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Summary
Background Vaccine effectiveness (VE) is essential to monitor the performance of vaccines and generate strategic
information to guide decision making. We pooled data from six Latin American countries to estimate the effec-
tiveness of COVID-19 vaccines in preventing laboratory-confirmed SARS-CoV-2 hospitalisation during three different
pandemic waves from February 2021 to September 2022.

Methods We used a test-negative case-control design in hospitalised adults in Chile, Costa Rica, Ecuador, Guatemala,
Paraguay, and Uruguay. We estimated adjusted VE by age group (18–64 and ≥65 years), vaccine type and product for
primary series vaccination and booster vaccination and by time since last dose during the Omicron variant dominant
period. We used mixed effects logistic regression models adjusting for sex, age, week of onset of symptom onset and
pre-existing conditions with country fit as a random effect term.

Findings We included 15,241 severe acute respiratory infection (SARI) patients in the analysis. Among adults 18–64
years, VE estimates for primary series vaccination during pre-Delta and Delta periods ranged by product from 66.5%
to 95.1% and from 33.5% to 88.2% for older adults. During the Omicron period, VE estimates for primary series were
lower and decreased by time since last vaccination, but VE increased to between 26.4% and 57.4% when a booster was
administered.

Interpretation mRNA and viral vector vaccines presented higher VE for both primary series and booster. While VE
decreased over time, protection against severe COVID-19-associated hospitalisation increased when booster doses
were administered. Vaccination with additional doses should be recommended, particularly for persons at
increased risk of developing severe COVID-19.
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Introduction
Since late 2019, the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) has led to substantial
morbidity and mortality associated with coronavirus
disease 2019 (COVID-19). Vaccination against COVID-
19 is considered an important public health
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intervention to prevent infection and severe illness due
to COVID-19, alongside other social and public health
measures. COVID-19 vaccines became available in late
2020 from several manufacturers, quickly demon-
strating their role in reducing mortality and severe
morbidity.1–3 Vaccine effectiveness (VE) in preventing
1
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Research in context

Evidence before this study
Vaccination against COVID-19 has played an important role to
reducing the risk of hospitalisation and deaths caused by
SARS-CoV-2 infection. Previous studies have demonstrated
high protection of COVID-19 against severe disease and
death, especially in pre-Omicron period and for mRNA and
viral vector vaccines. Also, studies have showed that
immunity protection waned over time and booster dose
conferred additional protection. However, there is limited
information about the effectiveness of the COVID-19 vaccines
in low-middle income countries and the effect of the booster
dose in the context of Omicron variant predominance. We
reviewed the existing evidence of vaccine effectiveness
against COVID-19 associated hospitalisations indexed in
PubMed. The search strategy included key terms related to
vaccine effectiveness.

Added value of this study
This evaluation pooled surveillance data from six Latin
American countries to generate vaccine effectiveness
estimates for multiple vaccines platforms and products.

Vaccine effectiveness was obtained for three waves of the
pandemic (pre-Delta, Delta and Omicron variant periods) by
age group, by vaccine platform and product for primary series
and booster dose. We demonstrate that vaccine effectiveness
varies by age, by vaccine and by SARS-CoV-2 variant;
immunity wanes over time after vaccination; and additional
doses provides greater protection to reduce the risk of severe
disease and hospitalisation.

Implications of all the available evidence
This evaluation provides further evidence on the vaccine
effectiveness against COVID-19 associated hospitalisations.
Effectiveness of COVID-19 vaccines varied by age and by
vaccine type and by variant dominant period. Vaccine
effectiveness was lower against Omicron variant and
vaccination of primary series decreased over time. Our results
underline the importance of receiving a booster dose for
maintaining high level of protection and reduce the risk of
hospitalisation associated with COVID-19, especially among
older adults and groups at higher risk for severe disease.
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hospitalisations and deaths associated with COVID-19
has been demonstrated through cohort studies in
several countries4–7; however, vaccination programs
must be continuously monitored to ensure that products
and are still effective against currently circulating SARS-
CoV-2 variants. Evaluation of vaccine effectiveness (VE)
under real world conditions is essential for guiding
vaccine policy decisions, as pre-authorization studies
could not evaluate vaccines in specific populations (e.g.,
immunocompromised people, pregnant people), in
specific settings where cold chain capacity is limited,
against more severe outcomes of COVID-19, against
emerging SARS-CoV-2 variants and subvariants, or for
duration of protection.8

Vaccination against COVID-19 in Latin America and
the Caribbean (LAC) countries began in December 2020.
Priority groups for vaccination were defined to protect and
maintain essential health services, to prevent severe dis-
ease and death in populations at increased risk of infec-
tion or severe illness, and to reduce societal and economic
disruption.9 Vaccine distribution was conducted in pro-
gressive stages as vaccine supply increased, generally
starting with health care professionals and essential
workers, older adults, people with chronic diseases,
pregnant individuals, and later expanding to healthy
adults and children.10 As of April 2022, a total of 21 vac-
cine products had been authorised in LAC countries with
more than two billion doses administered; based on
administrative data, an estimated 72% of the total popu-
lation had completed the primary series in the Region.11

To monitor and evaluate influenza VE in Latin
America, the Pan American Health Organization
(PAHO) established in 2013 the Network for the Eval-
uation of Vaccine Effectiveness in Latin America and the
Caribbean–influenza (REVELAC-i).12 The objective of
this network is to generate annual, regional evidence
about the effectiveness of Southern Hemisphere influ-
enza vaccines in preventing influenza-associated hospi-
talisations to inform policy decisions about continued
investments in influenza vaccines and risk communi-
cation. VE estimates generated are also reported to the
Global Influenza Vaccine Effectiveness (GIVE) Report to
contribute to the selection of seasonal influenza vaccine
composition. REVELAC-i network builds upon data
from sentinel surveillance for severe acute respiratory
infections (SARI) conducted throughout the Americas,
using the test-negative design to conduct vaccine effec-
tiveness evaluations.13 The network uses multi-country
standardised data collection to facilitate data pooling
and to produce estimates that countries might be unable
to obtain individually (e.g., VE against hospitalisation by
age group and product). Since January 2020, countries
in the region progressively integrated COVID-19 into
their SARI sentinel surveillance.14 Simultaneously,
REVELAC-i was adapted to generate VE estimates
against laboratory-confirmed COVID-19 hospitalisations
by product and target populations.

Using pooled data from Latin American countries
participating in REVELAC-i, we estimated the effec-
tiveness of COVID-19 vaccines in preventing
laboratory-confirmed SARS-CoV-2-associated hospital-
isation during three different pandemic waves from
February 2021 to September 2022. We estimated
adjusted VE (aVE) by age group (18–64 and ≥65 years
www.thelancet.com Vol 27 November, 2023

www.thelancet.com/digital-health


Articles
old), vaccine type (i.e., viral vector, inactivated virus,
and mRNA vaccines), vaccine product, vaccination
status (completed primary series and booster), and
circulating SARS-CoV-2 variant predominance. We
also estimated aVE by time since receipt of last vaccine
dose (<90 days, 90 and 180 days, >180 days) during the
Omicron variant predominant period.
Methods
Study design
We used a test-negative case-control design to estimate
VE against laboratory-confirmed COVID-19 hospital-
isation in six REVELAC-i network Latin American
countries with available data from February 2021 to
September 2022 (i.e., Chile, Costa Rica, Ecuador,
Guatemala, Paraguay, and Uruguay). All countries used
the REVELAC-i common protocol15 following the PAHO
guidelines for SARI sentinel surveillance.16 Data were
collected and pooled to conduct the analysis from 63
sentinel hospitals: Chile (n = 9), Costa Rica (n = 28),
Ecuador (n = 12), Guatemala (n = 3), Paraguay (n = 4)
and Uruguay (n = 7) (Supplementary Table S1).

Study population
The study population included patients aged 18 years
and older admitted to a participating sentinel surveil-
lance hospital meeting the WHO standard SARI case
definition of acute respiratory infection with history of
fever or measured fever of ≥38 ◦C and cough with onset
within the last 10 days, requiring hospitalisation.17

Trained staff collected a nasopharyngeal specimen for
SARS-CoV-2 using reverse transcription-polymerase
chain reaction (RT-PCR). Cases were defined as SARI
patients who tested positive for SARS-CoV-2, and con-
trols were defined as SARI patients who tested negative.
We included only SARI patients whose respiratory
specimen was collected within 10 days after symptoms
onset and tested by RT-PCR for SARS-CoV-2.18–21

We excluded patients without laboratory testing in-
formation, those tested only by rapid antigen test, and
patients who tested positive by RT-PCR for influenza as
correlated COVID-19 and influenza vaccine behaviours
may introduce a confounding bias where controls are
included with the other vaccine-preventable acute res-
piratory illness.22 Patients who were not eligible for
COVID-19 vaccination at the time of the admission,
based on vaccination strategy in the respective country,
of unknown vaccination status, or vaccinated within 14
days before onset symptoms were also excluded.

Exposure
A total of ten different vaccines products were used in
the six participating countries: Pfizer/BioNTech Com-
irnaty (Pfizer), Oxford/AstraZeneca Vaxzevria (Astra-
Zeneca), Moderna Spikevax (Moderna), Gamaleya
Sputnik V (Sputnik V), Sinovac CoronaVac (Sinovac),
www.thelancet.com Vol 27 November, 2023
CanSino Convidecia (Cansino), Janssen-Johnson &
Johnson Ad26.COV2.S (Janssen), Sinopharm Beijing
Covilo (Sinopharm), Bharat Biotech Covaxin (Covaxin)
and Medigen MVC-COV1901 (Medigen).

Patients who received a single dose of a vaccine that
requires two doses at least 14 days before the onset of
symptoms were considered partially vaccinated. Patients
who completed the recommended primary series of
COVID-19 immunization (i.e., received one vaccine
dose for vaccines that require only one dose or two
vaccine doses for vaccines that require two doses) at
least 14 days before the onset of symptoms and did not
receive any booster doses of vaccine were considered to
have completed the primary series. For patients with
immunosuppressing conditions additional doses were
considered to complete the primary series. Patients who
completed the primary series and had a record of one
booster dose of vaccine received at least 14 days before
the onset of symptoms were considered boosted. Un-
vaccinated patients were defined as those who had not
received any dose of vaccine before or after the onset of
symptoms.

Data collection
Sentinel sites reported data for all patients meeting the
SARI case definition. Information collected included
patients’ demographic characteristics, clinical data, lab-
oratory data and vaccination history against COVID-19.
Vaccination history, including date of vaccination and
vaccine product for each dose was obtained through
national immunization records. Data were reported
through PAHOFlu, an online data import and man-
agement package that includes an interface to enter in-
formation from paper forms23 or imported directly
through existing digital information systems.

Data analysis
We conducted descriptive and univariable analyses to
measure the association between patient characteristics,
laboratory test results, and COVID-19 vaccination status
using Chi-square, Fisher’s exact, t-, or Mann–Whitney
tests, according to variable type and distribution. VE
was calculated as 1-odds ratio (OR) and expressed as a
percentage with the OR derived from mixed effects lo-
gistic regression models comparing the odds of vacci-
nation accounting for potential random effects of each
country. Where few countries contributed to the analysis
of a particular brand, we estimated VE using a fixed
effects model. Unvaccinated SARI patients were used as
the reference group in all analyses, including for booster
dose VE estimation. We estimated adjusted ORs (aOR)
and adjusted VE (aVE) using multivariable logistic
regression models adjusting for age (in years), pre-
existing health conditions (presence of at least one,
including: asthma, hypertension, diabetes, cardiovascu-
lar disease, immunocompromised, other respiratory
diseases, and obesity), sex, and week of symptom onset
3
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(fit as cubic spline). Models did not adjust for multiple
comparisons.

The proportion of missing data ranged from <0.1%
(patient sex) to 42.9% (influenza vaccination status)
(Supplementary Table S2). We modelled the odds of
missing information by other covariates to evaluate
whether variables were missing at random. For variables
missing at random (i.e., pre-existing medical conditions
and patient sex), we imputed missing covariate data
using multiple imputation by chained equations with 50
imputed sets with 10 iterations.

Estimates of COVID-19 VE were generated for
completed primary series, by vaccine product, age group
and SARS-CoV-2 variant dominant period. Age groups
were based on vaccination policy targets: 18–64 years
and adults ≥65 years old. To account for differences in
circulating SARS-CoV-2 viruses, we restricted analyses
to three time periods: Pre-Delta, Delta, and Omicron
variant predominance. Time periods were assigned for
each country based on predominance of a variant (>75%
of the total number of sequences conducted) using the
genomic surveillance data reported to GISAID Initia-
tive.24 For the Pre-Delta period, multiple variants were
co-circulating and therefore no variant-specific estimates
were obtained. We excluded from analysis patients with
onset of symptoms within two weeks of variant pre-
dominant transition periods (Supplementary Table S3).

During Omicron predominance, aVE estimates were
generated by time since last primary series vaccination
(<90 days, 90–180 days, >180 days). In addition, we
estimated the aVE for COVID-19 booster dose by target
age groups and booster vaccine product (homologous and
heterologous booster). We did not estimate VE where
there were insufficient data (i.e., cell with n < 5), and we
omitted VE estimates where the confidence intervals
exceeded 140% (Supplementary Tables S4 and S5).

Pooling data and heterogeneity
Individual data were pooled across countries into one
analytic dataset. To evaluate possible heterogeneity of
results across countries, we used a random effects meta-
analysis. We examined Cochrane’s Q and the I2 index to
evaluate the magnitude of heterogeneity (Supplementary
Figure S1a and S1b).

Ethical considerations
The Pan American Health Organization Ethical Review
Committee reviewed the protocol and determined that
this evaluation does not constitute research with human
subjects research and thus does not require full
PAHOERC review.25

Role of funding source
This work was supported by a grant from the U.S.
Centers for Disease Control and Prevention (CDC)
through cooperative agreements with the Pan American
Health Organization/World Health Organization. The
findings and conclusions in this publication are those of
the authors and do not necessarily represent the views
of the Pan American Health Organization (PAHO) or
Centers for Disease Control and Prevention. The con-
tent of this article has not been previously presented.
Results
From 2 February 2021 to 3 September 2022, 19,374
SARI hospitalisations were reported by participating
hospitals, among which 15,241 (78.7%) patients met
inclusion criteria; 8201 test-positive cases and 7040 test-
negative controls (Fig. 1). Most patients were admitted
during Omicron variant period (46.7%) from December
2021 to March 2022 and during Pre-Delta variant pre-
dominance (33.0%) from January to August 2021
(Fig. 2). Patients representing the six countries included
4236 (27.8%) from Chile, 4032 (26.5%) from Paraguay,
3926 (25.8%) from Costa Rica, 1672 (11.0%) from
Ecuador, 914 (6.0%) from Guatemala, and 461 (3.0%)
from Uruguay (Table 1, Supplementary Figure S2); 7460
(48.9%) were adults 18–64 years old and 7781 (51.1%)
older adults 65 years and older.

Of the 15,241 patients, 4989 (32.7%) were unvacci-
nated and 10,252 (67.3%) received at least one dose of
vaccine. Among vaccinated patients, 2587 (25.2%) were
partially vaccinated, 4459 (43.5%) completed the pri-
mary series, and 3206 (31.3%) received a booster dose.
Vaccine uptake varied by country and variant period for
receipt of both primary series and booster doses
(Supplementary Table S2, Supplementary Figures S3
and S4). During the pre-Delta period, Pfizer repre-
sented the majority (59%) of administered vaccines,
though Covaxin (21%) was also commonly received.
During the Delta period, patients had most often
received Pfizer and AstraZeneca, while during the
Omicron period, patients had most often received
Sinovac (37%), though Pfizer (23%) and AstraZeneca
(21%) were also common (Supplementary Table S6).

Compared to controls, COVID-19 cases were more
frequently aged less than 60 years (43.4% vs. 34.6%,
p < 0.001), more frequently required ICU admission
(23.5% vs. 14.3%, p < 0.0001), and were less likely to
report the presence of at least one pre-existing condition
(62.5% vs. 69.6%, p < 0.0001) or influenza vaccination
(15.9% vs. 27.9%, p < 0.0001). By vaccination status,
coverage with at least one dose was highest in Ecuador
(80.3%) and lowest in Guatemala (31.2%). By sex, 61.6%
of men and 59.6% of women were vaccinated. Among
patients who tested positive for SARS-CoV-2, vaccination
coverage with at least one dose was 46.6% compared to
76.8% in patients who tested negative (Table 1).

Vaccine effectiveness for completed primary series
Pre-Delta variant period
Several variants of SARS-CoV-2 were co-circulating
during the pre-Delta period (February–August 2021)
www.thelancet.com Vol 27 November, 2023
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Fig. 1: Flow diagram for selection of REVELAC-i participants included in the final analysis of vaccine effectiveness.

Fig. 2: Distribution of SARS-CoV-2 test positive cases and test-negative controls—REVELAC-i, January 2021–September 2022.
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Patient
characteristic

Total
(N = 15,241)

Test-positive
cases (n = 8201)

Test-negative
controls (n = 7040)

Chi-squared
p-value

Unvaccinatedb

(n = 4989)
Partial primary
series (n = 2587)

Completed primary
series (n = 4459)

Booster
(n = 3206)

Chi-squared
p-value

N (%) n (%) n (%) n (%) n (%) n (%) n (%)

Country <0.0001 <0.0001

Chile 4236 (27.8) 2259 (27.5) 1977 (28.1) 1508 (30.2) 366 (14.1) 537 (12.0) 1825 (56.9)

Costa Rica 3926 (25.8) 2079 (25.3) 1847 (26.2) 119 (2.4) 1002 (38.7) 2281 (51.2) 524 (16.3)

Ecuador 1672 (11.0) 758 (9.2) 914 (13.0) 337 (6.8) 412 (15.9) 456 (10.2) 467 (14.6)

Guatemala 914 (6.0) 617 (7.5) 297 (4.2) 543 (10.9) 172 (6.6) 148 (3.3) 51 (1.6)

Paraguay 4032 (26.5) 2316 (28.2) 1716 (24.4) 2348 (47.1) 574 (22.2) 960 (21.5) 150 (4.7)

Uruguay 461 (3.0) 172 (2.1) 289 (4.1) 134 (2.7) 61 (2.4) 77 (1.7) 189 (5.9)

Patient age <0.0001 <0.0001

18–44 years 3120 (20.5) 1718 (20.9) 1402 (19.9) 1194 (23.9) 787 (30.4) 813 (18.2) 326 (10.2)

45–59 years 2874 (18.9) 1841 (22.5) 1033 (14.7) 1245 (25.0) 633 (24.5) 648 (14.5) 348 (10.9)

60–69 years 3000 (19.7) 1676 (20.4) 1324 (18.8) 1055 (21.1) 481 (18.6) 832 (18.7) 632 (19.7)

70–79 years 3079 (20.2) 1527 (18.6) 1552 (22.1) 812 (16.3) 412 (15.9) 977 (21.9) 878 (27.4)

80 years+ 3168 (20.8) 1439 (17.5) 1729 (24.6) 683 (13.7) 274 (10.6) 1189 (26.7) 1022 (31.9)

Patient sex 0.0013 <0.0002

Male 7977 (52.3) 4392 (53.5) 3585 (50.9) 2655 (53.2) 1428 (55.2) 2229 (50.0) 1665 (51.9)

Female 7264 (47.7) 3809 (46.5) 3455 (49.1) 2334 (46.8) 1159 (44.8) 2230 (50.0) 1541 (48.1)

Pre-existing health
conditiona

<0.0001 <0.0001

≥1 pre-existing
health condition

10,020 (65.7) 5122 (62.5) 4898 (69.6) 3370 (67.6) 1348 (52.1) 2746 (61.6) 2556 (79.7)

No pre-existing
health condition

5221 (34.3) 3079 (37.5) 2142 (30.4) 1619 (32.4) 1239 (47.9) 1713 (38.4) 650 (20.3)

Influenza
vaccination status

<0.0001 <0.0001

Vaccinated 3269 (21.4) 1304 (15.9) 1965 (27.9) 263 (5.3) 294 (11.4) 981 (22.0) 1731 (54.0)

Unvaccinated 11,972 (78.6) 6897 (84.1) 5075 (72.1) 4726 (94.7) 2293 (88.6) 3478 (88.0) 1475 (46.0)

Time period of
symptom onsetb

<0.0001 <0.0001

Pre-Delta variants 5033 (33.0) 3837 (46.8) 1196 (17.0) 3022 (60.6) 1472 (56.9) 519 (11.6) 20 (0.6)

Delta variant 3087 (20.3) 1182 (14.4) 1905 (27.1) 791 (15.9) 642 (24.8) 1493 (33.5) 161 (5.0)

Omicron variant 7121 (46.7) 3182 (38.8) 3939 (55.9) 1176 (23.6) 473 (18.3) 2447 (54.9) 3025 (94.4)

ICU admission <0.0001 <0.0001

Yes 2934 (19.3) 1930 (23.5) 1004 (14.3) 1461 (29.3) 418 (16.2) 460 (10.3) 595 (18.6)

No 12,307 (80.7) 6271 (76.5) 6036 (85.7) 3528 (70.7) 2169 (83.8) 3999 (89.7) 2611 (81.4)

COVID-19
vaccination statusc

<0.0001

Unvaccinated 4989 (32.7) 3606 (44.0) 1383 (19.6) – – – –

Partial primary
series

2587 (17.0) 1661 (20.3) 926 (13.2) – – – –

Complete primary
series

4459 (29.3) 1871 (22.8) 2588 (36.8) – – – –

Booster 3206 (21.0) 1063 (13.0) 2143 (30.4) – – – –

SARS-CoV-2 RT-PCR
result

<0.0001

Positive 8201 (53.8) – – 3606 (72.3) 1661 (64.2) 1871 (42.0) 1063 (33.2)

Negative 7040 (46.2) – – 1383 (27.7) 926 (35.8) 2588 (58.0) 2143 (66.8)

aAsthma, hypertension, diabetes, cardiovascular disease, immunocompromised, other respiratory diseases and obesity. bTime periods of symptom onset were assigned based on the predominating
circulating SARS-CoV-2 variant in each country. cSARS-CoV-2 vaccination status was defined as “partial completion of primary vaccination series” if one dose of a two-dose series was received prior to
symptom onset; “completed primary vaccination series” if one dose of a one-dose series and two doses of a two-dose series were received >14 days prior to symptom onset; Patients who did not receive
any vaccine dose before symptoms onset were classed as “unvaccinated”. Definitions took into account additional doses required for immunosuppressed and immunocompromised individuals.

Table 1: Characteristics of REVELAC participants, by SARS-CoV-2 test results and vaccination status (n = 15,241)—REVELAC-i, February 2021–September 2022.
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without dominance of any variant (i.e., Alpha, Beta,
Gamma, Lambda, Mu, etc.), during which 5033 patients
were admitted with SARI, but only 11.6% of patients
received the completed primary series, mostly (77.7%)
older adults ≥65 years. Among patients aged 18–64
years, the estimated aVE for completed primary series
was 66.5% (95% CI: −12.8%; 90.1%) for viral vector
vaccines, 73.3% (95% CI: 16.2%; 91.5%) for inactivated
virus vaccines and 70.1% (95% CI: 56.2%; 91.0%) for
the Pfizer mRNA vaccine (Table 2). Among patients
aged ≥65 years, estimated VE for inactivated virus vac-
cines was 53.8% (95% CI: 24.2%; 71.9%) and Pfizer
mRNA vaccine was 80.2% (95% CI: 61.3%; 89.9%). Due
to small numbers, VE for viral vector vaccines could not
be estimates for adults ≥65 years.

Delta variant period
During Delta variant predominance (August–December
2021), a total of 3087 SARI patients were admitted and
included in the evaluation. Among patients aged 18–64
years, the aVE point estimate for completed primary
series without booster for inactivated virus vaccines was
80.1% (95% CI: 79.8%; 95.1%), 93.3% (95% CI: 86.4%;
96.7%) for mRNA vaccines, and 86.4% (95% CI: 75.9%;
99.9%) for viral vector vaccines. Product-specific aVE
estimates indicated that Pfizer vaccine presented the
highest aVE point estimate with 95.1% (95% CI: 87.2%;
98.1%), and similar aVE for viral vector vaccines,
AstraZeneca (80.1% [95% CI: 79.8%; 95.1%]) and
Sputnik V (81.5% [95% CI: 44.9%; 93.9%]). Among
older adults, aVE point estimates were generally similar
compared to adults 18–64 years. The aVE for viral vector
vaccines (75.5% [95% CI: 48.7%; 89.3%]) and mRNA
vaccines (87.0% [95% CI: 74.1%; 93.5%]) were similar;
however, inactivated virus vaccines had a lower aVE of
40.9% (95% CI: −32.8%; 73.8%) (Table 2).

Omicron variant period
A total of 7121 SARI patients were admitted during the
Omicron variant period (from December 2021 to
September 2022). Overall, VE decreased in both age
groups for all vaccines during this period compared with
those observed previously. Among adults aged 18–64
years, aVE for completed primary series of mRNA vac-
cines was 39.6% (95% CI: 10.7%; 59.2%), 24.8% (95%
CI: −7.1%; 47.2%) for viral vector vaccines, and 1.1%
(95% CI: −42.2%, 31.2%) for inactivated virus vaccines
(Table 2). Product-specific estimates for inactivated virus
vaccines varied widely from 43.8% for Sinopharm to
1.3% for Sinovac. Among older adults, we observed a
similar trend. The aVE for the completed primary series
with mRNA vaccines was 30.0% (95% CI: −5.5%, 53.6%),
32.5% (95% CI: 3.5%; 52.9%) for viral vector vaccines,
and 26.8% (95% CI: 3.8%, 44.4%) for inactivated virus
vaccines. By vaccine product, aVE ranged from 23.0%
(95% CI: −50.4%; 61.5%) for Sputnik V to 40.7% (95%
CI: −19.9%; 70.6%) for Sinopharm (Table 2).
www.thelancet.com Vol 27 November, 2023
Vaccine effectiveness by time since vaccination
with completed primary series during the Omicron
period
The aVE decreased progressively by time since last dose
of vaccination for the primary series in patients
admitted during the Omicron predominance period.
The aVE among adults aged 18–64 years vaccinated
within 90 days before symptoms onset with a viral vector
vaccine was 65.1% (95% CI: 34.1%, 81.5%) and
decreased to −13.8% (95% CI: −101%, 35.7%) when the
last dose of the primary series was administered >180
days previously. For mRNA vaccines, aVE for recent
vaccination within 90 days was 49.3% (95% CI: −8.9%,
76.4%) to 39.6% (95% CI: −3.9%, 63.7%) for vaccination
>180 days. Among older adults ≥65 years vaccinated
between 90 and 180 days with viral vector vaccines, the
aVE was 30.2% (95% CI: −8.1%, 55.0%) with an in-
crease to 58.4% (95% CI: 23.9%, 77.3%) for patients
vaccinated >180 days. For inactivated virus vaccines,
aVE was 37.7% (95% CI: −15.8%, 66.5%) for vaccination
between 90 and 180 days and decreased to 24.5% (95%
CI: −0.6%, 43.5%) in patients vaccinated >180 days. For
mRNA vaccines, aVE was 47.4% (95% CI: −6.7%,
74.2%) for vaccination between 90 and 180 days and
decreased to 3.4% (95% CI: −49.1%, 37.4%) for vacci-
nation >180 days. In this age group, data was insuffi-
cient to estimate VE for vaccination within 90 days
before symptoms onset. Product-specific estimates were
like those reported for the overall vaccine types (Table 3).

Vaccine effectiveness for booster dose by vaccine
product during Omicron period
The effectiveness of receiving a homologous or heter-
ologous booster dose was assessed for the most received
vaccines during Omicron variant dominant period,
including AstraZeneca, Pfizer and Sinovac. Among pa-
tients aged 18–64 years with a completed primary series
with AstraZeneca, the aVE associated with receipt of a
heterologous booster was 55.2% (95% CI: 32.5%;
70.2%). Data were insufficient to estimate the aVE for a
homologous booster with AstraZeneca. The aVE for
Pfizer with a homologous booster was 57.1% (95% CI:
33.3%; 72.5%) and 32.8% (95% CI: 4.1%, 53.0%) with a
heterologous booster. For Sinovac, the aVE for homol-
ogous booster was 20.9% (95% CI: −67.2%, 62.5%).
Data were insufficient to estimate the aVE for a heter-
ologous booster with Sinovac. Similar results were
observed for adults ≥65 years old, with exception to
receipt of a homologous booster of Sinovac, which was
slightly higher compared to adults 18–64 years old (aVE
55.5%; 95% CI: 32.6%, 70.7%) (Table 4).

Heterogeneity
Where data were sufficient to estimate aVE by country,
meta-analyses indicated low to moderate heterogeneity
across countries during the Omicron period
(Supplementary Figure S1a and S1b). Among adults
7
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Pre-Delta variant period Delta variant period Omicron variant period

Cases Controls aVE % (95% CI)a Cases Controls aVE % (95% CI)a Cases Controls aVE % (95% CI)a

Vaccine
(+)

Vaccine
(−)

Vaccine
(+)

Vaccine
(−)

Vaccine
(+)

Vaccine
(−)

Vaccine
(+)

Vaccine
(−)

Vaccine
(+)

Vaccine
(−)

Vaccine
(+)

Vaccine
(−)

Adults 18–64 years

Viral vector vaccines 7 1744 5 297 66.5 (−12.8, 90.1) 39 278 120 151 86.4 (75.9, 99.9) 198 257 213 264 24.8 (−7.1, 47.2)

AstraZeneca 1 1744 4 297 ISD 30 278 100 151 80.1 (79.8, 95.1) 169 257 171 264 20.9 (−20.5, 48.2)

CanSino 4 1744 1 297 ISD 4 278 1 151 ISD 7 257 9 264 NP

Sputnik V 2 1744 0 297 ISD 5 278 19 151 81.5 (44.9, 93.9) 22 257 33 264 41.6 (−12.2, 69.7)

Inactivated virus
vaccines

7 1744 7 297 73.3 (16.2, 91.5) 11 278 45 151 74.3 (40.7, 88.9) 116 257 155 264 1.1 (−42.2, 31.2)

Covaxin 4 1744 0 297 ISD 2 278 3 151 ISD 1 257 2 264 ISD

Sinovac 3 1744 2 297 ISD 5 278 25 151 NP 106 257 141 264 1.3 (−43.4, 32.0)b

Sinopharm (Beijing) 0 1744 5 297 ISD 4 278 17 151 ISD 9 257 12 264 43.8 (−53.5, 79.4)

mRNA vaccines 22 1744 38 297 77.4 (51.4, 89.5) 54 278 213 151 93.3 (86.4, 96.7) 338 257 269 264 23.0 (−8.9, 45.5)

Moderna 2 1744 0 297 ISD 6 278 19 151 89.2 (68.5, 96.3) 29 257 13 264 NP

Pfizer 20 1744 38 297 70.1 (56.2, 91.0) 48 278 194 151 95.1 (87.2, 98.1) 309 257 256 264 39.6 (10.7, 59.2)

Adults ≥65 years

Viral vector vaccines 3 795 2 186 ISD 12 158 142 204 75.5 (48.7, 89.3) 112 374 115 281 32.5 (3.5, 52.9)

AstraZeneca 2 795 2 186 ISD 9 158 119 204 77.9 (49.8, 90.4) 90 374 95 281 38.9 (10.5, 58.3)

CanSino 0 795 0 186 ISD 1 158 0 204 ISD 0 374 2 281 ISD

Sputnik V 1 795 0 186 ISD 2 158 23 204 ISD 22 374 18 281 23.9 (−50.4, 61.5)b

Inactivated virus
vaccines

53 795 33 186 53.8 (24.2, 71.9) 34 158 159 204 70.9 (55.0, 81.2)b 225 374 212 281 26.8 (3.8, 44.4)

Covaxin 32 795 21 186 57.5 (21.7, 76.9) 16 158 101 204 77.2 (58.9, 87.4)b 36 374 34 281 25.2 (−31.6, 57.5)

Sinovac 20 795 10 186 33.5 (−63.3, 73.0) 10 158 22 204 40.9 (−32.8, 73.8)b 172 374 152 281 25.1 (−4.7, 46.4)

Sinopharm (Beijing) 1 795 2 186 ISD 8 158 36 204 71.8 (36.2, 87.5)b 17 374 26 281 40.7 (−19.9, 70.6)b

mRNA vaccines 106 795 236 186 77.0 (57.5, 87.5) 232 158 432 204 87.0 (74.1, 93.5) 302 374 192 281 30.0 (−5.5, 53.6)

Moderna 6 795 5 186 ISD 7 158 16 204 88.2 (66.2, 95.9) 0 374 3 281 ISD

Pfizer 100 795 231 186 80.2 (61.3, 89.9) 225 158 416 204 85.4 (63.9, 94.1) 302 374 189 281 25.4 (−12.3, 50.4)

Abbreviations: CI, confidence interval; ISD, insufficient data to estimate; NP, estimate not provided when 95% CI width >140; VE, vaccine effectiveness. aVaccine effectiveness was estimated as one minus the odds ratio comparing vaccination status by
SARS-CoV-2 test result (case status) computed from a mixed effects logistic regression model adjusting for age (continuous), pre-existing health conditions (yes/no), sex, and week of onset (fit as cubic spline) and treating country as a random effect
term. NP: estimate not provided, when 95% CI width >140. ISD: insufficient data to calculate when less than 5 patients in one category. bModelled as fixed effects due to small number of contributing countries by brand.

Table 2: Estimated effectiveness of COVID-19 vaccines for primary series vaccination by vaccine type, vaccine product, age group and SARS-CoV-2 variant dominant period—REVELAC-i, February 2021–September 2022.
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<90 days 90–180 days >180 days

Cases Controls aVE % (95% CI)a Cases Controls aVE % (95% CI)a Cases Controls aVE % (95% CI)a

Vaccine (+) Vaccine (−) Vaccine (+) Vaccine (−) Vaccine (+) Vaccine (−) Vaccine (+) Vaccine (−) Vaccine (+) Vaccine (−) Vaccine (+) Vaccine (−)

18–64 years

Viral vector vaccines 40 257 59 264 65.1 (34.1, 81.5) 99 257 101 264 21.6 (−20.6, 49.1) 59 257 53 264 −13.8 (−101, 35.7)

AstraZeneca 35 257 49 264 62.7 (22.7, 82.0) 82 257 81 264 22.3 (−29.0, 53.2) 52 257 41 264 NP

CanSino 0 257 1 264 ISD 1 257 1 264 ISD 6 257 7 264 NP

Sputnik V 5 257 9 264 72.9 (7.6, 92.1) 16 257 19 264 NP 1 257 5 264 ISD

Inactivated virus vaccines 13 257 12 264 NP 37 257 31 264 NP 66 257 112 264 12.3 (−32.5, 41.9)

Covaxin 0 257 0 264 ISD 0 257 0 264 ISD 1 257 2 264 ISD

Sinovac 13 257 11 264 37 257 31 264 NP 56 257 99 264 7.3 (−45.7, 41.0)

Sinopharm (Beijing) 0 257 1 264 ISD 0 257 0 264 ISD 9 257 11 264 41.2 (−62.0, 78.8)

mRNA vaccines 36 257 33 264 40.9 (−22.2, 71.4) 178 257 120 264 6.3 (−47.4, 40.4) 124 257 116 264 24.4 (−21.5, 52.9)

Moderna 2 257 2 264 ISD 18 257 6 264 NP 9 257 5 264 NP

Pfizer 34 257 31 264 49.3 (−8.9, 76.4) 160 257 114 264 22.5 (−28.9, 53.5) 115 257 111 264 39.6 (−3.9, 63.7)

≥65 years

Viral vector vaccines 18 374 6 281 NP 74 374 59 281 30.2 (−8.1, 55.0) 20 374 50 281 58.4 (23.9, 77.3)

AstraZeneca 18 374 5 281 NP 57 374 44 281 32.4 (−9.6, 58.4) 15 374 46 281 69.3 (40.5, 84.2)

CanSino 0 374 0 281 ISD 0 374 2 281 ISD 0 374 0 281 ISD

Sputnik V 0 374 1 281 ISD 17 374 13 281 36.4 (−37.9, 70.7)b 5 374 4 281 ISD

Inactivated virus vaccines 8 374 8 281 NP 33 374 24 281 37.7 (−15.8, 66.5)b 184 374 180 281 24.5 (−0.6, 43.5)

Covaxin 0 374 0 281 ISD 0 374 1 281 ISD 36 374 33 281 22.4 (−37.1, 56.1)

Sinovac 8 374 8 281 NP 32 374 21 281 29.9 (−34.7, 63.5)b 132 374 123 281 23.8 (−9.0, 46.7)

Sinopharm (Beijing) 0 374 0 281 ISD 1 374 2 281 ISD 16 374 24 281 36.2 (−31.9, 69.2)

mRNA vaccines 7 374 9 281 NP 25 374 26 281 47.4 (−6.7, 74.2) 270 374 157 281 3.4 (−49.1, 37.4)

Moderna 0 374 0 281 ISD 0 374 3 281 ISD 0 374 0 281 ISD

Pfizer 7 374 9 281 NP 25 374 23 281 33.4 (−38.9, 67.9) 270 374 157 281 3.4 (−49.1, 37.4)

Abbreviations: CI, confidence interval; ISD, insufficient data to estimate; NP, estimate not provided when 95% CI width >140; VE, vaccine effectiveness. aVaccine effectiveness was estimated as one minus the odds ratio comparing vaccination status by
SARS-CoV-2 test result (case status) computed from a mixed effects logistic regression model adjusting for age (continuous), pre-existing health conditions (yes/no), sex, and week of onset (fit as cubic spline) and treating country as a random effect
term. bModel fit as fixed effects due to small number of countries contributing brand data.

Table 3: Estimated effectiveness of COVID-19 vaccines, by vaccine product, age group and time since last vaccination for completed primary series in Omicron variant dominant period—REVELAC-i, February 2021–
September 2022.
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Adults 18–64 years Adults ≥65 years

Cases Controls aVE % (95% CI)a Cases Controls aVE % (95% CI)a

Vaccine (+) Vaccine (−) Vaccine (+) Vaccine (−) Vaccine (+) Vaccine (−) Vaccine (+) Vaccine (−)

Primary series with AstraZenecab

Any booster 88 257 200 264 47.0 (22.9, 63.5) 320 374 529 281 47.8 (32.8, 59.5)

Heterologous booster 68 257 174 264 55.2 (32.5, 70.2) 306 374 522 281 51.1 (36.7, 62.2)

Homologous booster 20 257 23 264 NP 14 374 7 281 NP

Primary series with Pfizer

Any booster 160 257 440 264 43.1 (21.9, 58.5) 452 374 950 281 57.4 (45.5, 66.7)

Heterologous booster 61 257 156 264 32.8 (4.1, 53.0) 203 374 566 281 60.4 (47.3, 70.3)

Homologous booster 99 257 284 264 57.1 (33.3, 72.5) 248 374 382 281 55.5 (37.5, 68.3)

Primary series with Sinovac

Any booster 19 257 47 264 26.4 (−36.9, 60.4)b 88 374 134 281 48.2 (24.1, 64.6)

Heterologous booster 6 257 20 264 NP 15 374 20 281 NP

Homologous booster 13 257 27 264 20.9 (−67.2, 62.5)c 73 374 114 281 55.5 (32.6, 70.7)

Abbreviations: CI, confidence interval; ISD, insufficient data to estimate when less than 5 patients in one category; NP, estimate not provided when 95% CI width >140; VE, vaccine effectiveness. aVaccine
effectiveness was estimated as one minus the odds ratio comparing vaccination status by SARS-CoV-2 test result (case status) computed from a mixed effects logistic regression model, adjusting for age
(continuous), pre-existing health conditions (yes/no), sex, and week of onset (fit as cubic spline) and treating country as a random effect term. bBrand unknown for three AstraZeneca primary series for
each age group. cModelled as fixed effects due to small number of contributing countries.

Table 4: Estimated effectiveness of COVID-19 vaccines, by primary series and booster vaccine product, age group and type of booster dose in Omicron variant dominant period—
REVELAC-i, February 2021–September 2022.
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aged 18–64 years, the pooled VE estimate for primary
series was 43% (95% CI: −42%, 77%) for AstraZeneca
(I2 = 40.7%; p = 0.19) and 52% (95% CI: 18%, 71%) for
Pfizer (I2 < 0.1%, p = 0.98). Among adults ≥65 years old,
the pooled estimate of aVE was 48% (95% CI: −26%,
89%) for AstraZeneca (I2 = 49.1%; p = 0.15) and 74%
(95% CI: 35%, 89%) for Pfizer (I2 < 0.1%, p = 0.49).
Discussion
Leveraging the standardised methodology for COVID-19
surveillance across multiple countries in Latin America,
we pooled data to demonstrate COVID-19 vaccines as a
substantially effective measure to reduce the odds of
COVID-19-associated hospitalisation among working-age
and older adults. Our results demonstrate that moderate
variability was observed for COVID-19 vaccine effective-
ness by type of vaccine and product, age, and SARS-CoV-
2 variant circulation. In Pre-Delta period, VE were
observed lower VE probably due to co-circulation of
multiple variants and small proportion of patients who
had completed the primary series of vaccination. In
addition, patients vaccinated during pre-Delta period were
individuals at higher risk for severe disease such as older
adults with comorbidities, very elderly or patients with
serious health conditions. Further, while VE was shown
to wane over time, some level of protection was sustained
from primary series vaccination and booster doses
significantly increased protection against hospitalisation.

Effectiveness varied by age and by vaccine type
Overall, vaccine effectiveness in preventing COVID-19-
associated hospitalisation was lower among older
adults than adults aged 18–64 years. Other studies have
similarly demonstrated that older adults may present
blunted responses to vaccination, including to COVID-
19 and other vaccines such as inactivated influenza
vaccines.26–28 Variation in VE was also apparent across
vaccine type and specific products. Viral vector and
mRNA vaccines, mainly AstraZeneca and Pfizer, pre-
sented generally higher VE estimates than inactivated
vaccines such as Sinovac and Sinopharm. These results
were consistent with another study conducted in Brazil,
in which VE in the first four weeks after vaccination in
individuals aged 20–59 years with primary series vacci-
nation with was 81.1% for AstraZeneca, 90.3% for
Pfizer and 84.7% for Sinovac.29 Similar results were
recently reported by a multi-centre study in Latin
America, which found aVE during Delta predominance
was 76% and 82% for Pfizer and Moderna primary se-
ries vaccination, while estimates for other vaccines
ranged only from approximately 53%–57%.30

Decreasing protection of primary series over time
We observed lower VE against COVID-19-associated
hospitalisation during the Omicron variant dominant
period compared to the Delta and pre-Delta periods.
Omicron is antigenically the most distant variant in our
evaluation from the ancestral strain and has been asso-
ciated with greater immune evasion and reduced VE.31–34

We also analysed VE during the Omicron period by time
since vaccination, among those vaccinated with primary
series without a booster, to assess the waning and dura-
tion of protection. We observed that patients with recent
vaccination (<90 days) were between 41% and 73%
(depending on the vaccine type and age group) less likely
www.thelancet.com Vol 27 November, 2023
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to be hospitalised compared with unvaccinated patients,
while those who completed the primary vaccination >180
days before symptom onset were between 0% and 41%
less likely to be hospitalised compared with unvaccinated
patients. VE in older adults vaccinated >180 days with
viral vector vaccines was higher than vaccination between
90 and 180 days, probably because AstraZeneca was
introduced early in the region, thus early adopters may
represent more risk averse individuals.35 These results
reaffirm that vaccine protection wanes over time, with
lower effectiveness against hospitalisation in those
vaccinated more than six months before symptom onset.
Our results were consistent with systematic review
demonstrating decline in protection against infection or
mild disease, and to a lesser extent, against severe dis-
ease, prior to36 and during the Omicron period,37 sug-
gesting the value of booster doses.

Importance of booster vaccination in Omicron
variant period
Overall, vaccination with a booster provided protection
against hospitalisation compared to primary series
vaccination only. The vaccine effectiveness of the
booster dose after AstraZeneca or Pfizer vaccines (either
homologous and heterologous booster vaccination)
compared to non-vaccination reduced the odds of hos-
pitalisation between 33% and 57% in adults aged 18–64
years and between 48% and 60% in adults aged ≥65
years. This underlines the importance of receiving a
booster dose for maintaining high level of protection
and reduce the risk of hospitalisation associated with
COVID-19, especially among older adults and groups at
higher risk for severe disease. Boosters using a different
COVID-19 vaccine platform from that used for the pri-
mary series (i.e., heterologous boosting) may provide
superior immunogenicity to use of a homologous
booster.38,39 In our study, we observed that individuals
18–64 years who received Pfizer as a homologous
booster had similar VE compared to booster vaccination
with a different vaccine. However, heterologous booster
seemed more effective in older adults who received
completed primary series with AstraZeneca. Vaccine
effectiveness for completed primary series with inacti-
vated vaccine Sinovac was lower compared to mRNA
and viral vector vaccines for both adults and older
adults, and we obtained similar effectiveness for ho-
mologous and heterologous booster.

With the now widespread relaxation of social mea-
sures to prevent infection, and the greater immune
evasion of new SARS-CoV-2 variants, vaccination with
additional doses may be justified, particularly for per-
sons at increased risk of developing severe COVID-19.
Older adults and people with comorbidities continue
to be at greatest risk of severe disease and mortality
because of Omicron and sub-lineages and make up
most of the COVID-19 deaths40; thus, even minor de-
creases in vaccine effectiveness over time translate into
www.thelancet.com Vol 27 November, 2023
a rise in severe disease and deaths in such vulnerable
persons. Vaccination with additional doses should be
continued for individuals at high risk of developing se-
vere disease, as recommended in the recent WHO
SAGE roadmap.41

Strengths
Test-negative design has been widely used in the past
decades to measure influenza VE, and since 2021, to
evaluate the effectiveness of COVID-19 vaccines. Using
this approach, we were able to collect and pool data from
six REVELAC-i participating countries across multiple
periods with different variant predominance. All
participating countries provided data using the standard
PAHO regional surveillance guidelines that recommend
use of a common SARI case definition, collection of a
minimum set of variables, and systematic specimen
collection from all SARI cases. Such an approach pro-
moted methodological consistency and minimized het-
erogenicity across the countries.42 Additionally,
REVELAC-i presents an opportunity to obtain data about
understudied products used in low- and low middle-
income countries, such as those in the Latin American
region. Another strength of this evaluation was the
vaccination status ascertainment of the patients
included. During COVID-19 pandemic, most countries
in the region implemented universal electronic vacci-
nation registries that considerably reduced the effort
required to retrieve and document the vaccination his-
tory as well as minimise the recall bias.

Limitations
This evaluation had several limitations. First, multiple
vaccines were used simultaneously, targeting different
groups in different countries. Some vaccines were only
used in specific groups (e.g., older adults, hard to reach
populations) and for specific periods of time. Thus, for
some vaccines, the sample size was too small to get
meaningful estimates. Second, some countries had dif-
ficulty enrolling test-negative controls during periods of
high COVID-19 incidence, and in enrolling unvacci-
nated patients in countries with high vaccination
coverage. Unvaccinated individuals during the Omicron
period, when vaccine roll out was completed, may not be
representative of those from earlier in the study period,
potentially affecting our results.43 Also, we did not
evaluate the distribution of vaccines in specific settings
where cold chain capacity is limited which could explain
some of the low VE results. Finally, in any multi-country
study such as this, heterogeneity between sites could
introduce bias that could lead to over- or underestima-
tion of the true association between COVID-19 vacci-
nation and the outcome. This is caused by differences in
data collection processes, vaccination roll-out strategies,
and SARS-CoV-2 variant circulation in each country
over time. The results of this analysis should be inter-
preted with caution because we assumed that the
11
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underlying exposure was similar in analysed countries
and that the association of covariates with the outcome
was similar in countries. Last, in this evaluation, we did
not assess the effect of prior infection (infection-induced
immunity) that could affect the interpretation of esti-
mated VE.

Summary and recommendations
The REVELAC-i network provides a unique opportunity
to systematically monitor and evaluate the performance
of vaccines for several reasons. First, it is an efficient
approach to evaluate VE because it leverages existing
national surveillance systems when data are collected
from the hospitals and laboratories as part of the SARI
routine surveillance. It allows one to conduct joint
evaluations of VE against hospitalisation for both
influenza and COVID-19 vaccines because the same
surveillance platform and study population are used
tonbsp;identify illnesses with both viruses. Second, the
test-negative design provides VE estimates with highly
specific outcome (i.e., RT-PCR lab-confirmed) and
minimizes health-care-seeking behaviours biases. These
VE evaluations can be carried out systematically every
season or during changes in the epidemiology of the
disease, when new vaccines are introduced or new
COVID-19 variants emerge and contribute to the selec-
tion of potential vaccine candidates for future COVID-19
vaccines.

This evaluation demonstrates the importance of
vaccination against COVID-19 with additional doses,
especially in persons at increased risk of developing
severe disease. Periodic vaccination with booster doses
of mRNA or viral vector vaccines should be offered for
these higher risk groups to optimize impact against
severe disease, hospitalisation, and death, and to protect
health systems and essential services, as recommended
in the recent WHO SAGE roadmap.
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