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Summary
Background In February 2021, Colombia began mass vaccination against COVID-19 using mainly BNT162b2 and
CoronaVac vaccines. We aimed to estimate vaccine effectiveness (VE) to prevent COVID-19 symptomatic cases, hos-
pitalization, critical care admission, and deaths in a cohort of 796,072 insured subjects older than 40 years in north-
ern Colombia, a setting with a high SARS-CoV-2 transmission.

Methods We identified individuals vaccinated between March 1st of 2021 and August 15th of 2021. We included
symptomatic cases, hospitalizations, critical care admissions, and deaths in patients with confirmed COVID-19 as
main outcomes. We calculated VE for each outcome from the hazard ratio in Cox proportionally hazards regressions
(adjusted by age, sex, place of residence, diabetes, human immunodeficiency virus, cancer, hypertension, tuberculo-
sis, neurological diseases, and chronic renal disease), with 95% confidence intervals (CI).

Findings A total of 719,735 insured participants of 40 and more years were followed. We found 21,545 laboratory-
confirmed symptomatic COVID-19 among unvaccinated population, along with 2874 hospitalizations, 1061 critical
care admissions, and 1329 deaths, for a rate of 207.2 per million person-days, 27.1 per million person-days, 10.0 per
million person-days, and 12.5 per million person-days, respectively. We found CoronaVac was not effective for any
outcome in subjects above 80 years old; but for people 40-79 years of age, we found two doses of CoronaVac
reduced hospitalization (33.1%; 95% CI, 14.5−47.7), critical care admission (47.2%; 95% CI, 18.5−65.8), and death
(55.7%; 95% CI, 32.5−70.0). We found BNT162b2 was effective for all outcomes in the entire population of subjects
above 40 years of age, significantly declining for subjects ≥80 years.

Interpretation Two doses of either CoronaVac in population between 40 and 79 years of age, or BNT162b2 among
vaccinated above 40 years old significantly reduced deaths of confirmed COVID-19 in a cohort of individuals from
Colombia. Vaccine effectiveness for CoronaVac and BNT162b2 declined with increasing age.

Funding UK National Institute for Health Research, the European Union’s Horizon 2020 research and innovation
programme, and the Bill & Melinda Gates Foundation.

Copyright � 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)

Keywords: Vaccine effectiveness; Covid-19; Mortality; Vaccines
*Corresponding author at: Tv. 54 #41-117, Universidad del

Sin�u, Cartagena, Colombia.

E-mail address: apaterninac@unisinucartagena.edu.co

(A. Paternina-Caicedo).

www.thelancet.com Vol 12 Month August, 2022
Introduction
The SARS-CoV-2 virus first appeared in Wuhan, China
in late-2019, causing a cluster of cases of COVID-19
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Research in context

Evidence before this study

We systematically reviewed the evidence using a MED-
LINE search through PubMed, with the combination of
keywords “trial” AND (“coronavac” OR “sinovac” OR
“pfizer” OR “bnt162b2”) AND (“vaccine” OR “vaccina-
tion”) AND (“covid” OR “coronavirus” OR “SARS-CoV-2”).
In addition, we made a Google search, and used the
Johns Hopkins’ International Vaccine Access Center sys-
tematic review of all studies reporting the effectiveness
of COVID-19 vaccines. We included Phase 3 clinical trials
in humans, published up to July 18th of 2021. We found
six Phase 3 trials, one for CoronaVac (efficacy for symp-
tomatic case of 83¢5%; 95% confidence interval [CI],
65¢4−92¢1), and two for BNT162b2 (efficacies for symp-
tomatic cases at all ages of 95¢0 [95% CI, 90¢3 to 97¢6];
and 100¢0% [95% CI, 75¢3 to 100¢0] in adolescents). For
CoronaVac, there were two studies reporting effective-
ness: one cohort study in Chile and a test-negative
matched case-control design in Brazil. Both these latter
studies show significant effectiveness to prevent death
with CoronaVac vaccination.

Added value of this study

We report a significant reduction of death, critical care
admission, and hospitalization for COVID-19, 14 days
after the second dose of CoronaVac or BNT162b2 in a
population 40−79 years old in Colombia, where at the
time of this study, the Mu variant of interest was pre-
dominant. However, effectiveness against cases was
negative for CoronaVac.

Implications of all the available evidence

BNT162b2 showed greater reductions than CoronaVac
in death, critical care admission, and hospitalization for
COVID-19 disease. Strengthening and increasing the
speed of the immunization rollout with these vaccines
may save lives in countries worldwide.
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that quickly disseminated worldwide to become the first
large pandemic of the 21st century.1 As of May 17th,
2022, COVID-19 has killed at least 6¢3 million people
worldwide.1

Several efficacious and safe vaccines have been shown
to prevent adverse outcomes due to COVID-19. The
BNT162b2 vaccine has a reported efficacy of 95% (95%
confidence interval [CI], 90.3−97.6) to prevent symptom-
atic cases,2 while the mRNA-1273 vaccine has reported
94% (95% CI, 89¢3−96¢8) efficacy for this outcome.3

CoronaVac has seen less peer-reviewed scrutiny of its
efficacy, effectiveness, and safety, yet has been widely
deployed in 72 countries by January 28th of 2022. Stud-
ies for CoronaVac have shown large heterogeneity in
vaccine effectiveness. A recent clinical trial in Turkey
showed CoronaVac had an efficacy to prevent
symptomatic cases of 83¢5% (95% CI 65¢4−92¢1), whilst
a trial in Brazil showed a 51% vaccine efficacy against
cases (95% CI, 36−62). A matched negative-control
case-control study showed CoronaVac had an effective-
ness of 47% to prevent COVID-19 cases, and 61% to
prevent COVID-19 deaths in Brazil.4 Data from Chile
show CoronaVac has an effectiveness of 66% to prevent
cases.5 Based on this data, the Strategic Advisory Group
of Experts on Immunization of the World Health Orga-
nization approved CoronaVac for emergency use in
countries worldwide.6

Colombia started vaccinating healthcare workers in
early February 2021, mainly using the BNT162b2 vac-
cine. The CoronaVac vaccine was then used to vaccinate
people older than 80 years, and later expanded to those
older than 60 years.7 After prioritization by occupations
with higher risk of exposure, older age, and comorbid-
ities, the vaccine was freely available in the country to
the entire population without out-of-pocket expenses.
As of 15th of August of 2021, overall vaccination cover-
age in Colombia with either vaccine was 40¢8% for first
doses and 27¢1% for fully vaccinated individuals.

Given the need for real-world evidence on Corona-
Vac effectiveness, we consolidated data sources from
one of the largest healthcare insurers in Colombia to
provide evidence of the effectiveness of the vaccine in
this setting. The present analysis provides a unique
opportunity to assess vaccine effectiveness of Corona-
Vac alongside BNT162b2 COVID-19 vaccine in a setting
where the Mu variant predominated in 2021. We aim
here to assess the effectiveness of CoronaVac and
BNT162b2 to prevent symptomatic cases, hospitaliza-
tions, critical care admissions, and deaths in patients
with COVID-19 in Colombia.
Methods

Study design
We designed a retrospective cohort study to evaluate the
effectiveness of the CoronaVac and BNT162b2 vaccina-
tion in Colombia between March 1st and August 15th of
2021. We only included insured subjects older than
40 years (Table 1) and excluded subjects with confirmed
previous SARS-CoV-2 infection.

This study was approved by the ethics committee of
Universidad del Sin�u, Cartagena, Colombia.
Participants and data sources
Our study population is the entire population enrolled
in Mutual Ser, a health insurer of around 2¢15 million
people from Colombia. The insured are mostly low- and
middle-income populations whose healthcare claims
are subsidized by the government. The healthcare sys-
tem in Colombia, includes healthcare provision for poor
population (subsidized regime), for people who work
www.thelancet.com Vol 12 Month August, 2022



Parameters Entire cohort Unvaccinated Two-dose CoronaVac Two-dose BNT162b2
n = 719735 (%) n = 539010 (%) n = 76729 (%) n = 56140 (%)

Age (yrs), n (%)

40−49 213468 (29.7) 197166 (36.6) 1503 (2.0) 5086 (9.1)

50−59 215482 (29.9) 166090 (30.8) 13422 (17.5) 21073 (37.5)

60−69 125601 (17.5) 73470 (13.6) 19011 (24.8) 20355 (36.3)

70−79 79877 (11.1) 41849 (7.8) 22788 (29.7) 8373 (14.9)

80+ 85307 (11.9) 60435 (11.2) 20005 (26.1) 1253 (2.2)

Sex, n (%)

Female 369599 (51.4) 272186 (50.5) 40004 (52.1) 31024 (55.3)

Male 350136 (48.6) 266824 (49.5) 36725 (47.9) 25116 (44.7)

Type of municipality, n (%)

Other cities 475075 (66.0) 346473 (64.3) 58575 (76.3) 38188 (68.0)

Capital city 244660 (34.0) 192537 (35.7) 18154 (23.7) 17952 (32.0)

Comorbidity, n (%)

Diabetes 42556 (5.9) 25265 (4.7) 7795 (10.2) 5591 (10.0)

HIV 2404 (0.3) 1851 (0.3) 136 (0.2) 232 (0.4)

Hypertension 95893 (13.3) 53722 (10.0) 21182 (27.6) 12106 (21.6)

Cancer 9308 (1.3) 5870 (1.1) 1679 (2.2) 968 (1.7)

Tuberculosis 110 (<0.1) 89 (<0.1) 6 (<0.1) 8 (<0.1)

Table 1: Baseline characteristics of people vaccinated with two doses of CoronaVac and BNT162b2, and unvaccinated matched controls.
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(contributive regime), for military, teachers, and other
populations (special regime), and for those who are will-
ing to pay for private attention (out-of-pocket or private
expenditure). Mutual Ser provides comprehensive
health-related services under the subsidize regime for
25% in population of the Colombian departments of
Atl�antico, Bol�ıvar, Cordoba, Magdalena, and Sucre. In
779 samples analyzed by the Colombian National Insti-
tute of Health, the Mu variant was predominant during
this time-period (Figure 1). The data on variant fre-
quency are publicly available.8

We identified comorbidities in insured patients (dia-
betes, human immunodeficiency virus (HIV), cancer,
hypertension, tuberculosis, neurological diseases, and
chronic renal diseases). To classify the diseases, we
searched for diagnostic codes using the 10th version of
the International Classification of Diseases (Supple-
mentary Table S1), in the diagnosis of healthcare atten-
tions in the insurer. We also used special health
programs within the insurer to detect people with HIV,
diabetes, hypertension, or cancer.

All persons with respiratory symptoms presenting to
care were tested for COVID-19, as well as their contacts.
The contact tracing algorithm searched for home family
members and tested them, with or without symptoms.
March April May June July August

Figure 1. Monthly distribution of identified variants of SARS-
CoV-2 in Colombia during the study period.

Note: This is the monthly distribution of variants in the
region of the study period in Colombia, with 779 samples ana-
lyzed by the Colombian National Institute of Health.12 These
data are openly accessible. Samples without identified variants
were excluded.
Vaccination status and outcome assessment
The second dose of CoronaVac is given 28 days after the
first dose, while the second dose of BNT162b2 is sched-
uled 21 days after the first dose.

We extracted records of vaccination receipt from a
national dataset of vaccinated individuals in Colombia
www.thelancet.com Vol 12 Month August, 2022
covering the period March 1st to August 15th of 202.9,10

Vaccination records are collected by healthcare person-
nel administering the vaccine in health centers across
the country, which enter them into a national official
dataset of vaccinations. The records of the national data-
set of vaccinations may be delayed therefore we col-
lected the records of vaccinations two months after the
end of the follow up period.
3



Articles

4

We defined four outcomes among persons with labo-
ratory confirmed COVID-19: symptomatic illness, hos-
pitalization, critical care admission and death, and
extracted the dates of symptoms start from epidemiolog-
ical records collected by Mutual Ser. Confirmatory labo-
ratory testing comprised polymerase chain reaction
(PCR), antigen, or IgM positive test. Incident cases were
identified from both active and passive surveillance for
COVID-19 symptoms (i.e., patients with cough, fever,
difficult breathing, sore throat, or fatigue during the last
past five days). Active surveillance was used by the
insurer to trace and follow up contacts of laboratory-con-
firmed, symptomatic COVID-19 cases until free of
symptoms. Hospitalizations and critical care admis-
sions were collected from a dataset of all COVID-19
related healthcare attendances through a database col-
lected by the insurer.
Person-times of follow-up
The follow-up started on March 1st of 2021 for all
patients. All patients were unvaccinated at this date, and
vaccinated patients before this date were excluded. Once
a subject was vaccinated (14 days after the first dose),
this person changed status to vaccinated with the first
dose of either BNT162b2 or CoronaVac. Then, if the
person was vaccinated with two doses (14 days after the
second dose), the person changed status to fully vacci-
nated. We only assessed the effectiveness of the second
dose. This means a person can contribute to person-
times as unvaccinated or fully vaccinated, depending on
the dates of the second dose of each vaccine.

Person-times ended on the start of symptoms, when
the patient had a positive symptomatic SARS-CoV-2
test, and when the patient was hospitalized, admitted to
critical care, or died. These subjects were censured if
these outcomes did not present at the end of follow-up
on August 15th, 2021.
Statistical analysis
We described the time to event for each outcome for
cohorts using Kaplan−Meier curves. We fitted a Cox
regression model with a vaccination status modeled as
time-varying, to estimate the hazard ratios (HR) with
95% confidence intervals (CI). We tested the propor-
tional hazards assumption using log-log plots. Vaccine
effectiveness was calculated as one minus the HR. The
analyses were reported crude and adjusted (by age,
comorbidity, sex, and municipality). We also performed
analyses to assess the potential differences of effective-
ness depending on calendar time. For this assessment,
we split the cohort into two analyses, one from March
1st until May 9th of 2021, and another cohort from May
10th to August 15th of 2021. These dates were chosen
by diving the total study time of the main analysis into
two halves. Both these cohorts had person-times
depending on their start and end dates. The vaccine
effectiveness in the split cohort was estimated similarly
to the main analysis.

We stratified analyses by age (40−79, 80 years old or
more), sex, and by presence or absence of comorbidities
(diabetes, human immunodeficiency virus, cancer,
hypertension, tuberculosis, neurological diseases, or
chronic renal diseases), adding an interaction between
vaccine doses and the strata (older age, sex, and comor-
bidity) to estimate the p-value of the difference between
vaccine effectiveness in each stratum.

A p-value <0.05 was considered statistically signifi-
cant for all analyses. All analyses were made in R (ver-
sion 4.1.1), using the package ‘survival’ (version 3.-211).
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.
Results

Population
A total of 719,735 insured participants of 40 and more
years were part of the cohort followed up from 1st of
March of 2021 to August 15th of 2021, with a median
age of 56 years old (IQR, 48−−68), and 48¢6% males
(Table 1). The vaccine coverage for the first dose of all vac-
cines in the cohort was 25¢1% at the end of follow-up.

The frequency of comorbidities is listed in Table 1,
where hypertension was the most frequent comorbid
disease (n = 95,893; 13¢3%), followed by diabetes
(n = 42,556; 5¢9%).

We found 21,545 laboratory-confirmed symptomatic
COVID-19 among unvaccinated population, along with
2874 hospitalizations, 1061 critical care admissions,
and 1329 deaths, for a rate of 207¢2 per million person-
days, 27¢1 per million person-days, 10¢0 per million per-
son-days, and 12¢5 per million person-days, respectively.
Effectiveness of CoronaVac
The rate of disease among the two-dose cohort of Corona-
Vac was 205¢1 per million person-days for symptomatic
cases, 28¢4 per million person-days for hospitalizations,
9¢3 per million person-days for critical care admissions,
and 13¢6 per million person-days for deaths.

The effectiveness of CoronaVac was significantly dif-
ferent according to age and the presence of comorbidities.
We found CoronaVac was not effective for any outcome
in the totality of subjects above 40 years old; but for peo-
ple younger than 80 years of age, we found two doses of
CoronaVac reduced hospitalization (33¢1%; 95% CI, 14¢5
−47¢7), critical care admission (47¢2%; 95% CI, 18¢5
−65¢8), and death (55¢7%; 95% CI, 32¢5−70¢0). See
Tables 2 and 3. In our analyses, subjects with
www.thelancet.com Vol 12 Month August, 2022



Outcome and period Laboratory-confirmed symptomatic Covid-19 Non-confirmed symptomatic Covid-19 illness
Effectiveness (95% CI)* Effectiveness (95% CI)*

CoronaVac vaccination

Symptomatic case -44.0 (-54.1 to -34.6) -45.1 (-53.6 to -37.1)

Hospitalization 3.3 (-15.1 to 18.7) -3.0 (-18.0 to 10.1)

Critical care admission 18.0 (-10.6 to 39.2) 13.6 (-13.2 to 34.0)

Death 21.4 (-0.7 to 38.6) 20.6 (-0.5 to 37.3)

BNT162b2 vaccination

Symptomatic case 29.6 (21.1 to 37.2) 13.0 (5.3 to 20.0)

Hospitalization 54.2 (34.6 to 67.9) 45.5 (29.4 to 58.0)

Critical care admission 82.1 (56.5 to 92.6) 82.2 (60.1 to 92.1)

Death 93.5 (73.9 to 98.4) 94.1 (76.4 to 98.5)

Table 2: Effectiveness of two-dose vaccination with CoronaVac and BNT162b2 against Covid-19 cases, hospitalizations, critical care
admissions, and deaths in Colombia.
Note: * Vaccine effectiveness (95% confidence intervals).
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comorbidities had significantly more CoronaVac effective-
ness than subjects without these comorbid diseases
(COVID-19 deaths were reduced among vaccinated with
comorbidities by 44¢6%; 95% CI, 20¢6 to 61¢3). Males
had less CoronaVac effectiveness for COVID-19 symp-
tomatic case and hospitalization (Table 3), without signifi-
cant changes in the reduction of critical care admission
or death.

In the analysis splitting the cohort to assess the
effects of calendar time, CoronaVac reduced confirmed
Scenarios Symptomatic case Hospitalization

Effectiveness (95% CI)* Effectiveness (95%

CoronaV

Age (yrs)

40−79 -22.1 (-32.8 to -12.3) 33.1 (14.5 to 47.7)

80+ -149.2 (-185.2 to -117.8) (<0.001) -76.5 (-133.3 to -33

Sex

Female -36.6 (-49.7 to -24.7) 20.8 (-3.8 to 39.5)

Male -51.4 (-67.3 to -37.0) (<0.001) -12.5 (-41.4 to 10.5

Comorbidities

Without comorbidities -74.6 (-92.2 to -58.7) -23.6 (-59.7 to 4.3)

With comorbidities -21.3 (-33.4 to -10.2) (<0.001) 19.3 (-2.2 to 36.3) (

BNT162

Age (yrs)

40−79 32.2 (23.9 to 39.7) 59.7 (41.4 to 72.3)

80+ -48.5 (-178.7 to 20.8) (0.032) -69.0 (-434.3 to 46.

Sex

Female 31.2 (20.2 to 40.7) 66.0 (40.8 to 80.5)

Male 28.2 (14.0 to 40.0) (0.189) 40.6 (5.5 to 62.7) (0

Comorbidities

Without comorbidities 30.3 (17.5 to 41.2) 72.5 (44.6 to 86.4)

With comorbidities 28.4 (16.1 to 38.8) (0.909) 40.7 (9.8 to 61.0) (0

Table 3: Effectiveness of CoronaVac and BNT162b2 to prevent laborato
and deaths in Colombia, 14 days after the second dose, according to se
Note: * Vaccine effectiveness (95% confidence intervals) (p-value of the difference

N.E.: Not estimable.

www.thelancet.com Vol 12 Month August, 2022
COVID-19 deaths in the first half of study-time by
17¢2% (95% CI, -90¢2 to 63¢9) and 20¢1% (95% CI, -8¢8
to 41¢30) in the second half. All the remaining outcomes
were also non-significant in both cohorts split by half
the calendar time of total study time.
Effectiveness of BNT162b2
The rate of disease among the two-dose cohort of Coro-
naVac was 108¢4 per million person-days for
Critical care admission Death

CI)* Effectiveness (95% CI)* Effectiveness (95% CI)*

ac

47.2 (18.5 to 65.8) 55.7 (32.5 to 71.0)

.5) (<0.001) -50.8 (-141.5 to 5.9) (<0.001) -19.3 (-66.2 to 14.3) (<0.001)

32.9 (-9.3 to 58.8) 35.2 (4.2 to 56.2)

) (<0.001) 6.4 (-37.0 to 36.1) (0.080) 9.0 (-25.5 to 34.1) (0.072)

-13.4 (-69.4 to 24.1) -17.1 (-64.4 to 16.6)

0.005) 36.7 (1.0 to 59.5) (0.002) 44.6 (20.6 to 61.3) (<0.001)

b2

85.9 (62.0 to 94.7) 96.7 (76.6 to 99.5)

5) (0.019) -30.0 (-850.6 to 82.2) (0.031) 34.0 (-374.8 to 90.8) (0.024)

87.1 (47.7 to 96.8) 93.9 (56.2 to 99.1)

.183) 76.5 (26.0 to 92.5) (0.667) 93.2 (51.1 to 99.0) (0.991)

71.6 (22.6 to 89.6) N.E.

.128) 78.3 (47.2 to 91.1) (0.368) 87.2 (48.4 to 96.8) (0.980)

ry-confirmed symptomatic cases, hospitalizations, critical care,
veral scenarios.
between the strata).
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symptomatic cases, 10¢8 per million person-days for
hospitalizations, 1¢7 per million person-days for critical
care admissions, and 0¢7 per million person-days
for deaths.

We found BNT162b2 was effective for all outcomes
in the entire population of subjects above 40 years of
age (Table 2). We found that BNT162b2 effectiveness
was different according to age, with older population
having less reduction of all outcomes, while all other
data stratification (comorbidities or not, and sex) did
show significant differences and vaccination effective-
ness when using two doses of BNT162b2 (Table 3).

The outcome with the highest BNT162b2 vaccine
effectiveness with two doses in the entire population
was death (93.5%; 95% CI, 73¢9−98¢4) (Table 2).

In the analysis stratifying the cohort by calendar
time, the effectiveness of BNT162b2 was inestimable in
the Cox proportionally hazards regression for COVID-
19 deaths and critical care admissions. For COVID-19
confirmed symptomatic case, the effectiveness was
11¢1% (95% CI, -532¢2 to 87¢5) in the first half and 43¢3%
(95% CI, 27¢3 to 55¢8) in the second half.
Discussion
We found a COVID-19 mortality risk reduction of 93¢5%
(95% CI, 73¢9 to 98¢4) for those with two doses of
BNT162b and 55¢7% (95% CI, 32¢5 to 71¢0) among those
between 40 and 79 years of age vaccinated with two
doses of CoronaVac. The effectiveness of CoronaVac
and BNT162b2 estimated in the present study must be
put into the context of the population studied. Our
cohort of CoronaVac vaccinees is older than previous
evaluations, with a median age of 68 years. This may
bias towards lower effectiveness, especially for Corona-
Vac, which is reported to have lower effectiveness in
older ages.11 Our evaluation of the effectiveness of
BNT162b2 is in line with previous studies showing a
strong effectiveness for this vaccine.

Our results would also need to be put into the con-
text of high pre-existing SARS-CoV-2 immunity
through previous natural infection in the region of the
study. In serosurveys prior to the start of the present
analysis (in late-November of 2020), a high prevalence
of antibodies against SARS-CoV-2 was found in two of
the capital cities in this region, with a 59% seropreva-
lence in Monteria (capital of Cordoba) and 53% in Bar-
ranquilla (capital of Atl�antico).12 The extent of COVID-
19 community transmission and pre-existing immunity
acquired prior to the initiation of the vaccine program is
likely to have reduced the power of this study, and may
have decreased the incremental estimates of effective-
ness of the vaccines evaluated.

Seventy-two countries worldwide currently approve
CoronaVac for emergency use (on May 19th of 2022),13

representing most of the world population. Our study
contributes to the increasing literature showing
CoronaVac is effective to prevent severe adverse out-
comes of Covid-19. A previous study from Arregoc�es-
Castillo et al.14 in Colombia assessed the effectiveness
of COVID-19 vaccines against hospitalization, death
after hospitalization, and death without hospitalization
in the entire population older than 60 years in the coun-
try. They found BNT162b2 reduced death after hospital-
ization by 94¢8% (95% CI, 93¢3 to 96¢0) in people older
than 60 years and 92¢7% (95% IC, 85¢4 to 96¢4); while
the CoronaVac effectiveness for this outcome was
72¢1% (95% CI, 70¢1 to 73¢9) in those older than
60 years and 66¢3% (95% CI, 63¢4 to 69¢0) in people
over 80 years old. Our study uses data from poor popu-
lation in northern Colombia, which is different from
the Arregoc�es-Castillo et al. study that used the entire
Colombian population. Our results for CoronaVac
reported, descriptively, a lower effectiveness than the
previous study in the entire Colombian population,
while for BNT162b2 we found a higher effectiveness.
The causes of these differences are unknown, but sev-
eral hypotheses are worth exploring. The sample of our
study was composed of people with low socioeconomi-
cal status, which is a driver of infection and adverse out-
comes. Studies from United States,15,16 Germany,17

UK,18 Chile,19 and Colombia20 have shown population
with lower socioeconomic status have higher infection
rate,16−18,20,21 suggesting our population may have
increased infection dynamics and more seroprevalence
at the time of the study. A Colombian study20 showed
that during the pandemic, lower socioeconomic status
was associated to longer time at work when symptom-
atic, longer time at work with a known positive contact,
longer time working outside home, and longer time
between symptoms and test date and test result. A study
in the UK also showed how different infection waves
were associated to different risks of infection according
to socioeconomic status. This increased infection sus-
ceptibility could have potentially increase previous
immunity among poor population, potentially decreas-
ing the effectiveness of vaccination of CoronaVac in our
sample. Another potential cause for these differences is
lower statistical power in our sample, with Arregoc�es-
Castillo et al. studying 1.4 million subjects in the unvac-
cinated cohort. Another difference between our analysis
and the previous study is that the Arregoc�es-Castillo
et al. assessment stratified death into two outcomes
(with and without hospitalization), with lower effective-
ness of death without hospitalization compared to
deaths with hospitalizations. Our analyses do not strat-
ify death into these categories, making the differences
between studies less marked.

A study from Brazil reported a 50% reduction in
symptomatic cases using a matched test-negative case-
control study.4 Another large cohort in Brazil reported
CoronaVac had a 73¢7% effectiveness against COVID-19
deaths, 73¢8% for critical care admission, and 52¢7% for
infection.11 In the present study, we did not find a
www.thelancet.com Vol 12 Month August, 2022
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significant reduction from receiving two doses of Coro-
naVac in symptomatic cases of confirmed COVID-19.
However, we did find a significant reduction in deaths
in younger population and more effectiveness for more
severe outcomes, suggesting that CoronaVac may have
greater efficacy against more severe disease. A report in
Chile showed an effectiveness of 67% for symptomatic
cases and 77¢7% (95% CI, 25−100) for deaths with con-
firmed COVID-19.5 Chile vaccinated 90% of its popula-
tion with CoronaVac,5 with a strong reduction of daily
cases during April and May of 2021.1 Despite this, Chile
reported the largest number of daily cases on June 10th
of 2021 since the start of the pandemic.1 Chilean data
might suggest that the effectiveness of CoronaVac is
lower for symptomatic cases4 and waning overtime.22

The trends and peak of cases after 50% coverage with
CoronaVac in Chile also might be explained by the
reduced or no protection against infections or symptom-
atic cases in older population, as the present study
shows. These hypotheses need further study.

Post-licensure studies of BNT162b2 have been pub-
lished for Israel,23,24 United States,25,26 and the UK.27

The present study shows BNT162b2 has strong protec-
tion against symptomatic cases, hospitalization, critical
care, and deaths. COVID-19 vaccination coverage of
fully vaccinated people by June 10th of 2021 was 57%
with BNT162b2 in Israel; and 43% in the UK, vaccinat-
ing with BNT162b2, Vaxzevria, mRNA-1273, and JNJ-
78436735. The 7-day average number of deaths was two
for Israel and eight for the UK on June 10th of 2021
(from a previous peak of 65 and 1248, respectively). The
reduction of cases was also substantial in these two
countries.

Colombia carries out genomic surveillance of SARS-
CoV-2 and its variants, albeit with much less intensity
than many high-income settings. According to the lim-
ited surveillance data available, the Mu variant predomi-
nated in the region in between March and August of
2021,12 with an estimated 60% prevalence of average
monthly samples12 (Figure 1). The Mu variant has
shown more resistance to SARS-CoV-2 antibodies than
the Beta variant in a recent study.28 Previous studies
show BNT162b2 has effectiveness against Alpha, Beta,
and Gamma variants of SARS-CoV-2.11,29−31 Our study
suggests that both BNT162b2 and CoronaVac offer pro-
tection against Covid-19 severe outcomes related to the
Mu variant as well.

In contrast to BNT162b2, we found a significant
increase in symptomatic COVID-19 cases occurring
14 days or more after of the second CoronaVac dose
compared to unvaccinated subjected. For this outcome,
we cannot eliminate the possibility of a health seeking
bias that would increase the frequency of disease among
vaccinated. This bias would only have an effect in milder
outcomes, such as symptomatic and hospitalized
COVID-19, and would be less likely to occur in more
severe outcomes that are likely to universally result in
www.thelancet.com Vol 12 Month August, 2022
health seeking behavior, such as death or critical care
admission. Other bias affecting this outcome may be
related to testing differences, although by selecting
patients with less than ten days between testing and
symptoms start did not change the direction of the
results in this outcome.

The evaluation of interventions outside the con-
trolled environment of a clinical trial setting is impor-
tant, especially for mass interventions such as COVID-
19 vaccination. Our study compiles and reports data
from of a large insurer in Colombia and shows the
effect of CoronaVac and BNT162b2 in the field. As with
any observational study, ours has limitations and
strengths. Our main limitation is related to potential
health seeking biases, especially the non-hard out-
comes, where the effectiveness was null or significa-
tively negative (i.e., vaccination increased the disease
rate for CoronaVac). Another limitation is the potential
misclassification of COVID-19 outcomes due to delayed
testing, although in our sensitivity analysis, the exclu-
sion of those tested after ten days of symptoms start did
not significantly alter the results. The data in the pres-
ent study only had a mean follow-up of 107 days for
CoronaVac, therefore we could not assess waning
immunity. The frequency of some comorbidities is rela-
tively low for the older population in present cohort. In
the United States, the prevalence of controlled hyperten-
sion was 49% in 2015 in the population over 60 years
old,32 and another study in Colombia reported a preva-
lence of treated hypertension of 40%.33 One potential
cause for these differences is underreporting. Another
possible explanation is that our sample comes from
low-income backgrounds, therefore potentially increas-
ing the number of subjects with undetected comorbid-
ities. Our results have to be interpreted in the light of
these limitations.

Taking the entire evidence into context, the data sug-
gest the effectiveness of two doses of CoronaVac and
BNT162b2 to prevent COVID-19 deaths could be sub-
stantial in a scenario where Mu predominates. More
studies are needed to assess its protection against
milder and asymptomatic disease, against other pre-
dominant variants, against older population for Corona-
Vac, and the potential vaccine waning of its
effectiveness.
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