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Abstract
Background: Evidence on the durability of the protection of a fourth dose of a monovalent or bivalent messenger ribonucleic acid (mRNA)
vaccine against coronavirus disease 2019 (COVID-19) among older people during the predominant Omicron period is needed.

Methods: We performed a population-based cohort study in Norway covering the time from 1 July 2022 to 15 January 2023, including individu-
als �75 years of age who had received at least a third dose. Using Cox proportional hazard models on severe COVID-19-associated outcome
measures and all-cause mortality, we estimated the vaccine effectiveness of mono- and bivalent vaccines, comparing fourth- to third-dose
recipients (>24weeks ago). Vaccine status was included as a time-varying covariate and models were adjusted for potential confounders.

Results: We included 408073 individuals. A fourth dose with either monovalent or bivalent mRNA vaccine showed increased protection against
COVID-19-associated mortality relative to a third dose in individuals �75 years of age. We estimated a protective effect for the bivalent BA.1 vac-
cine [adjusted hazard ratio (aHR) 0.08, 95% CI 0.02–0.32] relative to the bivalent BA.4–5 (aHR 0.27, 95% CI 0.14–0.56) and a monovalent dose
(aHR 0.34, 95% CI 0.26–0.45) 2–9weeks after vaccination compared with recipients with a third dose >24weeks ago. The increased protective
effect waned with no added protection for the monovalent vaccine after 33weeks compared with a third dose.

Conclusions: Our results indicate an increased protective effect of a fourth dose against severe outcomes compared with a third dose, with
decreasing effect with time since the last dose.
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Introduction

Since December 2021, Omicron (B.1.1.529) has become the
dominant severe acute respiratory syndrome coronavirus

2 (SARS-CoV-2) variant globally and a rapid increase in
new coronavirus disease 2019 (COVID-19) cases was
observed.1

Key Messages

• A fourth dose with a monovalent or bivalent vaccine (BA.1 or BA.4–5) provided additional protection against severe coronavirus disease

2019 (COVID-19)-related outcomes and all-cause mortality compared with only a third dose (>24 weeks ago) among individuals

�75 years old in Norway.

• Our results indicate a waning protective effect of the fourth dose with a monovalent vaccine compared with the third dose, starting

10–17 weeks after vaccination.

• After 33 weeks, there was no additional protective effect of a fourth dose with a monovalent vaccine on severe COVID-19-related

outcomes compared with a third dose (>24 weeks ago).

• The waning of a fourth dose seems important to consider when defining future COVID-19 booster vaccination strategies.
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Previous studies identified that the Omicron variants BA.4
and BA.5 show a substantial escape from vaccine or infection-
induced neutralizing antibodies.2,3 Thus, the initial monova-
lent messenger ribonucleic acid (mRNA) booster vaccines
based on the original virus (Wuhan) may not provide a long-
lasting protection against the new emerging variants.4–6

However, the immune evasion seems to be less pronounced in
individuals with hybrid immunity resulting from prior
infection and vaccination.4,7 To combat the weakened
effectiveness of the monovalent BNT162b2 (Comirnaty,
Pfizer-BioNTech) and mRNA-1273 (Spikevax, Moderna)
COVID-19 vaccines, the bivalent mRNA booster vaccines,
covering the original Wuhan virus and BA.4–5 or BA.1, were
recently made available in most countries and implemented in
the booster vaccination programmes, including for most vul-
nerable groups such as individuals aged �75 years as well as
residents of long-term care facilities (LTCFs). The bivalent
vaccines are expected to offer a broader immune response
able to neutralize Omicron lineages.8 Previous vaccine effec-
tiveness (VE) studies of fourth doses mainly focused on the
monovalent mRNA COVID-19 vaccines and periods prior to
the emergence of the subvariants BA.4 and BA.5. Early results
indicate that vaccination with the bivalent mRNA boosters as
a fourth vaccine dose (second booster) increases protection
against COVID-19-associated hospitalization and mortality
compared with only receiving three doses (first booster).9,10

In Norway, the fourth dose of COVID-19 vaccine became
available in April 2022 but was not yet recommended for any-
one. It was not until 1 July 2022 that a fourth dose was rec-
ommended for the most vulnerable groups, including those
aged �75 years and residents of LTCFs.11,12 Since September
2022, the adapted bivalent vaccines Comirnaty and Spikevax
have become available in the COVID-19 vaccination pro-
gramme in Norway.11

Real-world evidence on the durability of the protection and
the effectiveness of the bivalent booster vaccines on severe
COVID-19 outcome is needed. Therefore, our study aimed to
compare the added protective effect of the fourth dose and the
bivalent vaccines against COVID-19-associated mortality and
all-cause mortality, COVID-19-associated hospitalization, as
well as intensive care unit (ICU) admission among individuals
�75 years of age in Norway.

Methods
Data collection and study population

We conducted a population-based cohort study and linked
data from the National Emergency Preparedness Register
(Beredt C19), which contains individual-level data from
various registries in Norway. More details about the
different data sources and Beredt C19 are provided in the
Supplementary Table S2 (available as Supplementary data at
IJE online). Relevant data was extracted on 13 February cov-
ering the study period from 1 July 2022 until 15 January
2023; 1 July 2022 was chosen because this is the date on
which when the fourth dose was recommended for the most
vulnerable groups in Norway.12 We included all individuals
aged �75 years with a national identity number in the
Norwegian national registry who had received at least three
vaccine doses by 1 July 2022, which comprised the base pop-
ulation. Individuals were excluded based on pre-defined crite-
ria displayed in Figure 1 and Supplementary Text S1
(available as Supplementary data at IJE online).

Definition of outcome measures

The primary outcome measures in our study were (i)
COVID-19-associated mortality and (ii) all-cause mortality,
including individuals who died of other causes. Secondary
outcome measures were (iii) COVID-19-associated hospitali-
zation and (iv) COVID-19-associated ICU admission. More
detailed information on definitions and adjustment variables
is provided in Supplementary Text S1 and Table S1 (available
as Supplementary data at IJE online).

Statistical analyses

Descriptive analyses were performed to present the socio-
demographic characteristics of the overall study population as
well as stratified by individuals who received a third dose
and/or a fourth dose over the study period. In addition, we
calculated the number of severe COVID-19-associated out-
come measures and all-cause mortality during the study pe-
riod. To provide more detailed information about the time at
risk, we reported the number of person-years provided
by individuals at risk until censoring or the occurrence of
each event, stratified by the vaccine dose that individuals
received.

Cox proportional hazard models were performed using the
coxph function from the survival R-package13 to estimate the
adjusted hazard ratios (aHRs) on the primary and secondary
outcomes measures. We estimated aHRs for individuals who
received a fourth dose compared with those who had received
the third dose >24 weeks ago. Vaccination status, a combina-
tion of time under risk since the last dose and vaccine type
(for the fourth dose), was the main predictor and included in
the model as a time-varying variable (more details on this
time-varying variable are provided in Supplementary Table
S3, available as Supplementary data at IJE online).14 All mod-
els were stratified using pre-defined strata of age groups, sex,
region of residence, risk group and whether an individual was
a resident in a LTCF by applying strata (function) of the R
survival package.13 This allows the covariate combination to
have non-proportional differences, i.e. groups are not as-
sumed to have the same baseline hazard over time. The aHR
was reported for all levels of the vaccine status factor. As sub-
group analysis, we performed an additional Cox proportional
hazard model that we stratified by LTCF residents to assess
potential differences of lower vaccine-induced protection
against the outcome measures among older people living at
home and those living in LTCFs. The results are presented as
aHRs with 95% confidence intervals (CIs). All analyses were
performed using R Version 4.0.2.

Results
Study population

We included a total of 408 073 individuals, of whom 55.7 %
(227 290) were female. A total of 23 209 individuals had al-
ready received a fourth dose by 1 July 2022. The median time
to receive the fourth dose during the study period was 32 days
(interquartile range 17–42 days). Detailed socio-demographic
characteristics of the study population at baseline and by the
vaccine dose that individuals received during the study period
are shown in Table 1. Overall, a fourth dose was received by
319 582, of whom 81.1% (259 179) received a monovalent
and 18.9% (60 403) a bivalent vaccine. Among bivalent recip-
ients, 57.8% (34 881) and 42.3% (25 522) received a BA.1
and BA.4–5 dose, respectively. The proportion of individuals
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in the oldest age groups (>85 years) was slightly higher
among monovalent recipients (24.8%; 64 007) compared
with those who received a bivalent vaccine (BA.1: 18.8%;

6552; BA.4–5: 21.5%; 5494). The groups were comparable
regarding high- and medium-risk groups, displayed in
Table 1.

Figure 1. Flow chart of included individuals who contributed time at risk in our analyses
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Amongst 408 073 individuals, 732 (0.2%) deaths were as-
sociated with COVID-19 and 13 430 (3.3%) deaths were not
associated with COVID-19. A total of 2613 (0.6%) individu-
als were hospitalized with COVID-19 as the main reason for
admission and 110 (0.03%) individuals were admitted to
the ICU. More detailed information about the time at risk un-
til each event occurred stratified by vaccine dose is displayed
in Table 2 and Supplementary Table S4 (available as
Supplementary data at IJE online).

The overall numbers of COVID-19-associated deaths, all-
cause mortality, COVID-19-associated hospitalization and
ICU admission during the study period in Norway is dis-
played in the epidemic curve in Supplementary Figure S1
(available as Supplementary data at IJE online) and the domi-
nating SARS-CoV-2 variants in Norway in Supplementary
Figure S2 (available as Supplementary data at IJE online).

Estimates of protection for COVID-19-associated

mortality and all-cause mortality

The results of our Cox-regression analyses indicating an addi-
tional protective effect against COVID-19-associated mortal-
ity of a fourth dose for mono- and bivalent vaccines
compared with having received a third dose >24 weeks ago,
as all aHRs were <1. A fourth dose of both monovalent and
bivalent vaccines show a high protection against COVID-19-
associated mortality 2–9 weeks after vaccination. Although
not statistically significant, a numerically higher protection
was conferred by the BA.1 (aHR 0.08, 95% CI 0.02–0.32)
relative to the BA.4–5 (aHR 0.27, 95% CI 0.14–0.56) and a
monovalent dose (aHR 0.34, 95% CI 0.26–0.45), as
displayed in Figure 2A. A protective effect of a fourth dose
relative to a third dose was also identified for the outcome of
all-cause mortality (Figure 2B). Receiving a bivalent fourth
dose indicate a little higher protective effect (BA.1: aHR 0.33,

95% CI 0.28–0.40; BA.4–5: aHR 0.40, 95% CI 0.33–0.48)
during weeks 2–9 after vaccination compared with a monova-
lent vaccine (aHR 0.55; 95% CI 0.52–0.58).

The protective effect waned over time for both primary out-
come measures. After 33 weeks we did not identify an addi-
tional protective effect of a fourth dose with a monovalent
vaccine on COVID-19-associated mortality (aHR 0.28, 95%
CI 0.07–1.14) compared with a third dose >24 weeks ago
(Figure 2A and B). The bivalent vaccines were implemented
recently and therefore we could not estimate the protective ef-
fect after >17 weeks.

The results of the subgroup analysis for LTCF residents did
not show any differences for the protective effect of
COVID-19-associated mortality and all-cause mortality
among individuals who received a fourth dose with a mono-
valent vaccine. The results are shown in Supplementary Table
S5 (available as Supplementary data at IJE online).

Estimates of protection for COVID-19-associated

hospitalization and ICU admission

Estimates for the secondary outcome measures of COVID-19-
associated hospitalization and ICU admission were compara-
ble to the primary outcome measures, elucidating a protective
effect of a fourth dose compared with a third dose. We identi-
fied a waning of the protective effect for hospitalization after
17 weeks for the monovalent vaccines, with an aHR of 0.31
(95% CI 0.26–0.38) after 2–9 weeks to an aHR of 0.58 (95%
CI 0.45–0.73) after 26–33 weeks (Figure 3A). The waning of
the protective effect was less pronounced for ICU admission
with greater uncertainty of the estimates (Figure 3B). Our
results indicate that the protective effect seems to be slightly
more pronounced for COVID-19-associated hospitalization
compared with COVID-19-associated ICU admission during
2–9 weeks after vaccination. We did not identify differences

Table 1. Socio-demographic characteristics of the study population and stratified for individuals who received a third dose and/or a fourth dose over the

study period

Study population Third-dose recipientsa Fourth-dose recipients

Monovalent vaccine BA.1 bivalent vaccine BA.4–5 bivalent vaccine

n % n % n % n % n %

Sex
Female 227 290 55.70 214 120 55.60 142 665 55.04 18 621 53.38 13 781 54.00
Male 180 783 44.30 170 744 44.40 116 514 44.96 16 260 46.62 11 741 46.00

Age (years)
75–79 194 594 47.70 191 434 49.70 122 884 47.41 19 733 56.57 13 589 53.24
80–84 111 271 27.30 100 959 26.20 72 288 27.89 8596 24.64 6439 25.23
85–89 63 264 15.50 57 243 14.90 39 867 15.38 4355 12.49 3524 13.81
90þ 38 944 9.50 35 228 9.20 24 140 9.31 2197 6.30 1970 7.72

Region
Innlandet 36 022 8.80 33 868 8.80 22 451 8.66 3808 10.92 2072 8.12
Trøndelag 36 702 9.00 34 878 9 23 618 9.00 3038 9.00 1807 7.00
Nord-Norge 39 775 9.70 38 615 10.00 20 636 7.96 3683 10.56 3264 12.79
Oslo & Viken 133 582 32.70 123 735 32.20 87 962 33.94 10 611 30.42 9809 38.43
Agder & Sørøstlandet 60 375 14.80 56 980 14.80 38 368 14.80 5074 14.55 4052 15.88
Vestlandet 101 617 24.90 96 788 25.10 66 144 25.52 8667 24.85 4518 17.70

Risk group
None 189 581 46.50 179 726 46.70 120 725 46.58 16 549 47.44 11 973 46.91
Medium 187 608 46.10 176 342 45.80 118 653 45.78 15 865 45.48 11 706 45.87
High 30 884 7.60 28 796 7.50 19 801 7.64 2467 7.07 1843 7.22

LTCF resident
No 388 227 95.10 367 392 95.50 244 997 94.53 34 472 98.83 25 086 98.29
Yes 19 846 4.90 17 472 4.50 14 182 5.47 409 1.17 436 1.71

LTCF, long-term care facility. n, number.
a Individuals who received their third dose >24 weeks ago.
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Table 2. Socio-demographic characteristics by primary outcome measure of COVID-19-associated mortality and all-cause mortality, with the time under risk in person-years for each event stratified by the vaccine

dose

Third-dose recipientsa Fourth-dose recipients

Monovalent vaccine BA.1 bivalent vaccine BA.4–5 bivalent vaccine

Person-timeb COVID-19-
associated
mortality

All-cause
mortality

Person-timeb COVID-19-
associated
mortality

All-cause
mortality

Person-timeb COVID-19-
associated
mortality

All-cause
mortality

Person-timeb COVID-19-
associated
mortality

All-cause
mortality

Years % n % n % Years % n % n % Years % n % n % Years % n % n %

Sex
Female 50 834 56.80% 194 47.90% 3503 53.10% 61 365 55.22% 154 49.52% 3678 57.17% 5314 53.44% 4 50.0% 115 48.12% 2522 54.07% 2 25.0% 82 51.25%
Male 38 718 43.20% 211 52.10% 3095 46.90% 49 758 44.78% 157 50.48% 2755 42.83% 4630 46.56% 4 50.0% 124 51.88% 2143 45.93% 6 75.0% 78 48.75%

Age (years)
75–79 43 998 49.10% 79 19.50% 1510 22.90% 51 701 46.53% 57 18.33% 1057 16.43% 5648 56.80% 2 25.0% 61 25.52% 2502 53.64% 4 50.0% 42 26.25%
80–84 23 589 26.30% 70 17.30% 1446 21.90% 31 723 28.55% 58 18.65% 1346 20.92% 2444 24.57% 2 25.0% 41 17.15% 1169 25.07% 0 – 36 22.50%
85–89 13 689 15.30% 102 25.20% 1605 24.30% 17 388 15.65% 82 26.37% 1651 25.66% 1230 12.37% 1 12.5% 73 30.54% 636 13.63% 2 25.0% 42 26.25%
90þ 8275 9.20% 154 38.00% 2037 30.90% 10 311 9.28% 114 36.66% 2379 36.98% 623 6.26% 3 37.5% 64 27.00% 358 8.00% 2 25.0% 40 25.00%

Region
Innlandet 8305 9.30% 33 8.10% 592 9.00% 9157 8.00% 31 9.97% 570 8.86% 1145 11.51% 3 37.5% 29 12.13% 409 8.76% 0 – 18 11.25%
Trøndelag 8205 9.20% 27 6.70% 604 9.20% 10 046 9.04% 27 8.68% 596 9.26% 847 8.52% 1 12.5% 23 9.62% 281 6.01% 1 12.5% 10 6.25%
Nord-Norge 10 978 12.30% 40 9.90% 739 11.20% 8403 7.56% 22 7.07% 514 7.99% 1000 10.06% 0 0.0% 16 6.69% 565 12.11% 0 – 16 10.00%
Oslo & Viken 27 028 30.20% 132 32.60% 1948 29.50% 38 520 34.66% 109 35.05% 2155 33.50% 3004 30.21% 2 25.0% 68 28.45% 1924 41.25% 3 37.5% 54 33.75%
Agder &

Sørøstlandet
13 006 14.50% 46 11.40% 975 14.80% 16 673 15.00% 39 12.54% 975 15.16% 1473 14.81% 0 – 27 11.30% 739 15.85% 3 37.5% 39 24.38%

Vestlandet 22 031 24.60% 127 31.40% 1740 26.40% 28 324 25.49% 83 26.69% 1623 25.23% 2475 24.89% 2 25.0% 76 31.80% 747 16.01% 1 12.5% 23 14.38%
Risk group

None 42 089 47.00% 120 29.60% 1929 29.20% 51 804 46.62% 113 36.00% 2010 31.00% 4741 48.00% 3 37.5% 76 31.80% 2211 47.40% 2 25.0% 46 28.75%
Medium 41 036 45.80% 220 54.30% 3622 54.90% 50 849 45.76% 165 53.05% 3555 55.26% 4505 45.31% 4 50.0% 126 52.72% 2120 45.45% 5 62.5% 91 56.88%
High 6427 7.20% 65 16.00% 1047 15.90% 8469 7.62% 33 10.61% 868 13.49% 698 7.02% 1 12.5% 37 15.00% 334 7.00% 1 12.5% 23 14.00%

LTCF resident
No 86 319 96.40% 277 68.40% 5096 77.20% 10 5061 94.55% 163 52.41% 3999 62.16% 9829 98.85% 8 100.0% 213 89.12% 4592 98.44% 8 100.0% 137 85.63%
Yes 3233 3.60% 128 31.60% 1502 22.80% 6061 5.45% 148 47.59% 2434 37.84% 115 1.16% 0 – 26 10.88% 73 1.56% 0 – 23 14.38%

LTCF, long-term care facility; COVID-19, coronavirus disease 2019; n, number.
a Individuals who received their third dose >24 weeks ago.
b The time under risk for third- and fourth-dose recipients until censoring or occurrence of the respective event.
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for the protective effect against ICU admission when compar-
ing bivalent BA.1 with BA.4–5 and monovalent doses
(Figure 3A and B).

Discussion

Our population-based cohort study among individuals aged
�75 years in Norway shows that a fourth dose with a mono-
valent or bivalent vaccine provided additional protection
against severe COVID-19-related outcomes and all-cause
mortality than a third dose >24 weeks ago during an
Omicron dominating period (Supplementary Figure S2, avail-
able as Supplementary data at IJE online).

The current recommendations for the bivalent COVID-19
vaccines are mainly based on evidence from immunogenicity
studies indicating a greater response against current circulat-
ing Omicron lineages.15,16 But current evidence on the real-
world effectiveness of the fourth COVID-19 dose and bivalent
vaccines in older people is sparse. Our population-based
study provides complementary evidence to existing studies be-
cause of the larger study population and longer follow-up.9,17

In addition, we were able to compare the effect of the different
vaccines, BA.1, BA.4–5 and the monovalent vaccine used for
the fourth dose over time.

Protective effect for COVID-19-associated outcome

measures and all-cause mortality

In our study, we identified high protection against severe
COVID-19-associated outcome measures and all-cause mor-
tality for both monovalent and bivalent vaccines (BA.1 and
BA.4–5) �17 weeks after vaccination, in a period when vari-
ous Omicron lineages circulated predominantly in Norway.
These findings are consistent with previous studies, although
different methods, definitions and follow-up times were used,
which indicate similar results regarding the protective durabil-
ity among older people and most vulnerable groups.17–20

Comparable levels of protection were identified in a cohort
study from Israel covering a shorter follow-up period, which
estimated a protective effect for COVID-19-associated mor-
tality (aHR 0.32, 95% CI 0.18–0.58) and hospitalization
(aHR 0.28, 95% CI 0.19–0.40) in individuals aged �65 years
for �120 days by comparing individuals who received a biva-
lent vaccine with those who were unvaccinated.9 A recent
study from Sweden compared the VE of a third and fourth
dose against all-cause mortality in individuals aged >80 years
and reported a greater protective effect in those living in a
LTCF (61%, 95% CI 58–64%) compared with those living at
home (50%, 95% CI 46–54%).17 Whereby stratifying our
analysis according to residential status did not appreciably
impact our results for a monovalent vaccine on COVID-19-
associated mortality and all-cause mortality. Since the group
of LTCF residents were prioritized in the vaccination pro-
gramme and therefore were vaccinated before the bivalent
vaccines were introduced, the number of LTCF residents with
bivalent vaccines was very low and therefore the protective ef-
fect could not be estimated.

The protective effect for all-cause mortality identified in the
Swedish study17 was also found in our analyses. Even though
our models were adjusted for demographic data and risk fac-
tors for severe COVID-19-associated outcomes, which
decreases the risk of bias, we cannot rule out that the protec-
tive effect estimates might be overestimated due to the healthy
vaccinee bias.21,22 As all-cause mortality is a relatively unspe-
cific outcome measure, our results can also be biased due to
factors that we insufficiently corrected for in our models.

During the winter season, viral infections such as influenza
and respiratory syncytial virus are more prevalent, with an in-
creased risk of mortality, particularly among older people and
individuals with underlying health conditions. Thus, the
results might indicate that vaccination with the updated vac-
cines before the winter could have provided additional protec-
tion against all-cause mortality during the winter season.

Figure 2. The adjusted hazard ratio (aHR) estimates for (A) COVID-19-associated mortality and (B) all-cause mortality by vaccination with an mRNA

booster among all individuals living in Norway with a valid national identity number and aged �75 years. Fourth dose, >7 days after a fourth COVID-19

vaccine dose was given with either a monovalent or bivalent (BA.1 or BA.4–5) vaccine. �24 weeks since the third dose was used as reference level. The

Cox proportional hazard model is stratified for age, sex, risk group, resident in long-term care facility and county of residence. Due to the recent

introduction of the BA.1 and BA.4–5 vaccines, estimates could only be calculated for the monovalent vaccines for all vaccination statuses
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Waning of the protective effect against COVID-19-

associated severe outcomes

We could not estimate the protective effect of the bivalent vac-
cine for >17 weeks after vaccination due to the recent intro-
duction of these vaccines. Additionally, the estimated effect
for the bivalent vaccines can be biased for the time 10–
17 weeks after vaccination due to a different time under risk.
Some bivalent recipients in our study had a shorter time at
risk and therefore less time for the waning effect to become
visible. However, our results indicate a waning protective ef-
fect of the fourth dose with a monovalent vaccine compared
with the third dose for all vaccines, starting 10–17 weeks after
vaccination. A substantial waning immunity after this period
was also found in previous studies.17,23 The waning of a
fourth dose among older people seems therefore to be impor-
tant to consider when defining future booster vaccination
strategies.24,25

Differences between mono- and bivalent COVID-19

vaccines as fourth dose

Up to now, only limited data have been available to identify
differences in VE between bivalent and monovalent vaccines
as a fourth dose. Recent findings from North Carolina, USA
identified a VE of 61.5% (95% CI 47.1–71.9%) against hos-
pitalization or deaths among individuals aged �65 years who
received a bivalent dose; the protective effect was 41.2%
higher compared with a monovalent dose (20.3%, 95% CI
�6.0–40.1%).18 In our study, we did not identify a clear indi-
cation that the bivalent vaccines were superior to a monova-
lent fourth dose against COVID-19-related outcome
measures. However, the protective effect with a bivalent
COVID-19 vaccine seemed to be generally slightly higher
against all-cause mortality compared with a monovalent vac-
cine. Nevertheless, this outcome measure is potentially more
likely to be biased due to other factors that have not been con-
sidered in our models.

Even though we did not identify huge differences between
baseline characteristics, such as risk group, sex and age, be-
tween third- and fourth-dose recipients, the most vulnerable
groups had been prioritized for the fourth-dose roll-out
and were vaccinated with a monovalent vaccine due to the
availability (see Supplementary Figure S3, available as
Supplementary data at IJE online), which could also have
raised their risk for severe outcome and led to bias of the esti-
mates when comparing mono- and bivalent vaccines.

Some of the latest study findings might indicate that the bi-
valent vaccines potentially improve and broaden the
protection during the Omicron period.9,18 However, more
real-world evidence with longer and larger-sized follow-up
data is needed. Therefore, continued monitoring will be im-
portant to fully understand the durability of protection of the
mono- and bivalent vaccines with the emergence of Omicron
sub-lineages and new COVID-19 variants over time.

Limitations

Our study has several limitations. First, the limits of a
register-based cohort study should be considered when inter-
preting the results, as the data were not collected for the pur-
pose of our study only. Second, we should consider that in
some cases the outcome of COVID-19-associated mortality
may have not directly been caused by SARS-CoV-2. To pro-
vide a broader picture of our results, we also included a model
on all-cause mortality in our analyses. Third, we could not
consider prior infections during the Omicron period because
mandatory public testing was stopped mid-January 2022,
thus data on infections were no longer reliable after this.
Therefore, we could not differentiate between the protective
effect of hybrid immunity compared with vaccine-only immu-
nity, which could have led to biased VE estimates.26,27

However, we excluded individuals who had been previously
hospitalized due to COVID-19 to minimize bias. Fourth, even
though the models were adjusted for the presence of underly-
ing risk for a severe COVID-19-associated outcome, the

Figure 3. The adjusted hazard ratio (aHR) estimates for COVID-19-associated (A) hospitalization and (B) intensive care unit admission by vaccination with

an mRNA booster among all individuals living in Norway with a valid national identity number and aged �75 years. Fourth dose, >7 days after a fourth

COVID-19 vaccine dose was given with either a monovalent or bivalent (BA.1 or BA.4–5) vaccine. The results of the Cox proportional hazard model are

stratified for age, sex, risk group, resident in a long-term care facility and county of residence. Due to the recent introduction of the BA.1 and BA.4–5

vaccines, estimates could only be calculated for the monovalent vaccines
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severity of the disease and not only the presence could affect
the observed differences of the protective effects. In addition,
the number of events was relatively small for mortality and
ICU admissions, which could have amplified any differences
in the protective effect between monovalent and bivalent vac-
cines. Fifth, our results present estimates on VE during the
predominant Omicron period among individuals �75 years
old and are not generalizable for other age groups and other
time periods. Finally, the number of events in specific strata
pertaining to COVID-19-associated mortality and ICU admis-
sion outcomes were low, warranting careful consideration
when interpreting the results. Nonetheless, the overall protec-
tive effect of the COVID-19 vaccines for all outcome meas-
ures remained robust during the initial 17 weeks after the
fourth dose.

Conclusions

Our analyses provide important evidence on the protective ef-
fect and durability of a fourth dose of monovalent and biva-
lent vaccines BA.1 and BA.4–5 during the predominant
Omicron period among individuals �75 years of age in
Norway. Even though the additional protective effect of the
fourth dose waned with time since vaccination, both monova-
lent and bivalent vaccines showed a high additional protective
effect against severe COVID-19 outcomes when compared
with a third dose. Our results contribute to the increasing evi-
dence suggesting that the level of protection against severe
outcomes seems to wane with the length of time since the last
dose within individuals aged �75 years.
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