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Effectiveness of homologous and heterologous booster
doses for an inactivated SARS-CoV-2 vaccine: a large-scale
prospective cohort study

Alejandro Jara*, Eduardo A Undurraga*, José R Zubizarreta, Cecilia Gonzdlez, Alejandra Pizarro, Johanna Acevedo, Katherinne Leo, Fabio Paredes,
Tomds Bralic, Verdnica Vergara, Marcelo Mosso, Francisco Leon, Ignacio Parot, Paulina Leighton, Pamela Sudrez, Juan Carlos Rios,
Heriberto Garcia-Escorza, Rafael Araos™*

Summary

Background Several countries have authorised or begun using a booster vaccine dose against COVID-19. Policy
makers urgently need evidence of the effectiveness of additional vaccine doses and its clinical spectrum for individuals
with complete primary immunisation schedules, particularly in countries where the primary schedule used inactivated
SARS-CoV-2 vaccines.

Methods Using individual-level data, we evaluated a prospective, observational, national-level cohort of individuals
(aged =16 years) affiliated with the Fondo Nacional de Salud insurance programme in Chile, to assess the effectiveness
of CoronaVac (Sinovac Biotech), AZD1222 (Oxford-AstraZeneca), or BNT162b2 (Pfizer-BioNTech) vaccine boosters in
individuals who had completed a primary immunisation schedule with CoronaVac, compared with unvaccinated
individuals. Individuals administered vaccines from Feb 2, 2021, to the prespecified study end date of Nov 10, 2021,
were evaluated; we excluded individuals with a probable or confirmed SARS-CoV-2 infection (RT-PCR or antigen test)
on or before Feb 2, 2021, and individuals who had received at least one dose of any COVID-19 vaccine before
Feb 2, 2021. We estimated the vaccine effectiveness of booster doses against laboratory-confirmed symptomatic
COVID-19 (symptomatic COVID-19) cases and COVID-19 outcomes (hospitalisation, admission to the intensive care
unit [ICU], and death We used inverse probability-weighted and stratified survival regression models to estimate
hazard ratios, accounting for time-varying vaccination status and adjusting for relevant demographic, socioeconomic,
and clinical confounders. We estimated the change in hazard from unvaccinated status to vaccinated status associated
with the primary immunisation series and a booster vaccine.

Findings 11174 257 individuals were eligible for this study, among whom 4127 546 completed a primary immunisation
schedule (two doses) with CoronaVac and received a booster dose during the study period. 1921340 (46-5%)
participants received an AZD1222 booster, 2019260 (48-9%) received a BNT162b2 booster, and 186946 (4-5%)
received a homologous booster with CoronaVac. We calculated an adjusted vaccine effectiveness (weighted stratified
Cox model) in preventing symptomatic COVID-19 of 78-8% (95% CI 76-8-80-6) for a three-dose schedule with
CoronaVac, 96-5% (96-2-96-7) for a BNT162b2 booster, and 93-2% (92-9-93-6) for an AZD1222 booster. The
adjusted vaccine effectiveness against COVID-19-related hospitalisation, ICU admission, and death was 86-3%
(83-7-88-5), 92-2% (88-7-94-6), and 86-7% (80-5-91-0) for a homologous CoronaVac booster, 96-1% (95-3-96-9),
96-29% (94-6-97-3), and 96-8% (93-9-98-3) for a BNT162b2 booster, and 97-7% (97-3-98-0), 98-9% (98-5-99-2),
and 98-1% (97-3-98-6) for an AZD1222 booster.

Interpretation Our results suggest that a homologous or heterologous booster dose for individuals with a complete
primary vaccination schedule with CoronaVac provides a high level of protection against COVID-19, including severe
disease and death. Heterologous boosters showed higher vaccine effectiveness than a homologous booster for all
outcomes, providing additional support for a mix-and-match approach.

Funding Agencia Nacional de Investigacion y Desarrollo through the Fondo Nacional de Desarrollo Cientifico y
Tecnologico, Millennium Science Initiative Program, and Fondo de Financiamiento de Centros de Investigaciéon en
Areas Prioritarias.

Copyright © 2022 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0
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Introduction

The COVID-19 pandemic has had a major global impact,
with more than 486 million cases and 6 million COVID-
19-related deaths reported globally as of March 30, 2022.!

COVID-19 vaccines are now an essential component of
the pandemic response to reduce disease burden and
allow a safer reopening of society and economic recovery.
23 effective COVID-19 vaccines have been approved for
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Research in context

Evidence before this study

We searched PubMed and medRxiv for research articles, with
no language restrictions, using the search terms (“COVID-19”
OR “SARS-CoV-2" OR “2019-nCoV"” OR “coronavirus”) AND
(“vaccine” OR “vaccination”) AND (“third dose” OR “booster”).
We searched for studies published between Dec 1, 2020, and
Dec 10, 2021. We identified five original clinical studies on the
effectiveness of booster doses for SARS-CoV-2 vaccines. Four
studies from Israel examined the effectiveness of a third dose
of Pfizer-BioNTech’s mRNA vaccine BNT162b2 compared with
the primary vaccination series. One study estimated a

70-84% reduction in the probability of testing positive for SARS-
CoV-2 infection among individuals who had received a third dose,
but did not examine other outcomes. Another study found that
the infection rate in the booster group was lower by a factor

of 11-3 for confirmed infection and by a factor of 19-5 for severe
illness, but did not adjust for comorbidities. The third study found
a 90% lower COVID-19 related mortality rate among participants
with a third dose. The fourth study estimated that the vaccine
effectiveness of a third dose of BNT162b2 was 93% against
hospital admission, 92% against severe disease, and 81% against
death. Additionally, a preprint study found that, compared with
demographically and clinically matched individuals with two
doses, the effectiveness of a third dose in preventing SARS-CoV-2
infection and hospitalisation was 46% and 47%, respectively, for
BNT162b2, and 47% and 50%, respectively, for Moderna’s
mRNA-1273 vaccine. All available evidence relates to mRNA
vaccines. We found no studies examining the effectiveness of a
homologous or heterologous booster dose for individuals with a
complete primary vaccination schedule with an inactivated
SARS-CoV-2 vaccine.

Added value of this study
Our study estimates the effectiveness of a homologous or
heterologous booster dose for individuals with a complete

use since the first vaccine tested in a large randomised
clinical trial was approved in the UK on Dec 2, 2020, and
several new vaccines are in the final testing stage. The
efficacy, effectiveness, and safety profiles of numerous
vaccine platforms are well supported by large-scale
efficacy trials or observational studies. Many countries
are currently running mass vaccination campaigns.?
Increasing evidence suggests that vaccine protection
against COVID-19 might be waning over time, and newly
emerging variants, such as delta and omicron, might
evade vaccine-induced immune protection.** Although
the correlates of protection from COVID-19 vaccines
are not fully understood,*” research has shown a time-
dependent decrease in humoral immune responses
after vaccination with any vaccine against SARS-CoV-2,*
which might parallel decreasing protection against
infection and disease. Research suggests that this
decrease also occurs for the CoronaVac inactivated

primary vaccination schedule with an inactivated SARS-CoV-2
vaccine (CoronaVac), which is among the world's most widely
used COVID-19 vaccines. Specifically, we used a prospective
national cohort of 11-2 million people aged 16 years or older to
assess the effectiveness of CoronaVac, AZD1222, or BNT162b2
vaccine boosters in individuals who had completed their
primary immunisation schedule with CoronaVac. We assessed
vaccine effectiveness against symptomatic COVID-19 and
COVID-19 outcomes (hospitalisation, admission to the
intensive care unit, and death) between treated individuals
(three doses) and non-treated individuals (unvaccinated),
adjusting for known demographic, socioeconomic, and clinical
confounders by inverse probability of treatment weighting.
We found that a homologous or heterologous booster dose
significantly increased vaccine effectiveness against
COVID-19 and COVID-19 outcomes.

Implications of all the available evidence

COVID-19 vaccines are an essential component of the
pandemic response to reduce disease burden. However,
increasing evidence suggests that vaccine protection against
COVID-19 might be decreasing over time or have lower
effectiveness against the delta variant (B.1.617.2). The
decrease in vaccine protection is particularly worrying for
inactivated vaccines, which offer lower protection than other
vaccine technologies. Considering this emerging evidence,
several countries have authorised or begun using a third dose.
Our results suggest that a homologous or heterologous
booster dose for individuals with a complete primary
vaccination schedule with CoronaVac provides a high level of
protection against COVID-19, including severe disease and
death, with the heterologous boosters offering higher
protection than the homologous booster.

SARS-CoV-2 vaccine produced by Sinovac Biotech.”"
Additionally, increasing reports are describing break-
through infections among vaccinated individuals.”™
Recent research has shown that vaccine effectiveness
might weaken over time, particularly for symptomatic
illness.*** These studies examined data for Pfizer-
BioNTech’s mRNA vaccine (BNT162b2), and Oxford-
AstraZeneca’s ChAdOx1 nCov-19 vaccine (AZD1222).
Whether protection against more severe disease has
also decreased is unknown. A potential decrease in
vaccine protection is particularly worrying for inactivated
vaccines, which offer lower protection than other vaccine
technologies, and account for about half the COVID-19
vaccine doses delivered globally thus far.”

In view of this emerging evidence, several high-income
countries, including France, Germany, Israel, the UK,
and the USA, have authorised or begun using a third
vaccine dose.® Most of these countries have restricted
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vaccine boosters to people at high risk of SARS-CoV-2
infection or related complications, including older adults,
health-care workers, and individuals with underlying
health conditions. Other countries that have relied
on inactivated vaccines, including Cambodia, Chile,
Uruguay, Thailand, and Turkey, are offering homologous
and heterologous booster doses to individuals immun-
ised with primary inactivated SARS-CoV-2 vaccines
schedules.” Policy makers urgently need evidence of the
effectiveness of vaccine boosters against severe disease
for individuals who have completed their primary
immunisation schedules. Existing evidence for the
effectiveness of boosters is limited to mRNA vaccines.””

On Feb 2, 2021, Chile began a mass vaccination
campaign with four COVID-19 vaccines. The Chilean
Ministry of Health organised vaccination rollout through
a publicly available schedule at the national level,
assigning specific dates to eligible groups* On
Aug 11, 2021, the Ministry of Health began administering
a booster dose for individuals fully vaccinated with
CoronaVac. CoronaVac has been the campaign’s
backbone, with 20-5 million (59-0%) of all doses
administered (n=34-8 million doses) being CoronaVac
as of Nov 16, 2021. Pfizer-BioNTech’s BNT162b2
vaccine represents 10-6 million (30-5%) doses, Oxford-
AstraZeneca’s AZD1222 vaccine represents 3-1 million
(8-8%) doses, and CanSino Biologics’ Ad5-nCoV vaccine
represents 0-57 million (1-7%) doses Nov 16, 2021.%

We used a comprehensive, individual-level adminis-
trative dataset representative of the Chilean population to
assess the effectiveness of CoronaVac, AZD1222, and
BNT162b2 vaccine boosters (third doses) in preventing
COVID-19 cases, hospitalisations, intensive care unit
(ICU) admissions, and deaths in individuals who
completed their primary immunisation series with
CoronaVac. We estimated vaccine effectiveness for
homologous (three-dose schedule) and heterologous
(mix-and-match) booster doses, adjusting for relevant
demographic and clinical confounders of the association
between vaccination and COVID-19 outcomes. Our
results are relevant to policy makers considering a third
dose for populations vaccinated with CoronaVac, one of
the most widely used COVID-19 vaccines globally,” and
provide essential information on homologous and
heterologous vaccine booster schedules.

Methods

Study design and participants

We wused individual-level data from a prospective,
observational, national-level cohort from the Fondo
Nacional de Salud (FONASA). FONASA is the national
health insurance programme in Chile that collects,
manages, and distributes funds for the health care
system. Eligibility criteria for inclusion in this study were
being age 16 years or older, affiliation with FONASA with
active insurance status (about 80% of the Chilean
population), and vaccination with CoronaVac, BNT162b2,
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AZD1222, or Ad5-nCoV COVID-19 vaccines between
Feb 2, 2021, and the prespecified study end date of
Nov 10, 2021, or having not received any COVID-19
vaccination during that period. We excluded individuals
with a probable or confirmed SARS-CoV-2 infection,
detected by RT-PCR or antigen test, on or before
Feb 2, 2021, and individuals who had received at least one
dose of a COVID-19 vaccine before that date.

At the time of our study, all people aged 16 years or
older were eligible to receive a COVID-19 vaccine in
Chile. Estimates of the effectiveness of the primary
immunisation schedule with CoronaVac from Feb 2 to
May 1 (inclusive), 2021, including a description of
vaccination rollout, the Chilean health-care system, and
vaccine security profile, are available elsewhere.” In our
analysis, we focused on the effectiveness of homologous
and heterologous booster doses for individuals who
completed their primary series with CoronaVac. On
Aug 11, 2021, the Chilean Ministry of Health began
administering a booster dose according to a publicly
available national vaccination schedule (appendix
pp 3-6). By programme indication, for the booster
vaccination, individuals aged 55 years or older could
receive one standard dose of AZD1222, and those
younger than 55 years could receive one standard dose
of BNT162b2. An alternative booster of one standard
dose of CoronaVac was available for all age groups (based
on individual preference or medical prescription).
Recipients of the Ad5-NCov vaccine were younger
because most people older than 30 years had already
started another vaccine schedule and became eligible for
heterologous booster doses later in the year (Oct 12, 2021).
We therefore do not have the data to provide these
vaccine effectiveness estimates. Individuals who received
Ad5-NCov, and those who did not complete their primary
Coronavac schedule, were not studied further. In our
analysis, we classified the cohort participants into the
following groups: unvaccinated individuals, individuals
vaccinated with two CoronaVac doses (=14 days after
receipt of the second vaccine dose and before the third
dose), and individuals vaccinated with three doses
(=14 days after receipt of the third vaccine dose using a
homologous regimen with CoronaVac, or a heterologous
booster with either AZD1222 or BNT162b2). Our
main focus was on the comparative effectiveness of
booster doses in individuals vaccinated with CoronaVac
versus no vaccination. However, we also evaluated
the effectiveness of the homologous and heterologous
boosters compared with the primary two-dose vacci-
nation schedule with CoronaVac.

The research protocol was approved by the ethics
committee of Clinica Alemana Universidad del
Desarrollo (Santiago, Chile). No human health risks as a
result of our study were identified because we analysed
the administrative dataset and the study was considered
exempt from informed consent by the same ethics
committee.

For the Chilean National

Vaccination Plan COVID-19 and
related data see https://www.

gob.cl/yomevacuno/

See Online for appendix

For more on FONASA see

https://www.fonasa.cl/sites/

fonasa/adjuntos/
CPPFONASA20202905
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For more on ICD-10-CM see
https://www.cdc.gov/nchs/icd/
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icd10cm.htm

Outcomes and covariates

We estimated the vaccine effectiveness of booster doses
using four primary outcomes of interest: laboratory-
confirmed COVID-19 cases, hospitalisation, admission
to the ICU, and death. We considered the time from the
beginning of follow-up, on Feb 2, 2021, to the onset of
symptoms as the endpoint for the four outcomes. The
Chilean Ministry of Health requires that all suspected
COVID-19 cases are notified to health authorities via an
online platform and undergo confirmatory laboratory
testing. We defined COVID-19 cases as laboratory-
confirmed infections (92% RT-PCR and 8% antigen
test), and related deaths by corresponding code U071
(COVID-19, virus identified) in the ICD-10-CM. Our
analysis included several individual characteristics
associated with the probability of getting a vaccination,
including booster doses and infection or severity of
COVID-19 outcomes. These variables were age, sex,
region of residence, individual-level income, nationality
(Chilean or non-Chilean), and whether the patient had
underlying conditions that have been associated with
severe COVID-19 illness.* These conditions were chronic
kidney disease, diabetes, cardiovascular disease, stroke,
chronic obstructive pulmonary disease, haematological
disease, autoimmune disease, HIV, and Alzheimer’s and
other dementias.”

Statistical analysis
We determined vaccine effectiveness by estimating the
hazard ratio (HR) between treated individuals (three
doses) and non-treated individuals (unvaccinated), on the
basis of observed time to onset of symptoms, during
the period from Feb 2 to Nov 10, 2021. To estimate HRs,
we used an extension of the Cox hazards model that
allowed accounting for the time-varying vaccination status
of participants (appendix pp 14-16).** We adjusted for
differences in observed individual characteristics by
inverse probability of treatment weighting as in marginal
structural models,® estimating the weights non-
parametrically on the basis of observed characteristics.”
To account for the time-varying vaccination status
and show that our results do not depend on model
specification, we report estimates of the HRs adjusted for
age, sex, region of residence, nationality, individual-level
income, and underlying conditions under both standard
and stratified versions of the Cox hazards model,
stratifying by the variables of interest (appendix pp 8-9).%*
We estimated vaccine effectiveness as one minus the
corresponding HR (expressed as a percentage). We show
the results for the standard and stratified versions of the
Cox hazards model using inverse probability of treatment
weighting and without weighting as a robustness check.
Inference was based on a partial likelihood approach. The

with active insurance status in FONASA)

11806589 participants included in the initial study population (aged =16 years

632332 excluded because of probable or confirmed COVID-19 or receipt
of at least one dose of any COVID-19 vaccine before Feb 2, 2021

11174257 eligible for this study

678331 did not complete primary immunisation (received one dose of
BNT162b2, AZD1222, or CoronaVac) by the end of follow-up

v

v

1071 998 not vaccinated by the end of the
follow-up period

9423928 completed primary immunisation

by the end of follow-up

2407063 received two doses of BNT162b2 or AZD1222 or

g one dose of Ad5-nCoV by the end of follow-up

4

7016 865 received two doses of CoronaVac

by the end of follow-up

v v

v v

2889319 did not receive a
booster

186946 received a booster
dose of CoronaVac

2019260 received a booster 1921340 received a booster
dose of BNT162b2 dose of AZD1222

Figure: Study participants and cohort eligibility, Feb 2 to Nov 10, 2021

Participants were aged 16 years or older, affiliated with FONASA, the public national health-care insurance system, and vaccinated with CoronaVac, BNT162b2,
AZD1222, or Ad5-nCoV COVID-19 vaccines, or had not received any COVID-19 vaccination, between Feb 2, and Nov 10, 2021. We excluded individuals who had
probable or confirmed COVID-19 according to RT-PCR assay for SARS-Cov-2 or antigen test on or before Feb 2, 2021. FONASA=Fondo Nacional de Salud.
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All participants Laboratory- Unvaccinated Vaccination Vaccination status:  Vaccination status:
confirmed status: onedose  two doses three doses
CovID-19
Overall population 11174257 (100-0%) 534314 (4-8%) 1071988 (9-6%) 678341 (61%) 4754538 (42:6%) 4669390 (41-8%)
Sex
Female 5993736 (54-0%) 292040 (4-9%) 505607 (84%) 298962 (5-0%) 2432234 (40-6%) 2756933 (46-0%)
Male 5180521 (46-0%) 242274 (47%) 566381 (10-9%) 379379 (7:3%) 2322304 (44-8%) 1912457 (36-9%)
Age group, years
16-19 736905 (6:6%) 32034 (43%) 62457 (8:5%) 127731 (17-3%) 514370 (69-8%) 32347 (4-4%)
20-29 2121616 (19-0%) 127418 (6:0%) 241502 (11-4%) 238566 (11-2%) 1318987 (62:2%) 322561 (152%)
30-39 2001611 (18:0%) 116321 (5-8%) 243211 (122%) 144776 (7-2%) 1059332 (52:9%) 554292 (27:7%)
40-49 1735067 (16-0%) 88973 (5:1%) 165463 (9-5%) 84411 (4-9%) 769601 (44-4%) 715592 (41-2%)
50-59 1795580 (16-0%) 79308 (4-4%) 136770 (7-6%) 51346 (2:9%) 548956 (30-6%) 1058508 (59-0%)
60-69 1421931 (13-0%) 49711 (3-5%) 97548 (6:9%) 15666 (1-1%) 289219 (20:3%) 1019498 (71-7%)
70-79 881220 (7-9%) 26116 (3-0%) 65071 (7-4%) 8657 (1-0%) 148063 (16-8%) 659429 (74-8%)
=80 480327 (4-3%) 14433 (3-0%) 59966 (7-2%) 7188 (1.5%) 106010 (22:1%) 307163 (64-0%)
Comorbidities*
None 7586853 (68:0%) 361575 (4-8%) 832456 (11-0%) 558203 (7-4%) 3611727 (47-6%) 2584467 (34-1%)
=1 3587404 (32-0%) 172739 (4-8%) 239532 (6-7%) 120138 (3-4%) 1142811 (31-9%) 2084923 (58-1%)
Nationality
Chilean 10427613 (93-3%) 501394 (4-8%) 895370 (8-6%) 616986 (5-9%) 4417 917 (42-4%) 4497340 (431%)
Non-Chilean 746644 (6:7%) 32920 (4-4%) 176 618 (23-7%) 61355 (8-2%) 336621 (45-1%) 172050 (23:0%)
As well as the listed characteristics, the main analysis model (table 2) also included individual-level income (seven groups) and location (16 regions; appendix pp 8-9). Using
the y’ test, we found statistically significant differences (p<0-001) both in the incidence of COVID-19 and according to vaccination status by sex, age group, comorbidities,
nationality, region of residence, and income. More detailed cohort data are provided in the appendix (pp 8-10). The COVID-19 vaccines include AZD1222, Ad5-nCov,
BNT162b2, and CoronaVac. *Coexisting conditions included chronic kidney disease, diabetes, cardiovascular disease (ie, hypertension, myocardial infarction), stroke, chronic
obstructive pulmonary disease, haematological disease (ie, lymphoma, leukaemia, myeloma), autoimmune disease (ie, rheumatoid arthritis, juvenile idiopathic arthritis,
systemic lupus erythematosus), HIV, and Alzheimer’s disease and other dementias.
Table 1: Characteristics of the study cohort of FONASA affiliates, Feb 2 to Nov 10, 2021

comparison of the risk of an event for individuals who had
received a booster dose and for those who were
unvaccinated was made at the same calendar time. Each
term in the partial likelihood of the effectiveness
regression coefficient corresponds to the conditional
probability of an individual expressing the outcome of
interest from the risk set at a given calendar time.
Bonferroni adjusted Pearson's x2 test was used to compare
descriptive data. Standard 95% Wald confidence intervals
(95% CI) were computed for the estimates. Finally, to
show the added benefit of the booster doses, we compared
the vaccine effectiveness of the homologous and
heterologous boosters in preventing COVID-19 outcomes
compared with the primary two-dose CoronaVac
vaccination schedule. We used the survival package for R
(version 4.0.5) for the analyses (appendix pp 14-16).

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report, or in the decision to submit the
paper for publication.

Results

Our cohort initially included 11806 589 individuals aged
16 years or older and affiliated with FONASA, of whom
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11174257 were eligible for this study. As of Nov 10, 2021,
1071998 participants were unvaccinated, 678331 had
received one COVID-19 vaccine dose (BNT162b2,
AZD1222, or CoronaVac), and 9423928 had completed
their primary immunisation against COVID-19 (two
doses of BNT162b2, AZD1222, or CoronaVac or one dose
of Ad5-nCoV). Among individuals who had completed
primary immunisation, 7016865 (74-5%) received
two doses of CoronaVac separated by at least 28 days. Of
these, 186946 received a third dose of CoronaVac,
2019260 received a BNT162b2 booster dose, and 1921340
received an AZD1222 booster dose, as of Nov 10, 2021
(figure). We summarised descriptive statistics for the
study cohort (table 1). We found statistically significant
differences (p<0-0001) both in the incidence of COVID-19
and according to vaccination status (unvaccinated,
vaccinated with one dose or two doses, or vaccinated with
a booster) by sex, age group, comorbidities, nationality,
region of residence, and income. These differences
justified inclusion of the variables in the model.

The Chilean Ministry of Health administered
4127546 booster doses during the study period to
individuals with a complete primary immunisation
schedule (two doses) with CoronaVac. Most booster
doses (3940600 [95-4%]) were heterologous, with
1921340 (46-5%) participants receiving an AZD1222
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Study population* Vaccine effectiveness, % (95% Cl)
Overall person-  COVID-19 COVID-19 Unweighted, Weighted, adjusted ~ Unweighted, Weighted, stratified
days case number incidencerate,  adjusted for all for all covariatest stratified analysist¥ ~ analysist+
1000 person- covariatest
days
Laboratory-confirmed COVID-19
Unvaccinated 107933 645 6021 0-0559
CoronaVac booster (=14 days after third dose) 8795237 323 0-0367 75:6% (72.7-781)  781% (76:1-79-9)  77-3% (74-6-79-8)  78-8% (76-8-80:6)
BNT162b2 booster (=14 days after third dose) 34755396 334 0-0096 95-6% (95-1-96-1) 96:3% (96:1-96-5) 95-8% (95-3-962)  96:5% (96-2-96-7)
AZD1222 booster (=14 days after third dose) 96601030 969 0-0100 92-8% (92-4-93-3) 93:2% (92-8-93-5) 93:1% (92-6-93'5) 93-2% (92-9-93:6)
COVID-related hospitalisation
Unvaccinated 111515766 1134 0-0102
CoronaVac booster (=14 days after third dose) 8999341 89 0-0099 83:4% (79-5-86-6)  84.7% (81-8-87-1)  87-2% (84-1-89-7)  86:3% (83.7-88-5)
BNT162b2 booster (=14 days after third dose) 35941136 55 0-0015 953% (93-8-96-4)  96-4% (95-6-97-0)  95-7% (94-4-96-7)  96:1% (95-3-96-9)
AZD1222 booster (=14 days after third dose) 98599509 139 0-0014 97-3% (96:7-97-7) 97-5% (97-1-97-8) 97-8% (97-4-982)  97:7% (97-3-98-0)
COVID-related ICU admission
Unvaccinated 112043195 428 0-0038
CoronaVac booster (214 days after third dose) 9046214 21 0-0023 89-4% (83-6-931)  911%(87-1-93-9)  925% (88:3-952)  92:2% (88:7-94-6)
BNT162b2 booster (=14 days after third dose) 36034118 16 0-0004 96:1% (93-7-97-7) 96:3% (94-8-97-4)  96:6% (94-4-98-0)  96-2% (94-6-97-3)
AZD1222 booster (=14 days after third dose) 98801374 26 0-0003 98:6% (98-:0-99-1)  98-8%(98-3-99-1)  99-0% (98:5-99-3)  98-9% (98:5-99-2)
Confirmed COVID-19-related death
Unvaccinated 111912342 192 0-0017
CoronaVac booster (214 days after third dose) 9059669 18 0-0020 85-8% (77-2-91-2) 83.7% (76:6-88-7)  88.9% (82:1-93-2)  86-7% (80-5-91.0)
BNT162b2 booster (=14 days after third dose) 36060324 6 0-0002 96:8% (92:7-98:5)  96-4% (93-2-98-:0)  97-3%(93:9-98-8)  96-8% (93-9-98-3)
AZD1222 booster (214 days after third dose) 98845182 22 0-0002 98:0% (96:4-98-7)  97-9% (97-0-98-5)  98:4% (97-5-98:9)  98-1% (97-3-98-6)
The 13 days between vaccine administration and partial or full immunisation were excluded from the at-risk person-time. We show the results for the standard and stratified versions of the extended Cox hazards
model with inverse probability of treatment weighting, and without weighting as a robustness check. *The number of person-days, number of COVID-19 cases, and COVID-19 incidence rate for the unvaccinated
group were computed for participants at risk between Aug 11, 2021 (when the Chilean Ministry of Health began administering booster doses) and Nov 10, 2021. tAdjusted for age group, sex, region of residence,
income group, nationality, and whether the patient had underlying conditions that have been associated with severe COVID-19, as described in table 1 and the appendix (pp 8-9). #A stratified version of the
extended Cox proportional hazards model was fit to test the robustness of the estimates to model assumptions, stratifying by age group, sex, region of residence, income group, nationality, and whether the
patient had underlying conditions that have been associated with severe COVID-19, as described in table 1 and the appendix (pp 8-9).
Table 2: Effectiveness of COVID-19 vaccine CoronaVac, BNT162b2, and AZD1222 boosters in preventing COVID-19 outcomes among cohort participants according to immunisation
status, Feb 2 to Nov 10, 2021*

booster and 2019260 (48-9%) participants receiving a
BNT162b2 booster. Only 186946 (4-5%) participants
received a homologous booster with CoronaVac (figure).

We calculated vaccine effectiveness for booster doses in
preventing symptomatic SARS-CoV-2 infection among
participants with a complete CoronaVac primary
immunisation schedule (table 2). Vaccine effectiveness
was compared between treated individuals (three doses)
and non-treated individuals (unvaccinated). According to
the weighted stratified version of the Cox model, the
adjusted vaccine effectiveness against symptomatic
COVID-19 was 78-8% (95% CI 76-8-80-6) for a
homologous booster with CoronaVac, 96-5% (96-2-96-7)
for a BNT162b2 booster, and 93-2% (92-9-93-6) for
an AZD1222 booster. We also assessed the vaccine
effectiveness of booster doses in preventing severe
COVID-19 outcomes (hospitalisation, ICU admission,
and death) among participants with primary immuni-
sation with CoronaVac (table 2). The adjusted vaccine
effectiveness  (weighted stratified model) against
hospitalisation was 86-3% (83-7-88-5) for a homologous
booster with CoronaVac, 96-1% (95-3-96-9) for a
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BNT162b2 booster, and 97-7% (97-3-98.0) for an
AZD1222 booster. The adjusted vaccine effectiveness
against ICU admission was 92-2% (88-7-94-6) for a
homologous booster with CoronaVac, 96-2% (94-6-97-3)
for a BNT162b2 booster, and 98-9 (98-5-99-2) for an
AZD1222 booster. The adjusted vaccine effectiveness
against COVID-19-related death was 86-7% (80-5-91-0)
for a homologous booster with CoronaVac, 96-8%
(93-9-98-3) for a BNT162b2 booster, and 98-1%
(97-3-98-6) for an AZD1222 booster.

In our evaluation of the effectiveness of the homologous
and heterologous boosters in preventing COVID-19
outcomes compared with the primary two-dose
vaccination schedule with CoronaVac, the adjusted
vaccine effectiveness (weighted stratified model) for a
homologous booster with CoronaVac was 63-8%
(60-4-67-0) against laboratory-confirmed COVID-19,
59-3% (51-5-65-9) against hospitalisation, 71-2%
(58-1-80-2) against ICU admission, and 62-7%
(44-9-74-7) against death (appendix pp 17-18). Compared
with the primary CoronaVac vaccination schedule, the
adjusted vaccine effectiveness for a heterologous booster
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with BNT162b2 was 93-5% (93-1-93-9) against
COVID-19, 86-6% (83-6-89-1) against hospitalisation,
84-1% (77-4-88-8) against ICU admission, and 90-7%
(82-2-95-1) against death. Adjusted vaccine effectiveness
for a heterologous booster with AZD1222 was 88-4%
(87-8-89-0) against COVID-19, 93-0% (91-9-93-9)
against hospitalisation, 95-9% (94-3-97-0) against ICU
admission, and 94-7% (92-5-96- 3) against death.

Discussion

Our findings show high effectiveness with homologous
(CoronaVac) and heterologous (BNT162b2 or AZD1222)
booster schedules in preventing COVID-19 and related
outcomes. Compared with no vaccination, the adjusted
vaccine effectiveness with a homologous booster
was 78-8% against laboratory-confirmed COVID-19,
86-3% against hospitalisation, 92-2% against ICU
admission, and 86-7% against death. The adjusted
vaccine effectiveness with a heterologous BNT162b2
booster dose was 96-5% against COVID-19,
96-1% against hospitalisation, 96-2% against ICU
admission, and 96-8% against death. Effectiveness
with an AZD1222 booster dose was 93-2% against
COVID-19, 97-7% against hospitalisation, 98-9%
against ICU admission, and 98-1% against death. These
results exceed the early effectiveness findings for the
CoronaVac primary series previously reported by our
group,” suggesting that a three-dose schedule should be
considered for primary immunisation with inactivated
vaccines.

Four studies in Israel have examined the effectiveness
of a homologous BNT162b2 booster compared with
the primary vaccination series. One study estimated a
70-84% reduction in the probability of testing positive for
SARS-CoV-2 infection among individuals who had
received a BNT162b2 booster, although other clinical
outcomes were not examined.” Another study found that
the rate of infection in the booster group was lower by a
factor of 11-3 for confirmed infection and by a factor of
19-5 for severe illness, but did not adjust for clinical
confounders.” A third study found a 90% lower COVID-
19-related mortality rate among participants with a
third vaccine dose.” The fourth study found that the
effectiveness of the third dose of BNT162b2 was 93%
(95% CI 88-97) against hospitalisation, 92% (82-97)
against severe COVID-19, and 81% (59-97) against
COVID-19-related death.”? A preprint study in the USA
found lower risk of infection and hospitalisation with a
third dose of BNT162b2 (46% and 47%, respectively) or
Moderna’s mRNA-1273 (47% and 50%).” Although
not directly comparable, our vaccine effectiveness
estimates against COVID-19-related hospitalisation, ICU
admission, and deaths for the third dose of BNT162b2
are higher than estimates in the USA,” but similar to
those in Israel considering estimated Cls.

The CoronaVac vaccine and Sinopharm’s BBIBP-CorV
vaccine account for about half of the COVID-19 vaccine
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doses delivered globally and have been administered in
110 primarily low-income and middle-income countries as
of Oct 14, 2021.” Our results suggest that a three-dose
vaccination schedule for CoronaVac, one of the most
commonly used COVID-19 vaccines  globally,”
substantially increases protection against severe illness.
However, protection is significantly higher for individuals
who receive a heterologous vaccine booster compared
with a homologous booster with CoronaVac. Our data are
consistent with a recent study in Brazil showing that
homologous and heterologous (BNT162b2 and AZD1222)
boosters following a two-dose CoronaVac vaccination
schedule were safe and substantially enhanced humoral
immune responses.” However, anti-spike IgG responses
at day 28 were superior in all heterologous regimens
compared with homologous regimens, suggesting
enhanced protection. Our results for heterologous vaccine
booster schedules with BNT162b2 and AZD1222 booster
doses also show encouraging results for individuals with a
complete primary immunisation schedule with
CoronaVac, providing additional support for using a mix-
and-match approach. These findings might be crucial for
policymakers, particularly in low-resource settings.

Global debate is ongoing about the use of booster doses.
Preliminary evidence suggests that the effectiveness of
COVID-19 vaccines decreases over time,”** although
there is no consensus on the speed of this decrease, and
whether protection against severe COVID-19 also
decreases. Although the priority should be to ensure that
vulnerable individuals across the globe are vaccinated,
particularly considering that some COVID-19 vaccines
probably provide enough protection against severe
disease for the most prevalent SARS-CoV-2 lineages,” our
results suggest that booster doses substantially increase
vaccine effectiveness for a CoronaVac primary series.
These results are consistent with evidence for BNT162b2
in Israel.”? Rolling out booster vaccine doses parallel to
primary immunisation campaigns might become a
powerful strategy to reduce SARS-CoV-2 infections and
mitigate its consequences. Our results are aligned with
the recommendation of WHO’s Strategic Advisory Group
of Experts, to provide a third dose to people aged 60 years
or older,” without neglecting primary immunisation
coverage also recommended by WHO.

The main strengths of our study include the use of a
diverse cohort of 11- 2 million individuals, with combined
vaccination and administrative health-care data and
representing about 80% of the Chilean population. We
collected data on demographic variables, residence,
income, nationality, and comorbidities, in addition to
data on testing, health-care use, vital statistics, and
vaccination. The large sample size allowed us to non-
parametrically estimate inverse probability of treatment
weights and fit a stratified extended Cox proportional
hazards model for the different outcomes of interest
(given that each combination of predictors has a specific
hazard function), adding robustness to our statistical
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approach. In addition, we assessed the performance of
homologous and heterologous booster doses, which
provides valuable evidence to policy makers globally,
particularly for countries that have used CoronaVac and
are considering booster doses. The availability of a
diverse matrix of highly effective booster alternatives
should avoid potential vaccine supply shortages, helping
countries implement and sustain COVID-19 vaccination
efforts over time.

The study also has limitations. First, as an observational
study, our results might have been subject to selection
and misclassification biases. Selection bias might have
occurred if, for example, vaccinated and unvaccinated
individuals had systematic differences. We adjusted
our estimates for known confounders that could
affect vaccine effectiveness estimates, such as age, sex,
region of residence, individual-level income, nationality,
and whether the patient had underlying conditions
associated with severe COVID-19. Although our model
adjusted for known confounders that could affect the
probability of vaccination, infection, or developing severe
COVID-19, we cannot account for potentially systematic,
unobservable behavioural or health differences between
the study groups. The factors that could explain vaccine
hesitancy are complex and context-specific. They might
include concern about vaccine side-effects, distrust in
government or pharmaceutical companies, religious or
other personal beliefs, misinformation, health-care
inequalities, and ineffective public health messaging.”
We cannot be sure in which direction, if any, these
systematic differences affect vaccine effectiveness
estimates. For example, publicly reported effectiveness
results for the CoronaVac vaccine in Chile during
May, 2021, might have resulted in fully vaccinated people
taking more risks for acquiring SARS-CoV-2 infection
than unvaccinated individuals.* As we have described
(appendix pp 3-6), the Chilean Ministry of Health
organised a vaccination rollout through a publicly
available vaccination schedule. In the current strategy,
individuals need to attend the nearest vaccination site
with a form of personal identification; no appointments
are required. The risk for misclassification bias with the
exposure or the outcomes is low. Chile has a single,
electronic, and centralised immunisation registry, and
SARS-CoV-2 testing is free and widely available.

A second limitation concerns SARS-CoV-2 variants.
The Chilean Ministry of Health has incorporated SARS-
CoV-2 genomic surveillance into an existing network of
respiratory virus monitoring centres since Dec 22, 2020,
and, as of Nov 15, 2021, reported the circulation of four
variants of concern (alpha, beta, gamma, and delta;
appendix pp 12-13), which might influence vaccine
effectiveness. Research suggests that COVID-19 vaccines
have lower effectiveness against delta,** the predominant
circulating variant in Chile at the time of our analysis.
We do not have representative data to estimate the true
prevalence of these variants and their effect on vaccine

effectiveness, which could be highly relevant to control
the pandemic. A third limitation is that individuals
younger than 55 years were not eligible for AZD1222
booster doses, so results cannot be directly compared
among the different vaccines. Giving the AZD1222
boosters to older individuals at increased risk of
COVID-19 and related outcomes might have resulted in
lower estimated vaccine effectiveness compared with a
situation in which all ages were eligible to receive
AZD1222 boosters. A final limitation is that we estimated
vaccine effectiveness within 3 months after the booster
doses became available, but increasing evidence suggests
that vaccine protection might decrease over time.

Overall, our results suggest that a homologous or
heterologous booster vaccine dose for individuals with a
complete primary vaccination schedule with CoronaVac
results in a high level of protection against COVID-19,
including severe disease and death. Heterologous
boosters showed higher vaccine effectiveness than a
homologous booster for all clinical outcomes considered,
providing additional support for use of a mix-and-match
approach.
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