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1. Introduction
1.1 Background
CoronaVac, an inactivated-virus vaccine for COVID-19, has been used in all
Brazilian states from January to the present (November 2021). Evaluating the
effectiveness of vaccines used in COVID-19 immunisation programmes is necessary
to guide the national public health response (1). A previous study assessed the
effectiveness of CoronaVac among adults in Brazil (2). However, the waning of
protection after completion of CoronaVac’s two-dose has not previously been
investigated.

2. Objectives
2.1 General objective
Using Brazilian national data, we aim to evaluate the vaccine effectiveness (VE) of
the two-dose schedule of CoronaVac over time, and the effectiveness of the
BNT162b2 vaccine as a booster dose, against confirmed symptomatic SARS-CoV-2
infection and severe COVID-19 (defined as COVID-19 related hospitalisation or
death).

2.2 Specific objectives
a. To estimate the VE of CoronaVac over time against confirmed symptomatic
SARS-CoV-2 infection, following receipt of the second CoronaVac dose,
overall and by age group.
b. To estimate the VE of CoronaVac over time against severe COVID-19
(defined as COVID-19 related hospitalisation or death), following receipt of the
second CoronaVac dose, overall and by age group.
c. To estimate the VE of the vaccination scheme: two doses of CoronaVac +
BNT162b2 booster, against confirmed symptomatic SARS-CoV-2 infection,
among adults who completed the two-dose schedule of CoronaVac, overall
and by age group.
d. To estimate the VE of the vaccination scheme: two doses of CoronaVac +
BNT162b2 booster, against severe COVID-19 (defined as COVID-19 related
hospitalisation or death), among adults who completed the two-dose schedule
of CoronaVac, overall and by age group.

3. Study design
3.1 Study design
The test negative design is a type of case-control study, which uses population test
results, with the positive tests being the cases and the negative test being the
controls (3). It is ideally suited to situations where not everyone in a population is
being tested, since the factors that influence being tested (health seeking behaviour,
access to health care, availability of testing, etc) will apply to both those who test
positive and those who test negative (3,4). A test-negative case-control design
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(TND) will be used to estimate the VE of the two-dose schedule of CoronaVac over
time, and the VE of the BNT162b2 vaccine as a booster dose, against confirmed
symptomatic SARS-CoV-2 infection and severe COVID-19 (defined as COVID-19
related hospitalisation or death), among individuals in Brazil who had COVID-19-like
symptoms and were tested with RT-PCR for SARS-CoV-2 between January 18,
2021 and November 11, 2021.

3.2 Setting
Brazil.

3.3 Population
Individuals aged 18 years or older in Brazil who have COVID-19-like symptoms and
were tested with RT-PCR for SARS-CoV-2 between January 18, 2021 and
November 11, 2021.

3.4 Inclusion/exclusion criteria
The eligible study population will be individuals aged 18 years or older in Brazil who
have COVID-19-like symptoms and were tested with RT-PCR for SARS-CoV-2.
We will exclude (i) individuals younger than 18 years, (ii) individuals who received
first and second doses of different vaccines; (iii) individuals whose time interval
between the first and second doses was less than 14 days; (iv) tests with missing
information of age, sex, city of residence or sample collection date; (v) consecutive
negative tests less than 14 days apart; (vi) negative tests followed by a positive test
up to 7 days; (vii) any test after a positive test up to 90 days; (viii) tests with a
symptom onset date greater than notification date.

3.5 Cases and controls for analysing confirmed symptomatic SARS-CoV-2
infection
Cases: individuals who have COVID-19-like symptoms and have a positive RT-PCR
test result for SARS-CoV-2 from a sample collected within 10 days of symptoms
onset.
Controls: individuals who have COVID-19-like symptoms and have a negative RTPCR test result for SARS-CoV-2 from a sample collected within 10 days of
symptoms onset.

3.6 Cases and controls for analysing severe COVID-19
Cases: individuals who have COVID-19-like symptoms, have a positive RT-PCR test
result for SARS-CoV-2 within 10 days of symptoms onset, and have experienced
COVID-19 related hospitalisation within 28 days of sample collection, or death up to
28 days of sample collection.
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Controls: individuals who have COVID-19-like symptoms and have a negative RTPCR test result for SARS-CoV-2 from a sample collected within 10 days of
symptoms onset.

3.7 Valid RT-PCR test result
An RT-PCR test result will be considered valid if:
1. There is no positive test result in the previous 90 days to the current positive
test result.
2. There is no positive test result in the 14 days after a negative test result.

3.8 Variables
3.8.1 Outcomes
The outcomes of interest will be:
(i)
Confirmed symptomatic SARS-CoV-2 infection;
(ii)
Severe COVID-19, defined as COVID-19 related hospitalisation or death.

3.8.2 Exposures
For estimating the VE of CoronaVac over time, the exposure will be time since the
second dose of CoronaVac, with unvaccinated individuals used as the reference
group. Time since the second dose of CoronaVac will be defined as the time
between vaccination date and symptoms onset.
In the current data, we may have limited follow-up time after the BNT162b2 booster.
Therefore, for estimating the VE of the BNT162b2 booster, the exposure will be
BNT162b2 booster receipt status, with time since vaccination not considered and
unvaccinated individuals used as the reference group.

3.8.3 Potential confounders
The analyses will be adjusted for potential confounders such as age, sex, temporal
trend, state of residence, previous infection, pregnancy, postpartum period, and
comorbidities. These have been identified as potential confounders on the basis of
findings from previous studies (2,5). The temporal trend will be estimated using the
time elapsed, in days, between the study start and the date of symptoms onset.

3.8.4 Potential effect modifiers
Age, a potential effect modifier (6), will be considered for performing a subgroup
analysis. Other effect modifiers, such as region or state, may be also considered if
adequate numbers are available for deriving meaningful statistical inferences.
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3.9 Data
3.9.1 Data sources
We will use three administrative datasets with national coverage:
● Programa Nacional de Imunizações (PNI), which holds records of all vaccines
administered;
● e-SUS Notifica, which holds records of clinical and laboratory testing of all
COVID-19 suspected cases; and
● Sistema de Informação da Vigilância Epidemiológica da Gripe (SIVEP-Gripe),
which holds records of all COVID-19 related hospitalisations and deaths.
The datasets described will be deterministically linked using a unique identifier
available across all health datasets, in a secure data-management environment
within FIOCRUZ. The study researchers will have access to anonymised data only.
Table 1 lists the groupings of variables available for this study by data source.
Exposure data are described in the vaccination category. Outcome data are
described in the secondary care, mortality, and laboratory testing categories. The
remaining categories contain data on potential confounding factors or effect
modifiers.
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Table 1: Data items/variables and data sources
Data category

Data item

Data source

Age

PNI or eSUS
Notifica or SIVEPGripe

Sex

PNI or eSUS
Notifica or SIVEPGripe

State of residence

PNI or eSUS
Notifica or SIVEPGripe

Vaccine type

PNI

Vaccine dose

PNI

Vaccination date

PNI

RT-PCR test result

eSUS Notifica or
SIVEP-Gripe

Rapid antigen test result

eSUS Notifica or
SIVEP-Gripe

Date of symptoms onset

eSUS Notifica or
SIVEP-Gripe

Date of sample collection

eSUS Notifica or
SIVEP-Gripe

Secondary care

Date of COVID-19 hospital admission

SIVEP-Gripe

Mortality

Date of COVID-19 death

SIVEP-Gripe

Comorbidities

Cardiac disease, diabetes mellitus, obesity,
immunosuppression, and chronic kidney disease

eSUS Notifica or
SIVEP-Gripe

Pregnancy

Pregnancy indicator and postpartum period

eSUS Notifica or
SIVEP-Gripe

Sociodemographic

Geographic

Vaccination

Laboratory
testing

3.9.2 Consistency and error checking
We will examine the patterns of missingness and check for implausible values (e.g.
date of second vaccine dose being earlier than the first) for all analytical variables
being used, with a record maintained of reasons for exclusion of any records from
analysis. In the case where a variable of interest has high levels of missingness, we
may consider using alternative variables that are closely related as a proxy for these
missing data.

3.9.3 Sample size
Based on a previous study (2), we anticipate having over 22 million individuals
vaccinated with two doses of CoronaVac for our analyses.
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4. Statistical analyses
4.1.1 Analytical procedures
We will conduct descriptive analyses to visually inspect trends in vaccination
delivery, SARS-CoV-2 infection, and COVID-19 related hospitalisations and deaths,
including by age groups. The descriptive analysis of vaccination delivery will include
assessing the number of people who have received the two-dose schedule of
CoronaVac, the BNT162b2 booster, and the length of follow-up available following
the second CoronaVac dose and the BNT162b2 booster.
Generalized additive logistic regression will be used to estimate the odds ratio (OR)
comparing the odds of vaccination between cases and controls, and the associated
95% confidence interval. This regression analysis will be adjusted for potential
confounders such as age, sex, temporal trend, state of residence, previous infection,
pregnancy, postpartum period, and comorbidities. We will compare the standard
errors of the VE effect estimates from the fully adjusted model to those from the
basic model, adjusted only for age and sex, to check for multicollinearity (7). The
temporal trend will be estimated using the time elapsed between the study start and
the date of symptoms onset. Temporal trend and age will be modeled as cubic
regression spline smooth functions. VE will be estimated as 1-OR and expressed as
a percentage.

4.1.2 Subgroup analysis
The analytical procedures described in section 4.1.1 will be applied to conduct a
subgroup analysis by age (e.g., 18–59, 60–79, and ≥80 years), with models being
estimated for each age group.

4.1.3 Sensitivity analysis
As a sensitivity analysis, we will include SARS-CoV-2 tests based on antigen
detection in addition to RT-PCR tests. Antigen test has lower accuracy compared to
RT-PCR. However, antigen tests have been progressively replacing the RT-PCR
test.

4.2 Corrections for multiple testing
Following previous epidemiological recommendations (8), we will not correct for
multiple testing since we are focused on effect estimation rather than hypothesis
testing.

4.3 Missing data
We will examine the quantity and patterns of missing data in all covariates. We may
use records with no item missingness (complete case analysis) or include a missing
category. Missing data will be reported as percentages of total or raw numbers
where possible.
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4.4 Statistical software
Analyses will be conducted using the R statistical software.

5. Reporting results
5.1 Reporting guidelines and conventions
Results will be reported according to the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) and Reporting of studies
Conducted using Observational Routinely-collected Data (RECORD) guidelines. Pvalues will be quoted to two decimal places, unless they are less than 0.001
(whereby the p-value will be given as <0.001) or between <0.005 and >0.001, in
which case they will be stated to three decimal places. Measures of association will
be interpreted based on 95% CIs.

5.2 Dissemination
The analyses will be written in a manuscript and submitted to a peer-reviewed
journal. We will also seek to provide feedback to relevant COVID-19 advisory bodies
(e.g. the Brazilian Ministry of Health) as appropriate. All codes used in the analyses
will be made publicly available via a GitHub repository.

6. Main changes from the first to the second version of the
SAP
In the first version of the SAP we considered using cohort and TND study designs,
but after methodological discussions with statisticians and epidemiologists, we
decided to use only the TND. Compared to the cohort design, the TND has important
advantages such as the possibility of controlling for healthcare seeking behaviour,
access to testing, and case ascertainment (9). Furthermore, the TND has been more
commonly applied and recommended for vaccine effectiveness studies (9). Another
relevant change was the inclusion of the objective of estimating the effectiveness of
the BNT162b2 vaccine as a booster dose after completion of the two-dose schedule
of CoronaVac.
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