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Duration of protection of CoronaVac plus
heterologous BNT162b2 booster in the Omicron
period in Brazil
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To date, no information has been published on the effectiveness of inactivated whole-virus
COVID-19 vaccines plus heterologous booster against symptomatic infection and severe
outcomes (hospitalization or death) during the dominance of the SARS-CoV-2 Omicron
variant period. We evaluated the vaccine effectiveness (VE) of CoronaVac plus BNT162b2
booster during the period of dominance of the Omicron variant in Brazil (January to April
2022). Using a test-negative design, we analysed data for 2,471,576 individuals tested during
the Omicron variant's dominant period using a nationally linked database from Brazil.
Compared to unvaccinated, vaccinees maintained protection against severe outcomes, with
an estimated VE of 84.1% (95% Cl:83.2-84.9) at more than 120 days after BNT162b2
booster. Furthermore, while we detected a high level of protection against severe outcomes
for individuals up to 79 years old, waning was observed for individuals aged >80 years, with
VE decreasing from 81.3% (95% Cl:77.9-84.2) at 31-60 days to 72.9% (95% CIl:70.6-75.1)
at 120 days or more after the booster dose. However, no significant protection against
symptomatic infection was observed at this time period. In conclusion, except for individuals
aged >80 years, CoronaVac plus a BNT162b2 booster dose offered high and durable pro-
tection against severe outcomes due to Omicron.
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ARS-CoV-2 variants and progressive waning impacted the
effectiveness of all COVID-19 vaccines’2. The administra-
tion of a booster dose 3-6 months after the primary series
increased protection against symptomatic infection and
hospitalization?~%. The Omicron variant affected the duration of
this protection as several reports have suggested a significant
decrease in protection against infection; this has resulted in the
offer of a second booster by some countries>®. However, there is
little published information about the effectiveness of the booster
doses against severe outcomes caused by the Omicron variant”8.
Furthermore, none of these studies has included CoronaVac vac-
cinees as the primary series, followed by a BNT162b2 booster dose.
Inactivated vaccines have been the most used worldwide, with
more than (4.7 billion-40% of all doses) manufactured until January
2022°. Coronavac has been approved for use in 54 Low and Middle-
income countries!?. However, the number of studies investigating
the effectiveness of CoronaVac has been far lower than for other
vaccines. Studies of the effectiveness of the booster dose in different
age groups after the emergence of Omicron are needed to provide
evidence to guide the eventual indication of a second booster dose.
The older people deserve special attention regarding protection
against Omicron, considering their increased risk of severe
COVID-19 and the most extended interval between the booster
administration and the Omicron dominance compared to other
age groups. The older people already showed lower protection
against Gamma and Delta variants after the second dose than
younger people!l. In Brazil, most older people individuals have
received two doses of CoronaVac and BNT162b2 booster®!1.
Thus, data on VE during the Omicron period will provide evi-
dence for orienting the further steps of vaccination rollout in the
countries using Coronavac.

Here, we used a nationwide linked database to evaluate the
effectiveness of a heterologous BNT162b2 booster in individuals
vaccinated with CoronaVac during the Omicron period in Brazil.
We evaluated protection against symptomatic infection and severe
outcomes (hospitalization and death) by age group, in vaccinees
that received a booster dose compared to either unvaccinated or
individuals who received only two CoronaVac doses.

Results

From January 01, 2022, to April 17, 2022, the period of pre-
dominant circulation of Omicron in Brazil (Supplementary Fig. 1).
9,230,695 symptomatic individuals were tested in this period,
and 2,471,576 individuals were selected (Fig. 1). Among them,
2,130,160 individuals were vaccinated with at least one dose of
CoronaVac, and 341,416 were unvaccinated individuals (Table 1).
The majority of tests were positive, with 1,220,252 (57.3%) tests of
the vaccinated group and 210,856 (61.8%) of the unvaccinated
group (Table 1/Fig. 2). The vaccinated group had more women
than the unvaccinated group (60.2% vs 48.3%) (Supplementary
Table 1). A total of 852,911 (40.0%) individuals received a
BNT162b2 booster dose (Table 1). Additional information is
provided in Supplementary Tables 1-3.

Main analysis. We first estimated the vaccine effectiveness (VE)
of the Coronavac vaccine plus BNT162b2 booster using unvac-
cinated individuals as the comparison group. Protection against
symptomatic infection by Omicron decreased substantially from
63.6 (95% CI: 62.8 to 64.3%) at 14-30 days to 1.7% (95% CI: 0.1
to 3.2) at 120 or more days after the booster dose. VE peaked at
around 60% in all age groups and decreased to equal to or lower

Tests from 2022/01/01 to 2022/04/17 = 10,170,768
Individuals = 9,230,695

Excluded tests:

Younger than 18 years old =1,136,207

Another negative test from the same individual = 333,791
Another positive test from the same individual= 376,739
Negative test from individuals with a positive test= 157,950
Heterologous primary vaccination or

other vaccine than CoronaVac= 5,580,651

Missing values in age, sex, sample collection date and city= 2315
Booster dose administered less than 115 days

after second dose of CoronaVac= 5,540

Booster vaccine different from BNT162b2 = 85,782

More than three COVID-19 vaccine doses = 20,217

Y

Individuals = 2,471,576
Tests = 2,471,576

Y

Controls = 1,040,468
Hospitalization = 20,391
Death = 4,975

Y

Cases = 1,431,108
Hospitalization = 39,969
Death = 14,827

Vaccinated = 909,908
Hospitalization = 17,322
Death = 4,195

Unvaccinated =130,560
Hospitalization = 3,069
Death = 780

Vaccinated = 1,220,252
Hospitalization = 30,423
Death = 11,024

Unvaccinated = 210,856
Hospitalization = 9,546
Death = 3,803

Fig. 1 Flowchart of the study population from surveillance databases and selection of cases and controls. Only lateral flow or RT-PCR tests with the
sample collected within 10 of symptom onset were considered eligible. Sensitivity analysis was performed by removing unvaccinated individuals (cases and

controls).
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Table 1 Clinical and sociodemographic characteristics of
individuals tested by SARS-CoV-2 RT-PCR or Rapid

Antigen.
Characteristic Positive, Negative,
N=1,431,108 N=1,040,468
Age - years 36 (27-55) 36 (27-56)
Age group - years
18-59 1,108,629 (77.5) 799,283 (76.8)
60-79 273,532 (19.1) 207,988 (20.0)
> 80 48,947 (3.4) 33,197 (3.2)
Sex-Female 831,102 (58.1) 615,083 (59.1)

Residence in capital state
Type of test

Lateral-flow

RT-PCR
Municipality
Deprivation Index

1 (Least)

2

3

4

5 (Most)

(Missing)
Diabetes Mellitus
Obesity
Immunosuppression
Chronic respiratory
disease
Cardiac disease
Chronic Kidney Disease
No. comorbidities

vV N — O

3
Previous SARS-CoV-2
infection
No
3-6 months ago
>6 months ago
Vaccination Status
Unvaccinated
First dose CoronaVac
Second dose
CoronaVac
Booster dose
BNT162b2
Hospitalization
Death
Severe outcome

306,844 (21.4)

1,122,581 (78.4)
308,527 (21.6)

470,517 (32.9)
291,321 (20.4)
271,329 (19.0)
242,583 (17.0)
154,969 (10.8)
389 (0.0)
45,604 (3.2)
12,804 (0.9)
7973 (0.6)
33,874 2.4)

76,449 (5.3)
5614 (0.4)

1,291,056 (90.2)
105,233 (7.4)
28,411 (2.0)
6408 (0.4)

1,330,372 (93.0)
5517 (0.4)
95,219 (6.7)

210,856 (14.7)
84,989 (5.9)
687,233 (48.1)

448,030 (31.3)
39,969 (2.8)

14,827 (1.0)
42,340 (3.0)

256,961 (24.7)

867,535 (83.4)
172,933 (16.6)

365,662 (35.1)
204,225 (19.6)
191,162 (18.4)
158,513 (15.2)
120,687 (11.6)
219 (0.0)
35,257 (3.4)
9216 (0.9)
5956 (0.6)
33,292 (3.2)

59,952 (5.8)
3481(0.3)

927,103 (89.1)
85,396 (8.2)
22,962 (2.2)

5007 (0.5)

928,025 (89.2)
9808 (0.9)
102,635 (9.9)

130,560 (12.5)
65,428 (6.3)
439,599 (42.3)

404,881 (38.9)
20,391 (2.0)

4975 (0.5)
21,393 2.1

n (%); Median (IQR).

than 30% after 120 days or more. VE against symptomatic
infection was lowest in the 18-59 age group, reaching —1.7%
(95% CI: —4.0 to 0.5) after 120 days of more (Fig. 3/Supple-
mentary Table 4).

Estimated VE against severe outcomes (hospitalization or
death) was 89.4% (95% CI: 87.8 to 90.7) at 14-30 days, waning to
84.1% (95% CI: 83.2 to 84.9) at 120 days or more after the booster
dose. It varied according to the age group; among younger
individuals (18-59), the VE remained highly effective over time,
peaking at 31-60 days (93.1%, 95% CI: 91.5 to 94.5) and
maintaining a similar level at 120 or more days (91.9%, 95% CI:
89.4 to 93.7) after the booster. For the subgroup of 60-79, all
estimates after 14 days post booster dose remained higher than
85%, reaching a peak at 61-90 days (89.9%, 95% CI: 89.2to 90.5).

Among individuals aged 80 years or older, the VE peak occurred
at 31-60 days (81.3% (95% CIL: 77.9 to 84.2) waning to 72.9%
(70.6 to 75.1) more than 120 days after the booster dose (Fig. 3/
Supplementary Table 4).

Given the rise of incidental COVID-19 hospitalizations!2, and
concerns about possibly biased VE estimates in analyzing the
composed outcome, we also evaluated the VE against death alone.
The overall protection remained close to 90% at 14 to 120 days,
decreasing to 87.0% (95% CI: 85.9 to 88.0) after 120 or more days
after a booster dose. After 120 days post booster, the VE among
the age-groups was 93.8% (95% CI: 88.8 to 96.6) for 18-59 years,
89.9 (95% CI: 88.4-91.2) for 60-79 years, and 80.2% (78.0 to 82.3)
for individuals 80 years or older (Supplementary Table 5).

Sensitivity analysis. We also conducted a sensitivity analysis
using as the reference group individuals with more than 180 days
of the second doses of CoronaVac but without the booster dose to
estimate the additional protection conferred by the booster dose.
This aims to remove potential bias due to different behaviors
between vaccinated and unvaccinated individuals!3. A similar
pattern of the waning in protection against symptomatic infection
and maintenance of protection against severe outcomes were
observed overall and by age groups (Supplementary Fig. 2 and
Supplementary Table 6). For individuals aged 80 years or older, a
booster dose with BNT162b2 increased the protection against
severe outcomes by 65.3 % (95% CI: 53.0 to 74.3) at 14-30 days
and 52.8% (95% CI: 49.2 to 56.1) more than 120 days after
booster compared to those with only two doses of CoronaVac
after more than 6 months from the last dose.

To address possible differences in accuracy of diagnostic tests
for COVID-1914, we stratified the analysis of VE by type of test.
Results were similar to the main analysis (Supplementary Tables 7
and 8).

Discussion

During the period that the Omicron variant dominance, indivi-
duals CoronaVac-vaccinees and boosted with BNT162b2 exhib-
ited highly effective protection against severe forms of COVID-
19, but a fast waning against symptomatic infection across all age
groups in Brazil.

Our findings of VE against both symptomatic infection and
severe outcomes with the Omicron variant obtained with two
Coronavac doses plus BNT162b2 booster are consistent with
results of studies investigating protection of primary series of
ChAdOx1 plus booster with the mRNA vaccine”$1> or three
doses of BNT162b2 vaccine8. In Finland, among individuals aged
70 years or older VE against hospitalization in the Omicron
period reached 90% after 2 months of the booster dose for
individuals vaccinated with a primary series of BNT162b2 or
ChAdox1 plus a BNT162 booster!”. Our study found a VE higher
than 85% at least for 4 months in individuals between 60 and 79
years old. Regarding waning against Omicron-related sympto-
matic infection, we report the peak of protection in the first
month after the BNT162b2 booster, followed by a sharp decrease
in VE. These results are similar to those reported for individuals
that received primary series with ChAdOx1l, mRNA-1273,
BNT162b2, or Ad26.cov2.81%17, Together, these findings suggest
that a booster dose of mRNA vaccines after a primary series of
vaccines from different platforms maintains adequate protection
against severe outcomes despite failing to protect against Omi-
cron symptomatic infection. Continuous monitoring should be
performed to detect early warnings of waning protection against
hospitalization or death.

We observed a lower VE against symptomatic infection for
individuals aged up to 59 years old compared to older individuals.
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Fig. 2 Number of cases and controls, by week, during the study period, stratified by vaccination status. CoronaVac vaccinees refer to individuals with at

least one dose of CoronaVac.

We hypothesize this can be related to changes in behavior post-
booster-vaccination, lowering the risk perception of getting
COVID-19, and adherence to personal preventive measures!:19,
mainly in the younger group?’?!, increasing the risk of infection
by the Omicron variant.

Subgroup analysis by age showed a significant and rapid
waning of protection for the older people. The impact of immune
senescence has already been reported after the primary series. The
benefit of a second booster should take into account that there is
reasonable protection against severe outcomes, and eventual
protection against symptomatic infection may be ephemeral.

A critical strength of this study is that consistent results were
obtained for the two different reference groups used: individuals
unvaccinated or that received only two CoronaVac doses more
than 6 months before the RT-PCR or rapid antigen test. Both
analyses observed similar patterns over time - protection main-
tenance against severe outcomes and fast waning against symp-
tomatic infection. However, this study has some limitations. First,
the rapid and expressive spread of the Omicron variant was
associated with a high rate of positivity in COVID-19 tests in
Brazil, suggesting that many positive cases were not tested. Sec-
ond, the majority of the performed tests during the study period
were lateral-flow ones, which may occur in misclassifying cases as
controls. The individuals aged > 80 years were more tested with
RT-PCR (29%) than the younger ones (19% each), which may
reflect the more restricted use of RT-PCR tests at hospitals
combined with the increased risk of severity in this older group.
However, the analysis stratifying by type of test provided small
differences in the points estimates with similar trends. Although
the test-negative design is considered the best model to avoid bias
in the access to tests and healthcare-seeking behavior, individuals
that got tested may differ from those that were not tested,
potentially impacting the external validity of the results.

In conclusion, two doses of CoronaVac plus a BNT162b2 booster
led to protection against severe outcomes, being robust and stable
for at least 4 months for most age groups. In contrast, there is a lack
of consistent protection against Omicron symptomatic infection by

vaccines using different platforms and heterologous boosters with
the current vaccines. The perspective is for SARS-CoV-2 to con-
tinue circulating worldwide, even in places with high vaccine cov-
erage. Therefore, the possible emergence of new variants of concern
highlights the necessity to develop new vaccines that, besides severe
disease, also prevent infection, providing durable protection against
infection and disease.

Methods

Study design and data sources. We used a test negative design, a study design
widely used for evaluating vaccine effectiveness (VE) in Influenza and SARS-CoV-222.
We evaluated the VE of CoronaVac plus a booster dose of BNT162b2 on symptomatic
individuals tested with RT-PCR or Lateral-flow tests.

From January 2022 onwards, the Omicron variant was dominant in Brazil.
(Supplementary Fig. 1). The Brazilian Ministry of Health started recommending a
booster dose on September 15, 2021, initially 6 months after the second CoronaVac
dose, reduced to 4 months on December 20, 2021, primarily with BNT162b2.

We analyzed a deterministically linked dataset comprised of three databases
(Supplementary Fig. 3): the Programa Nacional de Imunizagdes (PNI); the e-SUS
Notifica; and the Sistema de Informagio da Vigilancia Epidemioldgica da Gripe
(SIVEP-Gripe), described previously!1-23. All data were pseudo-anonymized with a
common unique identifier provided by the Brazilian Ministry of Health. The
research protocol was approved by the Brazilian National Commission in Research
Ethics (CONEP) (approval number 4.921.308).

All individuals aged 18 years or older who reported COVID-19-like symptoms
and were tested for SARS-CoV-2 between January 01, 2022, and Aprill7, 2022 were
eligible for the study. Cases and controls were defined as individuals with RT-PCR/
Lateral-flow test positive or negative, respectively. Cases of COVID-19
hospitalization were defined by a positive SARS-CoV-2 test if the positive specimen
was collected up to 14 days before or 3 days after the hospital admission, and cases
of COVID-19 death were defined by death occurring within 28 days of the sample
collection date. The same set of controls was used for all analyses. For the analysis
of severe outcomes, the mild cases were excluded and for the death outcome, mild
and hospitalized cases were excluded. The exclusion criteria for tests were: (i) tests
from individuals younger than 18 years; (ii) tests from individuals who received a
different vaccine for the second dose from the first; (iii) tests from individuals
whose time interval between the first and second doses was less than 14 days; (iv)
tests from individuals with less than 115 days between the second and booster dose
(outside the interval between doses officially recommended in Brazil); (v) tests with
missing information of age, sex, city of residence or sample collection date; (vi)
negative tests from individuals with a positive test; (vii) more than three doses of
COVID-19 vaccines. Only the first positive test during the study period was
included for each case, and for controls, only the first negative test was included.
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Vaccine Effectiveness (%)
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14-30 31-60 61-90 91-120 >120 0-13

60-79 years 280 years

®
@
l¢1

®
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Days since BNT162b2 Booster

Outcome:

Severe COVID-19 ¢v Symptomatic COVID-19

Fig. 3 Vaccine Effectiveness against symptomatic and Severe COVID-19. According to days after booster dose during the Omicron dominance period,
stratified by age group. Point estimates are adjusted vaccine effectiveness (1- adjusted odds ratio), with error bars indicating the corresponding 95%
Wald's C.I. Blue represents adjusted VE against symptomatic infection, and red adjusted VE against severe outcomes. All models the comparison group is

unvaccinated.

Statistical analysis. The odds ratio (OR) comparing odds of vaccination
between cases and controls, and its associated 95% confidence interval (CI) were
derived using generalized additive logistic regression, adjusting for potential
confounders: age, sex, temporal trends, state of residence, previous infection,
municipality deprivation index, and comorbidities. The temporal trend was
estimated using the time elapsed, in days, between the study start and the date of
symptoms onset. Temporal trends and age were modeled as cubic regression
spline smooth functions. The comorbidities were cardiac disease, diabetes
mellitus, obesity, immunosuppression, chronic respiratory disease, and chronic
kidney disease. The VE was estimated as 1-OR and expressed as a percentage.
Vaccination status, according to the status at the time of specimen test collec-
tion, were classified as unvaccinated and grouped in periods (days) after each
dose: first dose (0-13, >14), second dose (0-13,14-180, >180) and a booster dose
(0-13, 14-30, 31-60, 61-90, 91-120, >120). Analyses were also performed
stratified by age groups (18-59, 60-79, and 280 years). As a sensitivity analyses,
we performed stratified analysis by type of test and we also compared individuals
with a booster dose against individuals with the second dose over 180 days. All
data processing and analyses were performed in R (version 4.1.2)24, using the
following packages: tidyverse2® and mgcv2®.

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 was
manipulated in a secure computing environment, ensuring protection against data
leakage. The Brazilian National Commission in Research Ethics approved the research
protocol (CONEP approval number 4.921.308). Our agreement with 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.
Herein we used anonymized secondary data following the Brazilian Personal Data
Protection General Law (LGPD), 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 number 4.921.308) authorizes only the dissemination of aggregated data,
such as the data presented here.

Code availability
The code used for this study is deposited in the git repository: https://github.com/
csthiago/duration_heterologous_coronavacz7.

Received: 31 March 2022; Accepted: 4 July 2022;
Published online: 18 July 2022

References

1. Nordstrém, P., Ballin, M. & Nordstrém, A. Risk of infection, hospitalisation,
and death up to 9 months after a second dose of COVID-19 vaccine: a
retrospective, total population cohort study in Sweden. Lancet 399, 814-823
(2022).

2. Cerqueira-Silva, T. et al. Vaccine effectiveness of heterologous CoronaVac plus
BNT162b2 in Brazil. Nat. Med. 1-6 https://doi.org/10.1038/s41591-022-
01701-w. (2022).

3. Bar-On, Y. M. et al. Protection of BNT162b2 Vaccine Booster against Covid-
19 in Israel. N. Engl. J. Med. 385, 1393-1400 (2021).

4. Andrews, N. et al. Effectiveness of COVID-19 booster vaccines against
COVID-19-related symptoms, hospitalization and death in England. Nat.
Med. 1-7 https://doi.org/10.1038/s41591-022-01699-1. (2022).

5. Regev-Yochay, G. et al. Efficacy of a fourth dose of Covid-19 mRNA vaccine
against omicron. N. Engl. ]. Med. 386, 1377-1380 (2022).

6. Smith, J. & Shin, H. South Korea to start giving fourth doses of COVID
vaccine. Reuters (2022).

7. Thompson, M. G. Effectiveness of a Third Dose of mRNA Vaccines Against
COVID-19-Associated Emergency Department and Urgent Care Encounters
and Hospitalizations Among Adults During Periods of Delta and Omicron
Variant Predominance — VISION Network, 10 States, August 2021-January
2022. MMWR Morb. Mortal. Wkly. Rep. 71 (2022).

8. Tartof, S. Y. et al. Durability of BNT162b2 vaccine against hospital and
emergency department admissions due to the omicron and delta variants in a
large health system in the USA: a test-negative case-control study. Lancet
Respir. Med. $2213-2600(22)00101-1 https://doi.org/10.1016/52213-2600(22)
00101-1. (2022).

9. COVID 19 Vaccine production to January 31st 2022 - Global Commission for
Post-Pandemic Policy. https://globalcommissionforpostpandemicpolicy.org/
covid-19-vaccine-production-to-january-31st-2022.

10. Sinovac: CoronaVac — COVID19 Vaccine Tracker. https://covid19.
trackvaccines.org/vaccines/7/.

11. Cerqueira-Silva, T. et al. Influence of age on the effectiveness and duration of
protection of Vaxzevria and CoronaVac vaccines: A population-based study.
Lancet Reg. Health - Am. 6, 100154 (2022).

12. Bouzid, D. et al. Comparison of patients infected with delta versus omicron
COVID-19 variants presenting to paris emergency departments. Ann. Intern.
Med. https://doi.org/10.7326/M22-0308. (2022).

13. Fridman, A., Gershon, R. & Gneezy, A. COVID-19 and vaccine hesitancy: A
longitudinal study. PLOS ONE 16, 0250123 (2021).

14. Peto, T. et al. COVID-19: Rapid antigen detection for SARS-CoV-2 by lateral
flow assay: A national systematic evaluation of sensitivity and specificity for
mass-testing. eClinicalMedicine 36, (2021).

15. Baum, U. et al. High vaccine effectiveness against severe Covid-19 in the
elderly in Finland before and after the emergence of Omicron. medRxiv
2022.03.11.22272140 https://doi.org/10.1101/2022.03.11.22272140. (2022).

16. Monge, S. et al. The Effectiveness of mRNA Vaccine Boosters for Laboratory-
Confirmed COVID-19 During a Period of Predominance of the Omicron
Variant of SARS-CoV-2. SSRN https://doi.org/10.2139/ssrn.4035396. (2022).

17. Andrews, N. et al. Covid-19 vaccine effectiveness against the omicron
(B.1.1.529) variant. N. Engl. ]. Med. 386, 1532-1546 (2022).

| (2022)13:4154 | https://doi.org/10.1038/s41467-022-31839-7 | www.nature.com/naturecommunications 5


https://datasus.saude.gov.br/
https://github.com/csthiago/duration_heterologous_coronavac
https://github.com/csthiago/duration_heterologous_coronavac
https://doi.org/10.1038/s41591-022-01701-w
https://doi.org/10.1038/s41591-022-01701-w
https://doi.org/10.1038/s41591-022-01699-1
https://doi.org/10.1016/S2213-2600(22)00101-1
https://doi.org/10.1016/S2213-2600(22)00101-1
https://globalcommissionforpostpandemicpolicy.org/covid-19-vaccine-production-to-january-31st-2022
https://globalcommissionforpostpandemicpolicy.org/covid-19-vaccine-production-to-january-31st-2022
https://covid19.trackvaccines.org/vaccines/7/
https://covid19.trackvaccines.org/vaccines/7/
https://doi.org/10.7326/M22-0308
https://doi.org/10.1101/2022.03.11.22272140
https://doi.org/10.2139/ssrn.4035396
www.nature.com/naturecommunications
www.nature.com/naturecommunications

ARTICLE

18. Corea, F., Folcarelli, L., Napoli, A., del Giudice, G. M. & Angelillo, I. F. The
impact of COVID-19 vaccination in changing the adherence to preventive
measures: evidence from Italy. Vaccines 10, 777 (2022).

19. Zhang, N. et al. Weakening personal protective behavior by Chinese university
students after COVID-19 vaccination. Build. Environ. 206, 108367 (2021).

20. Hutchins, H. J. et al. COVID-19 mitigation behaviors by age group - United
States, April-June 2020. MMWR Morb. Mortal. Wkly. Rep. 69, 1584-1590 (2020).

21. Monod, M. et al. Age groups that sustain resurging COVID-19 epidemics in
the United States. Science 371, eabe8372 (2021).

22. Chua, H. et al. The use of test-negative controls to monitor vaccine
effectiveness: a systematic review of methodology. Epidemiol. Camb. Mass 31,
43-64 (2020).

23. Katikireddi, S. V. et al. Two-dose ChAdOx1 nCoV-19 vaccine protection
against COVID-19 hospital admissions and deaths over time: a retrospective,
population-based cohort study in Scotland and Brazil. Lancet 399, 25-35
(2022).

24. R Core Team. R: A Language and Environment for Statistical Computing. (R
Foundation for Statistical Computing, 2021).

25. Wickham, H. et al. Welcome to the Tidyverse. J. Open Source Softw. 4, 1686
(2019).

26. Wood, S. N. Stable and efficient multiple smoothing parameter estimation for
generalized additive models. J. Am. Stat. Assoc. 99, 673-686 (2004).

27. Thiago et al. Duration of protection of CoronaVac plus heterologous BNT162b2
booster in the Omicron period in Brazil. (Zenodo, 2022). https://doi.org/10.
5281/zen0do.6672955.

Acknowledgements

The authors acknowledge DATASUS for its diligent work in providing the access to the
unidentified databases. This study was partially supported by a donation from the “Fazer
o bem faz bem” program, from JBS S.A., GLW., M.L.B,, V.S.B., and M.B.-N. are research
fellows from CNPq, the Brazilian National Research Council. MB-N acknowledges
Fundagio de Amparo a Pesquisa do Estado da Bahia (FAPESB) — Grant PNX0008/2014/
Fapesb, Edital 08/2014 - Programa de Apoio a Nucleos de Exceléncia. G.L.W.
acknowledges Fundagdo Carlos Chagas Filho de Amparo a Pesquisa do Estado do Rio de
Janeiro (E-26/210.180/2020). T.C.-S. is a PhD student at the Post-Graduation Program in
Health Sciences-UFBA, which is supported by the Coordenagio de Aperfeicoamento de
Pessoal de Nivel Superior-Brasil, finance code 001. ESP is funded by the Wellcome Trust
[Grant number 213589/Z/18/Z).

Author contributions
M.B.N,, V.S.B,, and T.C.-S. conceived the idea for the study. All authors contributed to
the study design, with T.C.-S. and V.S.B. drafting the statistical analysis plan. T.C.-S.

conducted the statistical analysis. T.C.-S., VAAO had access to individual-level data for
Brazil. M.B.-N,, V.dA.O., and M.L.B. organized the data linkage and secured funding for
the Brazilian analysis. ].B.J. performed the data linkage. T.C.-S. and V.S.B. wrote the
initial draft of the manuscript. E.S.P., M.B.N,, G.O.P., GLW., N.P.,, M.L.B. critically
revised the manuscript and approved the final version for submission.

Competing interests

M.B.-N. reports grants from the Fazer o bem faz bem program from JBS S.A. V.dA.O.,
V.B., M.LB., and M.B.-N. are employees of Fiocruz, a federal public institution, which
manufactures Vaxzevria in Brazil, through a full technology transfer agreement with
AstraZeneca. Fiocruz allocates all its manufactured products to the Ministry of Health for
public health use. The remaining authors declare no competing interests.

Additional information
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41467-022-31839-7.

Correspondence and requests for materials should be addressed to Viviane S.
Boaventura.

Peer review information Nature Communications thanks Kare Molbak and the other,
anonymous, reviewer(s) for their contribution to the peer review of this work.

Reprints and permission information is available at http://www.nature.com/reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
BY

Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this license, visit http://creativecommons.org/
licenses/by/4.0/.

© The Author(s) 2022

6 | (2022)13:4154 | https://doi.org/10.1038/s41467-022-31839-7 | www.nature.com/naturecommunications


https://doi.org/10.5281/zenodo.6672955
https://doi.org/10.5281/zenodo.6672955
https://doi.org/10.1038/s41467-022-31839-7
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
www.nature.com/naturecommunications

	Duration of protection of CoronaVac plus heterologous BNT162b2 booster in the Omicron period in Brazil
	Results
	Main analysis
	Sensitivity analysis

	Discussion
	Methods
	Study design and data sources
	Statistical analysis

	Reporting summary
	Data availability
	References
	Code availability
	References
	References
	Acknowledgements
	Author contributions
	Competing interests
	Additional information




