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Background. Understanding how booster vaccination can prevent moderate and severe illness without hospitalization is
crucial to evaluate the full advantage of mRNA boosters.

Methods. We followed 85801 participants (aged 31-81 years) in 2 large population-based cohorts during the Omicron BA.1/2
wave. Information on home testing, PCR testing, and symptoms of coronavirus disease 2019 (COVID-19) was extracted from
biweekly questionnaires covering the period 12 January 2022 to 7 April 2022. Vaccination status and data on previous SARS-
CoV-2 infection were obtained from national registries. Cox regression was used to estimate the effectiveness of booster

vaccination compared to receipt of 2-dose primary series >130 days previously.

Results. The effectiveness of booster vaccination increased with increasing severity of COVID-19 and decreased with time since
booster vaccination. The effectiveness against severe COVID-19 was reduced from 80.9% shortly after booster vaccination to 63.4%
in the period >90 days after vaccination. There was hardly any effect against mild COVID-19. The effectiveness tended to be lower

among subjects aged >60 years than those aged <50 years.

Conclusions. This is the first population-based study to evaluate booster effectiveness against self-reported mild, moderate, and
severe COVID-19. Our findings contribute valuable information on duration of protection and thus timing of additional booster

vaccinations.
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The severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) variant B.1.1.529 (Omicron) emerged in
November 2021 in South Africa and was declared a variant of
concern by the World Health Organization on 26 November
2021 [1]. In Norway, the first case of Omicron was detected after
a Christmas party held on 26 November [2, 3]. By late December,
Omicron BA.1 was the dominant strain in Norway [4]. In the
second week of January 2022, Omicron was detected in 94% of
all sequenced cases [5]. BA.1 was then gradually replaced by
BA.2. By the middle of March, BA.2 was the dominant strain [6].
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Vaccines against SARS-CoV-2 have proven efficacious
against SARS-CoV-2 infection and coronavirus disease
(COVID-19) in both clinical trials and observational real-world
studies [7, 8]. However, the effectiveness after the primary
course with 2 doses wanes over time, especially among elderly
subjects and people with underlying diseases [7, 9-11].
Moreover, the effectiveness has been reported to be lower
against the Omicron than against the Delta variant [10, 12—
16]. Omicron is associated with less-severe disease compared
to earlier SARS-CoV-2 variants of concern [17]. Nevertheless,
severe disease is frequently observed among unvaccinated, el-
derly Omicron cases [18].

Previous studies have reported vaccine effectiveness against
infection and/or hospitalization [10, 12, 16]. There is, however,
aneed to understand effectiveness across the whole spectrum of
disease severity. Most COVID-19 cases do not require medical
care, and hospitalization rates therefore poorly reflect the total
disease burden in the population. We have followed a large,
population-based cohort with detailed information on testing
and symptoms. Our aim was to estimate effectiveness of boos-
ter vaccination against SARS-CoV-2 on mild, moderate, and
severe COVID-19, and to describe the duration of protection.
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Adult MoBa participants who received questionnaires on Participants in the Senior Cohort who received

Returned at least 1
questionnaire
n=289553

SARS-CoV-2 pandemic Jan-Mar 2022 questionnaires on SARS-CoV-2 pandemic, Jan-Mar 2022
n=101765 n = 4804
Nonrespondents Nonrespondents
n=12212 n =106

Returned at least 1
guestionnaire
n=4698

Combined study population
n=94251

Excluded:
* Registered with SARS-CoV-2 infection in MSIS during study period, but
no report of positive test on questionnaire: n = 642
* Registered in MSIS with infection 14 days or fewer prior to start of
follow-up: n = 1459
* Received dose 3 fewer than 130 days after dose 2: n= 1335
* Booster vaccination with vaccine other than Comirnaty/Spikevax: n = 6
* Missing information on county: n = 23
= Did not contribute any follow-up time (n = 4985):
- SARS-CoV-2 infection and start of follow-up on same date: n = 536
- Receipt of dose 4 before start of follow-up: n = 82
- Unvaccinated or only 1 vaccine dose at end of follow-up: n=2010
- Receipt of dose 2 later than 130 days prior to end of follow-up: n =
2357

3

Final study sample
n =385 801

Figure 1. Flow chart of the study population. Abbreviations: MoBa, Norwegian Mother, Father, and Child Cohort Study; MSIS, Norwegian Surveillance System for Co-

mmunicable Disease; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

METHODS

In Norway, the national immunization program against
SARS-CoV-2 started on 27 December 2020 [11]. In the primary
2-dose vaccine course, most subjects received the mRNA vac-
cines Comirnaty (Pfizer/BioNTech; BNT162b2), or Spikevax
(Moderna; mRNA-1273), or a combination of the 2. The
adenovector-based vaccine Vaxzevria (AstraZeneca; ChAdOx
nCoV-19; AZD1222) was only offered through the program
until March 2021 [19].

Booster vaccination was recommended from 5 October 2021 to
risk groups and people 65 years and older, then to all adults 45
years and older from 26 November 2021. Although not issued
as a recommendation, adults aged 18-45 years were also eligible
for booster vaccination. Only mRNA vaccines were offered as
booster. In December, the minimum interval between dose 2
and the booster dose was reduced from 6 months to 20 weeks
[20]. By January 2022, 88% of subjects 18 years and older had re-
ceived at least 2 vaccine doses, while 51.2% were vaccinated with 3
doses [5]. Among adults 45 years and older, the main target group
for booster vaccination, the coverage of 3 doses was 73.3%.

Surveillance of SARS-CoV-2 infections in Norway was ini-
tially based on mandatory reporting of laboratory-confirmed

(polymerase chain reaction [PCR]) infections to the
Norwegian Surveillance System for Communicable Disease
(MSIS). The high transmission rate of the Omicron variant,
limited laboratory capacity, and increased availability of
SARS-CoV-2 antigen self-testing kits led the government to
recommend self-testing from 12 February 2022 [21]. As a con-
sequence, there has been an increased underreporting of
SARS-CoV-2 cases to MSIS. MSIS can therefore no longer be
used to assess vaccine effectiveness, as previously done in
Norway [11, 12, 22]. Thus, population-based cohorts with fre-
quent follow-up of self-testing, PCR testing, and symptoms are
needed for estimates of vaccine effectiveness.

The Norwegian Mother, Father, and Child Cohort Study and the Senior
Cohort

The Norwegian Mother, Father, and Child Cohort Study
(MoBa) is a population-based pregnancy cohort study conduct-
ed by the Norwegian Institute of Public Health. Participants
were recruited from all over Norway during 1999-2008 [23].
The women consented to participation in 41% of the pregnan-
cies. Since March 2020, adult participants have been invited ev-
ery 14 days to answer electronic questionnaires on the
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Table 1. Characteristics at Start of Follow-up of the Participants in the
Norwegian Mother, Father, and Child Cohort Study (MoBa) and Senior
Cohort Included in Vaccine Effectiveness Analyses, N = 85801

Characteristic Value
MoBa 81290 (94.7)
Senior cohort 4511 (5.3)
Sex, women 52638 (61.3)
Returned all questionnaires, yes® 48379 (56.4)
Age groups, y
<40 2082 (2.4)
40-49 41867 (48.8)
50-59 34999 (40.8)
60-69 3639 (4.2)
>70 3214 (3.7)
Previous COVID-19 infection, yes® 3928 (4.6)

COVID-19 vaccination status at start of follow-up®
Dose 1

Date dose 1, median 17 June 2021

Interval in days between dose 1 and 2, median 47
Comirnaty 68750 (80.1)
Spikevax 11666 (13.6)
Vaxzevria or other 5385 (6.3)
Dose 2
Comirnaty 62068 (72.3)
Spikevax 23715 (27.6)
Vaxzevria or other 18 (0.02)
Booster dose
Comirnaty 39251 (45.7)
Spikevax 23253 (27.1)
No booster dose before start of follow-up 23297 (27.2)

Data are No. (%) except where indicated.

#Participants in MoBa received 5 questionnaires and participants in the senior cohort
received 4 questionnaires.

®Defined as an infection registered in the Norwegian Surveillance System for
Communicable Disease with date more than 14 days prior to the participant's start of
follow-up.

°All 85801 participants included in the analyses had received at least 2 vaccine doses at start
of follow-up.

SARS-CoV-2 pandemic. We used data from 5 consecutive
questionnaires (Q1-Q5) sent out to 101765 participants in
January-March, 2022. The response rates were 67%-72%.

To cover older age groups, a senior cohort was established in
December 2020. About 13 000 randomly selected adults, aged
65-80 years living in Oslo, were invited, and 36% consented
to participation. Four questionnaires (Q1-Q4), distributed to
4804 participants in January-March 2022, have been included.
The response rates were 88%-95%.

The participants in the 2 cohorts were asked identical ques-
tions about testing for SARS-CoV-2, symptoms of COVID-19,
and severity of symptomatic COVID-19. The participants were
not given instructions on test frequency or indication. Each
questionnaire was open for response for 14 days.

The study was approved by The Regional Committee for
Medical and Health Research Ethics, Southeast Norway.
Written informed consent was obtained from all participants.

Exposure

Information on vaccinations was obtained from the Norwegian
Immunization Registry. Notification of vaccination against
COVID-19 is mandatory. Booster vaccination was defined as
a third vaccine dose received at least 130 days after dose
2. According to national recommendations, the minimum in-
terval between the second and third doses should be 20 weeks
(140 days). However, we used 130 days as a cutoff because
many received the third dose a few days early. In the study pop-
ulation, the vaccination coverage of at least 1 dose was very high
(98%), thus the unvaccinated was not a suitable reference
group. We therefore compared booster vaccination to the pri-
mary series of 2 doses, estimating relative vaccine effectiveness
(rVE) [24].

Outcome

SARS-CoV-2 infection was defined as a self-reported positive
test for SARS-CoV-2. The test could be either a self-sample rap-
id antigen test or a laboratory test (PCR).

COVID-19 was defined as symptomatic SARS-CoV-2 infec-
tion. Participants with a SARS-CoV-2 infection were defined as
symptomatic if they answered “yes” to the question “have you
been feeling ill, had respiratory symptoms, or fever during the
last 14 days” in the same questionnaire where they reported the
positive test.

The severity of COVID-19 was based on the question “how
ill did you feel?” and classified as mild illness (“barely ill”),
moderate illness (“moderately ill, bedridden for several
days”), or severe illness (“very ill”). The infected participants
who did not answer this question or who reported no symp-
toms were only included among all SARS-CoV-2 infections.

In Q4 and Q5, participants were asked specifically about the
date of the positive SARS-CoV-2 test. In Q1-Q3, participants
could only indicate whether they had tested positive at any
time during the last 14 days. The participants were also asked
how many days prior to filling out the questionnaire potential
COVID-19 symptoms occurred (0-1, 2-3, 4-5, 6-7, 8-9, or 10—
14 days). We estimated the date of infection by sampling ran-
domly among the candidate dates of symptom onset. For par-
ticipants who reported a positive test but no symptoms, the
date of infection was estimated by sampling randomly from
all the 14 dates covered in that questionnaire period.

Covariates

Information on sex, age, and county of residence was obtained
from the existing MoBa and senior cohort databases.
Information from MSIS was used to identify participants
with a previous SARS-CoV-2 infection, defined as a registered
infection with a date more than 14 days prior to the partici-
pant’s start of follow-up (defined below).
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Table 2. Effectiveness of Booster Vaccination with mRNA Vaccine Against SARS-CoV-2 Infection and COVID-19 Caused by the Omicron Variant Among
Participants in the Norwegian Mother, Father, and Child Cohort Study and the Senior Cohort, N = 85801

SARS-CoV-2 Infection Mild COVID-19 Moderate COVID-19 Severe COVID-19
Interval From Person-Time,  Cases, Cases, Cases, Cases,
Vaccination, d d n? rVEP (95% Cl) n rVEP (95% Cl) n rVEP (95% Cl) n rVEP (95% Cl)
2 doses®
>130 419536 4895 Ref 1607 Ref 2858 Ref 307 Ref
Booster vaccination®
0-6 115285 864 32.4(27.2-37.2) 412 0.9(-10.8t0 11.3) 396 45.6 (39.5-51.2) 28 61.9 (43.5-74.3)
7-30 864 567 8506 41.4 (39.2-43.5) 4177 7.9 (2.1-13.4) 3819  56.0 (53.7-58.1) 179 80.9 (76.9-84.2)
31-60 1168176 16324  37.1(34.9-39.2) 7506 7.9 (2.3-13.1) 7912 49.2 (46.8-51.4) 408 76.4 (72.4-79.8)
61-90 677 064 8877 32.8(30.2-35.4) 3875 8.5(2.4-14.2) 4512 42.6 (39.56-45.5) 264 69.2 (63.1-74.3)
91-120 171546 1826  25.5(20.9-29.8) 859 -4.4 (-14.51t0 4.9) 864 38.2 (32.9-43.2) 61 63.4 (50.5-72.9)°
>120 13763 170  12.2(-2.6t024.8) 83 -25.6 (-57.3t0 -.3) 79 27.1 (8.6-41.8) . €

Abbreviations: Cl, confidence interval; COVID-19, coronavirus disease 2019; HR, hazard ratio; Ref, reference; rVE, relative vaccine effectiveness; SARS-CoV-2, severe acute respiratory

syndrome coronavirus 2.

Includes asymptomatic SARS-CoV-2 infections and SARS-CoV-2 infection not possible to classify according to severity. Thus, the number of cases exceeds the sum of mild, moderate, and

severe COVID-19 cases.

rVE =100% x (1 — HR). HR was estimated using a stratified Cox model with county as strata and calendar time as the underlying time scale. The model was adjusted for previous SARS-CoV-2

infection, age, and sex.

°The reference category consisted of person-time more than 130 days after the second vaccine dose up until booster vaccination.

9Booster vaccination was defined as a third vaccine dose received at least 130 days after the second dose.

°For severe COVID-19, the upper category was receipt of booster vaccination more than 90 days previously.

Follow-Up and Study Sample
In each questionnaire, the participants reported test activity
and symptoms during the period from 14 days prior to and
up to the fill-in date. Thus, for each questionnaire they re-
turned, the participants could contribute up to 15 days of
follow-up time. Participants may have answered the question-
naires at uneven time intervals or not answered all question-
naires and may therefore have questionnaire periods that
partly overlap or have gaps between them.

Each participant’s start of follow-up was defined as the start
date of their first questionnaire period or the date

1004

® Allinfections ® Mild Moderate @ Severe ‘

80 L4 ¢

Hy

404® o

T+*+++

Relative vaccine effectiveness (%)

Days since booster vaccination

Figure 2. Relative effectiveness of booster vaccination (third dose) with mRNA
vaccine against SARS-CoV-2 infection caused by the Omicron variant compared
to a reference group vaccinated with 2 doses. Bars represent 95% confidence in-
tervals of the relative vaccine effectiveness.

corresponding to 130 days after their second dose, whichever
occurred last. The participants were followed until the last
day of their last questionnaire period, receipt of a fourth vac-
cine dose, or the date of the first reported SARS-CoV-2 infec-
tion, whichever occurred first. The follow-up fell within the
periods 12 January to 7 April 2022, for MoBa participants,
and 13 January to 24 March 2022 for the senior cohort
participants.

Only participants answering at least 1 of the questionnaires
were eligible for inclusion in the analysis (Figure 1). We exclud-
ed 642 participants who were registered with a SARS-CoV-2 in-
fection in MSIS during the study period but did not report a
positive test for SARS-CoV-2 on any of the questionnaires.
We also excluded 1459 participants registered with an infection
in MSIS 14 days or fewer prior to start of follow-up, because it
was difficult to differentiate between previous infections and
reported outcomes in this period. We furthermore excluded
1335 participants who received dose 3 fewer than 130 days after
dose 2, 6 participants who received booster vaccines other than
Comirnaty or Spikevax, and 23 participants with missing infor-
mation on county of residence. Finally, we excluded 4985 par-
ticipants who did not contribute any follow-up time. In total, 85
801 participants were included in the final study sample
(Figure 1).

Statistical Analysis

We defined the test frequency for each questionnaire as the
number of participants reporting in the questionnaire that
they had been tested for SARS-CoV-2 during the last 14 days
divided by the number of participants responding to the
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Table 3. Effectiveness of Booster Vaccination With mRNA Vaccine Against SARS-CoV-2 Infection and COVID-19 Caused by the Omicron Variant Among
Participants in the Norwegian Mother, Father, and Child Cohort Study and the Senior Cohort, by Sex

SARS-CoV-2 Infection

Mild COVID-19

Moderate or Severe

COVID-19

Interval From Vaccination, d Person Time, d Cases, n® 'VE® (95% Cl) Cases, n 'VE® (95% Cl) Cases, n 'VEP (95% Cl)
Men, n=33163
2 doses®
>130 153995 1604 Ref 669 Ref 883 Ref
Booster vaccination®
0-6 47 266 303 40.3 (32.3-47.4) 164 20.7 (5.5-33.5) 124 55.4 (46.0-63.2)
7-30 358248 3273 43.8 (40.2-47.3) 1876 19.9 (12.1-27.0) 1250 62.6 (69.1-65.8)
31-60 459962 6107 39.5 (35.8-43.0) 3171 22.7 (15.56-29.4) 2713 53.1 (49.1-55.8)
61-90 258004 2862 35.6 (30.9-39.9) 1461 23.0 (14.5-30.6) 1304 46.2 (40.7-51.2)
>90 63762 570 21.6 (12.56-29.8) 324 3.0(-13.3t0 16.9) 232 35.2 (23.7-45.0)
Women, n=52638
2 doses®
>130 265541 3291 Ref 938 Ref 2282 Ref
Booster vaccination®
0-6 68019 561 27.5(20.6-33.9) 248 -15.9(-33.9t0 -.3) 300 43.4 (36.0-49.9)
7-30 506319 5233 40.2 (37.4-42.8) 2301 -0.7(-9.11t0 7.2) 2748 56.5 (53.9-59.0)
31-60 708214 10217 35.9 (33.2-38.5) 4335 -3.2(-11.41t04.4) 5607 51.5 (48.9-53.9)
61-90 419060 6015 31.5 (28.3-34.6) 2414 -1.9(-10.8t0 6.2) 3472 44.7 (41.4-47.8)
>90 121547 1426 25.4 (20.1-30.3) 618 -13.0 (-26.6 to —.9) 772 41.1 (35.6-46.1)

Abbreviations: Cl, confidence interval; COVID-19, coronavirus disease 2019; HR, hazard ratio; Ref, reference; rVE, relative vaccine effectiveness; SARS-CoV-2, severe acute respiratory

syndrome coronavirus 2.

?Includes asymptomatic SARS-CoV-2 infections and SARS-CoV-2 infection not possible to classify according to severity. Thus, the number of cases exceeds the sum of mild, moderate, and

severe COVID-19 cases.

PFVE=100% x (1 — HR). HR was estimated using a stratified Cox model with county as strata and calendar time as the underlying time scale. The model was adjusted for prior SARS-CoV-2

infection and age.

°The reference category consisted of person-time more than 130 days after the second vaccine dose up until booster vaccination.

9Booster vaccination was defined as a third vaccine dose received at least 130 days after the second dose.

questionnaire. We calculated test frequency with any test, anti-
gen test, and PCR test (PCR test alone or PCR test plus antigen
test). Furthermore, we assessed test frequency by vaccination
status at the fill-in date of the questionnaire, sex, and age. We
also assessed reasons for testing by vaccination status.

Hazard ratios (HRs) and 95% confidence intervals (CIs) for
the association between vaccination and risk of SARS-CoV-2
infection were estimated with Cox regression. We used a strat-
ified Cox model with county as strata and calendar time as the
underlying time scale. Vaccination was treated as a time-
dependent covariate. The reference category consisted of
person-time more than 130 days after receipt of the second vac-
cine dose up until booster vaccination, that is, person-time dur-
ing which the participants were eligible for, but had not yet
received, booster vaccination. Booster vaccination was catego-
rized based on time since vaccination (0-6, 7-30, 31-60, 61-90,
91-120, and >120 days). Full effect of the booster vaccination is
not expected until 7 days after vaccination. The model was ad-
justed for previous SARS-CoV-2 infection, sex, and age group
(<40, 40-49, 50-59, and > 60 years). The rVE of booster vac-
cination compared to 2 doses was calculated as 100% multiplied
by (1 — HR). In addition to SARS CoV-2 infection, we also used
the categories of COVID-19 severity as outcomes: mild,

moderate, and severe. In these analyses, participants were cen-
sored at the time of infection if their infection was not included
in the severity outcome in question.

We performed additional analyses limited to participants
with no previous SARS-CoV-2 infection. We also examined
the effectiveness of each type of booster vaccine. In this analy-
sis, booster vaccination was categorized both according to time
since vaccination and type of vaccine (Comirnaty or Spikevax).
We also performed analyses by sex and age (<50, 50-59, and
>60 vyears). Here, the categories moderate and severe
COVID-19 were combined due to few severe cases.

Nonresponse to a questionnaire may be related to the out-
come. To assess whether the missingness was informative, we
performed a sensitivity analysis including only participants
who returned all questionnaires.

RESULTS

The majority of the 85 801 participants were included in MoBa
(94.7%), and 61.3% were women (Table 1). The median age was
49 years (range, 30-81 years); most participants (89.6%) were
aged 40-59 years. About 5% had been infected with
SARS-CoV-2 prior to the start of follow-up. At the start of
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Table 4. Effectiveness of Booster Vaccination With mRNA Vaccine Against SARS-CoV-2 Infection and COVID-19 Caused by the Omicron Variant Among
Participants in the Norwegian Mother, Father, and Child Cohort Study and the Senior Cohort, by Age

SARS-CoV-2 Infection

Mild COVID-19

Moderate or Severe COVID-19

Interval From Vaccination, d ~ Person-Time, d  Cases, n® rVE® (95% Cl) Cases, n rVE® (95% Cl) Cases, n rVE® (95% Cl)
Age group < 50y, n=43949
2 doses®
>130 256116 3578 Ref 1121 Ref 2369 Ref
Booster vaccination®
0-6 68470 629 34.5 (28.6-39.9) 285 4.6 (-9.1t0 16.5) 327 47.3 (40.7-53.2)
7-30 445173 5727 42.2 (39.6-44.6) 2655 8.0 (.9-14.5) 2848 58.2 (55.8-60.5)
31-60 522742 9182 37.0 (34.3-39.5) 4011 4.2 (-2.9t0 10.8) 4885 52.1 (49.5-54.5)
61-90 246202 4403 32.3(29.0-35.5) 1826 1.3(-7.21t09.1) 2464 46.6 (43.2-49.8)
>90 55 056 814 32.7 (27.0-38.0) 343 0.9(-12.9t0 13.0) 454 47.0 (41.0-52.4)
Age group 50-59 y, n=34999
2 doses®
130+ 149642 1251 Ref 453 Ref 766 Ref
Booster vaccination®
0-6 45004 231 31.9(21.3-41.1) 125 -1.6(-24.8t017.2) 95 52.5 (40.9-61.9)
7-30 397 544 2712 41.6 (37.3-45.6) 1483 9.4 (-1.3t019.0) 1125 60.7 (56.7-64.3)
31-60 563523 6749 35.9 (31.7-39.9) 3263 10.1 (.1 t0 19.0) 3295 51.0 (46.7-54.9)
61-90 300131 3789 33.1 (28.2-37.6) 1654 15.9 (5.8-24.9) 2044 43.6 (38.3-48.5)
>90 56 633 717 18.5(10.0-26.2) 316 -3.4(-20.81011.6) 378 33.4 (24.0-41.7)
Age group > 60y, n=6853
2 doses®
>130 13778 66 Ref 33 Ref 30 Ref
Booster vaccination®
0-6 1811 4 27.9 (=101.0 to 74.2) 2 25.1 (-218.0 to 82.4) 2 8.2 (—294.7 to 78.6)
7-30 21850 67 34.6 (5.8 t0 54.6) 39 24.9 (-23.5 t0 54.3) 25 43.3 (—.4 10 68.0)
31-60 81911 393 20.5 (—4.7 t0 39.6) 232 9.1 (-33.5 t0 38.1) 140 36.0 (2.7-57.8)
61-90 130731 685 21.2 (-3.210 39.8) 395 8.6 (—33.6 t0 37.4) 268 28.6 (7.1 t0 52.4)
>90 73620 465 24.3 (-.91t043.3) 283 —7.3(-62.0t0 28.9) 172 37.5 (3.2-59.6)

Abbreviations: Cl, confidence interval; COVID-19, coronavirus disease 2019; HR, hazard ratio; Ref, reference; rVE, relative vaccine effectiveness; SARS-CoV-2, severe acute respiratory

syndrome coronavirus 2.

?Includes asymptomatic SARS-CoV-2 infections and SARS-CoV-2 infection not possible to classify according to severity. Thus, the number of cases exceeds the sum of mild, moderate, and

severe COVID-19 cases.

PFVE=100% x (1 — HR). HR was estimated using a stratified Cox model with county as strata and calendar time as the underlying time scale. The model was adjusted for prior SARS-CoV-2

infection, age, and sex.

°The reference category consisted of person-time more than 130 days after the second vaccine dose up until booster vaccination.

9Booster vaccination was defined as a third vaccine dose received at least 130 days after the second dose.

follow-up, 23 297 participants (27.2%) had only received 2 vac-
cine doses, but more than half of these (13 813 participants,
59.3%), received the booster during follow-up. The median
follow-up time was 40 days (range, 1-74 days).

Of the participants, 75911 (88.5%) reported to have been
tested for SARS-CoV-2 during the last 14 days on at least 1
questionnaire. Test frequency was highest in Q2 (65.2%) and
lowest in Q5 (25.3%) (Supplementary Figure 1). The antigen
test frequency was much higher than the PCR test frequency,
125% (Q1) to 22% (Q5)
(Supplementary Figure 2). Test frequency was higher among

which decreased from

booster-vaccinated participants than among participants with
2 doses, that is, those who had not yet received the booster
(Supplementary Figure 3). However, participants with 2 doses
were more likely to have taken a PCR test (Supplementary
Figure 4). Test frequency was higher among women than

among men and decreased with age (Supplementary Figures
5 and 6). Having symptoms was a more common reason for
testing among those without a booster (Supplementary
Figure 7).

In total, 41462 participants (48.3%) were infected with
SARS-CoV-2 during follow-up. Of those infected, 18519
(44.7%), 20 440 (49.3%), and 1247 (3.0%) reported mild, mod-
erate, and severe COVID-19, respectively. The remaining 1256
cases (3.0%) were either asymptomatic (n=1102) or not possi-
ble to classify (n = 154) because they had not answered the rel-
evant questions. Only 3 of the severe COVID-19 cases reported
to have been hospitalized during the same period.

The rVE of the booster vaccination increased with increasing
severity of symptoms, while it decreased with time since the
booster (Table 2 and Figure 2). For SARS-CoV-2 infections, re-
gardless of symptoms, rVE was 41.4% (95% CI, 39.2%-43.5%)
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7-30 days after booster vaccination and decreased to 12.2%
(95% CI, —2.6% to 24.8%) > 120 days after vaccination. The
rVE against mild illness was only 7.9% (95% CI, 2.1%-13.4%)
shortly after vaccination and negative >120 days after vaccina-
tion. For moderate illness, rVE was 56.0% (95% CI, 53.7%—
58.1%) and 27.1% (95% CI, 8.6%-41.8%), respectively, in the
2 time periods. For severe disease, rVE decreased from 80.9%
(95% CI, 76.9%-84.2%) 7-30 days after vaccination to 63.4%
(95% CI, 50.5%-72.9%) >90 days after vaccination.

When we
SARS-CoV-2 infection, results were basically unchanged for
moderate and severe COVID-19. For mild COVID-19, the neg-
ative effect observed in the period >120 days after vaccination

excluded participants with a previous

was somewhat attenuated (Supplementary Table 1).

The effectiveness tended to be higher among men than
among women (Table 3). In the period 7-30 days after booster
vaccination, the effectiveness against moderate or severe
COVID-19 was 62.6% (95% CI, 59.1%-65.8%) among men,
as compared to 56.5% (95% CI, 53.9%-59.0%) among women.
However, >90 days after vaccination, rVE was slightly higher
among women.

During the first 90 days after booster vaccination, the effec-
tiveness was similar in the 2 youngest age groups (<50 years
and 50-59 years; Table 4). However, >90 days after vaccination
the effectiveness was lower among the 50-59 year olds. The ef-
fectiveness tended to be lower among those >60 years as com-
pared to those <50 years, but confidence intervals in the >60
years category were wide.

There was no difference in effectiveness between the 2 mRNA
vaccine types used for booster vaccination (Supplementary
Table 2). Results from analyses limited to the 48 379 participants
who returned all questionnaires were similar to the results for
the full study sample (Supplementary Table 3).

DISCUSSION

In this large, population-based cohort study with more than 85
000 participants, we found that booster vaccination gave sub-
stantially better protection against severe and moderate than
mild COVID-19, and that the protection decreased with time
since vaccination. Furthermore, the effectiveness tended to be
lower among those >60 years as compared to the younger
age groups. We found no difference in effectiveness between
the 2 mRNA vaccines used for booster vaccination in Norway.
In agreement with recent publications [15, 25, 26], we found
that mRNA boosters provide protection against COVID-19
caused by Omicron. Previous studies of booster vaccination
have demonstrated better effectiveness against hospitalization/
death than against Omicron infection of any severity [26-29].
While some studies report booster effectiveness against
Omicron infection compared to unvaccinated subjects [25], it
is increasingly common to show VE relative to 2 doses [14,

24, 28, 30-33]. Estimates of rVE with 2 doses as reference
will be somewhat lower due to better baseline protection. In
the current epidemiological setting, where only a small propor-
tion remain unvaccinated, those who have completed the pri-
mary series may be a more representative comparison group.
Furthermore, subjects with a completed primary course are
the target population for future booster vaccination.

In agreement with previous studies [25, 30, 33], we found
substantial and rapid waning of the effectiveness against
Omicron infection. In a recent surveillance report from the
United Kingdom, VE estimates for mRNA booster vaccination
against Omicron infection compared to unvaccinated individ-
uals ranged from 60% to 75% in weeks 2-4 after the booster,
declining to almost no effect 20 weeks after vaccination [16].
We found that the booster provided substantially better and
longer-lasting protection against severe than mild disease.
This gradient across self-reported severity within a generally
nonhospitalized population has not been demonstrated before.
Few of the severe COVID-19 cases in our study were hospital-
ized. This is not surprising because most participants were
younger than 60 years.

Despite the clear age dependency in COVID-19 vaccination
programs, the effectiveness of an mRNA booster by age is not
well studied. Some studies have found a similar effect across
age categories [28, 34]. In contrast, Kirsebom et al reported
slightly greater waning in adults aged >65 years compared to
40-64 year olds [35]. Our findings also suggest a lower effec-
tiveness in the oldest age group. However, this group was small
and clear conclusions could not be drawn.

Almost 90% of the participants reported to have been tested
for SARS-CoV2. The participants were much more likely to
have taken an antigen test than a PCR test. The specificity of an-
tigen tests is high, but the sensitivity is lower compared to PCR
tests [36, 37]. Since January 2022, people with 3 vaccine doses
are not recommended a confirmatory PCR test after a positive
self-sample test [38]. As expected, booster-vaccinated partici-
pants were less likely to have had a PCR test than those with 2
doses. Consequently, the false-negative rate may be higher
among booster-vaccinated participants. We cannot rule out
that this may have resulted in an overestimation of the vaccine
effectiveness. However, the higher rate of false negatives could
have been outweighed by the higher test frequency among
addition,
vaccinated participants were somewhat less likely to get tested

booster-vaccinated  participants. In booster-
due to symptoms. Thus, the detection rate for mild
COVID-19 may have been higher among the booster-
vaccinated participants, possibly explaining the negative boos-
ter effectiveness against mild illness observed >120 days after
vaccination. We also found that women were more likely to
be tested than men. Higher test frequency and selective testing
may explain why the negative booster effectiveness against
mild illness was limited to women.
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Some studies have shown different VE by type of mRNA
booster [25, 29]. In the present study, different combinations
of vaccine types in the primary course were not considered,
which probably limits the interpretation of the rVE according
to booster type.

Nearly 95% of study participants belong to MoBa, a large, na-
tionwide, population-based cohort that was established many
years prior to the SARS-CoV-2 pandemic. In addition, we in-
cluded older subjects from the newly established senior cohort.
The use of electronic questionnaires made it possible to collect
data on symptoms and mild infections not requiring medical
care and thus not captured by patient registries. Our study cov-
ered most of the Omicron BA.1/BA.2 surge in Norway. During
this period, antigen test kits were easily available and to a large
extent offered for free. Another strength is the linkage to the na-
tional immunization registry, which gave detailed and com-
plete information about vaccination dates and brand. In
addition, MSIS provided reliable information about the partic-
ipants’ history of positive laboratory-confirmed PCR tests for
SARS-CoV-2 until February 2022. Previous SARS-CoV-2 in-
fection influences both risk of reinfection and likelihood of re-
ceiving booster vaccination. Although we adjusted for
SARS-CoV-2 infections registered in MSIS prior to start of
follow-up, we have not been able to capture all infections.
Among participants with no previous SARS-CoV-2 infection,
the negative booster effectiveness against mild COVID-19
was attenuated but did not disappear. This suggests that
some residual confounding due to previous infection remains.

Information on infections after booster vaccination, the out-
come in our study, was based on self-report. Although ques-
tionnaires were sent out frequently, SARS-CoV-2 infections
and COVID-19 cases are still likely to be underreported to
some degree.

Booster vaccination with mRNA vaccine partly prevents
moderate and severe COVID-19, but not infection with mild
symptoms. Hospitalization with COVID-19 was rare in this
study of subjects mainly aged 40-59 years. A better understand-
ing of how booster vaccination can prevent moderate and se-
vere illness without hospitalization is crucial to evaluate the
full advantage of an mRNA booster. Ours is the first study to
evaluate booster effectiveness against self-reported mild, mod-
erate, and severe COVID-19 in a population-based study, giv-
ing a better assessment of the burden of disease due to Omicron
infection. The results contribute valuable information to policy
makers on duration of protection and thus timing of additional
booster vaccinations.

Supplementary Data

Supplementary materials are available at The Journal of
Infectious Diseases online. Consisting of data provided by the
authors to benefit the reader, the posted materials are not copy-
edited and are the sole responsibility of the authors, so

questions or comments should be addressed to the correspond-
ing author.
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