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ABSTRACT

BACKGROUND

Mass vaccination campaigns to prevent coronavirus disease 2019 (Covid-19) are oc-
curring in many countries; estimates of vaccine effectiveness are urgently needed
to support decision making. A countrywide mass vaccination campaign with the
use of an inactivated severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
vaccine (CoronaVac) was conducted in Chile starting on February 2, 2021.

METHODS
We used a prospective national cohort, including participants 16 years of age or
older who were affiliated with the public national health care system, to assess
the effectiveness of the inactivated SARS-CoV-2 vaccine with regard to preventing
Covid-19 and related hospitalization, admission to the intensive care unit (ICU),
and death. We estimated hazard ratios using the extension of the Cox proportional-
hazards model, accounting for time-varying vaccination status. We estimated the
change in the hazard ratio associated with partial immunization (214 days after
receipt of the first dose and before receipt of the second dose) and full immuniza-
tion (>14 days after receipt of the second dose). Vaccine effectiveness was estimated
with adjustment for individual demographic and clinical characteristics.

RESULTS

The study was conducted from February 2 through May 1, 2021, and the cohort
included approximately 10.2 million persons. Among persons who were fully im-
munized, the adjusted vaccine effectiveness was 65.9% (95% confidence interval
[CI], 65.2 to 66.6) for the prevention of Covid-19 and 87.5% (95% CI, 86.7 to 88.2)
for the prevention of hospitalization, 90.3% (95% CI, 89.1 to 91.4) for the preven-
tion of ICU admission, and 86.3% (95% CI, 84.5 to 87.9) for the prevention of
Covid-19-related death.

CONCLUSIONS

Our results suggest that the inactivated SARS-CoV-2 vaccine effectively prevented
Covid-19, including severe disease and death, a finding that is consistent with results
of phase 2 trials of the vaccine. (Funded by Agencia Nacional de Investigacion y
Desarrollo and others.)
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HE CORONAVIRUS DISEASE 2019 (COVID-19)
pandemic has imposed an enormous dis-
ease burden worldwide, with more than
159 million cases and approximately 3.3 million
deaths reported as of May 10, 2021.! Covid-19 is
caused by severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) infection, and the severity
ranges from mild symptoms to life-threatening
disease.? Older age and underlying conditions
substantially increase the case fatality rate.>*
Nonpharmaceutical interventions, such as social
distancing, face masks, and contact tracing, have
so far been the mainstay of health policy strate-
gies to reduce viral spread and limit demands on
health care.>® New Covid-19 vaccines are begin-
ning to change this situation. On December 2,
2020, the first vaccine tested in a large, random-
ized clinical trial was approved in the United
Kingdom,”® although some countries began vac-
cinations before clinical results were available.
Several effective vaccines against Covid-19 have
been developed and approved in record time,®*?
and numerous new vaccines are in the final stages
of clinical trials.’®
Mass vaccination campaigns to prevent
Covid-19 are now occurring in many countries.
Preliminary results of the effectiveness of other
Covid-19 vaccines across different populations
have been published, including studies at the
national level in Israel™ and Scotland'® and stud-
ies involving essential frontline workers at spe-
cific locations in the United States.'™ Estimates
of vaccine effectiveness in the prevention of
Covid-19 are essential because they reflect real-
world challenges, such as logistics, cold chains,
vaccination schedules, and follow-up, and also
involve more diverse populations than those se-
lected in randomized clinical trials, such as older
or immunocompromised persons or those with
coexisting conditions. Despite being the standard
for assessing vaccine efficacy, phase 3 clinical
trials have some limitations, such as restrictive
inclusion criteria and implementation under strict
experimental conditions that may not resemble a
mass vaccination rollout.”® Thus, large observa-
tional studies to estimate the effectiveness of new
vaccines in real-world settings are an essential
complement to randomized, controlled trials.*
Existing vaccine-effectiveness estimates have
focused on the BNT162b2 messenger RNA
(mRNA) vaccine (Pfizer-BioNTech), the ChAdOx1
nCoV-19 vaccine (Oxford—AstraZeneca), and the
mRNA-1273 vaccine (Moderna).'>* Several coun-

tries are conducting vaccination campaigns with
the use of an inactivated SARS-CoV-2 vaccine
(CoronaVac) amid a record surge of Covid-19
cases worldwide.>'* A total of 22 primarily low-
and middle-income countries have approved the
CoronaVac vaccine for emergency use. Despite its
global importance, limited evidence is available
on the efficacy or effectiveness of this vaccine.
Phase 1-2 trials of the CoronaVac vaccine®
were carried out in China among participants 18
to 59 years of age” and in participants 60 years
of age or older.** The findings suggested that the
vaccine was safe and immunogenic in most pa-
tients 14 days after receipt of the second dose.
Phase 3 clinical trials are taking place in Brazil,
Chile, Indonesia, and Turkey (ClinicalTrials
.gov numbers, NCT04456595, NCT04651790,
NCT04508075, and NCT04582344, respectively).
Efficacy results from these trials have not yet
been published, but reported efficacy estimates
from the manufacturers with regard to mild
Covid-19 have varied substantially among the
sites: 50.7% (95% confidence interval [CI], 35.6
to 62.2) in Brazil, 65.3% in Indonesia, and 83.5%
(95% CI, 65.4 to 92.1) in Turkey.>>® In addition,
preliminary estimates from an observational
study involving vaccinated health care workers
(from a preprint server) suggested that at least
one dose of the CoronaVac vaccine was 49.6%
(95% CI, 11.3 to 71.4) effective against Covid-19
in Manaus, Brazil, a location where the P.1 (or
gamma) variant, which is considered to be a
variant of concern by the Centers for Disease
Control and Prevention,” is predominant (oc-
curred in approximately 75% of the test results).
No estimates of the effectiveness of the Coro-
naVac vaccine with regard to preventing Covid-19
in the general population or in persons who have
received full vaccination are publicly available.
On February 2, 2021, Chile began a mass vac-
cination campaign with the CoronaVac vaccine
(Section S1 in the Supplementary Appendix,
available with the full text of this article at
NEJM.org).! The Public Health Institute of Chile
approved the CoronaVac vaccine for emergency
use on January 20, 2021; the vaccine is to be
administered in a two-dose schedule, with doses
separated by 28 days. The vaccination campaign
prioritized older adults, beginning at 90 years of
age or older; frontline health care workers; and
persons with underlying conditions. The govern-
ment relied on the existing health care infra-
structure to roll the vaccines out to the eligible
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population where they lived. Vaccination rollout
was organized by means of a publicly available
national schedule that assigned specific dates to
eligible groups. Eligible persons needed to show
up at the nearest vaccination site with their iden-
tification; they did not need to make an appoint-
ment (Figs. S3 and S4). A national immunization
registry keeps track of the vaccination schedules.
As of May 10, 2021, the Ministry of Health has
administered 13.98 million doses of the Corona-
Vac vaccine (7.62 million first doses and 6.36 mil-
lion second doses).?? Vaccine introduction and
scale-up of the campaign occurred during a pe-
riod with the highest incidence rates of Covid-19
since the beginning of the pandemic in Chile.

We used a rich administrative observational
data set to provide estimates of the effectiveness
of the CoronaVac vaccine in preventing Covid-19
and related hospitalization, admission to the in-
tensive care unit (ICU), and death in the Chilean
population. We estimated the effectiveness of the
administration of one vaccine dose and of two
doses (the complete schedule), with adjustment
for relevant demographic and clinical confound-
ers of the association between vaccination and
Covid-19 outcomes. We conducted robustness
checks to test whether vaccine effectiveness would
be affected by differences in health care access
between the vaccinated and unvaccinated groups,
and we provide vaccine-effectiveness estimates
among persons 16 to 59 years of age and among
those 60 years of age or older.

METHODS

STUDY POPULATION AND DESIGN

We used a prospective observational cohort at the
national level. The study cohort included partici-
pants 16 years of age or older who were affili-
ated with Fondo Nacional de Salud (FONASA),
the national public health insurance program,
which includes approximately 80% of the Chil-
ean population. A detailed description of the vac-
cination campaign is provided in the Supplemen-
tary Appendix. Eligibility criteria included an age
of 16 years or more, affiliation with FONASA,
and receipt of at least one dose of the CoronaVac
vaccine between February 2 and May 1, 2021, or
no receipt of any Covid-19 vaccination. We ex-
cluded participants with a probable or confirmed
SARS-CoV-2 infection, as assessed by reverse-
transcriptase—polymerase-chain-reaction (RT-PCR)
assay or antigen testing, on or before February

2, 2021, and persons who had received at least
one dose of the BNT162b2 vaccine. We did not
focus on the effectiveness of the BNT162b2 vac-
cine because these estimates have been provided
elsewhere.’!” We focused on the results regard-
ing the CoronaVac vaccine because they are the
mainstay of the vaccination strategy in Chile.
However, we provide estimates of the effective-
ness of the BNT162b2 vaccine in the Supplemen-
tary Appendix as a validation of the procedures
used here.

All persons 16 years of age or older are eli-
gible to receive the vaccine, according to the
national vaccination schedule. We classified par-
ticipants into three groups: those who were not
vaccinated, those who were partially immunized
(214 days after receipt of the first vaccine dose
and before receipt of the second dose), and those
who were fully immunized (>14 days after receipt
of the second dose).

The study team was entirely responsible for
the design of the study and for the collection and
analysis of the data. The authors vouch for the
accuracy and completeness of the data. The first,
second, and last authors wrote the first draft of
the manuscript.

OUTCOMES AND COVARIATES
We estimated vaccine effectiveness using four pri-
mary outcomes: laboratory-confirmed Covid-19,
hospitalization for Covid-19, admission to the
ICU for Covid-19, and Covid-19-related death.
For all the outcomes, we considered the time
from the beginning of follow-up (February 2,
2021) to the onset of symptoms as the end point.
Vaccine-effectiveness estimates regarding Covid-19
cases included the more severe outcomes. All
suspected cases of Covid-19 in Chile are notified
to health authorities by means of an online plat-
form and are confirmed by laboratory testing. In
our study, cases of Covid-19 and related deaths
were those in persons with laboratory-confirmed
infection, which corresponds to code U07.1 in the
International Classification of Diseases, 10th Revision.
We controlled for several patient characteris-
tics that could confound the association between
vaccination and outcomes, including age, sex,
region of residence, income, nationality, and
whether the patient had underlying conditions
that have been associated with severe Covid-19.
These conditions included chronic kidney disease,
diabetes, cardiovascular disease, stroke, chronic
obstructive pulmonary disease, hematologic dis-
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11,820,292 Participants were included
in the initial FONASA study population
(=16 yr of age with active insurance status)

1,632,572 Were excluded because
of probable or confirmed Covid-19
> before February 2, 2021, or
because they had received the
BNT162b2 vaccine

10,187,720 Were included in the final
study population

5,471,728 Were not

542,418 Received one
dose of vaccine

4,173,574 Received two
doses of vaccine

Figure 1. Study Participants and Cohort Eligibility.

Participants were at least 16 years of age, were affiliated with Fondo Nacional
de Salud (FONASA; the national public health care system in Chile), and
either had received at least one dose of the CoronaVac vaccine between
February 2 and May 1, 2021, or had not received any vaccination. We ex-
cluded persons who had probable or confirmed coronavirus disease 2019
(Covid-19) according to reverse-transcriptase—polymerase-chain-reaction
assay for severe acute respiratory syndrome coronavirus 2 and all persons
who had been immunized with the BNT162b2 vaccine.
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ease, autoimmune disease, human immunodefi-
ciency virus infection, and Alzheimer’s disease
and other dementias.**3

STATISTICAL ANALYSIS

Our analysis was broadly based on the analytic
methods of Thompson et al."” for estimating vac-
cine effectiveness in the United States. We deter-
mined vaccine effectiveness by estimating the
hazard ratio between the vaccinated and unvac-
cinated groups. On the basis of the observed in-
formation regarding the time to symptom onset
from February 2, 2021, we estimated hazard ra-
tios using the extension of the Cox proportional-
hazards model, which allowed us to account for
a time-varying vaccination status of the persons
in the study. We evaluated the robustness of the
model assumptions by fitting a stratified version
of the extended Cox proportional-hazards model
using the available predictors. Inference was based
on a partial likelihood approach (Section S2).” We
estimated the change in the hazard associated
with partial immunization and full immuniza-
tion, and both time-to-event analyses were per-
formed separately. Because the immunity status
induced by the CoronaVac vaccine is unknown

during the 13 days between vaccine administra-
tion and partial or full immunization, those peri-
ods were excluded from the at-risk person-time in
our analyses.”

We estimated the vaccine effectiveness as 1 mi-
nus the corresponding hazard ratio, obtained
from a model including the previously described
covariates, which was expressed as a percentage.
We also provide the results with adjustment for
the effect of sex and age only. To evaluate wheth-
er our effectiveness results were affected by po-
tentially different access to health care between
vaccinated persons and unvaccinated persons and
according to the age distribution, we performed
subgroup analyses involving the subgroup of per-
sons with access to RT-PCR or antigen testing for
SARS-CoV-2 and subgroups of persons 60 years of
age or older and persons 16 to 59 years of age.
Statistical analyses were conducted with the use of
the survival package of R software, version 4.0.5.3%

RESULTS

STUDY POPULATION AND VACCINATION ROLLOUT
Figure 1 shows the flow diagram of the study
cohort. Of the 11,820,292 persons 16 years of age
or older who were affiliated with FONASA,
10,187,720 were eligible for inclusion in the study.
Table 1 shows the descriptive statistics for the
approximately 10.2 million participants included
in the study cohort. There were significant dif-
ferences according to geographic region, sex, age,
income group, nationality, and presence of under-
lying medical conditions, both in the incidence
of Covid-19 and according to vaccination status
(unvaccinated, vaccinated with only one dose, or
vaccinated with two doses). Laboratory confirma-
tion of infection was by RT-PCR assay in 98.1% of
the cases and by antigen testing in 1.9%. Figure 2A
shows the rapid rollout of the vaccination cam-
paign, which started on February 2, 2021. De-
tails of the vaccination campaign are provided
in Section S1 and Figures S5 through S8. Figure 2B
shows the crude cumulative incidence of Covid-19
during the study period among persons who had
received one or two doses of vaccine or were
unvaccinated.

VACCINE EFFECTIVENESS

There were approximately 615 million person-days
in the unvaccinated group, 70 million person-days
in the partially immunized group, and 92 million
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A Vaccination Rollout
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Figure 2. Vaccination Rollout and Crude Cumulative Incidence of Covid-19
in the Study Cohort.

Panel A shows the pace and coverage of the vaccination program among per-
sons who received both doses of vaccine (first and second doses shown sep-

arately) or only one dose during the study period (February 2 through May 1,
2021). Panel B shows the crude cumulative incidence of Covid-19 during the
study period among unvaccinated persons, among persons who had received
only one dose of vaccine, and among persons who had received both doses of
vaccine. The relatively high cumulative incidence of Covid-19 in the one-dose
group should be interpreted with caution. As shown in Panel A, this group
initiated vaccination approximately 40 days after the beginning of the vacci-
nation campaign on February 2, 2021. Therefore, the incidence curve includes
all cases that occurred from before vaccination up to 13 days after receipt of
the first dose. Shading on the lines indicates 95% confidence intervals.

among partially immunized persons (14 to 28 days
after receipt of the first dose) was 15.5% (95% CI,
14.2 to 16.8) for the prevention of Covid-19 and
37.4% (95% CI, 34.9 to 39.9) for the prevention
of hospitalization, 44.7% (95% CI, 40.8 to 48.3)
for the prevention of admission to the ICU, and
45.7% (95% CI, 40.9 to 50.2) for the prevention
of Covid-19-related death. In the fully immunized
group, the estimated adjusted vaccine effectiveness
was 65.9% (95% CI, 65.2 to 66.6) for the preven-
tion of Covid-19 and 87.5% (95% CI, 86.7 to 88.2)
for the prevention of hospitalization, 90.3%
(95% CI, 89.1 to 91.4) for the prevention of ICU
admission, and 86.3% (95% CI, 84.5 to 87.9) for
the prevention of Covid-19—related death (Table 2).
The vaccine-effectiveness estimates in the strati-
fied model were consistent with these results.

We estimated that the adjusted vaccine effec-
tiveness in the subgroup of fully immunized per-
sons 60 years of age or older was 66.6% (95% CI,
65.4 to 67.8) for the prevention of Covid-19 and
85.3% (95% CI, 84.3 to 86.3) for the prevention
of hospitalization, 89.2% (95% CI, 87.6 to 90.6)
for the prevention of ICU admission, and 86.5%
(95% CI, 84.6 to 88.1) for the prevention of
Covid-19-related death (Table 3). Vaccine-effec-
tiveness estimates among persons 16 to 59 years
of age are provided in Table S3.

To address a potential concern that the ob-
served vaccine effectiveness may have been driven
by health care access, we conducted an analysis
in the subgroup of persons who had undergone
testing with an RT-PCR assay (98.1%) or antigen
test (1.9%) during the analysis period. The results,
conditional on whether testing was performed,
showed larger effects for vaccination than when
we included the complete cohort. Among fully
immunized persons in this subgroup, the adjust-
ed vaccine effectiveness was 72.9% (95% CI, 72.3
to 73.4) for the prevention of Covid-19 and 89.2%
(95% CI, 88.5 to 89.8) for the prevention of hos-
pitalization, 91.6% (95% CI, 90.5 to 92.5) for the
prevention of ICU admission, and 87.8% (95% CI,
86.2 to 89.2) for the prevention of Covid-19—related
death (Table S4).

DISCUSSION

person-days in the fully immunized group during
the study period (Table 2). We documented 218,784
cases of Covid-19, as well as 22,866 hospitaliza-
tions, 7873 ICU admissions, and 4042 deaths.
We estimated that the vaccine effectiveness

We provide estimates of the effectiveness of ad-
ministration of the CoronaVac vaccine in a coun-
trywide mass vaccination campaign for the pre-
vention of laboratory-confirmed Covid-19 and
related hospitalization, admission to the ICU, and
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Table 2. Effectiveness of CoronaVac Vaccine in Preventing Covid-19 Outcomes in Overall Study Cohort, According to Immunization Status.*
Outcome and
Immunization Status Study Cohort Persons with Covid-19 Vaccine Effectiveness (95% Cl)
Analysis Analysis
No. of No. of Incidence Adjusted for Adjusted for Stratified
Person-Days Persons Rate Sexand Age  All Covariates Analysisi
no. of events/
1000 person-days percent

Covid-19

Unvaccinated 614,868,240 185,633 0.3019 — — —

Partially immunized 69,788,352 20,865 0.2990 8.0 15.5 17.2

(6.5-9.4) (14.2-16.8) (15.8-18.6)

Fully immunized 91,671,797 12,286 0.1340 61.2 65.9 63.7
(60.3-62.0) (65.2-66.6) (62.8-64.6)

Hospitalization

Unvaccinated 620,894,706 18,034 0.0290 — — —

Partially immunized 70,690,796 3,370 0.0477 31.4 37.4 40.3
(28.6-34.0) (34.9-39.9) (37.6-42.8)

Fully immunized 92,445,333 1,462 0.0158 86.0 87.5 86.5
(85.1-86.8) (86.7-88.2) (85.6-87.4)

Admission to ICU

Unvaccinated 621,226,431 6,359 0.0102 — — —

Partially immunized 70,836,597 1,154 0.0163 37.5 44.7 45.3
(33.1-41.5) (40.8-48.3) (41.2-49.2)

Fully immunized 92,622,083 360 0.0039 88.8 90.3 90.2
(87.4-90.0) (89.1-91.4) (88.9-91.4)

Confirmed death

Unvaccinated 621,426,477 2,786 0.0045 — — —

Partially immunized 70,854,187 847 0.0120 39.8 45.7 46.0
(34.4-44.7) (40.9-50.2) (40.7-50.8)

Fully immunized 92,514,261 409 0.0044 84.4 86.3 86.7
(82.4-86.2) (84.5-87.8) (84.9-88.3)

* Participants were classified into three groups: those who were unvaccinated, those who were partially immunized (=14 days after receipt
of the first vaccine dose and before receipt of the second dose), and those who were fully immunized (=14 days after receipt of the second
dose). The 13 days between vaccine administration and partial or full immunization were excluded from the at-risk person-time. ICU denotes

intensive care unit.

been associated with severe Covid-19.

The analysis was adjusted for age, sex, region of residence, income, nationality, and whether the patient had underlying conditions that have

I A stratified version of the extended Cox proportional-hazards model was fit to test the robustness of the estimates to model assumptions,

with stratification according to age, sex, region of residence, income, nationality, and whether the patient had underlying conditions that have

been associated with severe Covid-19.

death. Among fully immunized persons, the ad-
justed vaccine effectiveness was 65.9% for Covid-19
and 87.5% for hospitalization, 90.3% for ICU ad-
mission, and 86.3% for death. The vaccine-effec-
tiveness results were maintained in both age-sub-
group analyses, notably among persons 60 years
of age or older, independent of variation in test-
ing and independent of various factors regarding
vaccine introduction in Chile.

The vaccine-effectiveness results in our study
are similar to estimates that have been reported
in Brazil for the prevention of Covid-19 (50.7%;
95% CI, 35.6 to 62.2), including estimates of cases
that resulted in medical treatment (83.7%; 95% CI,
58.0 to 93.7) and estimates of a composite end
point of hospitalized, severe, or fatal cases (100%;

N ENGL J MED 385;10 NEJM.ORG

95% CI, 56.4 to 100).” The large confidence in-
tervals for the trial in Brazil reflect the relatively
small sample (9823 participants) and the few
cases detected (35 cases that led to medical treat-
ment and 10 that were severe). However, our
estimates are lower than the vaccine effective-
ness recently reported in Turkey (83.5%; 95% CI,
65.4 to 92.1),”* possibly owing to the small sam-
ple in that phase 3 clinical trial (10,029 partici-
pants in the per-protocol analysis), differences in
local transmission dynamics, and the predomi-
nance of older adults among the fully or partially
immunized participants in our study. Overall, our
results suggest that the CoronaVac vaccine had
high effectiveness against severe disease, hospital-
izations, and death, findings that underscore the
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Table 3. Effectiveness of CoronaVac Vaccine in Preventing Covid-19 Outcomes among Cohort Participants 60 Years of Age or Older,
According to Immunization Status.
Outcome and
Immunization Status ~ Subgroup Cohort Persons with Covid-19 Vaccine Effectiveness (95% Cl)
Analysis Analysis
No. of No. of Incidence Adjusted for Adjusted for Stratified
Person-Days Persons Rate Sex and Age  All Covariates* Analysist
no. of events/
1000 person-days percent

Covid-19

Unvaccinated 75,707,905 15,597 0.2060 — — —

Partially immunized 35,675,604 8,333 0.2336 3.9 9.7 12.7

(0.9-6.8) (6.9-12.4) (9.8-15.5)

Fully immunized 66,563,272 7,510 0.1128 63.4 66.6 67.2
(62.0-64.6) (65.4-67.8) (66.0-68.4)

Hospitalization

Unvaccinated 76,047,640 5,304 0.0697 — — —

Partially immunized 35,961,593 2,168 0.0603 29.2 35.0 38.6
(25.1-33.1) (31.3-38.6) (34.8-42.2)

Fully immunized 66,986,859 1,344 0.0201 83.4 85.3 85.4
(82.2-84.5) (84.3-86.3) (84.3-86.4)

Admission to ICU

Unvaccinated 76,194,648 1,811 0.0238 — — —

Partially immunized 36,062,081 672 0.0186 38.2 445 47.0
(31.9-44.0) (38.7-49.7) (41.2-52.2)

Fully immunized 67,051,769 331 0.0049 87.5 89.2 89.3
(85.7-89.0) (87.6-90.6) (87.8-90.7)

Confirmed death

Unvaccinated 76,169,386 1,999 0.0262 — — —

Partially immunized 36,053,806 768 0.0213 39.7 45.8 46.1
(33.8-45.1) (40.4-50.7) (40.5-51.2)

Fully immunized 67,045,620 402 0.0060 84.4 86.5 86.8
(82.3-86.2) (84.6-88.1) (85.0-88.4)

* The analysis was adjusted for age, sex, region of residence, income, nationality, and whether the patient had underlying conditions that have
been associated with severe Covid-19.

T A stratified version of the extended Cox proportional-hazards model was fit to test the robustness of the estimates to model assumptions,
with stratification according to sex, age, coexisting conditions, nationality, and income.
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potential of this vaccine to save lives and substan-
tially reduce demands on the health care system.

Our study has at least three main strengths.
First, we used a rich administrative health care data
set, combining data from an integrated vaccina-
tion system for the total population and from the
Ministry of Health FONASA, which covers approxi-
mately 80% of the Chilean population. These data
include information on laboratory tests, hospital-
ization, mortality, onset of symptoms, and clini-
cal history in order to identify risk factors for se-
vere disease. Information on region of residence
also allowed us to control for differences in inci-
dence across the country. We adjusted for income
and nationality, which correlate with socioeco-
nomic status in Chile and are thus considered to
be social determinants of health. The large popu-
lation sample allowed us to estimate vaccine effec-

tiveness both for one dose and for the complete
two-dose vaccination schedule. It also allowed for
a subgroup analysis involving adults 60 years of
age or older, a subgroup that is at higher risk for
severe disease® and that is underrepresented in
clinical trials. Second, data were collected during
a rapid vaccination campaign with high uptake
and during a period with one of the highest com-
munity transmission rates of the pandemic, which
allowed for a relatively short follow-up period and
for estimation of the prevention of at least four
essential outcomes: Covid-19 cases and related
hospitalization, ICU admission, and death. Final-
ly, Chile has the highest testing rates for Covid-19
in Latin America, universal health care access,
and a standardized, public reporting system for
vital statistics, which limited the number of un-
detected or unascertained cases and deaths.
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Our study has several limitations. First, as an
observational study, it is subject to confounding.
To account for known confounders, we adjusted
the analyses for relevant variables that could af-
fect vaccine effectiveness, such as age, sex, under-
lying medical conditions, region of residence, and
nationality. The risk of misclassification bias that
would be due to the time-dependent performance
of the SARS-CoV-2 RT-PCR assay is relatively low,
because the median time from symptom onset
to testing in Chile is approximately 4 days (98.1%
of the tests were RT-PCR assays). In this 4-day pe-
riod, the sensitivity and specificity of the molecular
diagnosis of Covid-19 are high.*® However, there
may be a risk of selection bias. Systematic differ-
ences between the vaccinated and unvaccinated
groups, such as health-seeking behavior or risk
aversion, may affect the probability of exposure
to the vaccine and the risk of Covid-19 and re-
lated outcomes.?**® However, we cannot be sure
about the direction of the effect. Persons may be
hesitant to get the vaccine for various reasons,
including fear of side effects, lack of trust in the
government or pharmaceutical companies, or an
opinion that they do not need it, and they may
be more or less risk-averse. Vaccinated persons
may compensate by increasing their risky behav-
ior (Peltzman effect).*® We addressed potential
differences in health care access by restricting
the analysis to persons who had undergone di-
agnostic testing, and we found results that were
consistent with those of our main analysis.

Second, owing to the relatively short follow-up
in this study, late outcomes may not have yet de-
veloped in persons who were infected near the end
of the study, because the time from symptom on-
set to hospitalization or death can vary substan-
tially.>"> Therefore, effectiveness estimates regard-
ing severe disease and death, in particular, should
be interpreted with caution. Third, during the study
period, ICUs in Chile were operating at 93.5% of
their capacity on average (65.7% of the patients
had Covid-19).3* If fewer persons were hospital-
ized than would be under regular ICU operation,
our effectiveness estimates for protection against
ICU admission might be biased downward, and
our effectiveness estimates for protection against
death might be biased upward (e.g., if patients re-
ceived care at a level lower than would usually be
received during regular health system operation).

Fourth, although the national genomic sur-
veillance for SARS-CoV-2 in Chile has reported
the circulation of at least two viral lineages con-

sidered to be variants of concern, P.1 and B.1.1.7
(or the gamma and alpha variants, respective-
ly),”* we lack representative data to estimate their
effect on vaccine effectiveness (Table S2). Results
from a test-negative design study of the effective-
ness of the CoronaVac vaccine in health care work-
ers in Manaus, Brazil, where the gamma variant
is now predominant, showed that the efficacy of
at least one dose of the vaccine against Covid-19
was 49.6% (95% CI, 11.3 to 71.4).3° Although the
vaccine-effectiveness estimates in Brazil are not
directly comparable with our estimates owing to
differences in the target population, the vaccina-
tion schedule (a window of 14 to 28 days between
doses is recommended in Brazil*?), and immuni-
zation status, they highlight the importance of
continued vaccine-effectiveness monitoring.
Overall, our study results suggest that the
CoronaVac vaccine was highly effective in protect-
ing against severe disease and death, findings
that are consistent with the results of phase 2
trials*** and with preliminary efficacy data.””*

The research protocol was approved by the Comité Etico
Cientifico Clinica Alemana Universidad del Desarrollo. The
study was considered exempt from informed consent; no human
health risks were identified. Research analysts are employees of
the Chilean Ministry of Health; our use of data follows Chilean
law 19.628 on private data protection.

Presented in part at the World Health Organization (WHO)
Strategic Advisory Group of Experts on Immunization (SAGE)
meeting on coronavirus disease 2019 (Covid-19) vaccines, April
29, 2021, and the WHO Vaccines Prioritization Working Group,
April 21, 2021.
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