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Summary
Background Introduction of the Omicron variant caused a steep rise in SARS-CoV-2 infections despite high vaccina-
tion coverage in the Danish population. We used blood donor serosurveillance to estimate the percentage of recently
infected residents in the similarly aged background population with no known comorbidity.

Methods To detect SARS-CoV-2 antibodies induced due to recent infection, and not vaccination, we assessed anti-nucleo-
capsid (anti-N) immunoglobulin G (IgG) in blood donor samples. Individual level data on SARS-CoV-2 RT-PCR results
and vaccination status were available. Anti-N IgG was measured fortnightly from January 18 to April 3, 2022. Samples
fromNovember 2021 were analysed to assess seroprevalence before introduction of the Omicron variant in Denmark.

Findings A total of 43 088 donations from 35 309 Danish blood donors aged 17−72 years were screened. In Novem-
ber 2021, 1¢2% (103/8 701) of donors had detectable anti-N IgG antibodies. Adjusting for test sensitivity (estimates
ranging from 74%−81%) and November seroprevalence, we estimate that 66% (95% confidence intervals (CI): 63%
−70%) of the healthy, similarly aged Danish population had been infected between November 1, 2021, and March
15, 2022. One third of infections were not captured by SARS-CoV-2 RT-PCR testing. The infection fatality rate (IFR)
was 6¢2 (CI: 5¢1−7¢5) per 100 000 infections.

Interpretation Screening for anti-N IgG and linkage to national registers allowed us to detect recent infections and
accurately assess assay sensitivity in vaccinated or previously infected individuals during the Omicron outbreak. The
IFR was lower than during previous waves.

Funding The Danish Ministry of Health.
*Corresponding author at: Department of Clinical Immunology, Aarhus University Hospital, Palle Juul-Jensens Boulevard 99,

8200 Aarhus N, Denmark.
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Research in context

Evidence before this study

We searched PubMed for published research articles
using the following search string and a combination of
the included search terms: ((SARS-CoV-2) OR (COVID-
19)) AND (seroprevalence) AND (Omicron). No language
or date restrictions were imposed. At the initiation of
the study period, we found no literature describing
seroprevalence during the Omicron wave that began in
November 2021 in Denmark.

Seroprevalence screening of blood donors has pre-
viously been employed to estimate the extent of SARS-
CoV-2 infections in the population and the infection
fatality rate. Previous studies of SARS-CoV-2 antibodies
in Danish blood donors found that approximately 29%
−64% of infections were captured by PCR tests during
the preceding SARS-CoV-2 waves. However, the studies
were performed prior to introduction of the SARS-CoV-2
Omicron variant and primarily among unvaccinated
individuals.

Added value of this study

Through linkage of national SARS-CoV-2 surveillance
data and anti-Nucleocapsid IgG measurements of Dan-
ish blood donors we were able to validate the sensitivity
of the assay and to follow the evolving seroprevalence
throughout the Omicron wave. We estimate that 66%
(95% confidence interval (CI): 63%−70%) of the healthy,
similarly aged Danish population had been recently
infected and that one third of the infections were not
detected in the national surveillance system. Infection
fatality rate was low with a 30-day mortality of 6¢2
(CI: 5¢1−7¢5) per 100 000 infections.

Implications of all the available evidence

The current initiative shows that seroprevalence study
designs can be adapted and used to produce up-to-
date knowledge of recent outbreaks, crucial both in the
surveillance of SARS-CoV-2 and other future/emerging
infections. We propose that blood donor serosurveil-
lance is considered in future emerging infectious dis-
ease preparedness and surveillance plans.
Introduction
The SARS-CoV-2 variant Omicron (B.1.1.529) was first
detected in Denmark November 28, 2021, and had
become the dominant variant by mid-December 2021.1

Studies have suggested that the Omicron variant is able
to better evade immunity in vaccinated or previously
infected individuals as compared to the previously
dominant Delta variant.2,3 In line with this, rapid trans-
mission of the Omicron variant was observed during
January and February 2022 when most restrictions
were lifted in Denmark, a European country with high
testing capacity, high vaccination coverage, and limited
natural immunity acquired through SARS-CoV-2 infec-
tion.4 The actual number of SARS-CoV-2 infections in
Denmark is likely substantially higher than observed
based on RT-PCR test results due to asymptomatic
infections and periodically strained test capacity.

The symptoms of infection with the Omicron variant
are often milder than for the Delta variant with lower
risk of severe disease and hospitalization.5,6 The fre-
quency of mild and completely asymptomatic infections
with the Omicron variant is unknown. In previous
serosurveys of SARS-CoV-2 antibodies in Danish blood
donors, 29% (CI: 24%−47%) of infections were cap-
tured by PCR tests during the first wave of the epidemic
in the spring of 2020, while 64% (CI: 59%−69%) of
infections were captured with the greater test capacity
during the second wave in the winter of 2020/2021.7

Similar findings were reported from another Danish
serosurvey.8

Anti-Nucleocapsid (anti-N) antibodies are produced
after natural infection and not after vaccination with
Spike based vaccines, which are the only vaccines that
have been utilized in Denmark to date. It is known
from previous studies that the concentration of anti-N
IgG antibodies decreases over time,9,10 and it has been
suggested that the sensitivity and/or specificity of anti-
N IgG assays may change depending on vaccination sta-
tus.11 Owing to the low SARS-CoV-2 incidence during
summer and autumn of 2021 in Denmark and in light
of the waning of anti-N IgG induced from earlier out-
breaks in 2020 and early 2021, we expected that few
donors would have a detectable anti-N antibody
response in November 2021. National health register
data with complete data on SARS-CoV-2 RT-PCR results
and vaccination status, linked to our donor anti-N IgG
surveillance data, allowed for the assessment of assay
performance during the Omicron wave, where most
recent infections were vaccine breakthrough and/or re-
infections.

The aim of this study was to estimate the proportion
of the adult healthy population in Denmark who had
been infected with SARS-CoV-2 during the extensive
surge of Omicron infections in the winter and spring of
2022 in Denmark, to assess the degree of underdiagno-
sis through the national SARS-CoV-2 RT-PCR test sys-
tem, and to estimate the Infection Fatality Rate (IFR)
among 17−72-year-old Danes without comorbidities.
www.thelancet.com Vol 21 Month , 2022
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Material and methods

Data sources
We collected blood samples from blood donors from
each of the five administrative regions in Denmark and
tested for anti-N IgG antibodies (see below). Anti-N IgG
seroprevalence data was combined with information on
the participating blood donors and the background pop-
ulation was obtained from the Danish COVID-19 sur-
veillance and included: (1) SARS-CoV-2 RT-PCR test
results measured in oropharyngeal swaps from resi-
dents in Denmark based on the Danish Microbiological
Database;12 (2) information on underlying diseases
based on diagnosis codes from the Danish National
Patient Registry;13 (3) information on vital status and
region of residence from the Danish Civil Registration
System; (4) registrations of death from the Danish Reg-
ister of Causes of Death; and (5) COVID-19 vaccination
data from the Danish Vaccination Register. Population
counts from the first quarter of 2022 were obtained
from Statistics Denmark. All data sets were restricted to
people aged 17−72 years. No sample size calculation
was performed prior to initiation of the study. We fol-
lowed the STROBE reporting checklist.
Study populations
1) Seroprevalence baseline: Anti-N IgG measurements for

blood donors who donated blood between October 26
and November 31, 2021. These donations were
included to establish an anti-N IgG seroprevalence
baseline before introduction of the SARS-CoV-2
Omicron variant in Denmark. Only anti-N IgG anti-
body measurements and basic characteristics were
available for this cohort.

2) Omicron seroprevalence: Anti-N IgG measure-
ments for blood donors who donated blood in the
study period (January 18, 2022, to April 3, 2022).
Both Anti-N IgG antibody measurements and sur-
veillance data were available for these serial cross-
sectional studies of blood donors. Blood donations
were collected and tested on alternate weeks in this
study period.

3) Background population: Surveillance data for all resi-
dents in Denmark aged 17−72 years on January 1,
2022. SARS-CoV-2 RT-PCR test results and death
registered within 30 or 60 days of a positive RT-
PCR test for SARS-CoV-2 were identified for this
cohort. We excluded 7 953 positive SARS-CoV-2
PCR tests (0¢4% of positive RT-PCR tests) due to
missing information about administrative region.
Serological testing of blood donors in Denmark
Every week 5−6 000 blood donors aged 17−72 years
voluntarily donate blood in Denmark. Blood donors
www.thelancet.com Vol 21 Month , 2022
constitute approximately 5% of the Danish population
in the above-mentioned age stratum.

In the current study, we used the SARS-CoV-2 IgG
assay (Abbott Diagnostics, Abbott Park, Illinois, United
States) to identify infection-induced immunity. The
Abbott SARS-CoV-2 anti-N IgG assay is based on the
chemiluminescent microparticle immunoassay (CMIA)
technique and was performed on automated Architect
or Alinity systems. The anti-N IgG antibody result was
interpreted as positive if the signal to cut-off (S/CO)
ratio was above 1¢4 as recommended by the manufac-
turer. The anti-N IgG antibody measurements were per-
formed over six rounds with sampling on odd-
numbered calendar weeks during the study period. We
additionally tested donations from the first two weeks of
November 2021, before Omicron was introduced into
Denmark, thus representing a baseline for tracking sub-
sequent increased seroprevalence consequent to Omi-
cron infections. The specificity of the assay was
previously assessed in a national validation in the labo-
ratories also analysing the current samples (Abbott Alin-
ity: 99¢3% (98¢3−99¢7); Abbott Architect: 99¢5% (98¢5
−99¢8)).14
Statistical analyses
The assay sensitivity was assessed as the probability of
anti-N IgG positive test results among blood donors
with a recent PCR-confirmed SARS-CoV-2 infection. A
recent SARS-CoV-2 infection was defined as a positive
SARS-CoV-2 RT-PCR result on or after November 1,
2021, and until two weeks before the median test date
of the given test week. This period, hereafter referred to
as the PCR reference period, was chosen as donors were
asked to self-defer for two weeks after they tested posi-
tive for SARS-CoV-2. If multiple positive tests had been
recorded during the PCR reference period, the first was
chosen. Infections were considered re-infections if the
blood donor had a PCR-confirmed infection before
November 1, 2021, and a minimum of 60 days prior to
the re-infection.

The anti-N IgG antibody seroprevalence among
blood donors by test week was calculated in a Poisson
model. The estimated cumulative incidence of SARS-
CoV-2-infected individuals in the background popula-
tion was then calculated as the difference between the
anti-N IgG seroprevalence in November and the sero-
prevalence for the given test week divided by the
observed test sensitivity. The November seroprevalence
was subtracted to both adjust for the assay specificity
and to remove signals from earlier infections. Stratified
versions of the test week-specific estimates were gener-
ated, stratified by sex, age (age strata: 17−35, 36−50, 51
−60, and 61−72 years), administrative region, and
whether the donor had previously been infected. In
addition, the estimated cumulative incidence of SARS-
CoV-2-infected individuals was weighted to ensure that
3
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the age, sex, and regional distribution of the donors
each week and within each strata matched that of the
general population. Each test week was considered inde-
pendently and recurring donors could thus be included
more than once. Confidence intervals for this combined
measure were derived via the delta method.

We calculated the fraction of undetected SARS-CoV-2
infections as the ratio of cumulative SARS-CoV-2 RT-PCR
confirmed infections among the background population
in the PCR reference period divided by the estimated
cumulative incidence of SARS-CoV-2-infected individuals.
We also calculated the ratio of the development in the
SARS-CoV-2 RT-PCR confirmed and the estimated infec-
tions between the test weeks. Confidence intervals for
these ratios were derived by assuming each week’s ratio
was normally distributed and independent of the other
weeks’ results and applying the delta method.

Furthermore, we estimated the IFR as the number of
deaths within 30 or 60 days after a SARS-CoV-2 RT-PCR
positive test result during the PCR reference period
divided by the estimated number of SARS-CoV-2 infec-
tions in the population. The number of SARS-CoV-2 infec-
tions was calculated in two different ways: (1) as the
number of confirmed SARS-CoV-2 infections during the
PCR reference period (“the case fatality rate (CFR)”); and
(2) the difference between our first and final estimates of
SARS-CoV-2-infected individuals (IFR), which corre-
sponds to the difference in estimated SARS-CoV-2 infec-
tions between January 5, 2022 and March 15, 2022.

The IFR estimations were weighted to match the
general population aged 17−72 years excluding individ-
uals with the comorbidities listed in Supplementary
Table 1. Comorbidity was defined broadly covering both
severe diseases (e.g., cancers) and benign diseases (e.g.,
hypertension). Comorbidity information was only avail-
able for residents in Denmark with at least one RT-PCR
test. A total of 422 (1¢4%) of blood donors and 160 603
(3¢9%) of the background population were excluded
from CFR and IFR analyses due to missing information
about comorbidity status.

Results are reported as numbers and percentages
with 95% confidence intervals. Statistical analyses were
performed in R version 4.1.1 (R Foundation for Statisti-
cal Computing).
Role of the funding source
The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. All authors had full access to all
results of the analyses and had the final responsibility
for the decision to submit for publication.
Ethics
The study was approved as a surveillance study in all five
Danish administrative regions and the appropriate
institutional forms obtained. The participating blood
donors were informed about the study and received the
result of their SARS-CoV-2 antibody test. SARS-CoV-2
antibody test results were transferred from the blood cen-
ters to Statens Serum Institut through an encrypted e-
mail connection. Data was linked to health register data
through the unique personal identification number
assigned to all residents in Denmark. Access to identifi-
able data was limited to data managers employed by
Statens Serum Institut and authors CE, ADL, and LE. Fur-
thermore, we used administrative register data and,
according to Danish law, ethics approval is exempt for
such research. The Danish Data Protection Agency, which
is a dedicated ethics and legal oversight body, thus waives
ethical review and approval for the use of administrative
register data when no individual contact of participants is
necessary and only aggregate results are included as dis-
seminated findings. The study is therefore fully compliant
with all legal and ethical requirements.
Results

Cohort characteristics
A total of 43 090 blood samples from 38 588 unique
blood donors were tested for anti-N IgG antibodies.
Among the samples, 8 701 were collected to determine
baseline seroprevalence and 34 389 were collected dur-
ing the study period. Thus, only a single donation sam-
ple per donor was tested from the November 2021
baseline period, while an average of 1¢15 donations per
donor were tested during the 2022 Omicron outbreak
study period.

Table 1 shows basic characteristics of blood donors
tested for anti-N IgG antibodies in calendar week 3−13,
2022 compared to the background population. The dis-
tribution according to gender and age was similar
between the donors and the background Danish popula-
tion. The Capital Region blood donor population com-
prised a lower percentage of the total blood donor
population than what was found for the general popula-
tion aged 17−72 years. More blood donors had been vac-
cinated compared to the general population (97¢5%
versus 89¢4% vaccinated). Before November 1, 2021,
approximately 7% of both blood donors and individuals
in the background population had tested PCR positive
for SARS-CoV-2 RNA at least once. From November 1,
2021, to January 1, 2022, the blood donors were more
frequently PCR tested for SARS-CoV-2 RNA and more
donors tested positive compared to the background pop-
ulation. The fraction of positive PCR tests (i.e., the num-
bers of positive PCR tests divided by the numbers of
PCR tests performed) was lower for donors (8¢2%) than
for the background population (12¢3%). Detailed distri-
bution of PCR positive tests among blood donors and
the background population stratified for gender, age,
and region can be found in the Supplementary Table 2.
www.thelancet.com Vol 21 Month , 2022



Blood Donors Background
population

Characteristics November In 2022 Study Period

Number of participants (N) 8 701 29 887 4 098 183

Number of samples tested (N) 8 701 34 389 -

N (%) N (%) N (%)

Vaccination statusa

Not vaccinated - 756 (2¢5) 436 728 (10¢6)
1st dose - 154 (0¢5) 70 916 (1¢7)
2nd dose - 9 558 (32¢0) 1 487 471 (36¢2)
3rd dose - 19 413 (65¢0) 2 111 485 (51¢4)

Comorbidity status

Known comorbidity - 2 000 (6¢7) 640 022 (15¢6)
No known comorbidity - 27 465 (91¢9) 3 297 558 (80¢4)
Information not available - 422 (1¢4) 160 603 (3¢9)

Gender

Women 3 889 (44¢7) 14 471 (48¢4) 2 038 166 (49¢7)
Men 4 812 (55¢3) 15 416 (51¢6) 2 060 017 (50¢3)

Ageb

17−35 years 2 767 (31¢8) 10 536 (35¢3) 1 437 005 (35¢1)
36−50 years 2 719 (31¢2) 9 315 (31¢2) 1 080 460 (26¢4)
51−60 years 2 094 (24¢1) 6 688 (22¢4) 799 448 (19¢5)
61−72 years 1 121 (12¢9) 3 348 (11¢2) 781 270 (19¢1)

Administrative region

Capital Region of Denmark 1 795 (20¢6) 7 691 (25¢7) 1 330 114 (32¢5)
Region Zealand 1 546 (17¢8) 4 161 (13¢9) 576 633 (14¢1)
Region of Southern Denmark 2 686 (30¢9) 6 713 (22¢5) 845 114 (20¢6)
Central Denmark Region 1 532 (17¢6) 7 505 (25¢1) 936 228 (22¢8)
North Denmark Region 1 142 (13¢1) 3 817 (12¢8) 410 094 (10¢0)

Number of SARS-CoV-2 RT-PCR tests from Nov 1, 2021 to January 1, 2022

0 - 2 991 (10¢0) 692 619 (16¢9)
1−2 - 7 872 (26¢3) 1 330 855 (32¢5)
3−5 - 8 812 (29¢5) 1 102 572 (26¢9)
6−9 - 5 764 (19¢3) 570 014 (13¢9)
10−14 - 2 747 (9¢2) 244 331 (6¢0)
15+ - 1 701 (5¢7) 157 792 (3¢9)

At least one positive SARS-CoV-2 RT-PCR test before Nov 1, 2021 - 2 130 (7¢1) 300 858 (7¢3)
At least one positive SARS-CoV-2 RT-PCR test

between Nov 1, 2021 and January 1, 2022

- 2 933 (9¢8) 326 630 (8¢0)

Table 1: Characteristics of the blood donors and the background population aged 17−72 years.
a Vaccination status was ascertained January 1, 2022 for the blood donors and January 4, 2022 for the general population.
b The age of blood donors was determined at the date of donation and the age of the background population was determined at January 1, 2022.

Articles
Assay sensitivity following recent infection
In November 2021, the anti-N IgG antibody seropreva-
lence was 1¢2% (103/8 701, CI: 1¢0%−1¢5%), which rep-
resents the proportion of blood donors with detectable
anti-N IgG despite waning of SARS-CoV-2 IgG antibod-
ies in individuals infected during previous waves. The
sensitivity of the antibody assay to detect antibodies
among recently infected donors defined by RT-PCR-con-
firmed infections during the Omicron wave was esti-
mated for each of the test weeks and was consistently
found to be 74%−81% (Table 2). The assay sensitivity
was higher for blood donors with a RT-PCR-confirmed
infection before November 1, 2021, and a minimum of
www.thelancet.com Vol 21 Month , 2022
60 days from the re-infection (sensitivity estimates
ranging from 93%, CI: 76%−100%, to 98%, CI: 82%
−100%) than for donors with no known previous infec-
tion (73%, CI: 70%−76%, to 80%, CI: 76%−85%, Sup-
plementary Table 3).
Anti-nucleocapsid IgG antibody response after recent
infection
Figure 1 shows the time since last positive PCR test and
the level of the anti-N IgG antibody response displayed as
S/CO values. Fourteen days after a positive PCR test the
5



Test
week

Last date of PCR
reference period

Number of
donors
tested for
anti-N IgG
antibodies

Observed
seroprevalence
among
SARS-CoV-2
RT-PCR positives

N %

Week 3 January 4, 2022 4 722 77 (70−84)

Week 5 January 18, 2022 5 847 77 (72−82)

Week 7 February1, 2022 5 310 81 (77−85)

Week 9 February 15, 2022 5 771 81 (78−84)

Week 11 March 1, 2022 6 132 79 (76−82)

Week 13 March 15, 2022 6 605 74 (71−77)

Table 2: Sensitivity to detect anti-N IgG antibodies after recent
SARS-CoV-2 RT-PCR positive test.
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mean anti-N IgG response increased to the assay thresh-
old and remained above the threshold until day 86.
Seroprevalence due to recent infections during the
Omicron wave
The cumulative incidence of confirmed and estimated
SARS-CoV-2 infected individuals is shown in Figure 2
stratified by region, age, and gender. The unadjusted
anti-N IgG seroprevalence increased from 1¢2% (CI: 1¢
0%−1¢4%) in November 2021 to 12% (CI: 11%−13%) in
week 3 (January 18−23, 2022, Supplementary Table 4).
During February and March 2022, the anti-N seropreva-
lence rose with increments of up to 15% points between
the test weeks before the increase waned. Based on the
anti-N IgG seroprevalence, with adjustment for assay
Figure 1. Anti-nucleocapsid IgG antibody response after recent infe
as signal to cut-off (S/CO) ratio with an interpretation cut-off of 1¢
dotted vertical lines at 14 and 86 days indicate the end of the self-
test result and when the estimated mean IgG response was equal to
sensitivity with regard to PCR-confirmed infections dur-
ing the Omicron wave, we estimate that 66% (CI: 63%
−70%) of the healthy adult Danish population were
infected with SARS-CoV-2 between November 1, 2021,
and March 15, 2022 (Supplementary Table 5). The ratio
between estimated cumulative SARS-CoV-2 infections
and RT-PCR confirmed infections was 1¢45 (CI:1¢08−1¢
82) for the study period. The ratio between development
of estimated cumulative SARS-CoV-2 incidence and
cumulative incidence of RT-PCR positives was gradually
increasing from week 3 to week 9, indicating that the
estimated number of infected individuals increased
more than the number of PCR-confirmed infections
during this period (Supplementary Table 6).
Infection fatality rate (IFR)
The IFR stratified by gender, age, and region can be
seen in Table 3. For the adjusted IFR the 30-day mortal-
ity was 6¢2 (CI: 5¢1−7¢5) per 100 000 infected and the
60-day mortality was 10¢2 (CI: 8¢8−11¢9) per 100 000
infected. The IFR was higher for men and increased
with age.
Discussion
In this large national serosurveillance study, we used
anti-N IgG seroprevalence among blood donors to esti-
mate the proportion of healthy Danish residents, aged
17−72 years, who had been infected with SARS-CoV-2
during the Omicron wave. We estimate that 66% (CI:
63%−70%) of this population were infected by the Omi-
cron variant from November 2021 through March 15,
ction. The level of the anti-N IgG antibody response is displayed
4 S/CO as recommended by the manufacturer (green line). The
deferral period for blood donors after first positive SARS-CoV-2
the interpretation cut-off, respectively.
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Figure 2. Cumulative percentage of SARS-CoV-2 RT-PCR positive test results and the estimated cumulative SARS-CoV-2 infections
during the study period. November 1, 2021 was set to zero percent. Due to the 14 days delay between the PCR reference period
and the median date of the test week, the calculated cumulative proportion of infected individuals for each test week is indicated
as the percentage infected on the last date of the corresponding PCR reference period.

30-Day mortality (per 100,000) 60-Day mortality (per 100,000)

CFR IFR CFR IFR

Total 8.3 (6.9−10.1) 6.2 (5.1−7.5) 13.8 (11.9−16.1) 10.2 (8.8−11.9)

Gender

Women 6.4 (4.7−8.7) 4.8 (3.6−6.6) 11.0 (8.8−13.9) 8.4 (6.7−10.6)

Men 10.5 (8.2−13.4) 7.5 (5.9−9.7) 16.9 (13.9−20.5) 12.1 (10.0−14.8)

Age

17−35 years 1.9 (1.0−3.5) 1.6 (0.9−3.1) 3.0 (1.8−4.9) 2.6 (1.6−4.3)

36−50 years 4.5 (2.8−7.2) 4.1 (2.6−6.6) 6.3 (4.2−9.5) 5.8 (3.9−8.7)

51−60 years 13.0 (8.8−19.3) 7.6 (5.2−11.3) 25.0 (18.8−33.2) 14.6 (11.0−19.4)

61−72 years 40.7 (30.9−53.6) 15.1 (11.5−19.9) 66.2 (53.4−82.2) 24.6 (19.8−30.5)

Administrative Region

Capital Region of Denmark 7.0 (4.7−10.3) 5.7 (3.8−8.4) 10.9 (8.0−14.9) 8.8 (6.4−12.1)

Region Zealand 12.9 (8.3−19.9) 9.0 (5.8−14.0) 22.5 (16.2−31.3) 15.8 (11.4−22.0)

Region of Southern Denmark 9.2 (6.2−13.8) 6.6 (4.4−9.8) 14.6 (10.7−20.1) 10.4 (7.6−14.3)

Central Denmark Region 5.1 (3.1−8.3) 3.8 (2.3−6.2) 8.6 (5.9−12.5) 6.5 (4.4−9.4)

North Denmark Region 9.3 (5.4−15.9) 5.8 (3.3−9.9) 18.5 (12.6−27.2) 11.5 (7.8−16.9)

Table 3: Case fatality rate and infection fatality rate for the background population, aged 17−72 years, with no known comorbidities
calculated from the RT-PCR confirmed and estimated SARS-CoV-2 infections.
Case fatality rate (CFR) was calculated based on the SARS-CoV-2 RT-PCR test results between January 5, 2022, and March 15, 2022. The infection fatality rate

(IFR) was calculated based on the seroprevalence measured in donors. To account for the differences in gender, age, and regional distribution of donors when

compared to the background population (17−72 years with no known comorbidities), we weighted the estimates.

Articles
2022. The estimated cumulated SARS-CoV-2 infection
prevalence was calculated based on the anti-N IgG anti-
body seroprevalence among blood donors and weighted
to adjust for differences in sex, age, and regional
www.thelancet.com Vol 21 Month , 2022
distribution between blood donors and the background
population aged 17−72 years. We calculated that approx-
imately 1/3 of the estimated total infections were not
detected through the national SARS-CoV-2 RT-PCR test
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system and that 32% of the adult Danish population
were infected in just four weeks. These findings support
other studies demonstrating the high transmissibility
and immune evasiveness of the Omicron variant.15

Blood donor populations were among the first to be
screened in SARS-CoV-2 serosurveys during the begin-
ning of the epidemic in Denmark, and the results have
been used extensively in Denmark and in several other
countries to follow the development of the
pandemic.7,16,17 We previously monitored SARS-CoV-2
seroprevalence using assays assessing anti-Spike anti-
bodies produced after vaccination or infection.7,17,18 In
the present study, we tested donor samples for anti-N
IgG, which is known to wane over time.9,10,19 Even
though we mainly assessed vaccine breakthrough infec-
tions the assay sensitivity was high. We found that only
1¢2% (CI: 1¢0−1¢4) of donations were anti-N IgG positive
in November 2021. Use of this anti-N IgG assay allowed
us to establish a baseline proportion of past infections
with residual anti-N IgG reactivity to track subsequent
increases in seroprevalence attributable to the rapidly
spreading Omicron variant.

We were able to establish the sensitivity of the anti-N
IgG assay by linking antibody test results with national
SARS-CoV-2 RT-PCR data at the individual level. Addi-
tionally, we could infer the proportion of undetected
infections in the general population, which allowed us
to make projections of the current progression of the
epidemic throughout the surge and decline of Omicron
infection incidence. Lastly, the design allowed us to use
the number of SARS-CoV-2 RT-PCR positives to calcu-
late the IFR among 17−72-year-old individuals without
comorbidity. The seroprevalence results were used to
inform the authorities and were published in fortnightly
news releases. Since the commencement of this study,
other SARS-CoV-2 seroprevalence studies assessing
infection-induced antibodies have been published.20,21

However, these studies do not link data to national
health registers or calculate IFRs.

The Omicron variant has been associated with an
increased risk of re-infection and vaccine breakthrough
infection although no specific rates have yet been
reported.22,23 Only limited data is available on anti-N
seroconversion after vaccine breakthrough infection.
The number of study participants in early studies is gen-
erally low and the probability of seroconversion after
breakthrough infection with variants prior to the emer-
gence of the Omicron variant ranges from 26% to
82%.24−26 The differences in seroconversion may be
due to differences in time from infection to serological
testing as well as differences in severity of infection
among the populations included. It was suggested that
asymptomatic infections may exhibit lower seroconver-
sion rates and level of antibodies than symptomatic
infections.26 Seroconversion rates after Omicron vac-
cine breakthrough infection were therefore expected to
be lower than what was previously reported. However,
our data shows that 74−81% of blood donors who tested
positive for SARS-CoV-2 from November 1, 2021 and
until 14 days before their donation seroconverted.
Figure 1 shows a rapid decline in anti-N IgG antibody
response, and the mean IgG level drops to the assay
threshold after about three months. Optimization of the
threshold may lead to higher assay sensitivity while
maintaining a high specificity. Of note, new thresholds
may have to be further adjusted for potential upcoming
waves of infections, due to the impact of prior infections
and vaccinations and time on anamnestic serological
responses associated with reinfections and/or vaccine
breakthrough infections, and differential induction of
anti-N seroreactivity associated with future variants.
The region-stratified sensitivity estimates likely reflect
the spatio-temporal differences, with high transmission
in the Capital Region of Denmark early in the Omicron
wave. The sensitivity estimates were higher for donors
who had had a RT-PCR-confirmed infection before
November 1, 2021, in addition to a RT-PCR-confirmed
infection during the Omicron wave. The dependency of
the sensitivity on both time since infection and multiple
infections might affect the use of anti-N IgG assays for
serosurveillance during potential epidemics with future
variants.

The Omicron variant has proved to be highly transmis-
sible but much less severe compared to previous
variants.5,27,28 However, due to the large number of unde-
tected cases, no precise estimates of the IFR have been
published based on seroprevalence studies. We have calcu-
lated the IFR among adult individuals without comorbid-
ity during the current peak and found that the IFR was
indeed low at 6¢2 (CI: 5¢1−7¢5) per 100 000 infections.
The 30-day mortality for the oldest age group (61−72
years) was 15¢1 (CI: 11¢5−19¢9). The IFR was lower than
the CFR especially among individuals aged 51−60 years
and 61−72 years, which is likely due to a higher ratio of
undetected SARS-CoV-2 infections among the older age
strata. The IFR was considerable lower than the IFRs cal-
culated during previous waves in Denmark, with 30-day
mortalities of 74¢1 (CI: 55¢6−137) to 281 (CI: 158−1 686)
during the first wave (spring 2020) prior to vaccination
roll-out and 50¢3 (CI: 40¢4−64¢5) to 156 (CI: 114−228)
during the second wave (winter 2020/2021) for Danish
residents aged 51−69 years without comorbidity.7 The cur-
rent lower IFR estimates are likely owing to several cir-
cumstances such as the vaccination coverage, societal
interventions, testing strategy, age composition of the
infected individuals, and, importantly, the dominant
SARS-CoV-2 variant at the time. SARS-CoV-2 RT-PCR
testing was available for all residents free of charge during
the study.
Strengths and limitations
The Danish blood donor biobanks have served as an
easy applicable tool in monitoring the COVID-19
www.thelancet.com Vol 21 Month , 2022
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epidemic in Denmark.7,17,18,29 Blood donors comprise
approximately 5% of the similarly aged Danish popula-
tion.30 Furthermore, the geographical distribution of
blood donors and the possibility to perform continuous
screening of a stable population allows us to assess the
spatio-temporal development in seroprevalence of
SARS-CoV-2 antibodies. In this study, we assume that
the seroprevalence among donors is similar to that of
the healthy background population aged 17−72 years.
The estimated cumulative SARS-CoV-2 infections, IFR,
and undetected infections have been weighted to adjust
for differences in sex, age, and regional distribution
between blood donors and the background population
and improve the generalizability. Blood donors were
more often vaccinated and had a higher SARS-CoV-2
test frequency than the background population, proba-
bly reflecting that blood donors are dutiful and part of
the active work force including a high proportion of
healthcare professionals. The lower fraction of positive
PCR tests among blood donors supports that the reason
blood donors are more often tested positive owes to the
more frequent testing compared to the background pop-
ulation. Blood donors are healthy, and their all-cause
mortality is lower than that of the background popula-
tion.31 This may limit the generalizability of the find-
ings. Furthermore, having a positive RT-PCR test has
an impact on subsequent probability of donation. This
means that donors experiencing severe symptoms are
expected to be underrepresented in the study, and sero-
prevalence in the blood donors could have been under-
estimated.
Conclusion
In November 2021, the Omicron variant was introduced
in Denmark, it quickly spread and became the domi-
nant variant by mid-December 2021. Due to the increas-
ing number of cases, testing strategies for close contacts
were scaled down in order not to exceed the RT-PCR
test capacity, and antigen self-tests were recommended
to a larger extent. Given these changes there was a need
to supplement the established surveillance system with
serosurveillance. We measured anti-N IgG antibodies
among Danish blood donors allowing us to detect
recent, mainly vaccine breakthrough, infections, and
determine the assay sensitivity during the Omicron
wave. Less than five months after the introduction of
the Omicron variant we estimate that 66% (63−70%)
of the Danish background population aged 17−72 years
with no known comorbidities have been infected, with
one third of the population infected during only four
weeks. Fortunately, the IFR for this population was con-
siderably lower than during previous waves.

The current initiative shows that seroprevalence
designs can be modified to the use of IgG assays detect-
ing recent infections. This is crucial in the surveillance
of future epidemics of SARS-CoV-2 variants. We
www.thelancet.com Vol 21 Month , 2022
propose that blood donor serosurveillance is included in
future emerging infectious disease preparedness plans.
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