVx) and the natural infection with vaccination cohort (VxIfx) will be 

utilized for sensitivity analysis. The inclusion exclusion criteria for all the four cohorts are 

highlighted below.  
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Vaccination Cohort (Vx) 
Vaccination cohorts will be constructed for BNT162b2 and mRNA-1273 vaccinated 

individuals separately. For BNT162b2 and mRNA-1273 vaccines, the cohort inclusion and 

exclusion criteria will require the following (Figure 1): 
1. The date of first vaccine dose will be considered as the index date.  

2. Individuals less than 18-years-old at the index date will be removed from 

the cohort.  

3. All individuals with PCR+ confirmed SARS-CoV-2 infection any time prior to 

vaccination will be removed.  

4. All individuals with their first observation in the UCHDW EHRs starting 

before the study period will be excluded from the analysis. 

5. For the BNT162b2 cohort, an individual will be required to have at-least 21 

days of observational data after vaccination, no PCR+ confirmed SARS-

CoV-2 infection within 21 days post vaccination and no second dose of any 

mRNA-based vaccination within 21 days post-BNT162b2 vaccination.  

a. The 21 days post vaccination period will be identified by any clinical 

events as noted in the electronic health record of the patient at least 

21 days after vaccination. The clinical event could be a clinical visit, 

medication order, procedure occurrence, measurement, condition 

occurrence or the continuation of the medical record.  

6. For mRNA-1273 cohort, an individual will be required to have at-least 28 

days of observational data after vaccination, no PCR+ confirmed SARS-

CoV-2 infection within 28 days post vaccination and no second dose of any 

mRNA-based vaccination within 28 days post-BNT162b2 vaccination.  

a. The 28 days post vaccination period will be identified by any clinical 

events occurring at least 28 days after vaccination. The clinical event 

could be a clinical visit, medication order, procedure occurrence, 

measurement, condition occurrence or the continuation of the 

medical record. 

7. The age and sex stratified cohort for the BNT162b2 and mRNA-1273 

vaccinated individuals will be constructed similarly. For age, we will 
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consider two groups, age <= 50 and age > 50. The cohorts will be stratified 

by sex (female and male). Please see section Statistical Analysis for a 

discussion on the basis to select <= 50 and > 50 age groups.   

8. For each AESI, an individual will qualify based on the respective clean 

window of an AESI (Table-1). A clean window is defined as the ‘time without 

event’ on or prior to the index date. An individual with an AESI in the clean 

window on or before the index date will be removed from the analysis. For 

the BNT162b2 and mRNA-1273 vaccination cohorts (Vx), the index date of 

individuals is the date of their first vaccination.  

9. For the BNT162b2 vaccine, the risk period of 21 days post vaccination will 

be divided into 7 days risk periods including the day 0 of 0-7d; 8-14d; 15-

21d. For the mRNA-1273 vaccine, the 28 days risk period will be divided 

into 7 days risk periods including the day 0 of 0-7d; 8-14d; 15-21d; 22-28d. 

Including day 0 may lead to 0 inflation bias in the relative incidence 

calculation. For this study, however, the day 0 inflation bias might not have 

any impact due to clean window criteria in cohort selection. Please see 

section Day 0 Inflation on our reasoning as well as empirical evidence 

behind including day 0 in the risk calculation.   
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Figure-1 Inclusion and exclusion criteria for the vaccination cohort (Vx).  

 

Natural Infection Cohort (Ifx) 
The natural infection cohort will represent unvaccinated individuals with a PCR+ confirmed 

SARS-CoV-2 infection (Figure 2).  
1. The date of first PCR+ confirmed SARS-CoV-2 infection will be 

considered as the index date.  

2. All individuals less than 18-years-old at the index date will be 

removed.  

3. All individuals with their first observation in the UCHDW EHRs 

starting before the study period start date will be excluded from the 

analysis. 

 

4. All individuals will be required to have at-least 30 days of data post-

index date.  
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5. Individuals who received any mRNA-based vaccination before and 

within 30-days post index date will be removed.  

6. The age and sex stratified natural infection cohort will be constructed 

similarly. For age, we will consider two groups, age <= 50 and age > 

50. The cohorts will be stratified by sex (female and male). 

7. For each AESIs, an individual will qualify based on the respective 

clean window of an AESIs (Table-1). A clean window is defined as 

the ‘time without event’ on or prior to the index date. An individual 

with an AESIs in the clean window on or before the index date will 

be removed from the analysis. The index date will be the date of first 

documented PCR+ confirmed SARS-CoV-2 infection.  

8. The post infection risk period of 30 days will not be segregated into 

smaller risk periods. The relative risk of AESIs will be calculated 

between [0-30] days post infection. Including day 0 may lead to 0 

inflation bias in the relative incidence calculation, especially in the 

case of natural infection cohort. For this study, however, the day 0 

inflation bias may not have any impact due to clean window criteria 

of an AESI during cohort selection. Please see section Day 0 Inflation 

on our reasoning with empirical evidence behind including day 0 in 

the risk calculation.   
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Figure – 2 Inclusion and exclusion criteria for the natural infection cohort (Ifx). 

 

Vaccinated with Infection Cohort (VxIfx) 
Vaccination with infection cohorts will be constructed for BNT162b2 and mRNA-1273 

vaccinated individuals separately. The cohort inclusion and exclusion criteria will require 

the following (Figure 3): 
1. The date of first vaccine dose will be considered as the index date.  

2. Individuals less than 18-years-old at the index date will be removed from 

the cohort.  

3. All individuals without SARS-CoV-2 infection confirmed by the PCR+ test 

any time prior to vaccination or during the post vaccination risk period will 

be removed.  

4. All individuals with their first observation in the UCHDW EHRs starting 

before the study period start date will be excluded from the analysis. 

5. For the BNT162b2 cohort, an individual will be required to have at-least 21 

days of observational data after vaccination, a PCR+ confirmed SARS-CoV-

2 infection within 21 days post vaccination and no second dose of any 

mRNA-based vaccination within 21 days post-BNT162b2 vaccination.  
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a. The 21 days post vaccination period will be identified by any clinical 

events as noted in the electronic health record of the patient at least 

21 days after vaccination. The clinical event could be a clinical visit, 

medication order, procedure occurrence, measurement, condition 

occurrence or the continuation of the medical record.  

6. For mRNA-1273 cohort, an individual will be required to have at-least 28 

days of observational data after vaccination, a PCR+ confirmed SARS-CoV-

2 infection within 28 days post vaccination and no second dose of any 

mRNA-based vaccination within 28 days post-BNT162b2 vaccination.  

a. The 28 days post vaccination period will be identified by any clinical 

events occurring at least 28days after vaccination. The clinical event 

could be a clinical visit, medication order, procedure occurrence, 

measurement, condition occurrence or the continuation of the 

medical record. 

7. The age and sex stratified cohort for the BNT162b2 and mRNA-1273 

vaccinated individuals will be constructed similarly. For age, we will 

consider two groups, age <= 50 and age > 50. The cohorts will be stratified 

by sex (female and male).   

8. For each AESI, an individual will qualify based on the respective clean 

window of an AESI (Table-1). A clean window is defined as the ‘time without 

event’ on or prior to the index date. An individual with an AESI in the clean 

window on or before the index date will be removed from the analysis. For 

the BNT162b2 vaccines, the index date of individuals is the date of their first 

vaccination, and for the mRNA-1273 vaccines, the index date is the date of 

their first vaccination.  

9. For the BNT162b2 vaccine, the risk period of [0-21] days post vaccination, 

and for mRNA-1273 vaccine the risk period of [0-28] days will be used to 

assess the relative incidence of AESIs.  
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Figure – 3 Inclusion and exclusion criteria for the vaccination with infection cohort (VxIfx). 
  
Natural Infection with Vaccination Cohort (IfxVx) 
The natural infection with vaccination cohort will represent individuals with a PCR+ 

confirmed SARS-CoV-2 infection who were vaccinated any time after the infection or any 

time during the risk period post infection (Figure 4). The inclusion and exclusion criteria 

are as follows:  

1. The date of first PCR+ confirmed SARS-CoV-2 infection will be 

considered as the index date.  

2. All individuals less than 18-years-old at the index date will be 

removed.  

3. All individuals will be required to have at-least 30 days of data post-

index date.  

4. All individuals with their first observation in the UCHDW EHRs 

starting before the study period start date will be excluded from the 

analysis. 
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5. Individuals without any dose of either BNT162b2 or mRNA-1273 

vaccine prior to the index date or any time during the 30 days risk 

period post infection will be removed.  

6. The age and sex stratified natural infection cohort will be constructed 

similarly. For age, we will consider two groups, age <= 50 and age > 

50. The cohorts will be stratified by sex (female and male). 

7. For each AESI, an individual will qualify based on the respective 

clean window of an AESI (Table-1). A clean window is defined as the 

‘time without event’ on or any time prior to the index date. An 

individual with an AESI in the clean window on or before the index 

date will be removed from the analysis. The index date will be the 

date of first SARS-CoV-2 infection.  

8. The post infection risk period of 30 days will not be segregated into 

smaller risk periods. The relative risk of AESI will be calculated 

between [0-30] days post infection.  
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Figure – 4 Inclusion and exclusion criteria for the natural infection with vaccination cohort (IfxVx). 
 
Negative Controls 
We will assess the negative control events as mentioned in the FDA protocol 

(https://tinyurl.com/2re8ad6c) posited to be unrelated to potential AESIs of COVID-19 

vaccination but for which healthcare utilization may or may not change as a result of 

lockdowns or care-seeking behavior during the pandemic.  We will assess the crude 

incidence rates of negative controls pre- and post-vaccination to assess for the potential 

time varying confounding. The list of negative controls is provided in Table-2 below: 

https://tinyurl.com/2re8ad6c
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Table-2 List of negative controls. Please refer to https://tinyurl.com/2re8ad6c for more details on the 
negative controls. 

Data Source 
The University of California Health Datawarehouse (UCHDW) will be utilized for 

this study. The UC Health system treats the general population across 6 academic health 

centers and 12 hospitals, with approximately 150,000 inpatients and 4 million outpatients 

visits yearly. Data for this study will be drawn from UCHDW, a Health Insurance Portability 

and Accountability Act–limited data set comprising electronic health records (EHRs) of 

more than 8 million individuals receiving medical care across UC Health. The UCHDW 

data was extracted, transformed, and loaded into observational medical outcome 

partnership common data model (OMOP-CDM) across UC Health in a centralized 

Datawarehouse. Quality assessment of data was conducted using OHDSI-Data Quality 

Dashboard tool assessing data in terms of plausibility, completeness, compliance 

resulting in an overall 94% quality score19. The vaccination records from the UCHDW will 

be linked to those in the California Immunization Registry (CAIR) and will be fully 

characterized to comprehend the extent of linkage and data mapping. An initial attrition 

diagrams based on the UCHDW data as well as linked CAIR vaccination records as of 

November 30, 2022, is provided in the Figure 5-7 and Tables 3-8 below representing 

individuals in the vaccination cohort (Vx), natural infection cohort (Ifx), vaccinated and 

infection cohort (VxIfx), and natural infection and vaccinated cohort (IfxVx) as well as the 

vaccination record linkage between UCHDW and CAIR.  

 

https://tinyurl.com/2re8ad6c
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Figure – 5 Attrition diagram. Individuals represented in the vaccination cohort as well as in the vaccinated 
and infection cohort. Cohort Vx represents individuals who were vaccinated and did not have SARS-CoV-
2 infection any time prior to vaccination or during the risk period post vaccination. Cohort IfxVx represents 
individuals who were vaccinated and had a documented SARS-CoV-2 infection any time prior to vaccination 
or during the risk period post vaccination.  
 

 
Figure – 6 Attrition diagram. Cohort Ifx represent individuals who were infected with SARS-CoV-2 and had 
no mRNA vaccination record any time before infection or during the risk period post infection. Cohort VxIfx 
represents individuals who were infected with SARS-CoV-2 and were vaccinated any time before the 
infection or during the risk period post infection. 
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Figure – 7 Attrition diagram representing the linkage of vaccination records between UCHDW and CAIR. 
The dashed box represents matched patients between UC and CAIR whose first vaccination record was 
obtained from UC.         
 
 
Table – 3 The qualified individuals for each AESI in the BNT162b2 vaccination cohort (Vx). The column 
description is as follows. Vaccinated individuals – total number of vaccinated individuals with BNT162b2 
aged 18 and above across UC health. Vaccinated individuals with follow-up – total number of BNT162b2 
vaccinated individuals with 21 days of observation data post-vaccination. Vaccinated and no SARS-CoV-2 
infection – total number of BNT162b2 vaccinated individuals with no documented PCR+ SARS-CoV-2 
infection any time prior to the vaccination or during the 21d risk period post vaccination. Qualified – total 
number of individuals with an AESI any time prior to the clean window (see Table-1) or any time during the 
21d risk period post vaccination. The clean window is the time before the vaccination including the day of 
vaccination.  

Population 
Group 

Adverse event of 
special interest 

Vaccinated 
individuals 

Vaccinated 
individuals 
with follow-
up 

Vaccinate 
and no 
SARS-CoV-2 
infection 

Qualified 
without 
clean 
window 

Qualified 
with clean 
window 

Overall 
Acute Myocardial 

Infarction 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7459 6023 

Overall Anaphylaxis 1828 1787 

Overall Appendicitis 3354 2881 

Overall Bell’s Palsy 2863 2646 

Overall 
Deep Vein 

Thrombosis 
12511 10306 
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Overall 

Disseminated 

Intravascular 

Coagulation 

 

 

 

 

 

1993166 

 

 

 

 

 

 

1551243 

 

 

 

 

 

 

1525634 

 

436 351 

Overall Encephalomyelitis 1358 1260 

Overall 
Guillain Barre 

Syndrome 
498 421 

Overall Hemorrhagic Stroke 4656 3796 

Overall 
Immune 

Thrombocytopenia 
1353 1159 

Overall 
Myocarditis 

Pericarditis 
1304 1078 

Overall Narcolepsy 660 556 

Overall 
Non-Hemorrhagic 

Stroke 
12170 10079 

Overall 
Pulmonary 

Embolism 
5027 4052 

Overall Transverse Myelitis 380 340 

 

Table – 4 The qualified individuals for each AESIs in the mRNA-1273 vaccination cohort (Vx). The column 
description is as follows. Vaccinated individuals – total number of vaccinated individuals with mRNA-1273 
aged 18 and above across UC health. Vaccinated individuals with follow-up – total number of mRNA-1273 
vaccinated individuals with 28 days of observation data post-vaccination. Vaccinated and no SARS-CoV-2 
infection – total number of mRNA-1273 vaccinated individuals with no documented PCR+ SARS-CoV-2 
infection any time prior to the vaccination or during the 28d risk period post vaccination. Qualified – total 
number of individuals with an AESI any time prior to the clean window (see Table-1) or any time during the 
28d risk period post vaccination. The clean window is the time before the vaccination including the day of 
vaccination.  

Population 
Group 

Adverse event of 
special interest 

Vaccinated 
individuals 

Vaccinated 
individuals 
with follow-
up 

Vaccinate 
and no 
SARS-CoV-2 
infection 

Qualified 
without 
clean 
window 

Qualified 
with clean 
window 

Overall 
Acute Myocardial 

Infarction 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7514 6168 

Overall Anaphylaxis 1156 1125 

Overall Appendicitis 2230 1920 

Overall Bell’s Palsy 2377 2197 

Overall 
Deep Vein 

Thrombosis 
12262 10290 

Overall 
Disseminated 

Intravascular 

Coagulation 

410 319 

Overall Encephalomyelitis 967 894 
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Overall 
Guillain Barre 

Syndrome 

 

1388777 

 

 

1160665 

 

 

1144778 

 

415 351 

Overall Hemorrhagic Stroke 4436 3682 

Overall 
Immune 

Thrombocytopenia 
1142 988 

Overall 
Myocarditis 

Pericarditis 
1070 885 

Overall Narcolepsy 514 437 

Overall 
Non-Hemorrhagic 

Stroke 
11860 9826 

Overall 
Pulmonary 

Embolism 
4745 3928 

Overall Transverse Myelitis 279 242 

 

Table – 5 The qualified individuals for each AESIs in the natural infection cohort (Ifx). The column 
description is as follows. COVID-19 individuals – total number of individuals infected with SARS-CoV-2 
aged 18 and above across UC health. COVID-19 individuals with follow-up – total number of infected 
individuals with 30 days of observation data post-infection. COVID-19 individuals not vaccinated – infected 
individuals with no mRNA vaccine any time prior to the infection or during the 30d risk period post-infection. 
Qualified – total number of individuals with an AESI any time prior to the clean window (see Table-1) or 
any time during the 30d risk period post infection. The clean window is the time before the infection including 
the day of infection. PCR+ test results were used to ascertain the infection.   

Population 
Group 

Adverse event of 
special interest 

COVID-19 
individuals 

COVID-19 
individuals 
with follow-up 

COVID-19 
individuals not 
vaccinated 

Qualified  

Overall 
Acute Myocardial 

Infarction  

 

 

 

 

 

 

 

 

 

 

 

238904 

 

 

 

 

 

 

 

 

 

 

 

 

 

206161 

 

 

 

 

 

 

 

 

 

 

 

 

 

126289 

 

2452 1535 

Overall Anaphylaxis 450 431 

Overall Appendicitis 680 526 

Overall Bell’s Palsy 604 508 

Overall 
Deep Vein 

Thrombosis 
4111 2807 

Overall 
Disseminated 

Intravascular 

Coagulation 

242 131 

Overall Encephalomyelitis 258 211 

Overall 
Guillain Barre 

Syndrome 
108 63 

Overall Hemorrhagic Stroke 933 531 

Overall 
Immune 

Thrombocytopenia 
394 287 
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Overall 
Myocarditis 

Pericarditis 
506 333 

Overall Narcolepsy 146 115 

Overall 
Non-Hemorrhagic 

Stroke 
2450 1631 

Overall Pulmonary Embolism 1812 1087 

Overall Transverse Myelitis 60 51 

 

Table – 6 The qualified individuals for each AESI in the BNT162b2 vaccinated and infection cohort (IfxVx). 
The column description is as follows. Vaccinated individuals – total number of vaccinated individuals with 
BNT162b2 aged 18 and above across UC health. Vaccinated individuals with follow-up – total number of 
BNT162b2 vaccinated individuals with 21 days of observation data post-vaccination. Vaccinated and 
SARS-CoV-2 infection – total number of BNT162b2 vaccinated individuals with a documented PCR+ SARS-
CoV-2 infection any time prior to the vaccination or during the 21d risk period post vaccination. Qualified – 
total number of individuals with an AESI any time prior to the clean window (see Table-1) or any time during 
the 21d risk period post vaccination. The clean window is the time before the vaccination including the day 
of vaccination.  

Population 
Group 

Adverse event of 
special interest 

Vaccinated 
individuals 

Vaccinated 
individuals 
with follow-

up 

Vaccinated 
and SARS-

CoV-2 
infection 

Qualified 
without 
clean 

window 

Qualified 
with clean 

window 

Overall 
Acute Myocardial 

Infarction 

 

 

 

 

 

 

 

 

 

 

 

 

1993166 

 

 

 

 

 

 

 

 

 

 

 

 

 

1551243 

 

 

 

 

 

 

 

 

 

 

 

 

 

25609 

 

507 318 

Overall Anaphylaxis 91 89 

Overall Appendicitis 142 111 

Overall Bell’s Palsy 128 114 

Overall 
Deep Vein 

Thrombosis 
792 553 

Overall 
Disseminated 

Intravascular 

Coagulation 

39 25 

Overall Encephalomyelitis 60 53 

Overall 
Guillain Barre 

Syndrome 
17 11 

Overall Hemorrhagic Stroke 177 113 

Overall 
Immune 

Thrombocytopenia 
82 60 

Overall 
Myocarditis 

Pericarditis 
104 63 

Overall Narcolepsy 34 25 

Overall 
Non-Hemorrhagic 

Stroke 
537 365 
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Overall 
Pulmonary 

Embolism 
370 222 

Overall Transverse Myelitis 15 9 

 
 
Table – 7 The qualified individuals for each AESI in the mRNA-1273 vaccinated and infection cohort (IfxVx). 
The column description is as follows. Vaccinated individuals – total number of vaccinated individuals with 
mRNA-1273 aged 18 and above across UC health. Vaccinated individuals with follow-up – total number of 
mRNA-1273 vaccinated individuals with 28 days of observation data post-vaccination. Vaccinated and 
SARS-CoV-2 infection – total number of mRNA-1273 vaccinated individuals with a documented PCR+ 
SARS-CoV-2 infection any time prior to the vaccination or during the 28d risk period post vaccination. 
Qualified – total number of individuals with an AESI any time prior to the clean window (see Table-1) or 
any time during the 28d risk period post vaccination. The clean window is the time before the vaccination 
including the day of vaccination.  

Population 
Group 

Adverse event of 
special interest 

Vaccinated 
individuals 

Vaccinated 
individuals 
with follow-

up 

Vaccinated 
and SARS-

CoV-2 
infection 

Qualified 
without 
clean 

window 

Qualified 
with clean 

window 

Overall 
Acute Myocardial 

Infarction 

 

 

 

 

 

 

 

 

 

 

 

1388777 

 

 

 

 

 

 

 

 

 

 

 

 

1160665 

 

 

 

 

 

 

 

 

 

 

 

 

15887 

 

406 261 

Overall Anaphylaxis 55 54 

Overall Appendicitis 99 80 

Overall Bell’s Palsy 93 82 

Overall 
Deep Vein 

Thrombosis 
617 433 

Overall 
Disseminated 

Intravascular 

Coagulation 

38 20 

Overall Encephalomyelitis 28 25 

Overall 
Guillain Barre 

Syndrome 
12 10 

Overall Hemorrhagic Stroke 128 89 

Overall 
Immune 

Thrombocytopenia 
46 37 

Overall 
Myocarditis 

Pericarditis 
55 37 

Overall Narcolepsy 17 14 

Overall 
Non-Hemorrhagic 

Stroke 
409 293 

Overall 
Pulmonary 

Embolism 
277 164 

Overall Transverse Myelitis 4 3 
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Table – 8 The qualified individuals for each AESI in the natural infection and vaccination cohort (VxIfx). The 
column description is as follows. COVID-19 individuals – total number of individuals infected with SARS-
CoV-2 aged 18 and above across UC health. COVID-19 individuals with follow-up – total number of infected 
individuals with 30 days of observation data post-infection. COVID-19 individuals and vaccinated – infected 
individuals with any mRNA vaccine any time prior to the infection or during the 30d risk period post-infection. 
Qualified – total number of individuals with an AESI any time prior to the clean window (see Table-1) or 
any time during the 30d risk period post infection. The clean window is the time before the infection including 
the day of infection. PCR+ test results were used to ascertain the infection.  

Population 
Group 

Adverse event of 
special interest 

COVID-19 
individuals 

COVID-19 
individuals 
with follow-

up 

COVID-19 
individuals 

and 
vaccinated 

Qualified 
without 
clean 

window 

Qualified 
with clean 

window 

Overall 
Acute Myocardial 

Infarction 

 

 

 

 

 

 

238904 

 

 

 

 

 

 

 

206161 

 

 

 

 

 

 

 

79872 

 

1920 1366 

Overall Anaphylaxis 406 395 

Overall Appendicitis 423 338 

Overall Bell’s Palsy 452 402 

Overall 
Deep Vein 

Thrombosis 
3215 2418 

Overall 
Disseminated 

Intravascular 

Coagulation 

129 93 

Overall Encephalomyelitis 228 191 

Overall 
Guillain Barre 

Syndrome 
78 61 

Overall Hemorrhagic Stroke 633 431 

Overall 
Immune 

Thrombocytopenia 
298 227 

Overall 
Myocarditis 

Pericarditis 
360 270 

Overall Narcolepsy 91 75 

Overall 
Non-Hemorrhagic 

Stroke 
2215 1668 

Overall 
Pulmonary 

Embolism 
1259 920 

Overall Transverse Myelitis 66 61 

  
 

Study Period 
The study period for crude incidence rate (CIR) and relative incidence (RI) 

calculation will be as follows: For BNT162b2 vaccine the study start date will include the 

first observation per individual not exceeding before January 1, 2012, and the study end 
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date will include the date on 21 days post vaccination per individuals. For the mRNA-

1273 vaccine, the study start will include the first observation per individual not exceeding 

before January 1, 2012, and the study end date will include the date on 28 days post 

vaccination per individual. For the individuals in the natural infection cohort, the study 

start date will include the first observation not exceeding before January 1, 2012, per 

individual and the study stop date will include the date at 30 days post infection. The 

UCHDW data is refreshed at the end of each calendar month. As of this writing the data 

was refreshed on December 30, 2022. We will utilize the most recent updated data for 

the analysis relative to the date of finalized protocol.     

Risk Periods 
The risk period for outcome assessment will be as follows. For the BNT162b2 

vaccines, the outcome risk period will be 21 days post vaccination. The 21 days risk 

period will be further divided into 3 risk periods of 7 days each (0-7d; 8-14d; 15-21d) 

(Figure 1). For the mRNA-1273 vaccine, the risk period will be 28 days post vaccination 

that will be further divided into 4 risk period of 7 days each (0-7d; 8-14d; 15-21d; 22-28d) 

(Figure 1). For the natural infection cohort, the risk period will be 30 days post infection 

(Figure 2). 

Intervention 
The intervention will include exposure to first dose of either BNT162b2 vaccine or 

mRNA-1273 vaccine for vaccine analysis. For the natural infection cohort, the intervention 

will be an exposure to SARS-CoV-2 confirmed by the PCR+ test results.   

Outcomes   
The study outcomes will be the relative incidence of AESIs post vaccination and 

crude incidence rate pre- and post-vaccination as well as pre- and post-SARS-CoV-2 

infection. For BNT162b2 vaccination the outcomes will be RI of AESIs within 0-7d; 8-14d; 

15-21d and 0-21d post vaccination. For mRNA-1273 the outcomes will be RI of AESIs 

within 0-7d; 8-14d; 15-21d; 22-28d and 0-28d post vaccination. For the natural infection 

cohort, the outcomes will be RI of potential AESIs within 0-30 days post infection. We will 

consider a prespecified list of 15 potential adverse events of special interest (AESIs) in 

this study (Table 1). These potential adverse events were identified by the U.S. Food and 
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Drug Administration (U.S FDA) based on extensive literature review, consultation with 

subject matter experts, and examination of the lists developed by the organizations with 

a mandate to consider or assess COVID-19 vaccine safety (Table-2 in 

https://tinyurl.com/yc47nzab). The definition of each potential AESI includes a pre-cohort 

entry clean window, and different care setting as additional inclusion criterion apart from 

the list of ICD-9/10-CM codes. A clean window is defined as the time prior to the cohort 

entry, during which no AESI was observed. OMOP specific definitions of potential AESIs 

implemented earlier will be utilized in this study20. The OMOP specific definitions will be 

modified to include all types of clinical care setting such as inpatient, outpatients or 

emergency visits while constructing cohorts for each of the AESIs.  

Statistical Analysis 
The relative incidence of AESIs will be inferred using self-controlled case series 

(SCCS) study design. Each case acts as their own control. While SCCS design inherently 

controls for unobserved or observed time invariant confounders such as gender, the time 

variant confounders such as age could introduce bias. We will adopt a data-driven 

approach to adjust for age. The age will be quantized in 20 age groups or less calculated 

using quantiles of age at the time of vaccination. The RI will be inferred by fitting a Poisson 

distribution on the observed events before the vaccination period (as controls) and within 

21 days post-BNT162b2 (including 3 sub-risk period of 7 days), within 28 days post-

mRNA-1273 vaccines respectively (including 4 sub-risk periods of 7 days). For the natural 

infection cohort, the RI will be inferred using observed events any time before the infection 

(controls) compared with observed events within 30 days post infection. The crude 

incidence rate (CIR) will be calculated per 100,000 person-days. For the vaccination 

cohort, the CIR will be calculated any time prior to infection and within 21 days post-

BNT162b2 and within 28 days post-mRNA-1273 vaccines. The crude incidence rate will 

be calculated among the qualified individuals without the clean window criteria mainly 

because crude incidence rate is a descriptive statistic. The relative incidence will be 

calculated for the qualified individuals by accounting for the clean window criteria. The 

clean window is essential for relative incidence calculation to minimize the bias due to 

event dependent exposure.  
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The crude incidence rate as well as the relative incidence of AESIs will be inferred 

for the overall population, as well as population stratified by age and sex. For age 

stratification, we will consider two age groups, individuals aged <= 50 years and 

individuals aged > 50 year. The cumulative age distribution plots were utilized to assess 

the age groups for the age stratify analysis (Figure-8). For sex stratification we will 

consider female and males. Patient reported sex information will be utilized for sex-

stratification. Age will be calculated at the time of vaccination (first dose) for those in the 

vaccinated cohort, and at the time of first SARS-CoV-2 infection for those in the natural 

infection cohort. All p values will be corrected for multiple hypothesis testing using 

Benjamin & Hochberg method. The complete study will be implemented using R statistical 

software version 4.0.321 

 
Figure - 8 Cumulative age distribution. Age is calculated at the time of first dose.  

Day 0 Inflation 
Earlier investigations illustrate that day 0 might bias the estimated relative 

incidence, especially in the case of natural infection. For example, an occurrence of an 

adverse events on the day of COVID-19 diagnosis might relate to overall health of the 

individuals in the past and is probably independent of COVID-19. Such adverse events 

may peak on day 0, i.e., on the day of SARS-CoV-2 PCR testing due to health seeking 

behavior for underlying health conditions. Such adverse events occurring on day 0 may 

result in day 0 inflation and could be problematic as illustrated through simulation 

studies22. 
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 In this analysis, however, the day 0 inflation is not an issue mainly because of the 

way cohorts for each AESIs are constructed including respective clean window. We 

require that an individual in the vaccination cohort or in the natural infection cohort must 

not have an AESI on or during any clean period prior to vaccination or infection. For 

example, in the case of vaccination cohort and acute myocardial infarction, we require 

that an individual should not have an AMI on or 365d (length of clean window) prior to the 

vaccination. Inclusion of clean windows, therefore, remove all the adverse events that 

could possibly result in day 0 inflation bias. The frequencies of all the AESIs on or post 

vaccination, as well as on or post infection are illustrated in Figure - 9 and Figure – 10 

as further empirical evidence of the absence of day 0 inflation bias in our study.     
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Figure-9 Histogram of adverse events of special interest occurrence within 21 days post BNT162b2 
vaccination in the vaccination cohort. The x axis of each histogram represents a day after vaccination 
including day 0. Each bar represents the total number of events on a given day. As illustrated, there are no 
occurrence of any of AESIs on day 0, thus minimizing the possible impact of day 0 inflation bias (last 
updated – October 30).  
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Figure - 10 Histogram of adverse events of special interest occurrence within 30 days post SARS-CoV-2 
infection among the individuals in the natural infection cohort. The x axis of each histogram represents a 
day after vaccination including day 0. Each bar represents the total number of events on a given day. As 
illustrated, there are no occurrence of any AESIs on day 0, thus minimizing the possible impact of day 0 
inflation bias (last updated October-30).  
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Sensitivity Analysis 
We will undertake an array of sensitivity analyses as detailed below.  

1. There could be variations in the vaccine safety in prolonged periods post 

vaccination compared with short-term periods. To assess the long-term safety of 

vaccines, we will perform a separate analysis to calculate the relative incidence of 

each AESI in a prolonged post-vaccination risk period of 30-, 60- and 90-days 

respectively for BNT162b2 and mRNA-1273 vaccines individually among the 

individuals represented by the vaccination cohort (Vx) for the overall population as 

well as population stratified by age and sex.  

2. To assess the long-term impact of COVID-19 we will assess the relative incidence 

of AESIs within 30-, 60-, and 90-days post SARS-CoV-2 infection among the 

individuals represented by the natural infection cohort (Ifx) for the overall 

population as well as population stratified by age and sex.  

3. We aim to assess the impact of clean window in cohort selection of each AESIs. 

Towards this, we will perform a sensitivity analysis by reducing the clean window 

to half for each AESIs and calculate their relative incidence within 30-days post 

SARS-CoV-2 infection for the individuals in the natural infection cohort (Ifx), and 

within 21 days post-BNT162b2 vaccination and within 28 days post-mRNA-1273 

vaccination for the individuals in the vaccination cohort (Vx) for the overall 

population as well as population stratified by age and sex.  

4. Our study design choice includes observational data as far as January 1, 2012, 

back in time representing an extremely comprehensive baseline line period 

(control period) before vaccination. While there is certain statistical advantage of 

a comprehensive baseline period in terms of reducing uncertainty by sampling 

events from a prolonged period before vaccination, however, it may introduce bias 

due to unknown or un-measurable time varying confounders other than age. To 

assess the impact of baseline period, we will consider January 1, 2017, January 

1, 2018, and January 1, 2019, as study period start date to perform sensitivity 

analysis. For each study start date we will calculate the relative incidence rate of 

15 AESIs post-vaccination as well as post-SARS-CoV-2 infection among the 

individuals represented in the vaccination cohort (Vx) as well as those represented 
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in the natural infection cohort (Ifx) for the overall population and population 

stratified by age and sex.  

5. We aim to calculate the relative incidence of AESIs in the vaccination cohort as 

well in the natural infection cohort by removing patients who have known to have 

expired any time post vaccination or post infection irrespective of the post 

vaccination or post-infection risk periods. The reason to do so is to avoid biasing 

due to event dependent observation period.  

a. In the first set of sensitivity analysis, we will remove individuals who might 

have expired within 21d post BNT162b2, within 28d post mRNA-1273 

vaccination in the vaccination cohort and those who might have expired with 

30 days post infection in the natural infection cohort.  

b. In the second set of sensitivity analysis, we will remove all the individuals 

who were expired any time post vaccination or post infection in the 

vaccination cohort and natural infection cohort respectively.  

6. We will assess the crude and relative incidence rates of AESIs in the pre specified 

risk periods per CBER surveillance program protocol as listed here 

(https://bestinitiative.org/wp-content/uploads/2021/02/C19-Vaccine-Safety-

Protocol-2021.pdf) and shown in Table - 9 below.   
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Table-9 List of adverse events of special interest along with pre-specified risk periods. We aim to identify 
individuals with AESI in any healthcare setting as represented by the EHRs across UCHDW such as IP or 
OP or ED. For e.g. in the case of AMI, we will not restrict to IP alone. The reason to do so is because UC 
is a specialty care and patients could be referred to UC from elsewhere.   

 

Limitations 
There are a few limitations to our study. 

1. Influence of event depends on exposure: Under the assumption of SCCS design 

an event that can influence the exposure may result in the biased estimates of RI. 

We aim to address this bias by including the clean window prior to cohort 

construction for each AESIs.   

2. There could be potential bias due to day 0 inflation. We aim to address this bias 

by including the clean window for each AESIs, which as shown in Figure – 8 and 
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Figure – 9 results in 0 events on day 0 post vaccination or post infection in the 

vaccination cohort, and in the natural infection cohort respectively.  

3. Race and Ethnicity: This study will not stratify the data based on race or ethnicity 

of the patients. This is mainly because of missing nature of such information in the 

EHRs. The findings from this study may, therefore, be limited to overall population.  

4. Independence of AESIs: We will conduct our analysis independently for each of 

the AESIs. There could be a possible dependency among AESIs at the patient 

level. Our protocol is not tailored to assess the competing risk or dependencies 

between AESIs.  

5. Generalizability: This protocol uses data from UC Health alone. The findings from 

this study will, therefore, be limited to the population represented by 2 different UC 

campuses across the state of California. Further investigations across many other 

healthcare systems in the United States will be required to assess the 

generalizability of the findings.  

6. Limited power: The inherently rare nature of the AESIs will likely result in the 

observation of few cases for which to calculate incident rates (and the associated 

confidence intervals). Additional subgroup analyses (such as comorbidities, 

narrower age groups, etc.) may not be possible given the limited number of 

individuals in this study. 

7. Home testing of COVID-19 will remain the limitation of the study. At present, the 

home testing is not incorporated in the EHRs of the patients. Therefore, it will 

remain impossible to assess if an individual was tested positive at home unless or 

until the individual obtained care related to COVID-19 post infection confirmed 

using home testing kits.  
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