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Effectiveness of rAd26-rAd5, ChAdOx1 nCoV-19, and 
BBIBP-CorV vaccines for risk of infection with SARS-CoV-2 
and death due to COVID-19 in people older than 60 years in 
Argentina: a test-negative, case-control, and retrospective 
longitudinal study 
Analía Rearte, Juan Manuel Castelli, Ramiro Rearte, Nora Fuentes, Velen Pennini, Martina Pesce, Pilar Barcena Barbeira, Luciana Eva Iummato, 
Melisa Laurora, María Lucía Bartolomeu, Guido Galligani, María Del Valle Juarez, Carlos María Giovacchini, Adrián Santoro, Mariano Esperatti, 
Sonia Tarragona, Carla Vizzotti

Summary
Background In January, 2021, a vaccination campaign against COVID-19 was initiated with the rAd26-rAd5, ChAdOx1 
nCoV-19, and BBIBP-CorV vaccines in Argentina. The objective of this study was to estimate vaccine effectiveness at 
reducing risk of SARS-CoV-2 infection and COVID-19 deaths in people older than 60 years.

Methods In this test-negative, case-control, and retrospective longitudinal study done in Argentina, we evaluated the 
effectiveness of three vaccines (rAd26-rAd5, ChAdOx1 nCoV-19, and BBIBP-CorV) on SARS-CoV-2 infection and risk 
of death in people with RT-PCR confirmed COVID-19, using data from the National Surveillance System (SNVS 2.0). 
All individuals aged 60 years or older reported to SNVS 2.0 as being suspected to have COVID-19 who had disease 
status confirmed with RT-PCR were included in the study. Unvaccinated individuals could participate in any of the 
analyses. People with suspected COVID-19 who developed symptoms before the start of the implementation of the 
vaccination programme for their age group or district were excluded from the study. The odds ratio of SARS-CoV-2 
infection was evaluated by logistic regression and the risk of death in individuals with RT-PCR confirmed COVID-19 
was evaluated by proportional hazard regression models, adjusted for possible confounders: age at the time of the 
symptom onset date, sex, district of residence, epidemiological week corresponding to the symptom onset date, and 
history of COVID-19. The estimation of vaccine effectiveness to prevent death due to COVID-19 was done indirectly 
by combining infection and death estimates. In addition, we evaluated the effect of the first dose of viral vector 
vaccines across time.

Findings From Jan 31, to Sept 14, 2021, 1 282 928 individuals were included, of whom 687 167 (53·6%) were in the 
rAd26-rAd5 analysis, 358 431 (27·9%) in the ChAdOx1 nCoV-19 analysis, and 237 330 (18·5%) in the BBIBP-CorV 
analysis. Vaccine effectiveness after two doses was high for all three vaccines, adjusted odds ratio 0·36 (95% CI 
0·35–0·37) for rAd26-rAd5, 0·32 (0·31–0·33) for ChAdOx1 nCoV-19, and 0·56 (0·55–0·58) for BBIBP-CorV. After 
two doses, the effect on deaths was higher than that on risk of infection: adjusted hazard ratio 0·19 (95% CI 0·18–0·21) 
for rAd26-rAd5, 0·20 (0·18–0·22) for ChAdOx1 nCoV-19, and 0·27 (0·25–0·29) for BBIBP-CorV. The indirectly 
estimated effectiveness on deaths was 93·1% (95% CI 92·6–93·5) for rAd26-rAd5, 93·7% (93·2–94·3) for ChAdOx1 
nCoV-19, and 85·0% (84·0–86·0) for BBIBP-CorV following two doses. First dose effect of viral vector vaccines 
remained stable over time.

Interpretation The vaccines used in Argentina showed effectiveness in reducing infection and death by SARS-CoV-2 
and COVID-19.

Funding None.

Copyright © 2022 Elsevier Ltd. All rights reserved.

Introduction 
In the context of the pandemic, clinical trials of several 
COVID-19 vaccines have shown their efficacy.1–3 At least 
19 vaccines have been approved for emergency use in 
different countries, and others are under investigation.4 
Reports on the efficacy of different vaccines are varied.5 
Evaluating vaccine effectiveness for emerging pathogens 

during a public health emergency presents challenges, 
including spatiotemporal variability in the incidence 
and circulation of different variants of the virus. In 
addition, the accuracy of the estimates might be limited 
by the availability of high-quality surveillance data.6 
Estimates of the effectiveness of the implementation of 
COVID-19 vaccination programmes are essential 
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because they reflect real-world challenges, such as 
logistics, cold chains, vaccination schedules, and follow-
up, and because they involve more diverse populations 
than those selected in randomised trials.7

Until September, 2021, in Argentina, COVID-19 
vaccines developed in non-replicative virus platforms 
were authorised and widely used in people older than 
60 years: rAd26-rAd5 (Sputnik V), ChAdOx1 nCoV-19 
(Oxford–AstraZeneca), and the inactivated vaccine 
BBIBP-CorV (Sinopharm). The administration of 
vaccines to people older than 60 years began in January, 
2021, with rAd26-rAd5 V and ChAdOx1 nCoV-19 used 
from February, 2021; BBIBP-CorV was used from 
March, 2021.

The goal of the National Vaccination Campaign against 
COVID-19 in Argentina is to vaccinate 100% of the 
prioritised population. Prioritisation was established 
according to the risk of disease severity, risk of exposure, 
and social vulnerability. The deployment of the 
programme was gradual and progressive. Due to the 
international availability of vaccines, in March, 2021, the 
first dose of viral vector vaccines (rAd26-rAd5 and 
ChAdOx1 nCoV-19) was prioritised, with the goal of 
vaccinating a higher proportion of the population with 
their first dose—delaying the second dose for at least 
90 days. The intervals between doses with the 
BBIBP-CorV vaccine were maintained at 28 days. 
Starting in July, 2021, taking into account the high 

Research in context

Evidence before this study
As of Feb 25, 2022, According to the International Vaccine 
Access Center of the Bloomberg School of Public Health, Johns 
Hopkins University, Baltimore, MD, USA, 216 studies of the 
effectiveness of COVID-19 vaccines have been published in 
31 countries: Pfizer–BioNTech Oxford-AstraZeneca, and 
Moderna, were the vaccines with more studies. We searched in 
PubMed for studies of the effectiveness of COVID-19 vaccines, 
with no language restrictions, from June 1, 2020, to 
Feb 25, 2022, using the terms “COVID-19 vaccine 
effectiveness”, “effectiveness of ChAdOx1 nCoV-19”, 
“effectiveness of rAd26-rAd5 Sputnik V”, and “effectiveness of 
BBIBP-CorV Sinopharm”. Two vaccine studies from Argentina 
have been published; both report results consistent with ours, 
although each study evaluated the vaccination campaign in a 
single district. One study was an age-matched cohort study of 
people older than 60 years; however, is this study only the 
effect of first dose could be evaluated. The other study took an 
ecological approach and evaluated whether the application of 
the three COVID-19 vaccines available in Argentina was 
associated with a reduction in morbidity and deaths due to 
COVID-19. Before initiation of our study, there were no 
publications to date on the effectiveness of the BBIBP-CorV 
vaccines. However, since trial initiation a cohort study done in 
Hungary evaluated effectiveness of complete schedules of 
rAd26-rAd5 and BBIBP-CorV vaccines, and a cohort study of 
people confirmed to have COVID-19 from Abu Dhabi evaluated 
effectiveness of partial and complete schedules of BBIBP-CorV. 
Both studies reported high effectiveness for complete 
schedules of both vaccines to prevent death. Additionally, for 
people who had received one vaccine dose of BBIBP-CorV, 
some protection against death and infection was apparent, 
although statistically insignificant. Of the studies of ChAdOx1 
effectiveness, one reported results similar to ours: 75% 
effectiveness with one dose in people older than 70 years in the 
UK. However, the study did not have a sufficient number of 
observations to estimate the effectiveness of the full 
vaccination schedule or sufficient follow-up time to estimate 
the effectiveness of the vaccine 35 days after the first 

application. A test-negative, case-control study has been done 
in the UK, which reported 80·4% effectiveness to prevent 
hospitalisation in people at least 80 years old. Other 
effectiveness studies with different designs—mainly cohort 
studies—with 2–4 months follow-ups, and mainly in specific 
groups (eg, people older than 80 years or health-care workers, 
etc) were analysed. The effectiveness estimates were higher in 
these studies, mainly due to the design and follow-up times.

Added value of this study
Although the effect of COVID-19 on low-income and middle-
income countries (LMICs) is widely recognised, little is known 
about the effectiveness of national vaccine campaigns in these 
regions. In the context of emergency approval of vaccines for 
COVID-19, the generation of evidence in a real-world context 
is crucial. Reports of the effectiveness of the rAd26-rAd5 and 
the BBIBP-CorV vaccines are scarce; for this reason our 
findings are important for countries that have used these 
vaccines in their national vaccination campaigns. In 
comparison with other reports on the effectiveness of 
ChAdOx1, the circulating COVID-19 variants in Argentina were 
mainly gamma (p.1), lambda (C.37), and alpha (B.1.1.7), 
compared with mainly the alpha strain assessed in previous 
studies. Furthermore, because of the global shortage of 
vaccines and difficulty in their supply—especially in LMICs—
our study provides evidence of the effectiveness of one-dose 
prioritisation strategies to reach as many people as possible in 
the shortest possible time.

Implications of all the available evidence
These findings are of international importance as vaccination 
programmes increase in the rest of the world, suggesting that 
other countries can similarly achieve marked and sustained 
decreases in SARS-CoV-2 infections and deaths if they can 
achieve high vaccine coverage; even with single dose regimens 
and with gamma, lambda, and alpha variants. This evidence 
can support decision making regarding the implementation of 
national or district vaccination campaigns.
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coverage with one dose, schedule completion with 
second vaccine doses was prioritised, primarily in 
individuals older than 50 years, with the goal of 
vaccinating the highest possible number of people with 
complete schedules (appendix pp 2–7).

Effectiveness studies have been published in the UK, 
Israel, and Chile; they have shown encouraging results 
in accordance with efficacy studies.7–9 Due to the differ-
ences between the strategies implemented worldwide, 
evaluation of the effectiveness of each vaccination 
programme under different scenarios is important. 
Before inititiation of our study, no studies had evaluated 
the effectiveness of BBIBP-CorV according to the 
recommended dose schedule or  alternative dose 

intervals of rAd26-rAd5. However, since November, 
2021, two cohort studies have evaluated rAd26-rAd5 and 
BBIBP-CorV vaccines effectiveness. In a study done in 
Hungary,10 the effectiveness to prevent infection and 
death in people older than 18 years old who completed 
rAd26-rAd5 vaccine schedule was estimated to be more 
than 95%; for people who completed the BBIBP-CorV 
vaccine schedule, the effectiveness estimated to prevent 
infection was 66·1% and death was 87·8%. Another 
cohort study of people confirmed to have COVID-19 in 
Abu Dhabi estimated that in people who had received 
two doses of BBIBP-CorV vaccine, the effectiveness to 
prevent hospitalisation was 80% and effectiveness to 
prevent death was 97%.11 The effectiveness of vaccination 
programmes with a risk prioritisation strategy that 
placed a focus on individuals older than 60 years in the 
context of the circulation of different variants of interest 
of SARS-CoV-2 has not been reported.

We aimed to estimate the effectiveness of the 
rAd26-rAd5, ChAdOx1 nCoV-19, and BBIBP-CorV 
vaccines to reduce infection by SARS-CoV-2 and death 
due to COVID-19 in people aged 60 years and older. In 
addition, we evaluated the effect over time of the first 
dose of viral vector vaccines.

Methods 
Study design and participants 
We did a test-negative case-control study to evaluate the 
effectiveness of the different vaccines in the reduction 
of SARS-CoV-2 infection. Test-negative case-control 
designs are considered powerful enough to estimate 
the effectiveness of vaccines and have been widely used 
to estimate the effectiveness of vaccines against 
influenza and other respiratory viruses (appendix p 7).6,8,12 
The effect of vaccines on the risk of death in people 
with COVID-19 was evaluated through a retrospective 
longitudinal study that included only people with RT-
PCR confirmed COVID-19.

All individuals aged 60 years or older reported to 
National Surveillance System (SNVS 2.0) as being 
suspected to have COVID-19 who had had their disease 
status confirmed with RT-PCR were included in the case-
control study. The definition of suspected cases was 
dynamic during the study period; however, the definition 
of cases and controls were consistent throughout the 
study. Unvaccinated individuals could participate in any 
of the analyses. People with suspected COVID-19 
who developed symptoms before the start of the 
implementation of the vaccination programme for their 
age group or district were excluded from the study 
(appendix pp 2–7). Individuals reported as being 
suspected to have COVID-19 were classified as a case if 
they had RT-PCR detectable COVID-19 and as controls if 
they had RT-PCR undetectable COVID-19.

The study used epidemiological surveillance data from 
SNVS 2.0, preserving the confidentiality of the individuals 
according to the Helsinki declaration and local 

See Online for appendix

Figure 1: Characteristics of the COVID-19 pandemic and vaccine response in Argentina
(A) Incident cases and number of deaths from COVID-19. (B) Circulating SARS-CoV-2 variants. (C) Vaccination 
coverage by age group .
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regulations.13 We followed the STROBE checklist.14 The 
trial is registered in the National Registry of Health 
Research, IS003333.

Procedures 
Argentina began the National Vaccination Campaign 
against COVID-19 in January, 2021, which was im-
plemented across the whole country with equitable 
distribution of doses according to population size 
(appendix pp 2–7). The study was done from January to 
September, 2021, (epidemiological week 5 to 37).   
Figure 1A shows the number of incident cases and the 
number of deaths from COVID-19 in Argentina during 
the study period. Figure 1B describes the distribution of 
circulating variants and Figure 1C shows vaccination 
coverage according to epidemiological week.

The notification of suspected cases of COVID-19 and 
their confirmation and outcomes were done by certified 
users (professionals, technicians, administrative, and 
health authorities of the 24 districts) of the public 
health-care, private health-care, and social security 
subsectors. The information was reported by all districts 
through the SNVS 2.0. For the death registry, each 
district systematically reviewed and verified data from 
other death records, such as bureaus of vital records 
(death certificate data), hospitals, and funeral 
companies. These data were incorporated into SNVS 2.0 
(appendix p 8).

Vaccine information is reported in the Nominalized 
Federal Vaccination Registry (NOMIVAC). All vaccinated 
individuals had their the date of vaccination, the number 
of doses, the type of vaccine, the vaccine lot number, and 
the vaccination centre recorded in NOMIVAC.

The symptom onset date was recorded in the definition 
of the suspected case and was reported according to the 
epidemiological week. The same analysis was done for 
each vaccine independently. Because participants could 
have more than one RT-PCR test, each individual 
was only included once, with the first record as valid—
in cases of conflicting results, the first positive record 
was used.

Vaccination status was classified into five categories 
according to the time elapsed between the administration 
of the vaccine and the symptom onset date: unvaccinated, 
vaccinated with a first dose before 21 days, first dose after 
21 days, vaccinated with a second dose before 21 days, 
and vaccinated with a second after 21 days.

To evaluate the effect of the time interval between the 
first dose and the symptom onset date on the odds of 
infection by SARS-CoV-2 and on the risk of death due to 
RT-PCR confirmed COVID-19, time intervals of 14 days 
were analysed: unvaccinated, 0–14 days, 15–28 days, 
29–42 days, successively up to 113–126 days.

RT-PCR has high sensitivity and specificity. To 
minimise the chance of false positives in the pre-
analytical phase (eg, due to contamination), the 
Ministry of Health of Argentina developed standards 

that all laboratories had to comply with. Standards were 
also developed for the collection and transportation of 
test samples and district-level training to minimise the 
chance of false negatives.15 In the population with 
RT-PCR confirmed COVID-19, the outcome of death 
reported in SNVS 2.0 was assessed.

Covariates
A variety of factors can be associated with the probability 
that an individual is offered and accepts a vaccine, the 
risk of exposure to SARS-CoV-2, or having an RT-PCR 
test, including personal factors (eg, age, sex, geography, 
and time period). The incidence of COVID-19 varied by 
region and by epidemiological week during the study 
period, as well as the availability of vaccines. The 
variables evaluated as possible confounders were age at 
the time of the symptom onset date, sex, district of 
residence, epidemiological week corresponding to the 
symptom onset date, and history of COVID-19.

The registry of the comorbidities reported to the 
SNVS 2.0 consisted of the determination of the presence 
or absence of eight pre-existing medical conditions, 
determined by self-report (appendix p 8).

Statistical analysis 
Logistic regression was used to estimate the odds of 
SARS-CoV-2 infection as a function of vaccination status. 
The estimation of the crude model included the 
epidemiological week of symptom onset as an adjustment 
variable because both the incidence of the disease and the 
availability of vaccines in Argentina varied during the 
study period. Thus, an analysis without including time 
would not have been adequate.

Because treatment assignment was not random, 
adjustment for possible confounding factors was 
required. On the basis of the knowledge of each 
individual and the previous literature, we used a directed 
acyclic graph to identify and select variables potentially 
associated with both vaccination and the results of the 
study (appendix pp 10–12).16,17 Possible confounding 
factors (age [expressed in years], sex, district, history of 
COVID-19, and epidemiological week of symptom onset 
date) were included in the fully adjusted logistic 
regression model. The results are presented as odds 
ratios (ORs) and adjusted ORs (aORs) with 95% CIs 
(appendix pp 12–13).

The effect of vaccines on the risk of death in people with 
COVID-19 was evaluated using a Cox proportional hazard 
regression model taking individuals who did not receive 
any vaccine as the reference category; the same covariates 
as the logistic model were included in the  hazard 
regression model. The results are presented as hazard 
ratios (HRs) and adjusted HRs (aHRs) with 95% CIs.

Vaccine effectiveness was calculated as (1–relative risk 
measure) × 100.18–20 The overall effectiveness of vaccines to 
reduce death was calculated from a combination of the 
estimates of the effect of vaccination to prevent infection 
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Figure 2: Study profile
(A) Individuals included in the analysis of rAd26-rAd5. (B) Individuals included in the analysis of ChAdOx1 nCoV-19. (C) Individuals included in the analysis of BBIBP-CorV.
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by SARS-CoV-2 (aOR) and death in cases of COVID-19 
(aHR).21,22 The 95% CIs were estimated with the delta 
method.

To evaluate whether the vaccine effectiveness estimators 
were modified as a function of age, an interaction between 
vaccination status and age categories (60–69 years, 
70–79 years, and ≥80 years) was added both to the logistic 
regression model that estimates the odds of infection and 

the Cox proportional hazard model that estimates the risk 
of dying in cases of COVID-19 (appendix pp 12–13).

Comorbidities were not recorded in all cases. To 
consider their effect, an analysis of the population 
registered in SNVS 2.0 was done (appendix p 18). 
Because the performance of the RT-PCR test can 
decrease over time symptom onset,23 an analysis of the 
population who had a RT-PCR test within 6 days of the 

rAd26-rAd5 ChAdOx1 nCoV-19 BBIBP-CorV

Cases Controls Cases Control Cases Control

Study population

Overall 218 417 468 750 126 531 231 900 95 519 141 811

60–69 years 118 319 (54·2%) 252 824 (53·9%) 70 382 (55·6%) 126 164 (54·4%) 54 165 (56·7%) 78 607 (55·4%)

70–79 years 66 175 (30·3%) 142 804 (30·5%) 33 536 (26·5%) 59 529 (25·7%) 27 392 (28·7%) 43 481 (30·7%)

≥80 years 33 923 (15·5%) 73 122 (15·6%) 22 613 (17·9%) 46 207 (19·9%) 13 962 (14·6%) 19 723 (13·9%)

Deaths in cases

Overall 30 000 (13·7%) ·· 23 332 (18·4%) ·· 18 733 (19·6%) ··

60–69 years 9756/30 000  (32·5%) ·· 8702/23 332 (37·3%) ·· 7434/18 733 (39.7%) ··

70–79 years 10 581/30 000  (35·3%) ·· 7462/23 332 (32·0%) ·· 6091/18 733 (32·5%) ··

≥80 years 9663/30 000  (32·2%) ·· 7168/23 332 (30·7%) ·· 5208/18 733 (27·8%) ··

Median age (IQR) 68 (63–76) 68 (63–76) 68 (64–76) 69 (64–77) 68 (63–75) 68 (63–75)

Sex

Overall

Female 112 830 (51·7%) 260 033 (55·5%) 65 731 (51·9%) 127 984 (55·2%) 49 164 (51·5%) 77 428 (54·6%)

Male 105 587 (48·3%) 208 717 (44·5%) 60 800 (48·1%) 103 916 (44·8%) 46 355 (48·5%) 64383 (45·4%)

60–69 years

Female 58  762 (49·7%) 138 139 (54·6%) 34 638 (49·2%) 66 918 (53·0%) 26 484 (48·9%) 41 442 (52·7%)

Male 59 557 (50·3%) 114 685 (45·4%) 35 744 (50·8%) 592 46 (47·0%) 27 681 (51·1%) 37 165 (47·3%)

70–79 years

Female 33 491 (50·6%) 76 425 (53·5%) 17 049 (50·8%) 31 357 (52·7%) 14 007 (51·1%) 23 440 (53·9%)

Male 32 684 (49·4%) 66 379 (46·5%) 16 487 (49·2%) 28 172 (47·3%) 13 385 (48·9%) 20 041 (46·1%)

≥80 years

Female 20 577 (60·7%) 45 469 (62·2%) 14 044 (62·1%) 29 709 (64·3%) 8673 (62·1%) 12 546 (63·6%)

Male 13 346 (39·3%) 27 653 (37·8%) 8569 (37·9%) 16 498 (35·7%) 5289 (37·9%) 7177 (36·4%)

Individuals with RT-PCR confirmed COVID-19 before the study period

Overall 1269 (0·6%) 16 658 (3·6%) 805 (0·6%) 9 722 (4·2%) 436 (0·5%) 4544 (3·2%)

60–69 years 704/1269 (55.5%) 10 146/16 658 (60·9%) 382/805 (47·4%) 4656/9 722 (47·9%) 241/436 (55·3%) 2670/4544 (58·8%)

70–79 years 345/1269 (27.2%) 4207/16 658 (25·3%) 228/805 (28·3%) 2543/9 722 (26·2%) 121/436 (27·8%) 1189/4544 (26·2%)

≥80 years 220/1269 (17.3%) 2305/16 658 (13·8%) 195/805 (24·2%) 2523/9 722 (26·0%) 74/436 (17·0%) 685/4544 (15·1%)

Vaccinated 

Vaccinated with one dose

Overall 112 099 (51·3%) 218 599 (46·6%) 37 816 (29·9%) 62 195 (26·8%) 17 298 (18·1%) 19 010 (13·4%)

60–69 years 60 661/112 099 (54·1%) 127 470/218 599 (58·3%) 20 781/37 816 (55·0%) 33 860/62 195 (54·4%) 10 173/17 298 (58·8%) 11 520/19 010 (60.6%)

70–79 years 36 054/112 099 (32·2%) 65 485/218 599 (30·0%) 10 139/37 816 (26·8%) 15 559/62 195 (25·0%) 5651/17 298 (32·7%) 5821/19 010 (30.6%)

≥80 years 15 384/112 099 (13·7%) 25 644/218 599 (11·7%) 6896/37 816 (18·2%) 12 776/62 195 (20·5%) 1474/17 298 (8·5%) 1669/19 010 (8·8%)

Vaccinated with two doses

Overall 18 320 (8·4%) 112 325 (24·0%) 10 355 (8·2%) 62 427 (26·9%) 21 977 (23·0%) 54 994 (38·8%)

60–69 years 6615/18 320 (36·1%) 48 014/112 325 (42·7%) 4435/10 355 (42·8%) 31 998/62 427 (51·3%) 12 848/21 977 (58·5%) 30 971/54 994 (56.3%)

70–79 years 6918/18 320 (37·8%) 40 153/112 325 (35·7%) 3255/10 355 (31·4%) 16 933/62 427 (27·1%) 7083/21 977 (32·2%) 19 740/54 994 (35·9%)

≥80 years 4787/18 320 (26·1%) 24 158/112 325 (21·5%) 2665/10 355 (25·7%) 13 496/62 427 (21·6%) 2046/21 977 (9·3%) 4283/54 994 (7.8%)

Data are n (%) or n/N (%), unless otherwise stated.

Table: Population characteristics



Articles

1260 www.thelancet.com   Vol 399   March 26, 2022

symptom onset date was also done. Both analyses were 
done with the same models used in the analyses of the 
total population. Finally, for viral vector vaccines (for 
which the first dose prioritisation strategy was used), 
we evaluated the effect of the time elapsed since the 
application of the vaccine to the symptom onset date on 
the vaccine effectiveness estimators. Data processing, 
statistical analysis, and creation of figures were done 
with R statistical software (version 4.1.0).24 

Role of the funding source
There was no funding source for this study.

Results 
From Jan 31, to Sept 14, 2021, 1 282 928 individuals were 
included, of whom 687 167 (53·6%) were included in the 
rAd26-rAd5 analysis, 358 431 (27·9%) in the ChAdOx1 

nCoV-19 analysis, and 237 330 (18·5%) for BBIBP-CorV 
(figure 2).

The table describes the characteristics of the overall 
population and stratified by age stratum. The number of 
vaccine doses administered in Argentina by 
epidemiological week and by district during the study 
period are reported in the appendix (pp 3–7).

The aORs to prevent infection by SARS-CoV-2 with 
one dose were 0·61 (95% CI 0·60–0·61) for rAd26-rAd5, 
0·60 (0·59–0·61) for ChAdOx1 nCoV-19, and 0·77 
(0·75–0·80) for BBIBP-CorV. The aORs for preventing 
SARS-CoV-2 infection with two doses were 0·36 
(0·35–0·37) for rAd26-rAd5, 0·32 (0·31–0·33) for 
ChAdOx1 nCoV-19, and 0·56 (0·55-0·58) for BBIBP-CorV. 
This effect was higher for viral vector vaccines and 
decreased with age, especially in people older than 
80 years who received only the first dose (figure 3A). The 

Figure 3: Effect of the rAd26-rAd5, ChAdOx1 nCoV-19, and BBIBP-CorV vaccines on the risk of SARS-CoV-2 infection and on the risk of death
(A) Effect of the vaccines on risk of infection. (B) Effect of the vaccines on risk of death in cases. Overall ORs  were adjusted for epidemiological week, sex, history of 
COVID-19, and district. Overall HRs were adjusted for epidemiological week, sex, history of COVID-19 and district. Error bars are 95% CIs. HR=hazard ratio. OR=odds 
ratio. *Adjusted for vaccination status, age group interaction, epidemiological week, sex, history of COVID-19, and district. †Adjusted for vaccination status, age 
group interaction, epidemiological week, sex, history of COVID-19, and district.
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crude and adjusted ORs to prevent SARS-CoV-2 infection 
according to vaccination status and the estimators of the 
same model that include the interaction term between age 
group and vaccination status are reported in the 
appendix (pp 3–7). The risk of death in people with 
COVID-19 treated with one dose was aHR 0·31 [95% CI 
0·30–0·32] for rAd26-rAd5, 0·28 [0·27–0·29] for ChAdOx1 
nCoV-19, and 0·38 [0·36–0·41] for BBIBP-CorV. The risk 
of death in COVID-19 patients treated with the two doses 
was aHR 0·19 (95% CI 0·18–0·21) for rAd26-rAd5, 0·20 
(0·18-0·22) for ChAdOx1 nCoV-19, and 0·27 (0·25-0·29) 
for BBIBP-CorV. The increase in the magnitude of 
protection between the first and second doses was lower 
than that observed for the prevention of infection, and a 
pronounced decrease was observed in people older than 
80 years, especially in those who received only the first 
dose (figure 3B). The aHR for death according to 
vaccination status and the aHR of the same model that 
includes the interaction term between age group and 
vaccination status are reported in the appendix (p 15).

The estimated vaccine effectiveness to prevent death 
due to COVID-19 in those who received one dose was 
81·1% (95% CI 80·5–81·7) for ChAdOx1 nCoV-19, 83·1% 
(82·3–83·9) for rAd26-rAd5, and 70·4% (68·1–72·8) for 
BBIBP-CorV (figure 4). The effectiveness was higher 
with two doses for all vaccines: 93·1% (92·6–93·5) for 
rAd26-rAd5, 93·7% (93·2–94·3) for ChAdOx1 nCoV-19, 
and 85·0% (84·0–86·0) for BBIBP-CorV (figure 4).

112 839 individuals who received rAd26-rAd5, 
64 444 who received ChAdOx1 nCoV-19, and 44 864 who 
received BBIBP-CorV were included in the sensitivity 
analysis to evaluate the influence of comorbidities on 
vaccine effectiveness. No variations were observed in the 
aOR for SARS-CoV-2 infection (appendix p 18). In the 
sensitivity analysis to evaluate the aHR of death in 
cases with confirmed COVID-19, a lower effectiveness 
was observed for the three vaccines (appendix p 18). 
Individuals who had a RT-PCR test within 6 days of the 
symptom onset date had similar risk estimates to the 
overall population (appendix p 19).

The aOR of SARS-CoV-2 infection, the aHR of death 
in cases with COVID-19, and the vaccine effectiveness 
to prevent death for viral vector vaccines as a function of 
the time between the first dose and the symptom onset 
date is shown in figure 5. A progressive increase in the 
effectiveness of both vaccines was observed from day 0 
to day 42 (figure 5). These estimates were maintained 
until 98 days, after which the estimates lost accuracy.

Discussion 
Our study suggests that in people aged 60 years or older 
in the context of the National Vaccination Campaign of 
Argentina with prioritised risk groups, vaccination with 
rAd26-rAd5, ChAdOx1 nCoV-19, or BBIBP-CorV was 
effective in preventing SARS-CoV-2 infection and even 
more effective in preventing death in patients with 
COVID-19. The effectiveness in preventing death with the 

first dose of viral vector vaccines was more than 80%. In 
people with complete vaccination schedules, the 
effectiveness to prevent death exceeded 90% for viral 
vector vaccines and was more than 85% for the inactivated 
virus vaccine.

Randomised trials have reported a high efficacy of the 
ChAdOx1 nCoV-19 vaccine;3 its effectiveness in 
preventing symptomatic disease has been confirmed in 
population studies of individuals aged 70 years or older.8 
The results of our study confirm its effectiveness in 
preventing SARS-CoV-2 infection, extending its 
effectiveness for the prevention of death. The 
rAd26-rAd5 vaccine showed high efficacy in preventing 
infection by SARS-CoV-2 and severe disease by 
COVID-19; however, the initial trial had no power to 
show an effect on death.2 A retrospective, age-matched 
cohort study in individuals older than 60 years showed 

Figure 4: Effectiveness of the rAd26-rAd5, ChAdOx1 nCoV-19, and BBIBP-CorV vaccines to prevent death due to 
COVID-19
Error bars are 95% CIs. *Adjusted for the vaccination status, age group interaction, epidemiological week, sex, 
history of COVID-19, and district.
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high effectiveness for the prevention of SARS-CoV-2 
infection (79%) and death by COVID-19 (85%);23 
however, these findings had inherent limitations to the 
design because only the effect of one dose could be 
evaluated. Before initiation of our study, no other 
effectiveness studies were reported for rAd26-rAd5 
vaccine; however, a cohort of people older than 18 years 
old in Hungary reported more than 95% of effectiveness 
for complete schedule to prevent infection and death.10 
The results of our study suggest the effectiveness of the 
rAd26-rAd5 vaccine at one and two doses for the 
prevention of SARS-CoV-2 infection and death by 
COVID-19, with an effectiveness equivalent to that of 
ChAdOx1 nCoV-19. Before initiation of our study, no 
effectiveness studies had been reported in older adults 
for the BBIBP-CorV vaccine.

Our findings are consistent with studies from Hungary, 
published in 2021,10 and Abu Dhabi, published in 2022.11 
The results of our study showed high effectiveness in the 
prevention of death with the complete schedule. The 
effects of BBIBP-CorV were less than the two viral vector 
vaccines, and similar to other inactivated vaccines 
evaluated in similar population contexts.7 The effectiveness 
of one dose of viral vector vaccine to prevent SARS-CoV-2 
infection increased markedly when the two-dose schedule 
was completed. However, if one considers the overall 
effectiveness of each vaccine to prevent death in people 
with COVID-19, more than 80% of this effect was with the 
first dose. The greatest effectiveness was reached at 
approximately 28 days, remaining constant for at least 
98 days. These findings are consistent with reports from 
different contexts and populations for ChAdOx1 nCoV-19 
and for other vaccines.8,25–28 Our results suggest that, given 
the difficulty in accessing vaccines, a one-dose prioritisation 
schedule seems to be an appropriate strategy for prevention 
of death, not only for previously evaluated vaccines but also 
for rAd26-rAd5.

Our study also suggests that vaccine effectiveness 
declines with age, especially in people older than 80 years. 
This effect was observed in all three vaccines and most 
markedly with the inactivated virus vaccine. This should 
be taken into consideration for the implementation of 
vaccination campaigns and prioritisation of populations 
to receive other vaccines platforms or booster doses, 
according to vaccine accessibility.

To our knowledge, this is the first study to evaluate the 
effectiveness of three different vaccines in a real-life 
context in a middle-income country. The test-negative 
case-control design is appropriate for estimating the 
effectiveness of vaccines against SARS-CoV-2 infection: 
it is a cost-effective way to evaluate vaccination 
programmes in a real-world setting and allows estimates 
consistent with randomised trials.6,18,20,29 Although there 
might have been persistent potential confounders, 
misclassification, or selection bias, it is possible to 
minimise them with adjustment strategies. To address 
the effects associated with the dynamics of the pandemic 
and the availability of vaccines, it was adjusted by 
epidemiological week and district. Additionally, we 
adjusted for variables such as age and sex linked to 
people at risk of infection and death. The quality of the 
epidemiological surveillance and vaccination records 
used confers robustness to the results. PCR is a test with 
a reported high sensitivity and specificity.30 To minimise 
the risk of misclassification, only individuals who had a 
RT-PCR test were included. The recommendations from 
the National Reference Laboratory of the Ministry of 
Health to standardise the procedures of the preanalytical 
phase and the national standards for the laboratories 
ensured reliable RT-PCRs. Additionally, the national 
guidelines allowed for a standardisation of the definition 
of a suspected case of COVID-19 and the allocation of 
vaccines in the districts.

Figure 5: Risk of SARS-CoV-2 infection, deaths due to COVID-19, and vaccine effectiveness over time for the 
rAd26-rAd5 and ChAdOx1 nCoV-19 vaccines
(A) Risk of SARS-CoV-2 infection between the first dose and the symptom onset date. (B) Risk of death due to 
COVID-19 in cases as a function of the time elapsed between the first dose and the symptom onset date. 
(C) Effectiveness in preventing death by COVID-19 as a function of the time elapsed between the first dose and the 
symptom onset date. Error bars are 95% CIs. 
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Our study has several limitations. Because surveillance 
data were used, some data, such as comorbidities and 
hospitalisations, were incomplete. In the subgroup of 
patients with comorbidities, the vaccine effectiveness to 
prevent death in people with COVID-19 was lower. 
However, given that these data were not systematically 
collected, the variability introduced by the method of 
registering and the possible reporting bias in favour of 
patients with the most severe disease and those who 
ultimately died threatens the validity of this finding. 
Additionally, selection bias might be inherent to the self-
reporting of symptoms; many symptoms are not specific 
to COVID-19 and sometimes they were not evaluated by a 
health-care professional.

The general effects of a vaccination programme on 
public health depend on both the direct effects on the 
vaccinated and the indirect effects on the unvaccinated.31 
The effect of vaccination at a population level depends 
on the efficacy of the vaccines to reduce the transmission 
of the disease and the coverage achieved. Our study 
evaluates the effectiveness of vaccines to reduce death 
measured directly in each individual, so the real effect of 
vaccination on death, if the indirect effect of the decrease 
in transmission at the population level were added, 
could be even greater.

In conclusion, the three vaccines used in the National 
Vaccination Campaign of Argentina during the evaluated 
period were effective in preventing SARS-CoV-2 infection 
and death in people with RT-PCR confirmed COVID-19. 
The strategy of prioritising one dose showed sustained 
effectiveness during the period studied. These results 
support the use of the evaluated vaccines and the strategy 
used for their application.
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