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Vaccine effectiveness of heterologous CoronaVac
plus BNT162b2 in Brazil
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There is considerable interest in the waning of effectiveness of coronavirus disease 2019 (COVID-19) vaccines and vaccine
effectiveness (VE) of booster doses. Using linked national Brazilian databases, we undertook a test-negative design study
involving almost 14 million people (~16 million tests) to estimate VE of CoronaVac over time and VE of BNT162b2 booster vacci-
nation against RT-PCR-confirmed severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection and severe COVID-
19 outcomes (hospitalization or death). Compared with unvaccinated individuals, CoronaVac VE at 14-30 d after the second
dose was 55.0% (95% confidence interval (Cl): 54.3-55.7) against confirmed infection and 82.1% (95% CI: 81.4-82.8) against
severe outcomes. VE decreased to 34.7% (95% CI: 33.1-36.2) against infection and 72.5% (95% CI: 70.9-74.0) against severe
outcomes over 180 d after the second dose. A BNT162b2 booster, 6 months after the second dose of CoronaVac, improved VE
against infection to 92.7% (95% Cl: 91.0—94.0) and VE against severe outcomes to 97.3% (95% Cl: 96.1-98.1) 14-30 d after
the booster. Compared with younger age groups, individuals 80 years of age or older had lower protection after the second dose
but similar protection after the booster. Our findings support a BNT162b2 booster vaccine dose after two doses of CoronaVac,

particularly for the elderly.

of the coronavirus disease 2019 (COVID-19) pandemic.

Inactivated virus vaccines are among the most widely
used worldwide, and they are especially useful for low- and
middle-income countries given their less stringent cold chain
requirements for preservation and transportation and their lower
costs compared to mRNA vaccines. The most commonly used
inactivated virus vaccines are CoronaVac, Sinopharm and Bharat
Biotech, with more than 4.5 billion doses of these vaccines having
been delivered worldwide as of 14 December 2021 (ref. ').

Initial evaluations of VE of inactivated virus vaccines have dem-
onstrated high protection against severe disease, especially in the
non-elderly population®’. However, even in younger individuals,
VE is lower compared to other vaccine types’. There is growing
evidence of waning protection against severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infection and severe COVID-
19 outcomes for mRNA-based vaccines coding for the spike
protein*’. Neutralizing antibody responses wane after CoronaVac
vaccination®’, but the durability of VE against clinical outcomes is
unknown and has important implications for informing decisions
about vaccine boosters.

In Brazil, COVID-19 vaccination started on 18 January 2021.
The Brazilian COVID-19 vaccination program now includes
CoronaVac (Sinovac Biotech), ChAdOx1 (AstraZeneca), Ad26.
COV2.S (Janssen) and BNT162b2 (Pfizer-BioNTech) vaccines for

\/accination is an essential strategy to mitigate the effects

primary immunization. All doses administered in Brazil were pro-
vided by the Ministry of Health. CoronaVac was the first COVID-19
vaccine to be offered and was the most widely used among individu-
als 60 years of age and older. By the end of June, most elderly indi-
viduals had received two doses of CoronaVac (primary vaccination
series)’. Six months after completing a primary vaccination series,
individuals become eligible for a booster dose, preferentially with
BNT162b2 vaccine®.

Using Brazilian national data, we evaluated the effectiveness of
two doses of CoronaVac against confirmed SARS-CoV-2 infection
and severe COVID-19 outcomes (hospitalization and death) from
time since vaccination compared to unvaccinated individuals, using
a test-negative design (TND) case—control study. We also estimated
the effectiveness of the BNT162b2 mRNA vaccine as a booster dose,
which has been the most widely used booster vaccine in Brazil. A
summary of the main findings, limitations and policy implications
of the study is provided in Table 1.

Results

From 24 February 2020 to 11 November 2021, 23,476,273 individu-
als were tested for suspected SARS-CoV-2 infection, with a peak of
severe outcomes between February 2021 and April 2021 (Extended
Data Figs. 1-4). Among the 13.3 million tests not eligible for this
study, 8.8 million were performed before the vaccination campaign
in Brazil (18 January 2021). These tests were used only to access the
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Table 1| Policy summary

Background Protection of mMRNA-based and viral vector-based vaccines against infection, hospital admission and
death due to SARS-CoV-2 declines over time, with these effects being most pronounced among the
elderly. It is unclear whether similar patterns of waning are seen for inactivated whole-cell COVID-19
vaccines. In Brazil, CoronaVac has been administered since January 2021, and most older individuals
received this vaccine. In September 2021, a booster vaccine dose program began, this being offered to
individuals 6 months after completing their primary vaccination schedule. The BNT162b2 mRNA vaccine
was primarily used for boosters.

Main findings and limitations Analyzing linked national Brazilian databases, we observed that protection against infection,
hospitalization and death fell over time after the primary vaccination schedule with CoronaVac, with
particularly marked decreases in older individuals. The decline in VE occurred in the context of Gamma
and Delta being the dominant viral variants. A BNT162b2 mRNA booster dose restored VE against
infection and severe outcomes in all age groups.

Some limitations include the short length of follow-up after the booster dose and analyzing only
BNT162b2 mRNA boosters. Changes in transmission rates and in the viral variants circulating during the
study period might have influenced VE over the time.

Policy implications Our findings provide evidence for using a heterologous booster of the BNT162b2 mRNA vaccine after
completing the primary CoronaVac immunization schedule to achieve a sufficient level of protection
against infection and severe outcomes. Continuous monitoring of VE will be necessary to evaluate the
duration of protection after the booster dose.

Valid tests* from 24 February 2020 to 11 November 2021 = 29,088,356
Individuals = 23,476,273

Excluded tests:

Notification before 18 January 2021 = 8,813,201

Younger than 18 years old = 2,595,143

Missing symptoms’ data = 50,159

Duplicated notification = 539,239

Inconsistencies (date of symptom onset greater than notification) = 183,671
Negative test followed by positive (up to 7 d): 83,198

Consecutive negative tests fewer than 14 d = 330,489

Consecutive positive tests fewer than 90 d = 431,873

People with different vaccine types between first and second dose = 302,472
Missing values in age, sex, sample collection date and city = 2,847

e o o o o o o o o o

Eligible for case—control from
18 January 2021 to 11 November 2021
Tests (RT-PCR and antigen) = 15,756,064
Individuals = 14,362,482

RT-PCR tests = 7,747,121
Individuals = 7,314,318

Controls: Cases:
Tests = 4,373,385 Tests = 3,373,736
Individuals = 4,035,038 Individuals = 3,279,280
Hospitalization = 116,421 Hospitalization = 470,541
Death = 30,033 Death = 140,193

Fig. 1| Flowchart of the study population from surveillance databases and selection of cases and controls. *Antigen or RT-PCR—sample collected 10 or
fewer days after symptom onset.

status of the previous infections of the study participants and were  not included in the present study. In the study period—18 January
not used in the main analysis. Additionally, 2.6 million tests were 2021 to 11 November 2021—a total of 14,362,482 individuals were
performed in individuals younger than 18 years of age, an age group  considered eligible and were tested either by rapid antigen test or
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Fig. 2 | Number of cases and controls, by week, during the study period, stratified by vaccination status (unvaccinated, vaccinated with CoronaVac
and vaccinated with other vaccines). Green, individuals with at least one dose of CoronaVac. Blue, individuals with at least one dose of any other vaccine

(BNT162b2, ChAdOx1 or Ad26.COV2.S). Red, individuals unvaccinated.

RT-PCR, of whom 7,314,318 individuals (7,747,121 tests) were
tested by RT-PCR (Fig. 1).

Most individuals (71.4%) were unvaccinated at the time of test-
ing, but there was a sharp decrease in the number of tests per week
after June 2021 and a gradual transition to more vaccinated indi-
viduals being tested, corresponding to the increase in the cumula-
tive uptake of vaccination in Brazil (Fig. 2 and Supplementary Fig.
1). A total of 913,052 individuals were vaccinated with CoronaVac,
of whom 7,863 received a booster dose of BNT162b2. Most of these
individuals (93.4%) were tested within 30 d after the booster dose
(Table 2, Extended Data Tables 1 and 2 and Extended Data Figs. 5
and 6).

Main analyses. Compared to unvaccinated individuals, VE against
infection and severe outcomes progressively decreased with time
from the second CoronaVac dose and increased after the BNT162b2
booster dose (Tables 3 and 4). Waning protection was more marked
for infection than for severe COVID-19 outcomes. Between 14-30
d and more than 180 d after the second dose, VE against infection
decreased from 55.0% (95% confidence interval (CI): 54.3-55.7) to
34.7% (95% CI: 33.1-36.2). There was an increase in VE 7-13 d after
BNT162b2 booster vaccination (80.2%, 95% CI: 77.0-82.9), reach-
ing a peak at 14-30 d (92.7%, 95% CI: 91.0-94.0). A decrease in VE
against infection was observed 30 d after the booster dose (82.6%,
95% CI: 76.9-86.9); however, this group represents only 6.6% of
individuals who received a booster dose in our sample (Table 3 and
Extended Data Table 1).

Estimated VE for severe disease also decreased from 82.1% (95%
CI: 81.4-82.8) at 14-30 d to 72.5% (95% CI: 70.9-74.0) more than

840

180 d after the second CoronaVac dose (Table 3). VE then increased
gradually after the BNT162b2 booster dose to 80.6% (95% CI: 76.4—-
84.0) at 0-6 d, 97.3% (95% CI: 96.1-98.1) at 14-30 d and 96.8%
(95% CI: 94.1-98.3) 30 d after booster vaccination (Table 4).

Subgroup analyses by age and outcome. We also conducted an
analysis by age groups of VE after CoronaVac and VE after the
BNT162b2 booster. The comparison for VE estimates was unvac-
cinated individuals. In individuals 80 years of age or older, the pat-
tern of waning was more accentuated. The VE against infection
fell from 50.3% (95% CI: 46.8-53.6) at 14-30 d to 10.1% (95% CI:
1.1-18.3) at more than 180 d after the second dose of CoronaVac.
After the booster dose of BNT162b2, VE against infection reached
82.0% (95% CI: 75.0-87.0) at 14-30 d and 66.4% (95% CI: 49.6—
77.5) at more than 30 d after the booster dose. Protection against
severe disease fell from 68.7% (95% CI: 65.9-71.2) at 14-30 d to
41.0% (95% CI: 34.1-47.3) at more than 180 d after the second dose
with CoronaVac (Table 4). A marked increase in VE was observed
at 14-30 d (89.5%, 95% CI: 83.9-93.1) and over 30 d (89.3%, 95%
CI: 78.6-94.7) after administration of the booster dose (Table 4).
Waning of protection was also observed for individuals aged 18-59
and 60-79 years, although to a lesser extent, with increases in VE
after the booster dose (Tables 3 and 4).

The effectiveness against hospitalization after the primary vac-
cination series with CoronaVac at 14-30 d after the second dose
was 82.1% (95% CI: 81.4-82.8) and 72.4% (95% CI: 70.7-73.9) at
more than 180 d after the second dose. Fourteen to 30 d after the
BNT162b2 booster dose, this increased to 97.2% (95% CI: 96.0—
98.0). Similar results were observed for protection against death.
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Table 2 | Clinical and sociodemographic characteristics of individuals included in a TND analysis by SARS-CoV-2 RT-PCR positivity

Characteristic Controls, n=4,373,385

Cases, n=3,373,736

Overall, n=7,747121

Individuals
Age, years (median IQR)
Sex, female
Race
White
Black
Asian
Mixed
Indigenous
(Missing)
Age group
18-59
60-79
>80
Region of residence
Central West
North
Northeast
South
Southeast
Pregnancy
Postpartum period
Number of comorbidities
0

>2
Previous confirmed infection
Vaccination status
Unvaccinated
CoronaVac
Other vaccines
Hospitalization?
Death®

Hospitalization or death?

4,035,038 (92%)
37 (28, 49)
2,457,036 (56.2%)

1,895,837 (43.3%)
206,689 (4.7%)
74,183 (1.7%)
1,369,960 (31.3%)
5425 (0.1%)
821,291 (18.8%)

3,838,544 (87.8%)
453,589 (10.4%)
81,252 (1.9%)

835,224 (191%)
208,015 (4.8%)
784,288 (17.9%)
330,917 (7.6%)
2,214,941 (50.6%)
47,568 (11%)
3,429 (01%)

3,921,752 (89.7%)
346,883 (7.9%)
104,750 (2.4%)
233,810 (5.3%)

2,868,434 (65.6%)
590,266 (13.5%)
914,685 (20.9%)
116,421 (2.7%)
30,033 (0.7%)
119125 (2.7%)

3,279,280 (97%)
41(31,54)
1,744,427 (51.7%)

1,311,471 (38.9%)
145,220 (4.3%)
52,994 (1.6%)
1,159,865 (34.4%)
2,698 (0.1%)
701,488 (20.8%)

2,820,645 (83.6%)
473,094 (14.0%)
79,997 (2.4%)

466,542 (13.8%)
155,470 (4.6%)
718,474 (21.3%)
325,544 (9.6%)
1,707,706 (50.6%)
18,990 (0.6%)
2,136 (0.1%)

2,875,746 (85.2%)
351,777 (10.4%)
146,213 (4.3%)
39,593 (1.2%)

2,661,562 (78.9%)
322,786 (9.6%)
389,388 (11.5%)
470,541 (14%)
140,193 (4.2%)
477,751 (14.2%)

7,314,318 (94%)
39 (29,51
4,201,463 (54.2%)

3,207,308 (41.4%)
351,909 (4.5%)
127,177 (1.6%)
2,529,825 (32.7%)
8,123 (0.1%)
1,522,779 (19.7%)

6,659,189 (86.0%)
926,683 (12.0%)
161,249 (21%)

1,301,766 (16.8%)
363,485 (4.7%)
1,502,762 (19.4%)
656,461 (8.5%)
3,922,647 (50.6%)
66,558 (0.9%)
5,565 (0.1%)

6,797,498 (87.7%)
698,660 (9.0%)
250,963 (3.2%)
273,403 (3.5%)

5,529,996 (71.4%)
913,052 (11.8%)
1,304,073 (16.8%)
586,962 (7.6%)
170,226 (2.2%)
596,876 (7.7%)

IQR, interquartile range; n (%). *Related to COVID-19 (for cases) and related to other acute respiratory illness (control).

VE against death varied from 82.7% (95% CI: 81.7-83.6) at 14-30
d to 74.8% (95% CI: 72.2-77.2) at more than 180 d after the second
dose and increased to 98.3% (95% CI: 96.3-99.2) 14-30 d after the
BNT162b2 booster dose. Both hospitalizations and deaths had a
similar pattern compared to the composite outcome when stratified
by age group (Extended Data Tables 3 and 4).

Sensitivity analyses. Given that there was an increase in the use
of rapid antigen tests as a diagnostic tool in Brazil, despite its
lower accuracy compared to RT-PCR tests, we performed a sen-
sitivity analysis including both diagnostic tests as inclusion crite-
ria. Similar results were obtained when an antigen detection test
was used in addition to RT-PCR to define the clinical outcome
(Supplementary Table 2). Using rapid antigen plus RT-PCR tests
as diagnostic criteria, VE against SARS-CoV-2 infection between
14 and 30 d after the booster was 97.2% (95% CI: 96.0-98.0),
which was similar to VE for the main analysis using only RT-PCR
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tests in this period. We observed that VE against SARS-CoV-2
infection more than 30 d after the booster was different when
comparing rapid antigen plus RT-PCR tests (96.7%, 95% CI:
93.9-98.2) to only RT-PCR (82.6%, 95% CI: 76.9-86.9). This
difference when compared to the estimates using RT-PCR alone
is likely due to the increase in the sample size (Supplementary
Tables 1 and 2).

To untwine the roles of the recent update of booster doses and
circulation of the Delta variant, we assessed the additional pro-
tection offered by the booster dose compared to individuals who
received only two doses of CoronaVac in the period of predominant
circulation of the Delta variant (August-November 2021). We eval-
uated VE at peak response after the booster dose (14-30 d) com-
pared to VE in those who had completed the two-dose CoronaVac
immunization regimen more than 180 d beforehand. At 14-30 d
after the booster dose, VE against infection was 88.8% (95% CI:
86.3-90.8), and VE against severe outcome was 90.1% (95% CI:
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Table 3 | Effectiveness of CoronaVac vaccine against confirmed
SARS-CoV-2 infection, by length of time (in days) since two-
dose vaccination or BNT162b2 booster dose, stratified by age
group

Period after Overall 18-59 60-79 >80
vaccine (days)
Second dose
0-13 37.9% 43.5% 32.2% 28.3%
(36.9-38.8) (424-44.7) (30.1-34.2) (23.4-32.9)
14-30 55.0% 56.5% 55.1% 50.3%
(54.3-55.7)  (55.6-57.5) (53.7-56.5) (46.8-53.6)
31-60 51.7% 52.9% 51.1% 47.0%
(511-52.4) (521-53.8) (49.7-52.4) (43.7-50.1)
61-90 47.6% 48.9% 45.3% 41.0%
(46.8-48.3) (479-49.9) (43.6-46.9) (37.3-44.4)
91-120 46.1% 52.3% 39.8% 31.8%
(45.3-46.9) (51.3-53.2) (37.8-41.8) (27.3-36.1)
121-150 41.8% 50.6% 36.3% 22.1%
(40.8-42.8) (49.3-519) (33.8-38.7) (16.5-27.3)
151-180 38.0% 44.0% 35.3% 151%
(36.7-39.3)  (42.3-456) (32.2-38.2) (8.3-21.5)
>180 347 % 34.1% 34.5% 10.1%
(331-36.3)  (32.2-35.9) (29.9-38.7) (11-18.3)
Booster (BNT162b2)
0-6 39.6% 40.3% 35.7% 11.5%
(33.8-44.8) (31.6-47.8) (25.2-44.8) (-12.4-30.3)
7-13 80.2% 84.6% 75.9% 59.6%
(77.0-829) (80.2-88.0) (69.6-80.8) (44.9-70.4)
14-30 92.7% 93.5% 93.4% 82.0%
(91.0-94.0) (90.7-95.5) (90.3-95.5) (75.0-87.0)
>30 82.6% 61.8% 81.2% 66.4%
(76.9-86.9) (27.2-79.9) (67.6-89.1) (49.6-77.5)

85.7-93.1), relative to those two-dose CoronaVac vaccinated over
180 d ago (Supplementary Tables 4 and 5).

Discussion

The overall VE of CoronaVac against confirmed SARS-CoV-2
infection and COVID-19 hospitalization or death waned over time.
Protection rebounded, reaching values higher than observed for
the two-dose regimen, after a booster dose with BNT162b2. To our
knowledge, this is the first study to demonstrate the VE of heterolo-
gous prime booster vaccination using an inactivated vaccine and an
mRNA vaccine booster.

Our findings on the waning protection of CoronaVac and the
effect of a heterologous prime boost dose are consistent with stud-
ies evaluating long-term immune responses after inactivated virus
vaccines™!. Vaccine-induced antibodies declined with time after
CoronaVac vaccination’ and increased when a booster dose of
BNT162b complemented the two-dose schedule of inactivated vac-
cine in humans and in an animal model'*'?. These findings support
the use of an mRNA vaccine booster dose in individuals immunized
with two doses of CoronaVac. Other issues, such as the inequity of
access to the vaccine and the emergence of new variants, should also
be considered in addition to VE when including booster doses in
vaccine schedules.

The waning of VE occurred in all age groups but was most evident
in the elderly. Similar findings, albeit of different magnitudes, have
also been found for BNT162b2 and ChAdOx1 vaccines, and lower
VE for the elderly has been previously reported for CoronaVac*'*-"°.
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Table 4 | Effectiveness of CoronaVac vaccine against COVID-19
hospitalization or death, by length of time (in days) since two-
dose vaccination or BNT162b2 booster dose, stratified by age
group

Period after Overall 18-59 60-79 >80
vaccine (days)
Second dose
0-13 65.5% 79.6% 64.5% 51.4%
(64.2-66.6) (77.6-81.4) (62.8-66.1) (47.3-55.1)
14-30 82.1% 91.4% 81.6% 68.7%
(81.4-82.8) (90.3-92.4) (80.6-82.5) (65.9-71.2)
31-60 82.6% 89.9% 81.4% 66.5%
(821-83.2) (88.9-90.9) (80.6-82.2) (64.0-68.9)
61-90 80.5% 87.2% 77.6% 63.2%
(79.8-81.0) (86.0-88.3) (76.6-78.6) (60.4-65.8)
91-120 78.9% 89.0% 75.5% 58.0%
(78.3-79.6) (87.8-90.0) (74.3-76.7) (54.7-61.1)
121-150 77.0% 86.7% 74.9% 52.1%
(761-77.8) (85.2-88.0) (73.5-76.3) (48.0-55.8)
151-180 75.0% 81.9% 74.7% 47.9%
(73.9-76.0) (79.8-83.8) (729-76.4) (42.9-52.4)
>180 72.6% 74.8% 72.6% 41.4%
(71.0-74.2) (721-77.2) (69.5-75.3) (34.5-47.5)
Booster (BNT162b2)
0-6 80.6% 89.1% 79.6% 48.8%
(76.4-84.0) (76.6-949) (73.5-84.2) (31.3-61.9)
7-13 91.4% 95.8% 88.3% 78.0%
(88.5-93.5) (82.9-99.0) (831-91.8) (671-85.3)
14-30 97.3% 97.9% 97.1% 89.5%
(96.1-981) (85.0-99.7) (94.7-98.5) (83.9-93.1)
>30 96.8% 100% (*) 92.0% 89.3%
(94.1-98.3) (79.6-96.9) (78.6-94.7)

*The Cl could not be estimated owing to zero/few events in the group.

Immunologic protection markers, such as neutralizing antibodies,
were also less frequently detected in older versus younger individu-
als after vaccination with CoronaVac'®. As CoronaVac was the first
vaccine administered in Brazil, with high uptake in the elderly,
there is an over-representation of elderly individuals with longer
follow-up. In the present report, although individuals 80 years
and older had less than 50% protection against severe COVID-19
5 months after the second CoronaVac dose, VE was over 70% for
vaccinees younger than 80 years of age 6 months after the second
dose. Considering that older adults are at increased risk of severe
outcomes, these results reinforce the necessity of closely monitoring
VE for this population.

A strength of our study was the use of large-scale, high-quality,
routinely collected real-world data from Brazil. The study used a
TND, a design that minimizes bias related to access to healthcare,
the occurrence of symptoms and health-seeking behaviors. In Brazil,
no specific recommendation was made against testing individuals
who were vaccinated. Additionally, similar results were obtained in
sensitivity analyses using both RT-PCR and antigen tests, demon-
strating the robustness of our findings.

This study has several limitations. First, there was a decrease
in transmission rates over time in Brazil, but we adjusted for tem-
poral trends in the analyses. Second, it is possible that changes in
viral variants might confound our assessment of VE over time. A
stepwise increase in the frequency of Gamma and Delta variants of
concern was observed in January-July 2021 and in August-October

NATURE MEDICINE | VOL 28 | APRIL 2022 | 838-843 | www.nature.com/naturemedicine


http://www.nature.com/naturemedicine

NATURE MEDICINE

ARTICLES

2021, respectively, which are included in our study period. An addi-
tional effect of the Delta variant in time-dependent waning immu-
nity has been demonstrated after vaccination with two doses of
CoronaVac". Third, it is difficult to isolate the performance of one
vaccine in a scenario with high uptake of three other vaccines.

In conclusion, we have shown that the VE of the two-dose
regimen of CoronaVac against both SARS-CoV-2 infection and
COVID-19-related severe outcomes waned for all age groups,
particularly in the elderly, and protection increased after a
BNT162b2 mRNA booster dose. Our findings provide supportive
evidence for a marked increase in protection against both infec-
tion and severe outcomes after using a heterologous booster of
the BNT162b2 mRNA vaccine in addition to the regular immu-
nization schedule of CoronaVac, especially for older people. A
longer follow-up period is necessary to understand how long this
level of protection lasts.
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Methods

Study design and data sources. The TND is a type of case-control study that uses
population test results, with the positive tests being the cases and the negative
tests being the controls. It is ideally suited to situations where not everyone

in a population is being tested, because the factors that influence being tested
(health-seeking behavior, access to healthcare, availability of testing, etc.) will
apply to both those who test positive and those who test negative'*. We conducted
a TND case-control study to assess VE of the two-dose schedule of CoronaVac
over time and the booster dose of BNT162b2 on RT-PCR-confirmed SARS-CoV-2
infection and severe COVID-19 outcomes (hospitalization or death) among
adults. From January to November 2021, Gamma and Delta variants circulated

in Brazil (Supplementary Fig. 2). The Brazilian Ministry of Health reccommends
28 d between the first and second doses of CoronaVac. In the second semester of
2021, a booster dose using BNT162b2, ChAdOx1, Ad26.COV2.S or CoronaVac
was recommended 6 months after the second CoronaVac dose', although
approximately 92% received BNT162b2 (Supplementary Fig. 3).

We analyzed a deterministically linked dataset comprised of the Programa
Nacional de Imunizagdes, which holds records of all vaccines administered in
Brazil (BNT162b2, ChAdOx1, Ad26.COV2.S or CoronaVac); the e-SUS Notifica,
which contains records of suspected and confirmed COVID-19 in outpatient
clinics; and the Sistema de Informagéo da Vigilancia Epidemioldgica da Gripe,
which holds records of all COVID-19 hospitalizations and deaths. All data were
pseudo-anonymized, with a common unique identifier provided by the Brazilian
Ministry of Health (Supplementary Fig. 4). The research protocol was approved
by the Brazilian National Commission in Research Ethics (CONEP) (approval no.
4.921.308). Our statistical analysis plan is available at https://vigivac.fiocruz.br.

All individuals aged 18 years or older who reported COVID-19-like symptoms
and were tested for SARS-CoV-2 between 18 January 2021 and 11 November 2021
were eligible for the study. We excluded: (1) individuals younger than 18 years;

(2) individuals who received a different vaccine for the second dose from the

first; (3) individuals whose time interval between the first and second doses was
fewer than 14 d; (4) tests with missing information of age, sex, city of residence

or sample collection date; (5) negative test within 14 d of a previous negative test;
(6) negative test followed by a positive test up to 7 d; (7) any test after a positive
test up to 90 d; and (8) tests with a symptom onset date greater than notification
date (Fig. 1). Cases of confirmed infection were defined as adults with a positive
SARS-CoV-2 RT-PCR test and controls with a negative SARS-CoV-2 RT-PCR test,
both from a sample collected within 10 d of symptom onset. Cases of COVID-19
hospitalization or death were defined by a positive SARS-CoV-2 test accompanied
by hospitalization or death occurring within 28 d of the sample collection date.
Controls for the outcome of hospitalization or death were defined based on a
negative test.

As a sensitivity analysis, we included SARS-CoV-2 tests based on antigen
detection in addition to RT-PCR tests. Antigen test has lower accuracy than RT-
PCR test'””. However, the antigen test has been progressively replacing the RT-PCR
test, corresponding to 50.8% of the confirmatory tests for SARS-CoV-2 in the
sample population of this study.

Statistical analysis. The odds ratio (OR) comparing odds of vaccination between
cases and controls and its associated 95% CI were derived using generalized

additive logistic regression, adjusting for potential confounders identified from
previous literature (age, sex, temporal trends, state of residence, previous infection,
pregnancy, postpartum period and comorbidities)”’. The temporal trend was
estimated using the time elapsed, in days, between the study start and the date of
symptom onset. Temporal trends and age were modeled as cubic regression spline
smooth functions. The comorbidities were cardiac disease, diabetes mellitus, obesity,
immunosuppression and chronic kidney disease (categorized in the model as none,
one and at least two). VE was estimated as 1-OR and expressed as a percentage.
Vaccination status, according to the status at the time of RT-PCR test collection, was
classified as unvaccinated and grouped in periods (days) after each dose: first dose
(0-6, 7-13 and >14), second dose (0-13, 14-30, 31-60, 61-90, 91-120, 121-150,
151-180 and >180) and booster dose (0-6, 7-13, 14-30 and >30). Analyses were
also performed stratified by age groups (18-59, 60-79 and >80 years). As sensitivity
analysis, we also compared individuals with booster dose against individuals with
second dose over 180 d. All data processing and analyses were performed in R
(version 4.1.1)*', using the following packages: tidyverse”” and mgcv>.

Reporting Summary. Further information on research design is available in the
Nature Research Reporting Summary linked to this article.

Data availability

One of the study coordinators (M.B.-N.) signed a term of responsibility on using
each database made available by the Ministry of Health (MoH). Each member

of the research team signed a term of confidentiality before accessing the data.
Data were manipulated in a secure computing environment, ensuring protection
against data leakage. The Brazilian National Commission in Research Ethics
approved the research protocol (CONEP approval no. 4.921.308). Our agreement
with the MoH for accessing the databases patently denies authorization of access
to a third party. Any information for assessing the databases must be addressed to

the Brazilian MoH at https://datasus.saude.gov.br/, and requests can be addressed
to datasus@saude.gov.br. In this study, we used anonymized secondary data
following the Brazilian Personal Data Protection General Law, but it is vulnerable
to re-identification by third parties as they contain dates of relevant health events
regarding the same person. To protect the research participants’ privacy, the
approved Research Protocol (CONEP approval no. 4.921.308) authorizes the
dissemination only of aggregated data, such as the data presented here.

Code availability
All code used in this study is publicly available at https://vigivac.fiocruz.br/
category/publicacoes.html.
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Extended Data Fig. 1| Cases of infection by SARS-CoV-2 from February 2020 to November,11 2021, by week.
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Extended Data Fig. 2 | Distribution of hospitalization due to COVID-19 from February 2020 to November 11, 2021, by week.
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Extended Data Fig. 3 | Distribution of deaths due to COVID-19 from February 2020 to November 11, 2021, by week.
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Extended Data Fig. 4 | Distribution of severe outcomes due to COVID-19 from February 2020 to November 11, 2021, by week.
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Extended Data Table 1| Number of SARS-CoV-2 infection and total of tests of individuals categorized as unvaccinated and
vaccinated with CoronaVac

Overall 18-59 60-79 280
Vaccination Status Cases Total Cases Total Cases Total Cases Total
Unvaccinated 2{22.11'0566)2 5520096 2,381,281 (47.0%) 5,064,383 fggf% 428,949 (%17'.%1/?) 36,664
First dose
06 (ewy 51997 12,416 (38.8%) 31986 groe 16865 S0 3,086
713 (i%'gz/?) 57,523 13,748 (39.7%) 34,654 (5":;‘2/?) 19,016 ((325?%}) ) 3853
>14 (22'_%:) 146,423 26,882 (29.9%) 89,768 é‘é’_gl/f) 46,111 (567’(_’67;‘0 ) 10544
Second dose
013 é%gf/f) 74,750 13,585 (29.0%) 46,799 (1312'_%3/?) 22,652 (535;,2 , 5299
14-30 (%51".1232) 80,547 12,232 (23.9%) 51,161 (:1%.46%/?) 24285 e , 51t
31-60 (‘;g'_%f/?) 124,552 17,884 (24.8%) 72,044 (1%_95?2) 43,555 (;‘é? f; , 895
61-90 (22'_21/05) 105,148 15,577 (27.8%) 56,071 (;%’_%gf) 39,071 (jé%i ) 10008
91-120 é‘%‘ﬁ% 95,529 13,297 (26.6%) 50,015 (;2%7/3) 36,300 (;‘415; , 9205
121-150 é%';?/f) 72,231 8,153 (22.7%) 35,863 é%ﬁf/f) 27,805 (:)6‘.135% , 8563
151-180 (12%_%1/?) 54,947 6,102 (20.7%) 29,535 (367'?‘:; 1S f{fgéi , 6895
>180 (1223'_%(2/?) 41,602 7,353 (23.6%) 31,132 éé(_)g:‘/z ) 5999 (;7"_3;3;) Y
WENT16355
0-6 (22%2/0) 2,672 276 (19.0%) 1,450 (35.?% ) 875 (3(15%& ) 347
(SEI (2)_1020/0) 2,117 66 (5.5%) 1206, 4?1% ) 630 p 95_’2% ) 281
1430 41_8,,3/0) 2,552 31 (2.3%) 1345 ( 4_22%/0 ) 691 (8.43?;/0) 516
30 |, 05?‘75%) 522 11 (12.9%) 85 ’ oo ) 143 y 03_'2%) 204

NATURE MEDICINE | www.nature.com/naturemedicine


http://www.nature.com/naturemedicine

NATURE MEDICINE ARTICLES

Extended Data Table 2 | Number of COVID-19 hospitalization or death and total of individuals in unvaccinated and CoronaVac
vaccinees

Overall 18-59 60-79 >80
Vaccination Status Cases Total Cases Total Cases Total Cases Total
. 343,414 233,944 96,038 13,432
Unvaccinated o 3211848 o 2017048 oon 265,922 rgess 28,880
First dose
6,082 1255 4,632 1,095
06 208%) 33516 o) 20,825 o) 10,421 400 2,270
7,328 1265 4,737 1326
3 g 36,272 S o) 22,171 @i 11,453 oo o) 2,648
13,437 1,630 8,515 3,202
24 102,189 2o 64,516 055%) 20,911 ) 7,762
Second dose
5,816 , 3,718 1,571
013 Soe) 51900 527 (16%) 33,741 (225%(:/: ) 14,391 @iz 3,768
4,259 . , ,
s 2 50672  278(0.7%) 39,207 (16 16,559 14 3,006
31-60 (2'192) 91269 474 (0.9%) 54,634 ( fff% ) 20787 (3260502 ) 6,848
61-90 (17693;, ) 77537 516(13%) 41,010 (14685% ) 28,867 (32é503% ) 7,660
91120 ! 6651,30 ) 72,449 452(12%) 37,170 ( 147’8;‘% ) 27,876 (3?1'330 ) 7,403
121-150 (ff;r’;’o ) 56,602 380 (14%) 28,090 ( fgfé ) 21,374 (22é1ej°§o ) 7,228
151180 141'86‘; ) 43976 370(1.6%) 23,803 ( 122_;’67601)) 14,259 (;687102 ) 5,914
2,376 \ 746 1142
180 o) 320912 488(2.0%) 24,267 (18.6%) 4,716 251%) 3,929
Booster dose
W/BNT162b2
0-6 165 (7.7%) 2,147 7 (0.6%) 1181 83 (12.4%) 670 75 (25.3%) 206
743 70 (3.5%) 1975 2 (0.2%) 1142 37 (6.4%) 576 31 (12.1%) 257
1430 37 (1.5%) 2,486 1(0.1%) 1315 11 (1.6%) 673 25 (5.0%) 498
530 14 (2.9%) 480 0 (0.0%) 74 5 (3.8%) 133 9 (3.3%) 273
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Extended Data Table 3 | Vaccine effectiveness against hospitalisation due to COVID-19 using RT-PCR, by length of time (in days)
since two-dose vaccination or BNT162b2 booster dose

Period post
vaccine (days)

Overall

18-59

60-79

Second dose

0-13

14-30

31-60

61-90

91-120

121-150

151-180

>180

65.5% (64.3-66.7)
82.1% (81.4-82.8)
82.6% (82.0-83.1)
80.4% (79.8-81.0)
78.7% (78.0-79.4)
76.7% (75.9-77.5)
74.7% (73.6-75.8)

72.4% (70.7-73.9)

Booster (BNT162b2)

0-6

80.3% (76.0-83.8)
91.2% (88.3-93.4)
97.2% (96.0-98.0)

96.7% (93.9-98.2)

79.4% (77.5-81.2)
91.4% (90.3-92.4)
90.0% (89.0-90.9)
87.2% (85.9-88.3)
88.9% (87.8-90.0)
86.6% (85.0-87.9)
81.9% (79.7-83.8)

74.7% (72.0-77.2)

89.0% (76.5-94.9)
95.8% (82.8-99.0)
97.9% (84.9-99.7)

100% (*)

64.4% (62.7-66.0)
81.4% (80.5-82.4)
81.2% (80.3-82.0)
77.5% (76.4-78.5)
75.3% (74.0-76.4)
74.8% (73.3-76.2)
74.5% (72.7-76.2)

72.3% (69.2-75.1)

79.3% (73.1-84.0)
88.0% (82.7-91.6)
97.1% (94.6-98.4)

91.8% (79.0-96.8)

51.0% (46.9-54.9)
68.4% (65.5-71.0)
66.0% (63.4-68.5)
62.8% (60.0-65.5)
57.1% (53.6-60.3)
51.2% (47.0-55.0)
47.0% (42.0-51.7)

41.0% (34.0-47.3)

48.4% (30.6-61.6)
78.1% (67.0-85.4)
89.2% (83.4-92.9)

89.0% (78.0-94.5)

The confidence interval could not be estimated due to zero/few events in the group
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Extended Data Table 4 | Vaccine effectiveness against death due to COVID-19 using RT-PCR, by length of time (in days) since two-

dose vaccination or BNT162b2 booster dose

Period post vaccine (days)

Overall

18-59

60-79

Second dose

0-13

14-30

31-60

61-90

91-120

121-150

151-180

>180

Booster (BNT162b2)

0-6

67.3% (65.6-68.9)
82.7% (81.7-83.6)
83.6% (82.8-84.3)
81.4% (80.5-82.2)
79.8% (78.7-80.8)
78.3% (77.0-79.6)
76.8% (75.1-78.4)

74.8% (72.2-77.2)

80.3% (73.1-85.6)
92.2% (87.4-95.2)
98.3% (96.3-99.2)

97.1% (90.5-99.1)

86.4% (82.5-89.4)
91.4% (88.7-93.5)
91.9% (89.7-93.6)
92.2% (89.8-94.0)
95.0% (93.1-96.4)
93.7% (90.9-95.7)
92.1% (88.2-94.7)

90.3% (85.5-93.5)

100% (*)
100% (*)
81.9% (-31.6-97.5)

100% (*)

69.6% (67.6-71.6)
84.5% (83.3-85.6)
84.8% (83.8-85.7)
82.5% (81.3-83.7)
81.7% (80.3-83.0)
82.0% (80.3-83.5)
81.9% (79.7-83.8)

81.5% (77.6-84.7)

81.4% (71.3-87.9)
92.3% (83.8-96.3)
99.1% (93.6-99.9)

94.3% (58.3-99.2)

56.0% (51.6-60.0)
72.7% (69.8-75.4)
70.0% (67.2-72.5)
67.2% (64.2-69.9)
63.5% (59.9-66.7)
58.7% (54.3-62.7)
53.9% (48.3-58.9)

45.5% (37.1-52.8)

59.9% (39.3-73.5)
80.7% (65.3-89.2)
95.4% (88.7-98.1)

93.5% (73.2-98.4)

The confidence interval could not be estimated due to zero/few events in the group
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