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Summary
Background After primary vaccination schemes with rAd26-rAd5 (Sputnik V), ChAdOx1 nCoV-19, BBIBP-CorV or
heterologous combinations, the effectiveness of homologous or heterologous boosters (Sputnik V, ChAdOx,
Pfizer-BioNTech, Moderna) against SARS-CoV-2 infections, hospitalisations and deaths has been scarcely studied.

Methods Test-negative, case–control study, conducted in Argentina during omicron BA.1 predominance, in adults
≥50 years old tested for SARS-CoV-2 who had received two or three doses of COVID-19 vaccines. Outcomes were
COVID-associated infections, hospitalisations and deaths after administering mRNA and vectored boosters, < or
≥60 days from the last dose.

Findings Of 422,124 individuals tested for SARS-CoV-2, 221,993 (52.5%) tested positive; 190,884 (45.2%) and 231,260
(54.8%) had received 2-dose and 3-dose vaccination schemes, respectively. The 3-dose scheme reduced infections,
hospitalisations and death (OR 0.81 [0.80–0.83]; 0.28 [0.25–0.32] and 0.25 [0.22–0.28] respectively), but protection
dropped after 60 days to 1.04 [1.01–1.06]; 0.52 [0.44–0.61] and 0.38 [0.33–0.45]). Compared with 2-dose-schemes,
homologous boosters after primary schemes with vectored-vaccines provided lower protection against infections <
and ≥60 days (0.94 [0.92–0.97] and 1.05 [1.01–1.09], respectively) but protected against hospitalisations (0.30
[0.26–0.35]) and deaths (0.29 [0.25–0.33]), decreasing after 60 days (0.59 [0.47–0.74] and 0.51 [0.41–0.64],
respectively). Heterologous boosters protected against infections (0.70 [0.68–0.71]) but decreased after 60 days
(1.01 [0.98–1.04]) and against hospitalisations and deaths (0.26 [0.22–0.31] and 0.22 [0.18–0.25], respectively),
which also decreased after 60 days (0.43 [0.35–0.53] and 0.33 [0.26–0.41], respectively). Heterologous boosters
protected against infections when applied <60 days (0.70 [0.68–0.71], p < 0.001), against hospitalisations when
applied ≥60 days (0.43 [0.35–0.53], p < 0.01), and against deaths < and ≥60 days (0.22 [0.18–0.25], p < 0.01 and
0.33 [0.26–0.41], p < 0.001).

Interpretation During omicron predominance, heterologous boosters such as viral vectored and mRNA vaccines,
following Sputnik V, ChAdOx1, Sinopharm or heterologous primary schemes might provide better protection against
death; this effect might last longer in individuals aged ≥50 than homologous boosters.
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Research in context

Evidence before this study
The advantages of applying heterologous boosters to improve
the immunological response against variants of concern
(VOCs) of SARS-CoV-2 has been demonstrated in
experimental and real-world studies. We found there is a
great amount of evidence that shows the beneficial outcomes
of mRNA vaccines as homologous or heterologous boosters.
Therefore, we focused our search on studies about the
utilization of vectored or inactivated vaccines.
We searched preprint and peer-reviewed published articles in
PubMed, medRxiv, and SSRN for observational studies, with
no language restrictions, using the term “COVID-19 OR SARS-
CoV-2” AND “vaccine effectiveness” OR “vaccine impact” AND
“homologous” AND “heterologous” AND “booster” OR “third
dose” AND “waning”, published between 1 December 2021
and 1 September 2022.
However, there is scarce information about the protection
achieved and the duration of the effect of homologous or

heterologous boosters applied after primary vaccination with
inactivated viral vaccine BBIP-CorV, viral vectored vaccine
rAd26-rAd5, or different heterologous vaccines combinations.

Added value of this study
Our observations show that administration of heterologous
boosters might provide enhanced protection and longer
effect duration against COVID-19-related deaths in individuals
older than 50 compared to homologous boosters, during
omicron predominance. The scheme of inactivated vaccine
followed by a viral vectored booster seemed to be associated
with the best protection against death.

Implications of all the available evidence
The implications of our findings thus support the utilisation
of heterologous boosters to reach durable vaccine protection,
especially in populations in which viral vectored or inactivated
vaccines were applied as primary schemes.
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Introduction
The emergence of the highly transmissible omicron
(B.1.1.529) variant of concern (VOC), able to partially
evade the immune response achieved after vaccination
or natural infection, has caused an extraordinary in-
crease in COVID-19 cases worldwide.1 As evidence of
waning of immunity generated by mRNA vaccines
began to surface, many countries started to administer
a booster to improve vaccine response against omicron
at the end of 2021 since vaccine effectiveness (VE) can
be restored with a booster dose.2 Thus far, most re-
ports about boosters refer to the administration of the
same mRNA vaccines administered in primary
schemes.3,4

Argentina began a massive vaccination roll-out on
December 29, 2020, with the recombinant adenovirus
(rAd)-based vaccine rAd26-rAd5 (Sputnik V, from
Gamaleya National Research Center for Epidemiology
and Microbiology).5 In the context of decreased vaccine
availability across the world, the Argentine Ministry of
Health incorporated other immunisation schedules,
which included: the vectored vaccines ChAdOx1 nCoV-
19 (referred to as ChAdOx1, from Oxford University and
AstraZeneca) and CanSinoBIO Ad5-nCoV-S (CanSino,
from CanSino Biologics Inc), the inactivated viral SARS-
CoV-2 vaccine BBIBP-CorV (Sinopharm, from Beijing
Institute of Biological Products Co); and the mRNA
vaccines BNT162b2 (PfizerBNT, from Pfizer-BioNTech)
and mRNA-1273 (Moderna).6 To achieve widespread
vaccine coverage in the shortest possible time,
Argentina started using heterologous vaccination
schemes in July 2021. Recommendations about this
strategy are available in the literature; furthermore, the
advantages of applying heterologous boosters to
improve the immunological response against VOCs,
including omicron, have also been demonstrated in
experimental and real-world studies.4–23

There is scarce information in real-world studies
about the protection achieved and duration of homolo-
gous or heterologous boosters following a primary
vaccination course with Sinopharm, Sputnik V, or het-
erologous vaccine schemes.11,23 In view of this, we
formulated the following research question: With
respect to individuals that had previously received
Sputnik V, ChAdOx1, Sinopharm or heterologous
schemes as the primary series vaccination during the
period of omicron BA.1 predominance: Did the
administration of heterologous boosters, such as viral
vectored and mRNA vaccines, increase vaccine effec-
tiveness for laboratory-confirmed SARS-CoV-2 in-
fections, COVID-associated hospitalisations, and
COVID-associated deaths compared to the administra-
tion of homologous boosters?
Methods
Study population and design
This study used a test negative case–control design,
which has proven to limit bias resulting from testing
and healthcare seeking behaviour.24,25 Subjects eligible
for inclusion were those ≥50 years with residence in the
Province of Buenos Aires, that had received at least two
doses of COVID-19 vaccines by 1 January 2022, and had
been tested for SARS-CoV-2 between 1 January and 1
April, 2022. Exclusion criteria were having had a previ-
ous positive RT-PCR or antigen tests for SARS-CoV-2 in
the previous 90 days, having received none, one, or four
doses of any vaccine, or having a laboratory-confirmed
www.thelancet.com Vol 27 November, 2023
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test within 14 days of vaccination. 14 days were selected
based on immunological studies that state the response
to any vaccine requires at least 2 weeks to evolve.
Therefore, any breakthrough infection occurring before
that period could not be attributed to the vaccine’s lack
of effectiveness.12,16,26 We compared hospitalised in-
dividuals with positive COVID tests against testing
negative, and individuals who died following a positive
COVID test against those testing negative.11,13–16,19,20,24

We assessed vaccine performance during the period
of omicron B.1.1.529 predominance (1 January–1 April
2022), as detected by the National Ministry of Health’s
genomic surveillance program for identifying VOCs
through RT-PCR laboratory-confirmation.27

Data sources and definitions
This study used epidemiological surveillance data from
the National Surveillance System (SNVS 2.0) which is
the centralised disease notification system of the Na-
tional Ministry of Health.28 Only authorised health
personnel can upload information. The database regis-
ters age, sex, site of residence (Greater Buenos Aires or
not) and presence or absence of the following comor-
bidities: arterial hypertension, smoking habit, asthma,
diabetes, ex-smoker, pregnancy, obesity, heart disease,
neurological disease, onco-haematological diseases,
chronic obstructive pulmonary disease, kidney disease,
immunodeficiencies, previous pneumonia, liver dis-
ease, preterm birth, low birth weight, tuberculosis, acute
and chronic haemodialysis. Forms displayed the
following list of conditions cited above. If the patient
had at least one condition, personnel should tick the box
corresponding to the comorbidity as “Yes”. They also
register information on SARS-CoV-2 infections ob-
tained using RT-PCR or antigen test. For diagnostic
purposes, both tests were considered. The individual
was considered a case (positive PCR/antigen test) ac-
cording to an internal algorithm, shown in the Supple-
mentary material (Supplementary Table S1).

During the study period, only symptomatic cases
were tested according to the standards established by
the Province of Buenos Aires. Data on infections were
recorded until 1 April 2022, and on COVID-associated
hospitalisations and COVID-associated deaths until 28
April 2022 (Supplementary Figure S1). Information
about deaths was further validated with the Registry of
Persons of the Province of Buenos Aires.5,6 The date of
confirmed-laboratory SARS-CoV-2 infection was iden-
tified by symptom-onset date or, if not available, the
date of the sample collected for the COVID-19 test.
Number of positive tests in the past, total number of
previous tests and dates of COVID-associated hospi-
talisations and COVID-associated deaths were also
registered.

The first positive test during the study period was
considered a case for primary analysis, regardless of the
number of previous negative tests. Controls were those
www.thelancet.com Vol 27 November, 2023
individuals who tested negative over the entire study
period and the date of their first test was considered for
analysis. Individuals could be included only once for
each outcome.

Vaccination information was collected in Vacunate
PBA, a system developed in the Province of Buenos
Aires, Argentina, to address the rollout of the COVID-19
vaccination campaign. Registration was voluntary and
was carried out by individuals via Android and IOS
applications or via the specially designed website
Vacunate PBA.29 Previously trained health personnel
registered vaccination date, number of doses, vaccine
type, vaccine lot number, and vaccination centre. The
data in both databases (VacunatePBA and National
Surveillance System (SNVS 2.0)) were linked via ID
number and sex. Data not coinciding in either database
were discarded from the analysis; their number was
reported under the category of “Registration and pro-
gramming errors” in the flowchart of the study.

Vaccination status was verified on the day the SARS-
CoV-2 test was performed.

In Argentina, vaccines of three different platforms
were utilised: vectored-based (Sputnik V, ChAdOx1 and
CanSino), mRNA (Pfizer-BNT and Moderna) and inac-
tivated virus (Sinopharm) (Supplementary Table S2).

In December 2020, Argentina started the vaccination
campaign against COVID-19 with Sputnik V and pro-
gressively incorporated ChAdOx1, Sinopharm, CanSino,
Pfizer-BNT, Moderna vaccines, and combinations of
Sputnik V component 1/Moderna, Sputnik V/ChA-
dOx1, and Sputnik V/CanSino, among others, in set-
tings of limited vaccine availability.30,31

Vaccination rollout developed according to recom-
mendations from the National Ministry of Health, pri-
oritising individuals with higher risk of COVID-19.
Thus, the campaign first targeted individuals >60 with
any comorbidity and then continued with those
belonging to the same group, but without comorbidities
(Supplementary Figure S2).

The primary vaccination series initially consisted of
two doses with a minimum interval of 21- or 28-day for
immunocompetent subjects, or three doses with a 28-
day interval for immunocompromised adults.30 Impor-
tantly, the immunocompromised did not receive
different vaccines than the rest of the population. In
March 2021, the first dose of viral-vectored vaccines
(Sputnik V and ChAdOx1) was prioritised due to low
availability of vaccines and delayed the second dose for
at least 90 days. The interval between doses with the
Sinopharm vaccine was left at 28 days.32

On October 28 2021, the WHO recommended an
additional dose for individuals aged >50 who had
received a primary series with inactivated vaccines.33 On
November 10 2021, a booster dose with either Sputnik
V, ChAdOx1, CanSino, Pfizer-BNT or a half dose (50 μg)
of Moderna was introduced for adults aged >70 and for
those in high-risk groups.34
3
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The recommended interval between the initial
scheme and the booster was 6 months; afterwards, with
the emergence of new evidence, it was shortened to 4
months.35 Following the comorbidity-prioritised and
age-progressive COVID-19 vaccination campaign, the
program continued in a staggered manner, in 10-year
age decrements, until covering the entire population.

In this study, only individuals aged >50 were
considered, as they were prioritised for vaccination in
the guidelines proposed by the National Ministry of
Health due to the increased risk of severe disease and
mortality demonstrated in this age group.36,37 For study
purposes, eligible individuals were those who had
received a 2-dose vaccination scheme and should have
received their booster dose at 120 days or after, but had
not—for any reason. They constituted the reference
group. Individuals ineligible for boosters were those
who had received a 2-dose scheme with the last dose
administered up to 119 days before the test.

The booster was considered homologous when the
platform was similar to the primary scheme adminis-
tered—i.e. vectored-based, mRNA or inactivated virus,
and heterologous when the platform was different. A
primary scheme was considered heterologous when it
included two vaccines of different platforms. Any
booster administered to a primary heterologous scheme
was considered heterologous.

The analysis of the time since vaccine administration
was stratified in two periods of <60 and ≥60 days, taking
into consideration the reported increase in COVID-19
vaccine protection after administration, waning over
time.16,20

The COVID-19 vaccine uptake in the Province of
Buenos Aires in adults aged ≥50 and the epidemiolog-
ical characteristics are shown in the Supplementary
Material (Supplementary Figures S1 and S2).

Outcomes
The main outcome was the odds ratio of SARS-CoV-2
infection, COVID-associated hospitalisations and
COVID-associated deaths after administering a booster
in comparison to a 2-dose primary scheme, occurring
≥14 days after having received the booster dose. The
secondary outcome was the odds of experiencing in-
fections, COVID-associated hospitalisations and
COVID-associated deaths related to the administration
of homologous vs. heterologous boosters, administered
after different primary vaccination schemes.

Statistical analyses
Data are expressed in tables as mean ± standard de-
viations, median with 0.25 and 0.75 percentiles or
numbers and percentages, as appropriate. T tests,
Chi-square tests, Kruskal–Wallis and Wilcoxon–
Mann–Whitney tests were used, according to the na-
ture of the variables. A p value < 0.05 was considered
significant.
We defined each group based on the primary vaccine
scheme and type of booster. Using a matching process,
we selected our controls from those individuals who
received two doses. Categorical variables were directly
matched by aligning the values of each variable. For
continuous variables, we established ranges to enable
‘approximate’ matching. The matching process for the
test negative case design was performed without
replacement using the nearest neighbour (1nn) match-
ing methodology, utilising a logistic regression pro-
pensity score within groups defined by exact
coincidence on the number of all positive tests in the
past (from the beginning of the pandemic to 90 days
before the vaccination date) sex, site of residence
(Greater Buenos Aires or not), and presence or absence
of comorbidities. Additionally, we matched the total
number of previous tests on three levels (0, 1–2 or 3+) as
a proxy of differences in exposure. The non-exact vari-
ables considered were age at diagnosis and date of
testing, with maximum tolerance of ±2 years for the age
and ±6 days for the date of testing. Up to five controls
per case were selected. For each outcome, cases are
those with the outcome, and matched controls are
selected from among all individuals who tested negative
throughout the study period. Furthermore, each control
could be included in more than one analysis.38

Subsequently, for each matched set, we utilised a
conditional univariate logistic regression model to esti-
mate the odds ratio (OR) and 95% confidence interval
(CI) for the outcome for each of the groups in the
vaccination status variable. This variable had four levels.
The reference group were those individuals with two
doses who were eligible for receiving a booster dose.
The other groups included individuals with two doses
ineligible for boosting, as defined previously; those with
three doses (third being the booster dose), the last
received 15–59 days before the test; and those with three
doses (third being the booster dose), the last received 60
or more days before the test.

The following comparisons were performed:

(i) 2- vs 3-dose vaccination schemes.
(ii) Homologous booster vs heterologous booster <

and ≥60 days for infections, COVID-associated
hospitalisations and COVID-associated deaths.

(iii) Sinopharm, Sputnik V, ChAdOx1 nCoV-19 plus
mRNA and viral vectored boosters, evaluated
at < and ≥60 days for infection, COVID-associated
hospitalisations and COVID-associated deaths.

Vaccine effectiveness (VE) was calculated as (1-OR) x
100. Differences in OR for infections, COVID-
associated hospitalisations and COVID-associated
deaths between homologous vs heterologous boosters
received < and ≥60 days; and between selected vacci-
nation schemes were evaluated statistically with pair-
wise comparisons. For comparison of VE between
www.thelancet.com Vol 27 November, 2023
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schemes, the overlapping of the estimated 95% CIs was
examined. Additionally, assuming normal distribution
of the natural logarithm (ln) of the OR, t-tests for the
difference between ORs were conducted. p values were
adjusted for multiple comparisons with the Bonferroni
method.

Sensitivity analysis
We repeated this analysis stratifying the data according
to two-age levels (under or over 65 years old), sex, and
presence or absence of comorbidities. This was done to
assess whether the effect of vaccine status differs be-
tween subgroups. To evaluate the effect of the time cut-
off-based subgrouping in the waning analysis, models
for infection, COVID-associated hospitalisations and
COVID-associated deaths were run considering
different time cut-offs. Differences observed in the ORs
in infections, COVID-associated hospitalisations and
COVID-associated deaths obtained were not statistically
significant (p > 0.05, 95% CI) considering a tolerance of
±10 days from the cut-off selected for the main analysis
(60 days). To assess the uncertainty associated with the
sampling, the matching process was repeated one
hundred times for hospitalisation and death analysis.
Thus, one hundred ORs were computed for each anal-
ysis. In both cases, as obtained ORs were within the
limits of the confidence intervals reported in the main
analysis for the abovementioned outcomes, it is possible
to conclude that our main result is not significantly
different to the result of any of these repetitions.

Data preprocessing was carried out with PostgreSQL
(Portions Copyright © 1996–2022, The PostgreSQL
Global Development Group). All statistical analyses
were performed with R (R Development Core Team,
4.2.1 version) software.

Missing values were not imputed.

Ethics
The Central Ethics Committee of the Ministry of
Health of the Province of Buenos Aires evaluated and
approved the protocol of the present study on 21
September 2022. The report number is 2022-31701807-
GDEBA-CECMSALGP.

No patients or members of the public were directly
involved in the development or completion of this study.

Informed Consent
This study was exempted of informed consent due to its
retrospective nature, and given it is a public health-
related official program.

Anonymisation of data
Data were anonymized by the following procedure: the
personal ID number was used to link the databases of
follow-up and of vaccination. After this process, the
personal ID number was removed and an ID reference
number for each individual was created. This
www.thelancet.com Vol 27 November, 2023
reference number is not associated with any personal
information.

Role of the funding sources
This study did not receive any funding.
Results
Description of the study population
During the study period, 422,144 subjects aged ≥50 and
who had completed a test for SARS-CoV-2 at least once
during the period of 1 January to 1 April 2022 were
eligible for the study. Of them, 221,933 (52.5%) in-
dividuals had a positive test and 200,211 (47.5%) had a
negative test. With respect to their vaccination status,
190,884 (45.2%) had received a 2-dose scheme of SARS-
CoV-2 vaccines and 231,260 (54.8%) had received the
primary scheme plus a booster dose (3-dose scheme).
The flowchart of the study is shown in Fig. 1.

The primary series most frequently included were:
ChAdOx1/ChAdOx1 (n = 143,721; 34.0%), Sputnik
V/Sputnik V (n = 119,441; 28.3%), Sinopharm/Sino-
pharm (n = 68,251; 16.2%), Sputnik V/Moderna
(66,157; 15.7%) and Sputnik V/ChAdOx1 (n = 23,098;
5.5%).

The boosters applied were vectored vaccines
(n = 161,619; 38.3%), mRNA (n = 68,850; 16.3%), and
other types of booster platforms (n = 791; 0.2%).

The primary schemes utilised with the correspond-
ing boosters administered, stratified by platform, are
shown in Fig. 2.

Characteristics of the entire group and comparisons
between two and 3-dose vaccinated subjects are shown
in Table 1. Briefly, compared to the 2-dose subgroup,
the 3-dose subgroup was significantly older, had a lower
proportion of males, higher proportion of subjects with
comorbid conditions, and lower proportions of subjects
with previously registered SARS-CoV-2 infections and
previous tests performed. Comorbidities: The main
comorbidities registered were arterial hypertension,
diabetes, asthma and obesity (Table 1).

The median time elapsed for the 3-dose scheme
since the application of the last dose for the <60 and ≥60
days subgroups was 36 (26–48) and 75 (66–89) days,
respectively. The median time elapsed for the 2-dose
scheme since the application of the last dose for the
<120 and ≥ 120 days subgroups was 48 (31–66) and 127
(123–132) days, respectively.

Of the 221,933 cases of confirmed infections, 119,599
were in the 2-dose subgroup and 102,334 in the 3-dose
(62.7% vs 44.3%; p < 0.001) (Table 1). Two-thousand
one hundred and seventy-eight individuals were hospi-
talised (0.5%); 1341 in the 2-dose subgroup and 837 in
the 3-dose subgroup (0.7% vs 0.4%; p < 0.001). A total of
2209 (0.5%) COVID-associated deaths were registered;
1420 in the 2-dose subgroup and 789 in the 3-dose sub-
group (0.7% vs 0.3%, p < 0.001).
5
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Matched analysis for the entire population
The matched analysis included 127,014 cases and
180,714 controls; the characteristics of the matched
groups are shown in Supplementary Table S3, and the
number of the infections, COVID-associated hospital-
isations and COVID-associated deaths are shown in
Table 2. Regarding infections, the booster dose
decreased the OR after 14–59 days of administration
Fig. 2: Primary schemes and boosters a
(OR 0.81 [0.80–0.83]); after 60 days, protection dropped
back to levels similar to the 2-dose scheme. The booster
dose also decreased the risk of COVID-associated hos-
pitalisations and COVID-associated deaths after 14–59
days (OR 0.28 [0.25–0.32] and 0.25 [0.22–0.28] respec-
tively), and this protective effect persisted after admin-
istration for a median of 75 days (66–89) (Table 2).
These trends were also evident when subgroups of
dministered stratified by platform.

www.thelancet.com Vol 27 November, 2023
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Overall 2 doses 3 doses p

n 422,144 190,884 231,260

Age 62.19 ± 9.82 59.67 ± 8.90 64.26 ± 10.06 <0.001

Sex

F 235,304 (55.7) 103,704 (54.3) 131,600 (56.9) <0.001

M 186,840 (44.3) 87,180 (45.7) 99,660 (43.1)

Comorbidities

No 394,125 (93.4) 179,948 (94.3) 214,177 (92.6) <0.001

Yes 28,019 (6.6) 10,936 (5.7) 17,083 (7.4)

Arterial hypertension

Yes 3292 (0.78) 1145 (0.6) 2312 (1)

Asthma

Yes 2490 (0.59) 1088 (0.57) 1410 (0.61)

Diabetes

Yes 1857 (0.44) 668 (0.35) 1295 (0.56)

Obesity

Yes 591 (0.14) 229 (0.12) 393 (0.17)

Others

Yes 19,789 (4.68) 7806 (4.09) 11,673 (5.05)

Greater Buenos Aires

No 127,579 (30.2) 54,059 (28.3) 73,520 (31.8) <0.001

Yes 294,565 (69.8) 136,825 (71.7) 157,740 (68.2)

Previous positive SARS-CoV-2 tests

0 367,309 (87.0) 164,285 (86.1) 203,024 (87.8) <0.001

1 53,244 (12.6) 25,814 (13.5) 27,430 (11.9)

2 1535 (0.4) 759 (0.4) 776 (0.3)

3 52 (0.0) 25 (0.0) 27 (0.0)

4 4 (0.0) 1 (0.0) 3 (0.0)

Previous total SARS-CoV-2 tests

0 244,772 (58.0) 110,179 (57.7) 134,593 (58.2) <0.001

1–2 158,275 (37.5) 72,384 (37.9) 85,891 (37.1)

3+ 19,097 (4.5) 8321 (4.4) 10,776 (4.7)

Interval after last dose in days 96 ± 59 149 ± 42 52 ± 25 <0.001

Interval after last dose

15–59 days 156,438 (37.1) 4925 (2.6) 151,513 (65.6) <0.001

60–119 days 101,299 (24.0) 24,882 (13.0) 76,417 (33.0)

≥120 days 164,407 (38.9) 161,077 (84.4) 3330 (1.4)

Events per outcome

Infections 221,933 (52.6) 119,599 (62.7) 102,334 (44.3) <0.001

Hospitalisations 2178 (0.5) 1341 (0.7) 837 (0.4) <0.001

Deaths 2209 (0.5) 1420 (0.7) 789 (0.3) <0.001

Data are presented as mean ± SD and n (%).

Table 1: Characteristics of the entire group and comparisons between 2- and 3-dose vaccinated subjects.

Articles
individuals with or without comorbidities, of both sexes,
or older than 65 years were analysed (Table 3 and
Supplementary Figure S3, a–f).

Protection of homologous boosters against
infection, COVID-associated hospitalisations and
COVID-associated deaths
The primary schemes with ChAdOx1, SputnikV or
combined vectored schemes plus a vectored-vaccine
booster showed similar trends regarding protection
of infections, consisting in a small incremental effect
www.thelancet.com Vol 27 November, 2023
(OR 0.94 [0.92–0.97]), that waned after 60 days (OR
1.05 [1.01–1.09]). These schemes provided a large
protection against COVID-associated hospitalisations
and COVID-associated deaths (OR 0.30 [0.26–0.35]
and OR 0.29 [0.25–0.33], respectively). The effect of all
homologous primary courses receiving a booster of a
similar platform against COVID-associated hospital-
isations and COVID-associated deaths (OR 0.59
[0.47–0.74] and OR 0.51; [0.41–0.64], respectively)
waned after 60 days (Fig. 3a–c and Supplementary
Table S4).
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Outcome Vaccination status SARS-CoV-2
positive cases

SARS-CoV-2
negative controls

Matched SARS-CoV-2
positive cases

Matched SARS-CoV-2
negative controls

Odds Ratio 95% CI VE (%) 95% CI

Infection Total 221,933 200,211 127,014 180,714

2 doses ineligible 18,820 10,987 9413 10,531 0.97 0.94–1.00 3 0 to 6

2 doses eligible 100,779 60,298 51,748 57,301 1 (ref)

3 doses <60 days 74,777 76,736 45,933 72,777 0.81 0.80–0.83 19 17 to 20

3 doses ≥60 days 27,557 52,190 19,920 40,105 1.04 1.01–1.06 −4 −6 to −1

Hospitalisations Total 2178 200,211 2149 9254

2 doses ineligible 136 10,987 136 356 1.08 0.87–1.35 −8 −35 to 13

2 doses eligible 1205 60,298 1192 3044 1 (ref)

3 doses <60 days 546 76,736 533 4483 0.28 0.25–0.32 72 68 to 75

3 doses ≥60 days 291 52,190 288 1371 0.52 0.44–0.61 48 39 to 56

Death Total 2209 200,211 2196 10,023

2 doses ineligible 136 10,987 135 329 1.09 0.88–1.35 −9 −35 to 12

2 doses eligible 1284 60,298 1275 3188 1 (ref)

3 doses <60 days 538 76,736 537 5054 0.25 0.22–0.28 75 72 to 78

3 doses ≥60 days 251 52,190 249 1452 0.38 0.33–0.45 62 55 to 67

Table 2: Odds ratio against COVID-associated infections, hospitalisations and deaths, stratified by vaccination status.
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Odds ratio for all subgroups by primary scheme and
platform of booster are shown in Fig. 4a–c and
Supplementary Table S5.

Protection of heterologous boosters against
infection, COVID-associated hospitalisations and
COVID-associated deaths
The primary courses with ChAdOx1 or Sputnik V plus a
mRNA booster, or with Sinopharm plus mRNA or
vectored booster afforded additional protection against
infections (OR 0.70 [0.68–0.71]), but a waning effect
after 60 days was evident (OR 1.01 [0.98–1.04]) (Fig. 3,
Supplementary Table S2). Notwithstanding this, there
was a clear protective effect against COVID-associated
hospitalisations (OR 0.26 [0.22–0.31]) and COVID-
associated deaths (OR 0.22 [0.18–0.25]) in all cases,
which persisted after 60 days (OR [0.43; 0.35–0.53] and
0.33 [0.26–0.41], respectively). Odds ratios for all sub-
groups by primary scheme and platform of booster are
shown in Fig. 5a–d and Supplementary Table S5.

After heterologous primary schemes, mRNA
boosters conferred greater protection against COVID-
associated hospitalisations and COVID-associated
deaths when compared with viral vectored boosters
(OR [0.09; 0.04–0.24] and OR [0.12; 0.05–0.27], respec-
tively). However, for these viral vector types of boosters
the confidence intervals were wide, probably due to the
small number of individuals in this category (Fig. 6a–c
and Supplementary Table S5).

Comparison of homologous vs. heterologous
boosters
Heterologous boosters applied after different primary
vaccination schemes were superior to homologous
boosters against infection (p < 0.0001 and p < 0.01,
within and after 60 days of application, respectively);
COVID-associated hospitalisations (only after ≥60 days
of application, p < 0.01); and COVID-associated deaths
(p ≤ 0.01 and p ≤ 0.001, within and after 60 days of
application, respectively) (Supplementary Table S4).

Comparison between some specific primary
schemes with Sinopharm, Sputnik V, ChAdOx1 fol-
lowed by mRNA boosters.

Within 60 days of application, there were no differ-
ences in the occurrence of infections, COVID-associated
hospitalisations and COVID-associated deaths between
the 3 different above-mentioned schemes evaluated.
However, after 60 days, the scheme Sinopharm + mRNA
booster was associated to a decreased number of in-
fections than Sputnik V + mRNA booster (p < 0.001),
without differences for COVID-associated hospital-
isations and COVID-associated deaths (Supplementary
Figure S4a–b).

Comparison between some specific primary
schemes with Sinopharm, Sputnik V, ChAdOx1 fol-
lowed by viral vectored boosters.

Within 60 days of application, Sinopharm + any vector
booster vaccine was superior against infection compared to
SputnikV or ChAdOx1 + any vector booster (p < 0.0001).
Against COVID-associated hospitalisations and COVID-
associated deaths, however, Sinopharm + any vector
booster gave higher protection than SputnikV + any vector
booster (p < 0.0001). After 60 days, Sinopharm + any
vector booster vaccine was superior against infection,
COVID-associated hospitalisations and COVID-associated
deaths compared to ChAdOx1 + any vector booster
(p < 0.0001 for the 3 events). Sinopharm + any vector
booster, when compared to SputnikV + any vector booster,
was superior only against COVID-associated deaths
(p < 0.001) (Supplementary Figure S4c–d).
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www.thelancet.com/digital-health


Subgroup Vaccination status Outcome Matched SARS-CoV-2
positive casesa

Matched SARS-CoV-2
negative controlsa

Odds ratio CILow CIHigh VE (%) 95% CI

50–65 years old 2 doses elegible Infections 38,382 41,196 1.00 Ref Ref

2 doses ineligible 7891 8673 0.96 0.93 1.00 4 0 to 6

3 doses <60 days 24,276 42,408 0.75 0.74 0.77 25 23 to 26

3 doses ≥60 days 11,433 21,943 1.02 0.99 1.05 −2 −5 to 1

2 doses elegible Hospitalisations 240 865 1.00 Ref Ref

2 doses ineligible 48 159 1.10 0.77 1.58 −10 −58 to 23

3 doses <60 days 69 798 0.29 0.21 0.39 71 61 to 79

3 doses ≥60 days 73 286 0.85 0.62 1.18 15 −18 to 38

2 doses elegible Death 169 577 1.00 Ref Ref

2 doses ineligible 38 95 1.37 0.90 2.07 −37 −107 to 10

3 doses <60 days 43 553 0.24 0.17 0.35 76 65 to 83

3 doses ≥60 days 35 182 0.56 0.37 0.85 44 15 to 63

65+ years old 2 doses elegible Infections 13,164 15,931 1.00 Ref Ref

2 doses ineligible 1503 1852 0.99 0.92 1.07 1 −7 to 8

3 doses <60 days 21,556 30,120 0.93 0.90 0.96 7 4 to 10

3 doses ≥60 days 8476 17,808 1.11 1.07 1.16 −11 −16 to −7

2 doses elegible Hospitalisations 942 2117 1.00 Ref Ref

2 doses ineligible 86 198 1.03 0.78 1.36 −3 −36 to 22

3 doses <60 days 464 3594 0.27 0.24 0.31 73 69 to 76

3 doses ≥60 days 212 1075 0.42 0.35 0.51 58 49 to 65

2 doses elegible Death 1097 2582 1.00 Ref Ref

2 doses ineligible 97 241 0.93 0.72 1.20 7 −20 to 28

3 doses <60 days 490 4381 0.25 0.22 0.28 75 72 to 78

3 doses ≥60 days 213 1249 0.36 0.30 0.44 64 56 to 70

Female 2 doses elegible Infections 29,469 32,322 1.00 Ref Ref

2 doses ineligible 5466 5887 1.00 0.96 1.04 0 −4 to 4

3 doses <60 days 27,089 41,803 0.81 0.79 0.83 19 17 to 21

3 doses ≥60 days 11,776 22,818 1.06 1.02 1.09 −6 −9 to −2

2 doses elegible Hospitalisations 555 1525 1.00 Ref Ref

2 doses ineligible 54 164 1.01 0.73 1.41 −1 −41 to 27

3 doses <60 days 263 2139 0.31 0.27 0.37 69 63 to 73

3 doses ≥60 days 128 642 0.50 0.39 0.64 50 36 to 61

2 doses elegible Death 615 1580 1.00 Ref Ref

2 doses ineligible 50 158 0.86 0.62 1.21 14 −21 to 38

3 doses <60 days 261 2378 0.26 0.22 0.31 74 69 to 78

3 doses ≥60 days 101 680 0.32 0.25 0.42 68 58 to 75

Male 2 doses elegible Infections 22,299 24,991 1.00 Ref Ref

2 doses ineligible 4054 4654 0.96 0.92 1.01 4 −1 to 8

3 doses <60 days 18,623 30,952 0.80 0.77 0.82 20 18 to 23

3 doses ≥60 days 8237 17,261 1.01 0.98 1.05 −1 −5 to 2

2 doses elegible Hospitalisations 636 1563 1.00 Ref Ref

2 doses ineligible 82 183 1.17 0.87 1.56 −17 −56 to 13

3 doses <60 days 274 2294 0.26 0.22 0.31 74 69 to 78

3 doses ≥60 days 160 747 0.51 0.41 0.64 49 36 to 59

2 doses elegible Death 661 1604 1.00 Ref Ref

2 doses ineligible 85 165 1.33 1.00 1.76 −33 −76 to 0

3 doses <60 days 275 2675 0.24 0.20 0.28 76 72 to 80

3 doses ≥60 days 148 779 0.43 0.35 0.54 57 46 to 65

(Table 3 continues on next page)
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Subgroup Vaccination status Outcome Matched SARS-CoV-2
positive casesa

Matched SARS-CoV-2
negative controlsa

Odds ratio CILow CIHigh VE (%) 95% CI

(Continued from previous page)

With comorbidities 2 doses elegible Infections 2961 3336 1.00 Ref Ref

2 doses ineligible 420 463 1.00 0.87 1.16 0 −16 to 13

3 doses <60 days 3343 4743 0.86 0.80 0.93 14 7 to 20

3 doses ≥60 days 1806 3077 1.15 1.05 1.26 −15 −26 to −5

2 doses elegible Hospitalisations 588 1341 1.00 Ref Ref

2 doses ineligible 58 150 0.96 0.69 1.33 4 −33 to 31

3 doses <60 days 285 1872 0.32 0.27 0.38 68 62 to 73

3 doses ≥60 days 179 693 0.65 0.52 0.81 35 19 to 48

2 doses elegible Death 449 963 1.00 Ref Ref

2 doses ineligible 48 102 1.13 0.78 1.66 −13 −66 to 22

3 doses <60 days 165 1350 0.24 0.20 0.30 76 70 to 80

3 doses ≥60 days 77 408 0.39 0.29 0.53 61 47 to 71

Without comorbidities 2 doses elegible Infections 48,629 53,969 1.00 Ref Ref

2 doses ineligible 9013 10,074 0.98 0.95 1.01 2 −1 to 5

3 doses <60 days 42,692 68,093 0.81 0.80 0.83 19 17–20

3 doses ≥60 days 18,244 36,992 1.04 1.01 1.07 −4 −7 to −1

2 doses elegible Hospitalisations 597 1760 1.00 Ref Ref

2 doses ineligible 78 198 1.22 0.91 1.63 −22 −63 to 9

3 doses <60 days 255 2540 0.27 0.23 0.32 73 68 to 77

3 doses ≥60 days 109 690 0.39 0.31 0.50 61 50 to 69

2 doses elegible Death 827 2286 1.00 Ref Ref

2 doses ineligible 87 230 1.04 0.80 1.36 −4 −36 to 20

3 doses <60 days 369 3673 0.26 0.23 0.30 75 70 to 87

3 doses ≥60 days 172 1006 0.42 0.34 0.51 58 49 to 66

a) Under 65 years, b) Over 65 years, c) Without comorbidities, d) With comorbidities, e) Male, f) Female. aMatching process used the nearest neighbour (1nn) matching. with up to five controls per case,
based on age, sex, number of positive tests in the past, site of residence, presence or absence of comorbidities and number of previous tests.

Table 3: Odds ratio of booster against confirmed COVID-associated infections, hospitalisations and death by subgroup.

Fig. 3: Odds ratios of boosters against confirmed COVID-associated infections, hospitalisations and deaths. a) Homologous boosters. b)
Heterologous boosters.
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Fig. 4: Odds ratio of homologous vectored booster against confirmed COVID-associated infections, hospitalisations and deaths stratified
by primary scheme. a) ChAdOx1 b) Sputnik V c) Vectored heterologous primary schemes.

Articles
Subgroup analysis
Comparison of COVID-associated deaths between 2-
and 3-dose schemes after 60 days in patients with 50–65
years and in those older than >65 showed ORs and CIs
of 0.56 [0.37–0.85] and 0.36 [0.30–0.44], respectively. For
patients with and without comorbidities, ORs were 0.39
[0.29–0.53] and 0.42 [0.34–0.51], respectively. For
COVID-associated hospitalisations, the subgroup of
Fig. 5: Odds ratio of heterologous boosters against confirmed COVID
primary scheme and type of booster. a) ChAdOx1 plus mRNA b) Sputnik
vaccine.

www.thelancet.com Vol 27 November, 2023
50–65 years had lower protection than the subgroup >65
(OR 0.85 [0.62–1.18] vs 0.42 [0.35–0.51]). Protection
against COVID-associated hospitalisations after 60 days
of vaccination in patients without and with comorbid-
ities was present (ORs 0.39 [0.31–0.50] vs 0.65
[0.52–0.81], respectively).

ORs for death in males were higher than in females:
0.43 [0.35–0.54] vs. 0.32 [0.25–0.42], respectively; while
-associated infections, hospitalisations and deaths stratified by
V plus mRNA c) Sinopharm plus mRNA d) Sinopharm plus vectored
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Fig. 6: Odds ratio of heterologous boosters against confirmed COVID-associated infections, hospitalisations and deaths stratified by
primary scheme and type of booster. a) Vectored heterologous primary schemes plus mRNA booster. b) Vectored-mRNA heterologous
primary schemes plus mRNA booster c) Vectored-mRNA heterologous primary schemes plus vectored booster.
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no difference was observed forCOVID-associated hos-
pitalisations: OR 0.51 [0.41–0.64] vs. 0.50 [0.39–0.64],
respectively.

All data about subgroups are shown in Table 3.

Sensitivity analysis
The results of the matching process, which was repeated
one hundred times for COVID-associated hospital-
isations and COVID-associated deaths are shown in the
Supplementary material (Supplementary Figures S5 and
S6).
Discussion
We examined the effect of homologous and heterolo-
gous boosters applied after different primary vaccina-
tion schemes against infection, COVID-associated
hospitalisations, and COVID-associated deaths in in-
dividuals older than 50 during omicron BA.1 predomi-
nance in Argentina. Our main finding was that the
administration of a heterologous booster after the pri-
mary scheme might produce greater beneficial effects
on COVID-associated hospitalisations and COVID-
associated deaths, which did not wane at different
time points from inoculation, in comparison to homol-
ogous boosters. Of note, in our sample, all 3-dose ho-
mologous schemes were viral-vectored products. Similar
results have been reported in previous studies for other
vaccine schemes combinations.9–12,14,15,17–20 In addition,
this study provides new information on the utilisation of
the inactivated vaccine Sinopharm, the viral vector vac-
cine SputnikV, and heterologous primary schemes,
which was previously quite scarce.21

After realising that ChAdOx1 administration was
associated with increased risk of thrombosis with
thrombocytopenia syndrome, some European Union
Member States embarked on a strategy of heterologous
primary vaccination during the spring of 2021.39

Similar strategies involving heterologous vaccination
in other diseases have been applied in the past.40 In this
context, new data has emerged, acknowledging that, in
terms of immunological response, the administration
of heterologous boosters is as good as, or even better,
than homologous boosters.3,7–10,41 As in vitro studies
also support this strategy, the CDC and ECDC rec-
ommended the “mix and match” approach.42,43

Considering a global context of primary schemes that
do not include mRNA vaccines, taking into consider-
ation that not all countries have access to them, our
findings expand on the current knowledge regarding
the protection conferred from additional COVID-19
vaccine combinations.

The first studies reporting heterologous boosters in
real life originated in the United Kingdom during the
pre-omicron period, where Pfizer-BNT administered
after a primary scheme of ChAdOx1 had 93% VE
against symptomatic disease, compared to the unvacci-
nated.11 These figures are similar to the 94% VE ach-
ieved with a homologous booster after a primary scheme
of Pfizer-BNT.12 In Chile, after a Sinovac primary
scheme, heterologous boosting with ChAdOx1 or Pfizer-
BNT was associated with higher VE than homologous
boosting against symptomatic infection (90% for ChA-
dOx1; 93% for Pfizer-BNT; and 68% for Sinovac),
COVID-associated hospitalisations (96%, 89%, and
75%, respectively), and intensive care unit admission
(98%, 90%, and 79%, respectively), during the period of
delta VOC predominance.12 Both studies show high VE
against symptomatic infection, in contrast to our study
in which any booster administration produced a low and
brief protection against this outcome. These divergent
results might be ascribed to omicron’s great capacity for
immune evasion.

The first study on heterologous boosting after inac-
tivated vaccines in the Omicron era was carried out in
Brazil, which reported a VE of 56.8% against symp-
tomatic disease and 86.0% against severe COVID-19
after a primary scheme with an inactivated virus vac-
cine followed by a Pfizer-BNT booster.13 In our study,
the effect of homologous boosting afforded little or no
additional protection against confirmed infections, as
was documented in Brazil and Singapore after the triple
scheme with Sinovac, and in the US and Malaysia where
the viral vectored boosters Janssen and ChAdOx1 were
www.thelancet.com Vol 27 November, 2023
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administered.11,13–16,23,44 Conversely, two studies from the
UK and Qatar, and a systematic review using triple-
mRNA reported acceptable protection against in-
fections, but it waned after 2 or 3 months.6,11,15,18,45 We
found that the effect of homologous boosting against
COVID-associated hospitalisations and COVID-
associated deaths was slightly lower than after the uti-
lisation of heterologous boosting, with a trend towards
waning after 60 days—similar to other reports.13–15,46,47

An exception occurred with the administration of a
primary heterologous vectored scheme followed by a
vectored booster, which provided significant protection
against mortality within 60 days of booster
administration.

Concerning the use of heterologous boosters after
homologous or heterologous primary schemes against
infections, we observed a modest increase in protection
that waned after 60 days, similar to the results described
by researchers from Brazil, Scotland and the United
Kingdom after the application of ChAdOx1 primary
schemes followed by mRNA boosters.17,19,20 In contrast, a
US study with viral vectored Janssen vaccine and an
mRNA booster reported protection against infections up
to 160 days.15 We observed, however, high additional
protection against death after the administration of a
heterologous booster used with homologous primary
regimens, which was maintained for a median of 75
(66–88) days. Similar results were reported with heter-
ologous boosting after the administration of primary
schemes with the inactivated vaccine Sinovac and the
vectored vaccines Janssen and ChAdOx1.15,17,19–22 In our
study, Sinopharm plus any vectored vaccine seemed to
provide the best protection against death. Although our
results are the first to report protection in a real-life
setting, they are in line with in vitro studies; Argenti-
nian researchers found that a heterologous booster with
ChAdOx1, Sputnik V, or Pfizer-BNT vaccines markedly
increased the neutralising activity against the omicron
variant and was maintained up to 90 days in elderly
people with primary schemes of Sinopharm.10 Further-
more, researchers from Bahrain and Serbia reported
that heterologous boosting with Pfizer-BNT after
administering a primary scheme with Sputnik V yielded
higher levels of antibodies than homologous
boosting.46,47

Boosting with a vectored vaccine after a primary
scheme which included an mRNA vaccine resulted in
less protection compared with the same boosting after
two doses of Sinopharm. By contrast, boosting with
mRNA vaccine after a primary vectored vaccine scheme
provided remarkable protection. The impact resulting
from the order in which vaccine products and platforms
in heterologous vaccination are administered has been
recognised and is the subject of research, according to
the WHO.7

With respect to subgroup analyses, results of
COVID-associated deaths and COVID-associated
www.thelancet.com Vol 27 November, 2023
hospitalisations between 2- and 3-dose schemes after 60
days in different age and comorbidities subgroups
resulted in some unexpected findings. For example,
concerning death, the older group seemed to be more
protected than the younger group. Patients with
comorbidities had lower ORs; however, CIs 95% over-
lapped in all cases. Therefore, we cannot clearly state
that vaccination with 3-doses against 2, after 60 days,
conferred higher protection against COVID-associated
deaths in the older and comorbidity subgroups. What
is evident is that there are trends towards decreased
mortality in these two subgroups. It is possible that,
since we are considering relative effectiveness, the
higher protection provided by a third dose in the elderly
might be due to lower basal protection provided by 2
doses; thus, the relative increase of VE with a third dose
in this population might be higher.13

With regard to COVID-associated hospitalisations,
we did find that in individuals with 3-dose schemes, the
50-65-year-old subgroup had lower protection than the
>65 subgroup. This might be attributed to lower
perception of the severity of the disease, secondary to
the receipt of the complete 2-dose schemes in this
younger subgroup compared to the older. Another
possibility is that the younger subgroup receiving 2
doses might have exhibited better results in terms of
COVID-associated hospitalisations than the older ones,
due to better immunological status and, therefore,
delayed waning. Patients without comorbidities exhibi-
ted longer protection against COVID-associated hospi-
talisations after 60 days of vaccination, compared to
those with comorbidities. Finally, there was a trend to-
wards more COVID-associated deaths in the male sub-
group, as has been reported in the literature.48,49

To our knowledge, ours is the first study carried
out in a real world setting in which primary schemes
with Sinopharm, Sputnik V or multiple heterologous
schemes were applied and then boosted with vaccines
from different platforms. Additionally, we evaluated
protection against 3 relevant outcomes: infections,
COVID-associated hospitalisations and COVID-
associated deaths.

Limitations
First, we were only able to assess the effect of the
booster up to a median time of 75 days due to the rapid
surge and decrease of the omicron BA.1 wave; so, it is
possible that VE and waning effects might develop
further changes over time. Nevertheless, the amount of
time reported here might be sufficient to detect patterns
of change.44,45 Second, we could only estimate the OR of
a third dose relative to a second dose. The calculation of
the absolute OR (comparison with an unvaccinated
population) was not possible given that 95% of the
population older than 50 had received at least two vac-
cine doses at the time of the study period.38–50 Third,
modification of testing protocols during the study period
13
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might have influenced healthcare seeking behaviour.
The choice of a test-negative design aims to attenuate
this possible bias. Fourth, misclassification cannot be
completely discarded since contamination by incidental
COVID-19 cases remains possible. For this reason, we
only contemplated COVID-associated hospitalisations
and COVID-associated deaths occurring within 14 and
28 days from COVID-19 diagnosis, respectively. Fifth,
viral genome sequencing was not available for most
individuals; therefore, omicron BA.1 predominance
periods were based on genomic surveillance data. Sixth,
we only included individuals over the age of 50; thus,
our findings about VE and waning cannot be general-
ised to younger populations. Seventh, OR estimates may
be biased due to residual confounders, as in any
observational study. Eighth, due to the increased burden
of data entry to document infections during the short
but intense omicron wave, it is possible that under-
reporting of COVID-associated hospitalisations
occurred. This might also have occurred with the report
of other variables, like comorbidities. We do not have a
clear explanation for the low number of comorbid con-
ditions reported in our population, but it might also be
ascribed to the massive number of cases occurring
during the Omicron wave. The testing capacity was
certainly overwhelmed, precluding a precise report of
some variables, since patient forms had to be filled out
by healthcare personnel and not by patients themselves-
an important point, given that there might be a dif-
ferential vaccine effectiveness in the subgroup of
immunocompromised subjects. Ninth, given the un-
availability of mRNA vaccines in Argentina at the be-
ginning of vaccination roll-out, we could not evaluate the
performance of homologous 3-dose schemes involving
mRNA vaccines. Finally, we did not compare homolo-
gous and heterologous schemes directly; ORs and 95%
CIs were estimated against a reference group.

Conclusions and areas for further research
This study shows that heterologous boosters, such as
viral vectored and mRNA vaccines, following Sputnik
V, ChAdOx1, Sinopharm or heterologous schemes as
primary series vaccination, might provide better pro-
tection and longer effectiveness against death in in-
dividuals over 50, compared to homologous boosters
during omicron predominance. The scheme of inacti-
vated vaccine followed by a viral vectored booster
seemed to be associated with the best protection
against death. The implications of our findings might,
thus, support the utilisation of different booster stra-
tegies to reach durable vaccine protection, especially in
populations with primary schemes involving viral
vectored or inactivated vaccines. Continuous moni-
toring of booster effectiveness over longer periods of
time, with consideration of possible new SARS-CoV-2
variants, is key to developing the most appropriate
COVID-19 vaccination strategies.
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