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Abstract

Background Due to changes in testing policy and increased use of rapid tests, other indicators for SARS-CoV-2 infec-
tions are needed to monitor vaccine effectiveness (VE). We aimed to estimate VE against COVID-19 sick leave (>3 days,
certified by a medical professional) among employed individuals (25-64-years-old) in Norway.

Methods We performed a nationwide cohort study by collating data from the Emergency preparedness register
for COVID-19. We used adjusted Cox proportional hazard models with vaccine status as a time-varying covari-

ate and presented results as adjusted hazard ratios (aHRs) with corresponding 95% confidence intervals. Separate
models were run against sick leave and against SARS-CoV-2 infections during the Delta period (June-December
2021), and against sick leave during the Omicron period (January-December 2022) when SARS-CoV-2 PCR-testing
was replaced by rapid self-tests and infections were underreported.

Results We included 2,236,419 individuals during the Delta period, of whom 73,776 (3.3%) had a reported infec-
tion and 54,334 (2.4%) were registered with sick leave. Of the 2,206,952 included individuals in the Omicron period,
300,140 (13.6%) were registered with sick leave. During the Delta period, 55% (26,611) of individuals who had reg-
istered sick leave also had a positive test, compared to 32% (96,445) during the Omicron period. The VE against sick
leave during the Delta period followed a similar waning pattern to that against SARS-CoV-2 infections. After the sec-
ond and third dose, the lowest aHRs were estimated for 2-7 days after vaccination for both sick leave (0.25; 95%Cl
0.24-0.26 and 0.26; 95% Cl 0.24-0.29) and infection (0.16; 95% Cl 0.15-0.17 and 0.18; 95% Cl 0.16-0.19) respectively.
During the Omicron period, aHRs for sick leave were higher than during the Delta period, but the lowest aHRs were
still found in 2-7 weeks after receiving the second (0.61; 95% Cl 0.59-0.64) or third dose (0.63; 95% Cl 0.62-0.64).

Conclusion Our results showed that sick leave could be a relevant indicator for VE in the surveillance of COVID-19
and a finding that may be important in the surveillance of other respiratory infection.
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Background

COVID-19 vaccines have shown high efficacy in clinical
trials and good effectiveness from observational stud-
ies. However, all vaccines have shown waning over time
and effectiveness vary against different variants, with
lower protection against the Omicron variant compared
to Delta [1-9]. Therefore, monitoring of vaccine effec-
tiveness (VE) is important to guide policies and rec-
ommendations. VE against COVID-19 has often been
measured against either infection (positive polymerase
chain reaction (PCR) test), or more severe outcomes
such as hospitalisation and death. Using these outcomes
can be challenging, for example due to changes in testing
policy.

Throughout the pandemic, the Norwegian COVID-
19 regulations and measures have changed, includ-
ing requirements for isolation of SARS-CoV-2 positive
individuals, quarantine of close contacts and testing.
COVID-19 testing has been recommended for anyone
with symptoms, and until September 2021 also required
for close contacts. The duration of isolation for COVID-
19 cases ranged anywhere from 5 days (after September
2021) to 10 days (before September 2021) and until Sep-
tember 2021 close contacts were required to quarantine
themselves. Subsequently, testing and quarantine of close
contacts was only recommended (not required) for those
unvaccinated. With the introduction of the Omicron
variant in November 2021, COVID-19 measures were
reinforced, including a seven-day isolation of cases, test-
ing and quarantine of household members. By mid-Feb-
ruary 2022, all isolation requirements were lifted, with a
four-day isolation recommended for positive cases (not
required) [10].

In Norway, SARS-CoV-2 PCR-testing has been free
and widely available since summer 2020 and by the end
of 2021 self-administered rapid testing was freely avail-
able. The reporting of any positive PCR-tests to the Nor-
wegian Surveillance System for Communicable Diseases
(MSIS) by both laboratories and clinicians is mandatory
by law, but rapid tests are not included in the surveillance
[11]. Until mid-January 2022, positive rapid tests needed
to be confirmed with a PCR-test and were thus regis-
tered in MSIS. Due to a policy change not requiring this
confirmation as well as lower severity of the circulating
Omicron variant [12], the number of SARS-CoV-2 infec-
tions are known to be underreported after January 2022.
After this, COVID-19-related hospitalisations and deaths

became even more important surveillance indicators to
monitor COVID-19 as well as the impact of vaccination
programme. However, COVID-19 symptomatic cases
also contribute to the burden on society, especially those
requiring a physician-certified medical leave (hereafter
“COVID-19 sick leave”). In Norway, all employees have
the right to paid sick leave up to three consecutive days
without needing a medical certification and a majority of
employees are covered by collective labour agreements
that entitle them to more days than this. When the length
of an employee’s sick leave crosses the threshold set in
their agreement, they will need a physician to issue a cer-
tified medical leave to receive pay [13], and this is regis-
tered in the Norwegian Registry for Primary Health Care
(NRPC). In addition, sick leave may also be provided
when mandatory isolation or quarantine is required.
Leave to take care for a child is mandated by law in Nor-
way and does not require a medically certified sick leave
[13, 14]. Therefore, sick leave could be a useful indica-
tor of the burden of COVID-19, reflecting symptomatic
disease among the working population that would not
otherwise be registered as it does not necessitate hospi-
talisation, an aspect important for health economics and
health technology assessment. In this project we aimed
to assess vaccine effectiveness by estimating the adjusted
hazard ratios (aHRs) for vaccination against COVID-19
sick leave among employed individuals (25—64-years-old)
in Norway from July 2021 to December 2022.

Methods

Study population

For this nationwide cohort study, we collated data from
the Emergency preparedness register for COVID-19
(Beredt C19) (Additional file, table S1), which con-
tains individual-level data [15]. We included employed
individuals, aged 25-64 years with a valid Norwegian
national identity number registered as living in Nor-
way. Individual-level data used for this study included
data regarding COVID-19 vaccination (type and dates),
COVID-19 specific sick leave dates, age, sex, county of
residence, risk groups based on underlying comorbidi-
ties, crowded living conditions, and testing dates for
COVID-19 positive PCR tests. On 31 March 2023,
we extracted data for the period from 19 July 2021
to 31 December 2022. See additional file for further
details on data sources. Figure 1 gives an overview of
the exclusion criteria applied to the study population;
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Inclusion criteria
Norwegian national identity number
Alive before period of interest
Living in Norway
25— 64 years old
Employed during period of interest

Delta period

N=2,249,084

y

Omicron period

N=2,274,713

Excluded total : 12,486
Missing region (n=3,667)
Non-standard vaccination (n=3,617)
Vaccines not included (n=5,202)

Excluded Delta: 179
4th dose before period (n=1)
Long-term care (n=178)

Study population for model in
Delta period

N=2,236,419

Excluded Omicron: 941
4th dose before period (n=768)
Long-term care (n=173)
Sick-leave during Delta (n=54,334)

Study population for model in
Omicron period

N=2,206,952

Fig. 1 Flowchart showing the selection of study populations and reasons for exclusion from analyses. Delta period from 19 July - 19 December

2021, Omicron period from 3 January — 31 December 2022

individuals were included if they were employed at any
time during the study period.

Definitions

The primary outcomes for this study were SARS-CoV-2
infection and COVID-19 sick leave. The following defi-
nitions were used to define these outcomes:

SARS-CoV-2 infection: a positive SARS-CoV-2 PCR
test reported to the MSIS register. We used testing date
as time of infection (positive PCR test) and included
only the first SARS-CoV-2-infection per individual
to reduce biases related to natural immunization.
Both symptomatic and asymptomatic reported cases
have been included as it is not possible to distinguish
between these in MSIS.

COVID-19 sick-leave: disease requiring a physician
certified medical leave where COVID-19 was set as the
primary diagnosis by a primary health provider. These
are needed when the length of sick leave is more than

three consecutive days and when it crosses the thresh-
old set in employees’ agreements.

The main variable of interest is COVID-19 vaccine
status, which is included in all models as time-varying
exposure. COVID-19 vaccine status was defined based
on time since receiving the last vaccine dose based on
dates reported in the Norwegian Immunisation Regis-
try (SYSVAK):

— Unvaccinated: unvaccinated, used as reference level
in Cox regressions.

— 1st dose:>21 days after first vaccine dose.

— 2nd dose:>7 days after the 2nd dose up to 3rd
dose, divided in period of six weeks.

— 3rd dose:>7 days after the 3rd dose, divided in
period of six weeks.

Adjustment variables in the model include:
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Age: based on year of birth.

Sex: “Male” or “Female”.

Region of residence: six regions based on NUTS2 code.

Country of birth: three levels: “born in Norway’, “born
outside of Norway” and “unknown”. Country of birth was
considered a confounder as there is a demonstrated dif-
ference in vaccine uptake as well as in infection rates [16].

Risk group: three levels based on pre-existing medical
conditions; “low’, “medium” and “high”.

The additional file includes detailed information on the
variables included in the models.

Data analyses

We used Cox proportional hazard models to estimate
the aHRs with corresponding 95% confidence intervals
(95%CI) associated with different vaccine statuses against
SARS-CoV-2 infection and COVID-19 sick leave. Vaccine
effectiveness was calculated as (1-aHR)*100 and reported
in the supplementary file.

We performed the analyses for two separate time
periods based on at least 80% of the sampled sequences
being the specific variant: Delta period from 19 July to 19
December 2021 and Omicron period from 3 January to
31 December 2022. As SARS-CoV-2 positive PCR-test
was not a reliable indicator during the Omicron period,
we only included SARS-CoV-2 infection as outcome for
the Delta period whereas COVID-19 sick leave was run
for both periods.

All models used a calendar time scale and vaccine sta-
tus was included as a time-varying exposure and allowed
for different baseline hazards for other covariates by
stratifying using the function strata of the survival pack-
age (version 3.1.12) in RStudio (R-version 4.0.2) [17, 18].
Unvaccinated individuals were used as reference and the
aHR was reported for all levels of the vaccine status fac-
tor with more than five events. We adjusted all models
for 10-year age bands, sex region of residence, country
of birth, and risk group. We stopped follow-up time at
the time of an event (SARS-CoV-2 infection or sick leave
respectively), time of death, or end of variant specific fol-
low-up period. We also right censored individuals at time
of hospitalisation when no sick leave was reported, as we
only have access to sick leave reported by primary health
care.

Results

Study population selection and characteristics

Table 1 shows the characteristics and total number of
events among the study population during the Delta and
Omicron periods included in this study. We included
2,236,419 individuals during the Delta period, of whom
73,776 (3.3%) had a reported infections and 54,334
(2.4%) required COVID-19 specific sick leave. During the
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Omicron period, we included 2,206,952 individuals, of
whom 300,140 (13.6%) required COVID-19 specific sick
leave. During the Delta period, 26,611 (55%) of the 54,334
individuals who had reported sick leave had a positive
test, compared to 96,445 (32%) of the 300,140 during the
Omicron period.

Vaccine effectiveness

During the Delta period, the highest protection was
observed in the period right after receiving a vaccine
(2-7 weeks), with similar patterns of aHRs for infection
and sick leave (Fig. 2A). Compared to unvaccinated indi-
viduals, the aHRs for SARS-CoV-2 infection increased
from 0.16 (95%CI: 0.15-0.17) 2-7 weeks after receiv-
ing the second dose to 0.83 (95%CI: 0.68—1.00) after
44-49 weeks, and from 0.18 (0.16—0.19) 2—-7 weeks after
receiving the third dose to 0.66 (0.40-1.07) 14—19 weeks
after. Similarly, against COVID-19 sick leave the aHR
went from 0.25 (0.24-0.26) to 1.05 (0.84—1.30) in the
same periods after the second dose (Fig. 2A).

As described above, as SARS-CoV-2 positive PCR-test
was not a reliable indicator during the Omicron period,
we only included COVID-19 sick leave in these analy-
ses. All estimated aHRs for COVID-19 sick leave after
vaccination were closer to 1 during the Omicron period
than Delta period (Fig. 1) and thus indicate less protec-
tion against sick leave during this period. Similar to the
results from the Delta period, the lowest aHRs for sick
leave, and this highest protection, were found in the first
period (2—-7 weeks) after the second (0.62; 0.59-0.64) and
third dose (0.63; 0.62—0.64) (Fig. 2B). The aHRs estimates
presented in Fig. 1 as well as VE estimates can be found
in the additional file (tables S2,S3 and figure S1).

Discussion
We showed that in a period with free widely available
PCR testing against SARS-CoV-2 (Delta period) the esti-
mated aHRs for COVID-19 sick leave indicated a similar
protection level and waning pattern as against SARS-
CoV-2 infection. In the Omicron period, the protection
against COVID-19 sick leave was lower than during the
Delta period and highest in the first weeks (2—7 weeks)
after receiving a vaccine dose. COVID-19 sick leave may
prove a useful indicator to include for COVID-19 surveil-
lance and COVID-19 disease burden estimations, espe-
cially in periods with low or absent testing for (mild or
less severe) symptomatic disease. As such disease does
not require hospitalisation, it would not be registered in
other manners. This indicator could also prove important
for health economical evaluations and health technology
assessment.

The unique Nordic register system allowed both access
to individual level information regarding COVID-19 sick
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Table 1 Study population characteristics (25-64-years-old employed individuals) during the Delta and Omicron periods in Norway

Total study population,
n (%)

Infections, n (%)

Sick Leave, n (%)

Delta period (719.07-19.12.2021)

Age group 25-34
35-44
45-54
55-64

Sex Male
Female

Underlying risk None

Low-medium
High
Country of birth Norway
Not Norway
Unknown
-31.12.2022)
Age group 25-34
35-44
45-54
55-64
Sex Male

Omicron period (03.07

Female
Underlying conditions None

Low-medium

High
Country of birth Norway
Not Norway

Unknown

2236419
582 228 (26%)
575499 (25.7%)
588970 (26.3%)
489 722 (21.9%)
1158 469 (51.8%)
1077 950 (48.2%)
1968 322 (88%)
245 899 (11%)
22198 (1%)
1739149 (77.8%)
453 465 (20.3%)
43 805 (2%)
2206952
568 135 (25.7%)
568 607 (25.8%)
584 255 (26.5%)
485 955 (22%)
1147 964 (52%)
1058 988 (48%)
1942 684 (88%)
242 865 (11%)
21403 (1%)

716 470 (77.8%)
446 983 (20.3%)
43499 (2%)

73776
19794 (26.8%)
23534 (31.9%)
19910 (27%)
10538 (14.3%)
38441 (52.1%)
35335 (47. 9%)
65 492 (88.8%)
7682 (10.4%)
602 (0.8%)

48 765 (66.1%)
24 230 (32.8%)
781 (1.1%)

n.a
n.a
n.a
n.a
Nn.a
n.a
Nn.a
Nn.a
n.a
Nn.a
n.a

Nn.a

54334
16 690 (30.7%)
17 645 (32.5%)
13169 (24.2%)
6830 (12.6%)
25277 (46.5%)
29 057 (53.5%)
48 021 (88.4%)
5961 (11%)
352 (0.6%)
34352 (63.2%)
19 506 (35.9%)
476 (0.9%)
300 140
84615 (28.5%)
87311 (29.4%)
74 684 (25.1%)
50530 (17%)
123 026 (41.4%)
174 114 (58.6%)
258 684 (87.1%)
36292 (12.2%)
2164 (0.7%)
219260 (73.8%)
73753 (24.8%)
27 (1.4%)

leave as well as linking this information with other char-
acteristics. With reduced testing worldwide, countries
with access to similar data in available and well-estab-
lished registries can benefit by using already registered
data to estimate the burden of COVID-19 and VE.
Since changing the testing recommendation for SARS-
CoV-2 in January 2022, we expect that the data on certi-
fied COVID-19 sick leave in registers is more complete
than those of SARS-CoV-2 infection as the sick leave
is a requirement both for the individual to receive paid
leave as well as for the GP to receive payment. As such,
COVID-19 sick leave will reflect the burden of COVID-
19 resulting in symptomatic disease for a prolonged
period of time.

The results from this study show consistent patterns
with VE estimates against other outcomes in literature,
including higher VE against Delta than Omicron, and
waning with time since last dose [1-9]. There are periods
in which we estimate an aHR for sick leave of more than 1
in the vaccinated, which may indicate residual confound-
ing. This residual confounding may be due to behavioural

differences between those unvaccinated and the rest of
the population. Such behavioural aspects are difficult to
capture as covariates in a regression model, especially
when using register data. In addition, natural immunity
or prioritisation of vaccines to those at highest risk of
disease may also play a role. As the unvaccinated group
has become smaller and increasingly diverged from the
general population, it should be considered to use other
estimation processes to investigate patterns of renewed
protection and waning due to vaccination [19]. We
showed highly congruent results for sick leave and infec-
tions during the Delta period and therefore sick leave
could be a relevant indicator for surveillance of COVID-
19 VE to supplement information gathered from VE
estimates against other indicators such as infection and
hospital admissions. The registration of sick leave in the
Norwegian registers are fully automated and data is thus
complete as it is not possible for a physician to certify a
medical leave without it being registered. Sick leave may
be an especially important indicator, in age groups with
low risk of severe outcomes such as hospital admission
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Fig. 2 Estimated adjusted hazards ratios against SARS-CoV-2 infection (red) and COVID-19 sick leave (green) among employed individuals

(25-64 years) during Delta (A) and Omicron (B) periods in Norway

and when other indicators for (symptomatic) disease are
not available or known to be severely under-reported and
for economic evaluations.

In addition, using clinical outcomes, such as sick leave
and hospitalisation, may be more relevant to guide pub-
lic health measures targeted to limit the burden on health
care systems. Another large advantage of using nation-
wide registries is the size of the population included,
resulting for high power as well as the ability to do analy-
ses in sub-populations without requiring an effort from
health care personnel.

Using COVID-19 specific sick leave has some cave-
ats that could affect the estimations. In the data, we
have no information of the duration of sick leave nor
whether the sick leave was prescribed for acute or post-
acute sequelae of COVID-19. For this last point, we only
included the first sick leave reported, but this might still
bias our results. A previous study among healthcare
workers showed reduced periods of sick leave after a
SARS-CoV-2 infection among those previously vacci-
nated compared to unvaccinated [20]. Since employees
in Norway can take a few days of paid sick leave with-
out a medical certificate, this could affect our results. As
mentioned in the background, during certain periods
of the pandemic cases needed to isolate and close con-
tacts were required to self-quarantine. However, from
mid-February isolation of cases was not mandatory and
therefore the sick leave reported in the Omicron period
are more likely to be symptomatic cases. Even though

this may dilute the results, it does still present a bur-
den by the pandemic. Some individuals may not need
a medical certified sick leave, even though they are ill
for longer than a few days, reasons could be that they
are covered by agreements that entitle them to longer
period of absence without doctors certification and/or
have the ability to work from home [13]. However, there
is no reason to believe that this would be associated
with vaccine uptake and the ability to work home. There
is also no need for a registered sick leave, medically cer-
tified or otherwise, if you do not need a leave of absence
with pay from a job. This means sick leave cannot be
used as an indicator for vaccine effectiveness among
students, children and youth still in school, unemployed
individuals, or individuals on benefits [13]. We included
individuals during the whole period of interested if they
were registered as employed at any point during this
period. Thus, some individuals may not have worked
during the complete period and as such would not need
certified sick leave. However, we expect this to have
limited impact as this would be a relatively small group
and we have no reason to suspect this to be associated
with vaccine uptake. In this study, the reference group
was unvaccinated individuals. However, in Norway only
a small proportion of individuals did not receive any
COVID-19 vaccine dose and may therefore be a group
with very different characteristics. Testing among vac-
cinated may differ from unvaccinated individuals, which
could affect COVID-19 VE estimates during the Delta
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period. In addition, we expect that a proportion of
those unvaccinated will have natural immunity due to
prior infection, therefore the estimated aHRs and VE
should not be interpreted as vaccine efficacy. During
both periods we included only the first reported event
to reduce biases related to immunization through natu-
ral exposure. However, we could not account for prior
infections in our models, due to changes in testing poli-
cies as especially during Omicron. Our estimates may
be biased by significant increase of reinfections during
the Omicron period [21], due to immune escape of the
omicron variant and waning immunity, especially since
reinfections may occur more frequently among unvacci-
nated individuals, which could lead to an underestima-
tion of VE [22].

Conclusions

In conclusion, access to data on disease specific sick
leaves provided a unique ability estimate vaccine effec-
tiveness against an additional relevant outcome to
monitor COVID-19 vaccine effectiveness. It is likely
that our results can also be applied to other viral, res-
piratory diseases and influenza-like illness. Therefore,
as a preparedness measure, infrastructure should be
established so that this data can be incorporated in
surveillance programmes. Depending on the timeli-
ness, our findings could be of importance in the ongo-
ing COVID-19 surveillance of the vaccine programme,
not just as an indicator of vaccine effectiveness against
infection, but also for other studies looking into disease
burden or for health economical evaluations.

Abbreviations

95%Cl 95% Confidence intervals

aHRs Adjusted hazard ratios

COvID-19 Coronavirus 2019

DPIA Data protection impact assessment

SYSVAK Norwegian immunisation registry

Beredt C19 Norwegian national preparedness register for COVID-19
MSIS Norwegian surveillance system for communicable

diseases
Physician certified medical leave where COVID-19 was
set as the primary diagnosis by a primary health provider

COVID-19 sick leave

PCR Polymerase chain reaction

SARS-CoV-2 Severe acute respiratory syndrome coronavirus 2
VE Vaccine effectiveness

NRPC Norwegian Registry for Primary Health Care

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512889-024-19374-0.

[ Supplementary Material 1. }

Page 7 of 8

Acknowledgements

We would like to acknowledge all the efforts of all health professionals in the
COVID-19 response, including vaccinating a large proportion of the Norwe-
gian population, performing over millions of PCR tests, providing care and in
addition reporting to the registries to form the data used for this analysis. We
also acknowledge the efforts staff in the registry administration to quality con-
trol all information reported and the European Programme for Intervention
Epidemiology Training, European Centre for Disease Prevention and Control.
Additional appreciation is given to all contributors to the development and
inner workings of Beredt C19.

Authors’ contributions

HM and JS developed the concept and design for the study, which was
discussed with LV, MS, ASD and ABK. JS performed data analyses, ABK and
HM verified the underlying data and script. HM, JS, LV, ASD, ABK and MS
interpreted the data. HM and JS drafted the first version of the manuscript. All
authors provided critical feedback on the manuscript and approved the final
version.

Funding

Open access funding provided by Norwegian Institute of Public Health (FHI)
Data collection and work related this manuscript preparation was performed
without external funding.

Availability of data and materials

The datasets analysed for this study come from the national emergency pre-
paredness registry for COVID-19 (Beredt C19), housed at the Norwegian Insti-
tute of Public Health. This registry comprises data from a variety of national
registries and legal restrictions prevent the researchers from sharing the
dataset used in the study. However, external researchers can request access to
linked data from the same registries from outside the structure of Beredt C19,
as per normal procedure for conducting health research on registry data in
Norway (https://www.helsedata.no). Further information on the preparedness
registry, including access to data from each data source, is available at:
https://www.fhi.no/en/id/infectiousdiseases/coronavirus/emergency-prepa
redness-register-for-covid-19.

Declarations

Ethics approval and consent to participate

All all methods were carried out in accordance with relevant guidelines and
regulations. Ethical approval was granted by Regional Committees for Medi-
cal and Health Research Ethics (REC) Southeast (reference number 122745).
The Norwegian Institute of Public Health has performed a Data Protection
Impact Assessment (DPIA) for Beredt C19. Requirement of informed consent is
deemed unnecessary according to national legislation (The Act on health and
social preparedness of 2000; § 2-4).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Infection Control and Vaccines, Norwegian Institute of Public
Health, Oslo, Norway. “Department of Infection Control and Preparedness,
Norwegian Institute of Public Health, Oslo, Norway. *Department of Method
Development and Analytics, Norwegian Institute of Public Health, Oslo,
Norway. “Department of Microbiology, Oslo University Hospital, Oslo, Norway.
°Field Epidemiology Path (EPIET), European Centre for Disease Prevention
and Control (ECDC), ECDC Fellowship Programme, Stockholm, Sweden. ®Divi-
sion for Social Statistics, Statistics Norway, Oslo, Norway.

Received: 22 May 2023 Accepted: 4 July 2024
Published online: 11 July 2024


https://doi.org/10.1186/s12889-024-19374-0
https://doi.org/10.1186/s12889-024-19374-0
https://www.helsedata.no
https://www.fhi.no/en/id/infectiousdiseases/coronavirus/emergency-preparedness-register-for-covid-19
https://www.fhi.no/en/id/infectiousdiseases/coronavirus/emergency-preparedness-register-for-covid-19

Meijerink et al. BMC Public Health

(2024) 24:1861

References

1.

Andrews N, Tessier E, Stowe J, Gower C, Kirsebom F, Simmons R, et al.
Duration of Protection against Mild and Severe Disease by Covid-19 Vac-
cines. N Engl J Med. 2022;386(4):340-50.

Arashiro T, Arima Y, Muraoka H, Sato A, Oba K, Uehara Y, et al. Coronavi-
rus Disease 19 (COVID-19) Vaccine Effectiveness Against Symptomatic
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) Infection
During Delta-Dominant and Omicron-Dominant Periods in Japan: A
Multicenter Prospective Case-control Study (Factors Associated with
SARS-CoV-2 Infection and the Effectiveness of COVID-19 Vaccines Studly).
Clin Infect Dis. 2023;76(3):.2108-15.

Baden LR, El Sahly HM, Essink B, Kotloff K, Frey S, Novak R, et al. Efficacy
and Safety of the mRNA-1273 SARS-CoV-2 Vaccine. N Engl J Med.
2021;384(5):403-16.

Buchan SA, Chung H, Brown KA, Austin PC, Fell DB, Gubbay JB, et al.
Estimated Effectiveness of COVID-19 Vaccines Against Omicron or

Delta Symptomatic Infection and Severe Outcomes. JAMA Netw Open.
2022;5(9): €2232760.

Pratama NR, Wafa IA, Budi DS, Sutanto H, Asmarawati TP, Barlian Effendi
G, et al. Effectiveness of COVID-19 Vaccines against SARS-CoV-2 Omicron
Variant (B.1.1.529): A Systematic Review with Meta-Analysis and Meta-
Regression. Vaccines (Basel). 2022;10(12):2180.

Starrfelt J, Danielsen AS, Buanes EA, Juvet LK, Lyngstad TM, Re G, et al.
Age and product dependent vaccine effectiveness against SARS-CoV-2
infection and hospitalisation among adults in Norway: a national cohort
study, July-November 2021. BMC Med. 2022;20(1):278.

Zeng B, Gao L, Zhou Q, Yu K, Sun F. Effectiveness of COVID-19 vaccines
against SARS-CoV-2 variants of concern: a systematic review and meta-
analysis. BMC Med. 2022;20(1):200.

Chemaitelly H, Abu-Raddad LJ. Waning effectiveness of COVID-19 vac-
cines. Lancet. 2022;399(10327):771-3.

Feikin DR, Higdon MM, Abu-Raddad LJ, Andrews N, Araos R, Goldberg Y,
et al. Duration of effectiveness of vaccines against SARS-CoV-2 infection
and COVID-19 disease: results of a systematic review and meta-regres-
sion. Lancet. 2022;399(10328):924-44. https.//www.sciencedirect.com/
science/article/pii/S01406736220015207via%3Dihub.

Norwegian Institute of Public Health. Smittevernrad for befolkningen
2022 [Available from: https://www.fhi.no/nettpub/coronavirus/befol
kningen/smittevernrad-for-befolkningen/?term=8&h=1.

. Norwegian Institute of Public Health. Notifiable diseases in the Norwe-

gian Surveillance System for Communicable Diseases 2019 [Available
from: https://www.fhi.no/en/hn/health-registries/msis/.

Veneti L, Beds H, Brathen Kristoffersen A, Stalcrantz J, Bragstad K, Hungnes
O, et al. Reduced risk of hospitalisation among reported COVID-19 cases
infected with the SARS-CoV-2 Omicron BA.1 variant compared with the
Delta variant, Norway, December 2021 to January 2022. Euro Surveill.
2022;27(4):2200077.

Altinn. Absence due to illness and sick-pay 2023 [Available from: https.//
www.altinn.no/en/start-and-run-business/working-conditions/print-
sickness-and-leaves-of-absence/absence-due-to-illness-and-sick-pay/.
Altinn. Paid and unpaid leave 2023 [In certain cases, employees have

a statutory right to leave. Whether an employee is entitled to paid or
unpaid leave will partly depend on which leave he or she applies for
and/or the reason for the leave. The leave will often be entirely or partly
covered by benefits from NAV, paid either directly to the employee or

as a refund to the employer. In other cases, the employer is obliged to
cover the salary.]. Available from: https://info.altinn.no/en/start-and-
run-business/working-conditions/print-leave-of-absence-and-holidays/
paid-and-unpaid-leave/.

Norwegian Institute of Public Health. Emergency preparedness register
for COVID-19 (Beredt C19). Oslo: Norwegian Institute of Public Health;
2021 [cited 2022 05 Nov]. Available from: https://www.fhi.no/en/
id/infectious-diseases/coronavirus/emergency-preparedness-regis
ter-for-covid-19/.

Indseth T, Goday A, Kjellesdal M, Arnesen T, Carelo C, Vinjerui KH, et al.
Covid-19 etter fadeland fra mars 2020 til februar 2021. [Covid-19 by coun-
try March 2020-February 2021], Rapport 2021. Oslo: Folkehelseinstituttet;
2021. https://www.fhi.no/en/publ/2021/Covid-19-bycountry-March-
2020-February-2021/.

20.

AR

22.

Page 8 of 8

. RCoreTeam. R: A Language and Environment for Statistical Computing.

Vienna, Austria: R Foundation for Statistical Computing; 2023. https://
www.R-project.org/.

. Therneau TM, Lumley T, Atkinson E, Crowson C. A Package for Survival

Analysis in R. 2024. R package version 3.7-0. https://CRAN.R-project.org/
package=survival.

. Goldberg Y, Amir O, Mandel M, Freedman L, Bar-On YM, Bodenheimer O,

et al. Measuring vaccine protection when the population is mostly vac-
cinated. J Clin Epidemiol. 2023;163:111-6.

Strum E, Casagrande Y, Newton K, Unger JB. Healthcare workers benefit
from second dose of COVID-19 mRNA vaccine: Effects of partial and full
vaccination on sick leave duration and symptoms. Public Health Pract
(Ox(f). 2022;3: 100247.

Boas H, Storm ML, Tapia G, et al. Frequency and risk of SARS-CoV-2
reinfections in Norway: a nation-wide study, February 2020 to Janu-

ary 2022. BMC Public Health. 2024;24:181. https://doi.org/10.1186/
$12889-024-17695-8.

Flacco ME, Acuti Martellucci C, Baccolini V, De Vito C, Renzi E, Villari P, et al.
Risk of reinfection and disease after SARS-CoV-2 primary infection: Meta-
analysis. Eur J Clin Invest. 2022;52(10): e13845.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://www.sciencedirect.com/science/article/pii/S0140673622001520?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0140673622001520?via%3Dihub
https://www.fhi.no/nettpub/coronavirus/befolkningen/smittevernrad-for-befolkningen/?term=&h=1
https://www.fhi.no/nettpub/coronavirus/befolkningen/smittevernrad-for-befolkningen/?term=&h=1
https://www.fhi.no/en/hn/health-registries/msis/
https://www.altinn.no/en/start-and-run-business/working-conditions/print-sickness-and-leaves-of-absence/absence-due-to-illness-and-sick-pay/
https://www.altinn.no/en/start-and-run-business/working-conditions/print-sickness-and-leaves-of-absence/absence-due-to-illness-and-sick-pay/
https://www.altinn.no/en/start-and-run-business/working-conditions/print-sickness-and-leaves-of-absence/absence-due-to-illness-and-sick-pay/
https://info.altinn.no/en/start-and-run-business/working-conditions/print-leave-of-absence-and-holidays/paid-and-unpaid-leave/
https://info.altinn.no/en/start-and-run-business/working-conditions/print-leave-of-absence-and-holidays/paid-and-unpaid-leave/
https://info.altinn.no/en/start-and-run-business/working-conditions/print-leave-of-absence-and-holidays/paid-and-unpaid-leave/
https://www.fhi.no/en/id/infectious-diseases/coronavirus/emergency-preparedness-register-for-covid-19/
https://www.fhi.no/en/id/infectious-diseases/coronavirus/emergency-preparedness-register-for-covid-19/
https://www.fhi.no/en/id/infectious-diseases/coronavirus/emergency-preparedness-register-for-covid-19/
https://www.fhi.no/en/publ/2021/Covid-19-bycountry-March-2020-February-2021/
https://www.fhi.no/en/publ/2021/Covid-19-bycountry-March-2020-February-2021/
https://www.R-project.org/
https://www.R-project.org/
https://CRAN.R-project.org/package=survival
https://CRAN.R-project.org/package=survival
https://doi.org/10.1186/s12889-024-17695-8
https://doi.org/10.1186/s12889-024-17695-8

	Estimating vaccine effectiveness against COVID-19 using cause-specific sick leave as an indicator: a nationwide population-based cohort study, Norway, July 2021 – December 2022
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Study population
	Definitions
	Data analyses

	Results
	Study population selection and characteristics
	Vaccine effectiveness

	Discussion
	Conclusions
	Acknowledgements
	References


