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Effectiveness of mRNA vaccine boosters against infection
with the SARS-CoV-2 omicron (B.1.1.529) variant in Spain:
a nationwide cohort study

Susana Monge, Ayelén Rojas-Benedicto, Carmen Olmedo, Clara Mazagatos, Maria José Sierra, Aurora Limia, Elisa Martin-Merino,
Amparo Larrauri, Miguel A Herndn, on behalf of IBERCovid

Summary

Background The omicron (B.1.1.529) variant of SARS-CoV-2 has increased capacity to elude immunity and cause
breakthrough infections. The aim of this study was to estimate the effectiveness of mRNA-based vaccine boosters
(third dose) against infection with the omicron variant by age, sex, time since complete vaccination, type of primary
vaccine, and type of booster.

Methods In this nationwide cohort study, we linked data from three nationwide population registries in Spain
(Vaccination Registry, Laboratory Results Registry, and National Health System registry) to select community-dwelling
individuals aged 40 years or older, who completed their primary vaccine schedule at least 3 months before the start of
follow-up, and had not tested positive for SARS-CoV-2 since the start of the pandemic. On each day between Jan 3,
and Feb 6, 2022, we matched individuals who received a booster mRNA vaccine and controls of the same sex, age
group, postal code, type of vaccine, time since primary vaccination, and number of previous tests. We estimated
risk of laboratory-confirmed SARS-CoV-2 infection using the Kaplan-Meier method and compared groups using risk
ratios (RR) and risk differences. Vaccine effectiveness was calculated as one minus RR.

Findings Between Jan 3, and Feb 6, 2022, 3111159 matched pairs were included in our study. Overall, the estimated
effectiveness from day 7 to 34 after a booster was 51-3% (95% CI 50-2-52-4). Estimated effectiveness was
52-5% (51-3-53-7) for an mRNA-1273 booster and 46-2% (43-5-48-7) for a BNT162b2 booster. Effectiveness was
58-6% (55-5-61-6) if primary vaccination had been with ChAdOx1 nCoV-19 (Oxford-AstraZeneca), 55-3%
(52-3-58-2) with mRNA-1273 (Moderna), 49-7% (48-3-51-1) with BNT162b2 (Pfizer-BioNTech), and 48-0%
(42-5-53-7) with Ad26.COV2.S (Janssen). Estimated effectiveness was 43-6% (40-0-47-1) when the booster was
administered between 151 days and 180 days after complete vaccination and 52-2% (51-0-53-3) if administered more
than 180 days after primary scheduled completion.

Interpretation Booster mRNA vaccine-doses were moderately effective in preventing infection with the omicron
variant of SARS-CoV-2 for over a month after administration, which indicates their suitability as a strategy to limit the
health effects of COVID-19 in periods of omicron variant domination. Estimated effectiveness was higher for
mRNA-1273 compared with BNT162b2 and increased with time between completed primary vaccination and booster.

Funding None.
Copyright © 2022 Elsevier Ltd. All rights reserved.
Introduction

Two doses of mRNA vaccines greatly reduce the risk of
both SARS-CoV-2 infections and severe COVID-19, but

interval between completing the primary vaccination
schedule and receiving a booster was 6 months (changed
to 5 months on Jan 13, 2022) for those vaccinated with

protection starts to wane a few months after their
administration.” For the delta (B.1.6172) variant of
SARS-CoV-2, the administration of a booster at least
5 months after the second dose of an mRNA vaccine
restores or increases the protection against infection and
disease in all age groups,*” and thus boosters 3—6 months
after the second dose have been recommended by many
countries.*

Between September, 2021, and January, 2022, the use
of an mRNA booster in Spain was approved for
increasingly younger age groups to encompass all
individuals aged 40 years or older.” The recommended
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mRNA vaccines and 3 months for those who received
other vaccines."” As of Jan 3, 2022, 90% of the population
older than 12 years were fully vaccinated and 52% of
people over 40 years old had received a booster.”

In December, 2021, the omicron variant (B.1.1.529) of
SARS-CoV-2 rapidly became dominant worldwide.” The
emergence of the omicron variant resulted in the highest
ever COVID-19 incidence rates globally, even in countries
with high vaccination coverage like Spain. The omicron
variant carries about 34 mutations in the spike protein
and has increased capacity to elude immunity and cause
reinfections and breakthrough infections.""
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Research in context

Evidence before this study

We searched PubMed for research papers from the inception of
the database to March 18, 2022, using the terms (“COVID-19"
OR “SARS-CoV-2") AND (“vaccine” OR “vaccination”) AND
(“effectiveness” OR "effect”), not restricted by language.
Results were complemented by a Google search and snowball
literature review using the same search terms and dates.

We identified four studies with a test-negative design, and one
follow-up study, that reported the effectiveness of booster
vaccine doses in preventing infections with SARS-CoV-2 or
severe cases of COVID-19 caused by the omicron variant.

No follow-up study was found addressing vaccine effectiveness
in subgroups defined by age, sex, time since completion of
primary vaccination schedule, type of vaccine used for primary
schedule. Additionally, the effectiveness of the two most
widely used mRNA vaccine boosters, BNT162b2 and
mRNA-1273, have not been quantified during a period of
omicron predominance.

Added value of this study
In this nationwide representative study, we estimate that
mRNA booster vaccine-doses were moderately effective (51%)

Although COVID-19 vaccine boosters can induce
neutralising immunity against the omicron variant,”*
and some studies have already shown effectiveness of
boosters in preventing COVID-19 infections®® and
severe cases,** population-based follow-up studies are
needed to assess the effect of the booster vaccine on
COVID-19 risk in subgroups defined by age, sex, time
since last dose of the vaccination schedule, and type of
vaccine during the time of the COVID-19 pandemic in
which the omicron variant was responsible for most
infections. Also, the comparative effectiveness of
boosters in preventing infection with the two most
widely used mRNA vaccines, BNT162b2 (Pfizer—
BioNTech) and mRNA-1273 (Moderna), has not been
evaluated.

Using nationwide population registries, we aimed to
estimate the effect of an mRNA vaccine booster on
the risk of laboratory-confirmed SARS-CoV-2 infection in
the community-dwelling Spanish population aged 40 years
and older since the emergence of the omicron variant.

Methods

Study design and population

In this nationwide cohort study, we linked individual-
level data from three nationwide population registries
(Vaccination Registry [REGVACU], Laboratory Results
Registry [SERLAB], and National Health System [NHS]
registry) using a unique semi-anonymous personal
identifier. REGVACU is updated daily and includes all
COVID-19 vaccine doses administered in Spain.
SERLAB, also updated daily, includes the date and

in preventing infection with the omicron variant of SARS-CoV-2
up to 34 days after administration. We add to existing evidence
by estimating a higher effectiveness for mRNA-1273 boosters
compared with BNT162b2 boosters that increased with time
since completion of the primary vaccination and was lower in
people primed with Ad26.COV2.S (one dose) or BNT162b2 than
in those primed with mRNA-1273 or ChAdOx1 nCoV-19

(two doses) vaccines. We also provide an estimation of the
effect of booster doses, with about 1000 cases averted by
booster doses per 100 000 persons in 14 days in the period
between Jan 3, and Feb 6, 2022.

Implications of all the available evidence

These findings suggest that boosters continue to be an
effective strategy to limit the health effects of COVID-19 in
the current omicron variant-dominated epidemic. However,

a future analysis of severe infections by subgroups is also
needed to assess the full effect of booster doses on COVID-19
morbidity and mortality during the omicron era. Additionally,
the duration of protection will also need to be monitored over
time.

result of all SARS-CoV-2 tests, both PCR and rapid
antigenic tests, done by health-care providers. Since
Dec 21, 2021, it also includes a sample of results from
self-administered rapid antigenic tests. We subtracted
2 days from PCR test results to approximate the date of
sample collection. The NHS registry includes
demographic data on all people with access to the
health-care system in Spain. Because health-care
coverage is universal, this database includes virtually
the entire population. We used the national health-card
number (semi-anonymised with a hash code) to link
the three databases. To increase the probability that
individuals were present in Spain throughout the study
period, we excluded people who were only temporarily
entitled to access the health system (eg, irregular
migrants).

Our observational study emulated a target trial of an
mRNA-based (BNT162b2 or mRNA-1273) booster dose for
the prevention of documented infection with SARS-CoV-2
in a period of omicron SARS-CoV-2 dominance.

Individuals who were residents in Spain, 40 years old
or older between Jan 3, and Feb 6, 2022, had completed
their primary vaccination scheduled (two doses of a
mRNA vaccine or ChAdOx1 nCoV-19 [Oxford-
AstraZeneca), or one dose of Ad26.COV2.S [Janssen]) at
least 3 months before the start of follow-up, with no
additional vaccine doses within these 3 months, had no
previous laboratory-confirmed SARS-CoV-2 positive
test, and who were not part of a special population (eg,
nursing home residents, institutionalised individuals,
and health-care workers) with different probability of
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infection compared with the general population were
eligible for inclusion. Only individuals who received
their first dose after the recommended vaccination date
for their age group were included (appendix p 2); this
was done to exclude essential workers—particularly
those in the education sector, immunosuppressed
individuals, and others with different probability of
infection than the general population.

This study was approved by the research ethics
committee at the Instituto de Salud Carlos III
(CEI P198_2020 and CEI PI 08_2022). Informed consent
was not required because this study is based on national
population registries.

Procedures

In a target trial, eligible people would be randomly
assigned to receive either an mRNA booster vaccine or to
no booster within strata defined by age, sex, postal code,
time since completion of the primary vaccination
schedule, type of vaccine used in the primary vaccination,
and total number of previous SARS-CoV-2 diagnostic

tests. The outcome of interest was laboratory-confirmed
SARS-CoV-2 infection. The study period started on
Jan 1, 2022, when more than 90% of SARS-CoV-2
detected variants in Spain were identified as omicron,*
and ended on Feb 6, 2022, when more than 99% of
detected variants were omicron.

We extracted the data, from all databases on
Feb 11, 2022. For each day between Jan 3, and Feb 6, 2022,
we identified people who met the eligibility criteria and
classified them as either having received an mRNA
vaccine booster (booster group) on that day or not having
received it (no booster group). Each person in the booster
group was matched to a randomly selected control (with
replacement) in the no booster group. The matching
factors were identified as those potentially associated
with the probability of receiving a booster dose as well as
with the risk of a documented SARS-CoV-2 infection:
sex, age (5-year groups), postal code, type of vaccine used
for primary vaccination (BNT162b2, mRNA-1273,
ChAdOx1 nCoV-19, or Ad26.COV2.S), week when the
vaccination schedule was completed, and number of

26212134 individuals assessed for inclusion
19175701 excluded

525418 resident in nursing home or in an institution

1052350 health-care workers or social workers
370732 high level of functional dependency

4975726 first vaccine before general recommendation by age
671332 not completely vaccinated

> 383603 received ChAdOx1 nCoV-19 or mRNA heterologous
vaccination
9989156 booster dose before Dec 23, 2021
46 booster dose with unknown type of mRNA vaccine
845209 SARS-CoV-2 infection before Dec 23, 2021
360408 unable to link to National Registry
1721 invalid post code
v
| 7036433 eligible for inclusion
3395459 did not receive a 3640974 received a booster
booster 2642894 mRNA-1273
998080 BNT162b2
1144233 were matched 2251226 were unmatched 3214054 were matched 426920 were unmatched
2356044 mRNA-1273 286850 mRNA-1273
858010 BNT162b2 140070 BNT162b2
753861 were matched as controls
before receiving the <
booster
A\ A 4 v
3111159 no booster group 650966 rematched after receiving 3111159 booster group
(1898094 individuals) P the booster — 2284162 mRNA-1273
826997 BNT162b2

Figure 1: Study profile
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Booster group No booster group
(n=3111159) (n=3111159;
1898094 unique
individuals)

Age groups (years)
40-44 542070 (17-4%) 542070 (17-4%)
45-49 222960 (7-2%) 222960 (7-2%)
50-54 1045542 (33-6%) 1045542 (33-6%)
55-59 907251 (29-2%) 907251 (29-2%)
60-64 182239 (5:9%) 182239 (5:9%)
65-69 118710 (3-8%) 118710 (3-8%)
70-74 45328 (1-5%) 45328 (1-5%)
75-79 25834 (0-8%) 25834 (0-8%)
80-84 11393 (0-4%) 11393 (0-4%)
85-89 7396 (0-2%) 7396 (0-2%)
>90 2436 (0-1%) 2436 (0-1%)
Sex
Male 1613610 (51-9%) 1613610 (51-9%)
Female 1497549 (48-1%) 1497549 (48:1%)
Number of previous SARS-CoV-2 tests
0 1690184 (543%) 1690184 (543%)
1 749466 (241%) 749466 (241%)
2 355249 (11-4%) 355249 (11-4%)
>3 316260 (10-2%) 316260 (10-2%)

Primary vaccine schedule

ChAdOx1 nCoV-19 237193 (7-6%) 237193 (7-6%)

( (
Ad26.COV2.5 69208 (2:2%) 69208 (2:2%)
mRNA-1273 366023 (11-8%) 366023 (11-8%)
BNT162b2 2438735 (78-4%) 2438735 (78-4%)
Booster dose
mRNA-1273 2284162 (73-4%)  NA
BNT162b2 826997 (26-6%) NA
Time since completion of primary vaccine schedule
91-150 days 7383 (0-2%) 7383 (0-2%)
151-180 days 283958 (9-1%) 283958 (9-1%)
>180 days 2819818 (90-6%) 2819818 (90-6%)

Data are n (%). NA=not applicable.

Table 1: Baseline characteristics of the matched study population

SARS-CoV-2 tests since the beginning of the pandemic
(none, one, two, or three or more). For each matched
pair, follow-up started on the day of administration of
the booster dose (time zero) and stopped after laboratory-
confirmed SARS-CoV-2 infection, death, discontinuation
of registration in the NHS population database, receipt
of a vaccine-dose by an individual in the non-booster
group (with concurrent censoring of the booster member
of the pair) or Feb 6, 2022, whichever occurred first.

We also emulated a head-to-head trial of BNT162b2
booster versus mRNA-1273 booster by matching
recipients of each type of booster on sex, age group,
province, type of vaccine used for primary vaccination,
month when the vaccination schedule was completed,
and number of SARS-CoV-2 tests since the beginning of
the pandemic (none, one, two, or three or more).

Statistical analysis

We computed cumulative incidence (risk) curves of
laboratory-confirmed SARS-COV-2 infection in each
group using the Kaplan-Meier estimator.” We compared
the risks 7 or more days after booster administration via
differences and ratios, and estimated effectiveness as one
minus the risk ratio, using only matched pairs in which
both individuals were still at risk 7 days after time zero.
To estimate the per-protocol effect under full adherence,
we censored both members of a matched pair when the
control received an additional vaccine dose. We analysed
the entire study population and in subgroups defined
by age group, sex, type of vaccine used for primary
vaccination, type of mRNA vaccine in the booster, and
time interval between complete vaccination and the
booster dose.

We did sensitivity analyses restricted to people who
had at least one negative test before time zero (to ensure
that all individuals had had access to diagnostic services
in the past) and to people with no test in the 7 days
before time zero (to exclude contacts of cases or other
people exposed to SARS-CoV-2 who had tested early in
their infection). In another sensitivity analyses, we used
dates of laboratory tests as recorded (rather than
subtracting 2 days for PCR tests), we censored matched
pairs 7 days after the control received a booster (rather
than on the date of the booster), we matched without
replacement, matched by exact year of age, and
restricted events to infections diagnosed by PCR
(censoring free of event infections diagnosed by
antigenic testing). We computed normal distribution-
based 95% Cls using non-parametric bootstrapping
with 500 samples. Analyses were done with R
(version 4.1.2).

Role of the funding source
There was no funding source.

Results

Between Jan 1, and Feb 6, 2022, 26-2 million people
were assessed for inclusion, of whom 7-0 million
(26-8%) individuals were eligible (figure 1). 3-6 million
(51-7%) people received a booster dose: 2642894
(72-6%) received mRNA-1273 and 998080 (27-4%)
received BNT162b2. 3357903 (45-7%) had at least
one test recorded in SERLAB from the beginning of
the pandemic to Jan 3, 2022. We exactly matched
3111159 individuals who received a booster to the same
number of controls with a median age of 53 years
(IQR 50-57; table 1). The characteristics of the matched
sample were similar to those of the total eligible
population (appendix p 4).

During 82-7 million person-days of follow-up and
a maximum follow-up of 34 days, there were
47104 laboratory-confirmed SARS-CoV-2 infections in
the booster group and 93035 in the no booster group.
The risk of infection at 34 days was 2-7% in the booster
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Booster group No booster group 1-risk ratio (95% ClI) Risk difference per
10000 individuals
(95%Cl)
Events Risk per 10000 Events Risk per 10000
individuals individuals
Overall 21468 177 42406 362 51-3% (50-2-52-4) 186 (180-191)
Age group (years)
40-59 19035 190 37090 379 49-9% (48-6-51-3) 189 (183-197)
60-79 2264 119 4998 284 58-0% (55-8-60-4) 165 (154-176)
>80 169 133 318 286 53:5% (43-9-63-3) 153 (110-194)
Sex
Male 10662 170 20434 338 49-8% (48-1-51-5) 168 (160-177)
Female 10806 184 21972 388 52:6% (51-1-54-1) 204 (196-212)
Type of previous vaccination
ChAdOx1 nCoV-19 1461 125 3264 302 58-6% (55-5-61-6) 177 (162-191)
Ad26.COV2.S 691 181 1280 348 48-0% (42-5-537) 167 (140-195)
mRNA-1273 2551 183 5409 410 55-3% (52:3-58-2) 227 (208-245)
BNT162b2 16765 183 32453 363 49-7% (48-3-51-1) 181 (174-188)
Time since vaccination completed
91-150 days 50 131 102 240 45:3% (24-5-675) 109 (45, 174)
151-180 days 2450 204 4203 362 43-6% (40-0-47-1) 158 (140-175)
>180 days 18968 173 38101 363 52-2% (51-0-53-3) 189 (183-195)
Type of booster
mRNA-1273 16700 185 34123 390 52:5% (51-3-53-7) 204 (198-211)
BNT162b2 4768 152 8283 282 46-2% (43-5-48-7) 130 (120-140)
*Analyses based on 2 083 857 matched pairs who remained under follow-up by day 7 after the booster dose.
Table 2: Estimated effectiveness of an mRNA COVID-19 vaccine booster in individuals* who had completed primary vaccination schedule against COVID-19

group and 5-4% in the no booster group. The number
of tests per 1000 person-days 7 or more days after the
booster (and before a COVID-19 diagnosis) was 1-7 in
the booster group and 1-9 in the no booster group, of
which 850 (1-2%) of 71680 tests in the booster group
and 756 (0-9%) of 79752 tests in the no booster group
were self-tests.

2083857 (67-0%) of 3111159 matched pairs remained
under follow-up at day 7 and were included in the
effectiveness estimation; 562735 (27-0%) of 2083857
matched pairs were censored during the follow-up
because the control received a booster. Overall, the
estimated effectiveness of the booster was 51-3%
(95% CI 50-2-52-4) between day 7 and day 34, and
55-5% (53-8-57-3) between day 14 and day 34. The
estimate was stable during most of the period of 27 days
(appendix p 7). The estimated number of cases averted
between days 7 and 34 was 186 (95% CI 180-191) per
10000 individuals (table 2; figure 2). Effectiveness
estimates were higher for individuals aged 60-79 years
(58-0% [95% CI 55-8-60-4) compared with 40-59-year-
olds (49-9% [48-6-51-3), and slightly higher for women
(52-6% [51-1-54-1) compared with men (49-8%
[48-1-51-5]; appendix pp 8-9).

The estimated effectiveness in days 7-34 was 55-3
(95% CI 52-3-58-2) if primary vaccination had been
with mRNA-1273, 58-6% (55-5-61-6) if it had been

www.thelancet.com/infection Vol 22 September 2022

with ChAdOx1 nCoV-19, 48-0% (42-5-53-7) if it had
been with Ad26.COV2.S and 49-7% (48-3-51-1) if it
had been with BNT162b2 (appendix p 10). The effective-
ness estimate increased with time between completed
primary vaccination and booster from 43-6% (95% CI
40-0-47-1) for an interval of between 151 days and
180 days to 52-2% (51-0-53-3) for more than 180 days
(figure 3).

We estimated an effectiveness for an mRNA-1273
booster of 52-5% (95% CI 51-3-53.7) compared with
46-2% (43-5-48-7) for a BNT162b2 booster (figure 2).
A head-to-head comparison including 785088 matched
pairs with follow-up of 7 days or more, estimated a 13%
(95% CI 10-16) higher protection for the mRNA-1273
booster compared with the BNT162b2 booster, with little
differences in subgroup analyses (appendix p 5). In
sensitivity analyses, the estimated effectiveness of an
mRNA booster from days 7 to 34 ranged between 47-4%
and 52-3% (table 3).

Discussion

Using nationwide data from the Spanish population
aged 40 years or older during an era of omicron variant
predominance, we estimated a 51% effectiveness of an
mRNA booster against laboratory-confirmed SARS-CoV-2
infections up to 34 days after its administration. The
boosters were estimated to prevent 186 cases per
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Cumulative incidence

Number at risk
(number censored
with events)

No booster

Booster

Cumulative incidence

Number at risk
(number censored
with events)

No booster

Booster

Cumulative incidence

Number at risk
(number censored
with events)

No booster

Booster

A Booster mRNA-1273

1-00}

+ Number ¢ensored with events

—— No booster
0.06- —— Booster |
0-04-
0-02+
0
0
2284162 1539348 996075 572057 34639
(0) (43999) (62813) (70909) (74134)
2284162 1561618 1029628 605028 38877
(0) (22649) (31984) (35292) (37007)
B Booster BNT162b2
1-00}
0-06
0-04-
0-02+
0 T T T 1
0 7 14 21 34
826997 564674 345281 176 605 11574
(0) (11675) (16230) (18071) (18901)
826997 570533 353570 184277 12656
0) (6006) (8679) (9641) (10097)
C overall

1.00
y

0-06
0-04-
0-024
0 ; T T 1
0 7 14 21 34
Time since start of follow-up (days)
3111159 2104022 1341356 748662 46213
(0) (55674) (79043) (88980) (93035)
3111159 2132151 1383198 789305 51533
(0) (28655) (40663) (45033) (47104)

Figure 2: Estimates of SARS-CoV-2 infection risk by booster status and booster vaccine type
(A) Pfizer (BNT162b2), (B) Moderna (mRNA-1273), and (C) overall. Shaded areas are 95% Cl.
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10000 people during the study, which can be extrapolated
to about 1000 cases per 100000 people per 14 days. This
results in one case prevented per 54 people who received

a booster dose. mRNA-1273 boosters were estimated to
be 13% more effective than BNT162b2 boosters.

The 51% estimated effectiveness we report during a
period of omicron variant predominance is lower than
estimates obtained during periods of delta variant
predominance. Using the same method, nationwide
studies in Israel and Qatar estimated a booster effective-
ness for infection with the delta variant of 86-88%°* and
49% for the omicron variant.”® The reduced effectiveness
against the omicron variant has also been detected in
test-negative designs, but the range of estimates is wide:
a study in Scotland estimated effectiveness of boosters
against symptomatic omicron infection at 57%” and a
USA study estimated effectiveness to be 66%,” whereas
a Canadian study estimated 37% effectiveness against
the omicron variant, compared with 93% for the delta
variant.”? In the UK, risk of symptomatic infection was
estimated to decrease by 65-75% between 2 weeks and
4 weeks after a booster, but only 50% after 10 weeks.”

mRNA-1273 boosters were estimated to be 13% more
effective than BNT162b2 boosters. A similar difference
was reported in the period of delta variant predominance,
for people from a broad range of ages and primed with
different vaccines.” In our study, the highest effect was in
those primed with two doses of mRNA-1273 or ChAdOx1
nCoV-19, and lowest in those primed with two doses of
BNT162b2 or one dose of Ad26.COV2.S. A randomised
trial reported an increase in the binding antibody
concentration after a booster in all groups; however, after
the booster, neutralising antibodies titres were highest in
those who received mRNA-1273 as their primary schedule,
followed by BNT162b2, and then Ad26.COV2.S.*

The optimal interval between completing COVID-19
primary vaccination and the administration of a booster
dose is not established. In our study, the estimated
effectiveness of the booster increased with time since
complete vaccination, from about 44% for boosters
administered between 151 days and 180 days to 52% for
boosters administered after 180 days. Of note, despite
the slightly lower effectiveness of boosters at shorter
intervals, their administration in the midst of the
omicron wave might be justified to reduce transmission
as early as possible.

Our study has some limitations. First, like in all
observational analyses, our estimates would be affected
by confounding bias if booster recipients and non-
recipients had a different risk of diagnosis of infection.
For example, if booster related side-effects encourage
individuals to stay at home, if undiagnosed symptomatic
individuals or close contacts of cases defer vaccination,
or if the rate of diagnostic tests differ between groups.
The increased vaccine effectiveness estimated in the
first 2-3 days of follow-up (appendix p 7) mirrors the
initial difference in diagnostic intensity between groups
(appendix p 6). However, this difference disappeared
later, specifically from days 7 to 34 on which our main
estimates are based. Second, we could not estimate
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1-risk ratio Risk difference per
(95% C1) 10000 individuals
(95%Cl)

51:3% (50-2-52-4)
51-2% (49-7-527)

186 (180-191)
231 (221-241)

Main analysis

Restricting to people with
>1 negative lab test at
enrolment

50-7% (49-5-51-9)

Restricting to persons with no 181 (175-187)

tests in the 7 days before

enrolment
Censoring matched pairs 7days ~ 47-4% 164 (157-170)
after the control receives a (46-0-48-8)

booster rather than 0 days

Using date of PCR test result
rather than subtracting 2 days

523% (51-2-53-4) 224 (217-230)

Selecting matched controls 52:0% (50-8-53-2) 193 (187-199)

without replacement

Exact matching by age (yearby  50-3% (49-2-51-5) 181 (175-187)

year vs 5-year groups)

Restricting eventsto PCRtest ~ 50-7% (48-4-532)  32(30-34)

Table 3: Sensitivity analyses of vaccine effectiveness 7-34 days after an
mRNA COVID-19 vaccine booster dose

booster effectiveness against severe disease and death
because this information is not continuously updated in
national registries. However, studies during the delta
and omicron dominant periods estimated a similar
or higher effectiveness against hospitalisation than
against infection.®***** Therefore, it is expected that
effectiveness of the current booster formulations against
severe disease caused by the omicron variant will be
more than 51%, which makes booster administration
the most effective strategy to limit the health effects of
omicron epidemics. Third, we could only estimate the
effectiveness until day 34 of follow-up. The duration of
protection against the omicron variant conferred by the
booster will need to be monitored over longer periods of
time. Lastly, our study does not include an unknown
proportion of positive self-tests that were not consistently
recorded in the national registry after Dec 21, 2021,
when overload of the laboratory capacity and the primary
health-care network led to a policy change that
eliminated the requirement to confirm all positive self-
tests by PCR. However, the proportion of missing self-
tests is expected to be similar in both groups (as
supported by the similar numbers of tests and similar
proportion of reported self-tests); therefore, it is
expected to have little effect on estimates of effectiveness.

In conclusion, in this nationwide follow-up study, we
estimated that booster mRNA vaccine-doses were
moderately effective at preventing infection with the
omicron variant of SARS-CoV-2 up to 34 days after
administration. Estimated effectiveness was higher for
mRNA-1273 compared with BNT162b2 and increased
with time since complete vaccination. These findings
suggest that boosters continue to be an effective
strategy to limit the health effects of COVID-19 during
an omicron-dominated epidemic.
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Booster

A 91-150 days

1-00]/

+ Number censored with events

—— No booster
0.064 —— Booster
0-04+
0-02+
e+ T
i R =
et F
o ; T T 1
0 7 14 21 34
7383 6132 4805 3407 426
(0) (82) (129) (157) (170)
7383 6167 4866 3483 438
(0) (41) 66) (79) (88)
B 151-180 days
1-00]/
0-06-]
0-04+
0-02+
0
0
283958 190637 134765 86398 6087
(0) (4771) (7009) (8085) (8511)
283958 192994 138086 89618 6550
(0) (2515) (3847) (4418) (4672)
C >180days
1-00]/
0-06-]
0-041
e
0-02- et P A
LT
o ; T T 1
0 7 14 21 34
Time since start of follow-up (days)
2819818 1907253 1201786 36750 39700
(0) (50821) (71905) (80738) (84354)
2819818 1932990 1240246 36750 44545
(0) (26099) (36750) (40536) (42344)

Figure 3: Estimates of SARS-CoV-2 infection risk by booster status and interval since complete vaccination
(A) 91-150 days, (B) 151-180 days, and (C) more than 180 days. Shaded areas are 95% Cl.
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