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Abstract

Postacute symptoms are not uncommon after severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection with pre-
Omicron variants. How the Omicron variant and coronavirus disease 2019 (COVID-19) booster vaccination influence the risk of postacute
symptoms is less clear. We analyzed data from a nationwide Danish questionnaire study, EFTER-COVID, comprising 36 109 individuals
aged >15 years who were tested between July 2021 and January 2022, to evaluate the associations of the Omicron variant and COVID-19
booster vaccination with postacute symptoms and new-onset general health problems 4 months after infection with SARS-CoV-2. Risk
differences (RDs) were estimated by comparing Omicron cases with controls, comparing Omicron cases with Delta cases, and comparing
Omicron cases vaccinated with 3 doses with those vaccinated with 2 doses, adjusting for age, sex, body mass index, self-reported chronic
diseases, Charlson comorbidity index, health-care occupation, and vaccination status. Four months after testing for SARS-CoV-2 during
the Omicron period, cases experienced substantial postacute symptoms and new-onset health problems in comparison with controls;
the largest RD was observed for memory issues (RD = 7.4%; 95% ClI, 6.4-8.3). However, risks were generally lower than those in the Delta
period, particularly for dysosmia (RD = -15.0%; 95% CI, —17.0 to —13.2) and dysgeusia (RD = -11.2%; 95% CI, —13.2 to —9.5). Booster
vaccination was associated with fewer postacute symptoms and new-onset health problems 4 months after Omicron infection as
compared with 2 doses of COVID-19 vaccine.

Key words: booster vaccination; coronavirus disease 2019; COVID-19; long COVID; postacute symptomatology; SARS-CoV-2; SARS-CoV-2
Omicron variant; severe acute respiratory syndrome coronavirus 2.

Introduction

A significant proportion of individuals who recovered from mild
infection with severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) in the earlier parts of the coronavirus disease 2019
(COVID-19) pandemic continued to report persistent symptoms
and health conditions with new onset, several months after the
acute phase of the disease.’? The degree to which the prevalence,
duration, and severity of these symptoms differ for the more
recent SARS-CoV-2 variants and by vaccination status is less clear.
Of particular public health interest, given its massive spread,
is the association between the Omicron variant and postacute
symptoms.

Infection with SARS-CoV-2 during the period of Omicron pre-
dominance is seen to cause less severe acute illness than previous

variants among vaccinated populations.® Infection during the
Omicron period has also been reported to lead to similar or milder
postacute symptoms than the Delta variant 1-4 months after a
positive test.>* Furthermore, it is not clear to what degree, if any,
vaccination protects against or reduces the severity of postacute
symptoms following breakthrough infections, which have been
particularly common for the Omicron variant.

Regarding variants arising prior to Omicron, vaccination with
1 or 2 doses of COVID-19 vaccine before infection with SARS-CoV-
2 may have had a protective effect against long-term COVID-19,
hereafter called “long COVID.” However, the impact of 3 doses of
COVID-19 vaccine on postacute symptomatology is uncertain.

In this study, we used data from a large nationwide Danish
questionnaire survey on long COVID to evaluate the risk of 24
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postacute symptoms, including physical, cognitive, and fatigue-
related symptoms, and 5 new-onset health conditions 4 months
after infection with the SARS-CoV-2 Omicron variant. We com-
pared Omicron cases to both test-negative controls from the same
period in which Omicron was predominant and cases from the
period of Delta predominance. In addition, we evaluated the effect
of booster vaccination on postacute symptoms and new-onset
health conditions 4 months after infection during the Omicron
period, by comparing cases vaccinated with 3 doses of COVID-19
vaccine to cases who had received only 2 doses of vaccine.

Methods
Study design and population

We created a study cohort comprising respondents from a
Danish nationwide questionnaire study on long COVID, EFTER-
COVID (“after COVID"),® which is described in detail elsewhere.”
Specifically, residents of Denmark aged 15 years or more who
tested positive for SARS-CoV-2 for the first time during the
periods July 15, 2021-November 15, 2021, and December 28,
2021-January 15, 2022, were included in the study along with
test-negative individuals matched on date of testing at a 2:3 ratio.
Results of all reverse-transcriptase polymerase chain reaction
tests were obtained from the national COVID-19 surveillance
system at the Statens Serum Institut/ EFTER-COVID was
designed to contain a baseline questionnaire and a number of
follow-up questionnaires comprising different study tracks, each
focusing on physical, cognitive, or fatigue-related symptoms.
Notably, the design was organized so that each invited individual
was randomly assigned to be followed up in only 1 of the 3 study
tracks, in order to keep questionnaires brief and accessible, while
still providing rich data on all tracks. In the current study, we
included data from the baseline questionnaire and the follow-up
questionnaire, completed 1 and 4 months after the date of testing
positive or negative, respectively.

Infections with either the Delta variant or the Omicron variant
were defined on the basis of periods of predominance (periods
where it has been estimated that the variant accounted for more
than 95% of cases based on national surveillance with whole
genome sequencing or variant reverse-transcriptase polymerase
chain reaction). The Delta period was defined as July 15, 2021-
November 15, 2021, and the Omicron period was defined as
December 28, 2021-January 15, 2022. Individuals who were tested
during the intermediate transitional period were not included in
the study?®

Exclusion criteria

We excluded the following participants: (1) cases who were rein-
fected during the Omicron period, (2) controls who reported hav-
ing been found seropositive between the test date and the date of
completing the 4-month follow-up questionnaire, and (3) individ-
uals who received the first dose of vaccine within 14 days prior
to testing for SARS-CoV-2—that is, without the full effect of the
first vaccine dose on the testing date (see Figure S1, available at
https://doi.org/10.1093/aje/kwad225).

Data sources

The baseline questionnaire contained questions on acute symp-
toms and on lifestyle, education, employment, physical condi-
tion, alcohol consumption, smoking, height, weight, and selected
chronic diseases. The follow-up questionnaire contained ques-
tions on study-track-specific symptoms and new-onset general
health problems after testing for SARS-CoV-2, referring to the

time period comprising the 14 days prior to questionnaire com-
pletion, 4 months after the test. The questions on new-onset
general health problems were asked of all participants, regard-
less of the study track. Several of the tracks were based on
validated questionnaires. The fatigue-related track was based on
the Fatigue Assessment Scale (FAS) (©FAS, ILD Care Foundation;
www.ildcarenl)®'* together with postexertional malaise (PEM)-
related questions from the DePaul Symptom Questionnaire,'?
and the cognitive symptoms track was based on the Cognitive
Complaints in Bipolar Disorder Rating Assessment (COBRA).'%1#

For a response to be considered complete, it was obligatory
to respond to all of the questions, except for the questions on
height, weight, and alcohol consumption. The 4-month follow-up
questionnaire is shown in Appendix S1.

All individuals residing in Denmark are assigned a unique
personal identification number in the Danish Civil Registration
System.'®> We used this personal identifier to link information
on relevant covariates obtained from national registers. This
included data on age and sex from the Civil Registration
System,'® comorbid conditions from the Danish National Patient
Register,'® and health-care occupation from the national COVID-
19 surveillance system.'-'® The information on comorbid condi-
tions (including dates of hospitalizations'® and corresponding
diagnoses’) was used to calculate the Charlson comorbidity
index for every participant based on hospital contacts during
the 5 years before the test date.

The COVID-19 vaccination status of participants was obtained
from the Danish Vaccination Register?o which contains individual-
level and linkable information on all vaccines administered in
Denmark, including the date of vaccination and the type of
vaccine used. In Denmark, the SARS-CoV-2 vaccines predomi-
nantly used have been (1) the Pfizer/BioNTech vaccine (BNT162b2;
Pfizer, Inc, and BioNTech SE), comprising 86.1% of all SARS-CoV-2
vaccines administered (based on second doses given before May
24, 2022); (2) the Moderna vaccine (mRNA-1273; Moderna, Inc),
comprising 13.8% of all vaccines; (3) the Oxford-AstraZeneca
vaccine (ChAdOx1-S; Oxford University and AstraZeneca AB),
comprising 0.1%; and (4) the Janssen (Johnson & Johnson)
vaccine (Ad26.COV2.S; Janssen Pharmaceutica), comprising less
than0.1%.”*

Statistical analysis

Outcome prevalences between (1) Omicron cases and controls,
(2) Omicron cases and Delta cases, and (3) Omicron cases
vaccinated with 2 doses and cases vaccinated with 3 doses
were compared using risk differences (RDs). RDs, along with
95% Cls, were estimated using parametric g-computation®? 2
on logistic regression; the estimates were adjusted for age,
sex, body mass index, self-reported chronic diseases from the
baseline questionnaire, Charlson comorbidity index, health-
care occupation, and vaccination status. When comparing cases
vaccinated with 2 doses during the Omicron period with those
vaccinated with 3 doses, estimates were additionally adjusted
for the week of infection due to the possible differential impact
of the BA.1 and BA.2 subvariants gradually developing at the
beginning of the Omicron period. The 95% Cls were estimated
using bootstrap resampling with replacement (1000 iterations).
We considered the following outcomes: (1) postacute symptoms
appearing within 14 days prior to filling out the 4-month follow-
up questionnaire and (2) general health problems (difficulties
concentrating, memory issues, mental exhaustion, physical
exhaustion, and sleep problems) arising within 14 days prior to
filling out the 4-month follow-up questionnaire, given that there
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was no experience of each of the latter health problems in the
6-month period leading up to the test date (new onset).

Charlson comorbidity index was included in the analyses as a
categorical variable with 4 levels: scores of 0, 1, 2, or >3. In the
baseline questionnaire, participants were asked supplementary
questions about relevant chronic diseases commonly treated
in primary care (diabetes, asthma, high blood pressure, chronic
obstructive pulmonary disease or other lung disease, headache or
migraine, and other chronic disease). The presence of any of these
chronic diseases was included in the analyses as a dichotomous
variable (yes/no). Body mass index (weight (kg)/height (m)?) was
included as a categorical variable with 3 levels: (1) obese (obesity
was defined as a body mass index >30 for individuals aged 18
years or more, and for adolescents aged 15-17 years international
cutoff points for obesity by sex and age were used?®); (2) nonobese;
and (3) unknown (when height or weight information was missing
from the baseline questionnaire). Vaccination status comprised
a combination of number of vaccinations and timing of the
most recent vaccination, defined as a categorical variable with
7 levels: (1) unvaccinated; (2) vaccinated with 1 dose within 3
months prior to testing; (3) vaccinated with 1 dose more than
3 months prior to testing; (4) vaccinated with 2 doses, with the
second dose given within 3 months prior to testing; (5) vaccinated
with 2 doses, with the second dose given more than 3 months
prior to testing; (6) vaccinated with 3 doses, with the third dose
given within 3 months prior to testing; and (7) vaccinated with
3 doses, with the third dose given more than 3 months prior to
testing. When comparing cases vaccinated with 2 doses during
the Omicron period to cases vaccinated with 3 doses, vaccination
status was included as a dichotomous variable with 2 levels:
(1) second dose of COVID-19 vaccine given within 3 months prior
to testing and (2) second dose of COVID-19 vaccine given more
than 3 months prior to testing.

In addition, FAS®"'! scores for fatigue were dichotomized into
2 groups: no fatigue (10-21) and substantial fatigue (22-50). PEM*?
scores (DePaul Symptom Questionnaire) were dichotomized into
“PEM present,” defined as frequency and severity scores of at
least 2 (“about half of the time”) and 2 (“moderate”) on any ques-
tion, respectively, and “PEM not present otherwise” (see Appendix
S1, pp. 14-15). COBRA'™™* scores for cognitive complaints were
dichotomized into normal (0-8.56) and caseness (8.57-48). Track-
specific scores (except for the noncumulative PEM score) and the
number of postacute physical symptoms 4 months after testing
for SARS-CoV-2 were modeled as count outcomes using Poisson
regression in order to obtain rate ratios (RRSs).

Data management and statistical analyses were conducted
using R software, version 4.1.3 (R Foundation for Statistical Com-
puting, Vienna, Austria).?” The R packages “riskCommunicator”?®
and “forestploter” ?° were used for modeling and generating forest
plots, respectively.

Results

Participants

Among EFTER-COVID participants tested during the study inclu-
sion period (July 15, 2021-November 15, 2021 and December 28,
2021-January 15, 2022) who had completed the baseline question-
naire, 16 088 individuals with a positive test during the period of
Delta predominance and 66 670 individuals with either a positive
(n=34086) or a negative (n = 32 584) test during the period of Omi-
cron predominance had received an invitation to complete the
4-month follow-up questionnaire by May 16, 2022. The 4-month
follow-up questionnaire was completed by 13 577 (39.8%) of the

cases and 15 809 (48.5%) of the controls in the Omicron period,
respectively, and 8186 (50.9%) of the cases in the Delta period.

We excluded 291 Omicron-reinfected cases, 951 control partic-
ipants who reported testing seropositive between the test date
and the time of completion of the 4-month follow-up question-
naire, and 221 participants who completed a primary vaccination
course within 14 days prior to testing for SARS-CoV-2—that is,
without the full effect of the first vaccine dose on the testing date
(Figure S1).

The final study cohort (n = 36 109) comprised 28 128 par-
ticipants from the Omicron period (13 274 cases and 14 854
controls) and 7981 cases from the Delta period. With regard to
sex and age, among those who were tested during the Omicron
period, 17 046 (60.6%) were females and 11 082 (39.4%) were
males, with median ages of 57 years (interquartile range (IQR),
46-66) and 62 years (IQR, 52-71), respectively. Correspondingly,
among participants who tested positive during the Delta period,
4820 (60.4%) were females and 3161 (39.6%) were males, with
median ages of 53 years (IQR, 40-65) and 59 years (IQR, 46-70),
respectively. Among participants who were tested during the
Omicron period, 11 426 (40.6%) reported at least 1 chronic disease,
whereas the corresponding number and proportion for the Delta
period were 3078 (38.6%). According to the EFTER-COVID study
design, the distribution of participants within each study track
during the Omicron period was as follows: physical track, 15 211
(54.1%); fatigue-related track, 6377 (22.7%); and cognitive track,
6540 (23.3%). During the Delta period, the distribution within
each track was similar: physical track, 4231 (53%); fatigue-related
track, 1831 (22.9%); and cognitive track, 1919 (24%). Across all
study tracks during the Omicron and Delta periods and regardless
of test result, study participants more often were middle-aged,
were female, and had a low Charlson comorbidity index. High
blood pressure was the most frequently self-reported chronic
disease (Table S1, Table S2). Table S3 shows the characteristics
of participants and nonparticipants at the 4-month follow-up
questionnaire.

Risk of postacute symptoms 4 months after
SARS-CoV-2 testing

Among cases diagnosed during the Omicron period, the most
prominent postacute symptoms 4 months after infection were
fatigue/exhaustion (47.6%), muscle/joint pain (39.2%), headache
(38.8%), and runny nose (32.5%) (Figure 1). Cases diagnosed during
the Delta period reported similar prevalences of the following
symptoms: fatigue/exhaustion (51.1%), muscle/joint pain (38.4%),
headache (41.3%), and runny nose (34.1%). When comparing cases
with controls during the Omicron period, RDs were elevated for 18
out of 24 postacute symptoms. We observed the largest RDs for
PEM (RD = 5.6%; 95% CI, 3.3-7.7), fatigue/exhaustion (RD = 5.3%;
95% CI, 3.8-7.0), substantial fatigue (FAS; RD = 5.1%; 95% CI,
2.7-7.3), and dyspnea (RD = 4.9%; 95% CI, 3.8-6.0). In contrast,
when comparing symptoms between Omicron and Delta cases, we
observed significantly lower RDs for 8 out of the aforementioned
18 postacute symptoms (Figure 1). However, the most remarkable
result was the large risk reductions for dysosmia (RD = -15.0%;
95% CI,-17.0 to —13.2) and dysgeusia (RD =-11.2%; 95% CI, -13.2
to —9.5) after infection during the Omicron period, as compared
with the Delta period.

When comparing cases vaccinated with 3 doses to cases vac-
cinated with 2 doses during the Omicron period, we observed
significantly decreased RDs for 11 out of 24 postacute symptoms
and no significantlyincreased RDs (Figure 2). The largest RDs were
observed for PEM (RD = —6.6%; 95% CI, —10.6 to —2.4), substantial
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Omicron Delta Omicron vs. controls Omicron vs. Delta
Outcome Cases (n, %)  Controls (n, %) Cases (n, %) RD (95% Cl) RD (95% Cl)

Physical track (P) n=7413 n=7798 n=4231
Fatigue/exhaustion 3529 (47.6) 3092 (39.7) 2161 (51.1) e - 5.3(3.8,7.0) -3.9 (-6.4, -1.4)
Dyspnea 1001 (13.5) 882 (11.3) 725 (17.1) e - 4.9 (3.8, 6.0) -3.1(-5.0, -1.2)
Sleeping legs/arms 1364 (18.4) 1403 (18.0) 832 (19.7) e 3.0(1.8,4.4) 0.5(-1.4,24)
Dysosmia 563 (7.6) 368 (4.7) 1010 (23.9) o - 3.0(2.2,38) -15.0(-17.0,-13.2)
Runny nose 2406 (32.5) 2283 (29.3) 1441 (34.1) el 3.0 (1.4,4.5) -2.1(-4.6,0.4)
Dizziness 1316 (17.8) 1146 (14.7) 855 (20.2) e T 2.8 (1.5, 4.1) -0.7 (-2.7,1.3)
Reduced strength legs/arms 1170 (15.8) 1311 (16.8) 820 (19.4) e 2.8 (1.4,4.0) -2.1(-4.1,-0.1)
Headache 2877 (38.8) 2399 (30.8) 1747 (41.3) e ' T 2.7 (1.2,4.4) -3.8(-6.1,-1.6)
Red runny eyes 1103 (14.9) 1053 (13.5) 646 (15.3) e 2.5(1.3,3.6) -0.4 (-2.4,1.5)
Dysgeusia 438 (5.9) 304 (3.9) 795 (18.8) —_— - 24 (1.7,3.1) -11.2 (-13.2, -9.5)
Hot flushes/sweat 1615 (21.8) 1465 (18.8) 896 (21.2) e 2.4(1.2,37) -0.4 (2.3, 1.6)
Sore throat 1044 (14.1) 795 (10.2) 683 (16.1) e T 1.9 (0.8, 3.0) -2.2(-3.9,-0.2)
Cough 1572 (21.2) 1590 (20.4) 930 (22.0) e 1.8 (0.4,3.1) 0.9 (-1.2,2.9)
Chest pain 570 (7.7) 476 (6.1) 424 (10.0) N 1.5 (0.6, 2.3) -0.8 (2.2, 0.6)
Chills 503 (6.8) 388 (5.0) 401 (9.5) — 1.3(05,22) -1.9 (-3.4,-0.5)
Nausea 610 (8.2) 445 (5.7) 378 (8.9) g 0.8 (0.0, 1.7) 0.3 (-1.7,1.1)
Abdominal pain 908 (12.2) 793 (10.2) 542 (12.8) = 0.8(-0.2,1.9) 0.3(-1.4,1.9)
Diarrhoea 664 (9.0) 629 (8.1) 438 (10.4) i 0.6 (0.3, 1.5) -0.6 (-2.1,0.9)
Muscle/joint pain 2909 (39.2) 3320 (42.6) 1626 (38.4) T 0.6 (-1.1,2.3) 0.6 (-1.9, 3.3)
Fever 369 (5.0) 307 (3.9) 230 (5.4) et 0.4 (0.3, 1.1) -0.9 (-2.0,0.3)
Reduced appetite 594 (8.0) 552 (7.1) 431 (10.2) = 0.3 (-0.6,1.2) -0.7 (-2.1,0.7)

Fatigue track (F) n=2947 n=3430 n=1831
PEM (DSQ) 810 (27.5) 784 (22.9) 510 (27.9) e 5.6(3.3,7.7) 1.7 (-1.5,4.8)
Fatigue (FAS) 1074 (36.4) 1062 (31.0) 715 (39.0) e T 5.1(2.7,7.3) -0.8 (-4.4, 2.8)

Cognitive track (C) n=2914 n=3626 n=1919
Cognitive Complaints (COBRA) 1087 (37.3) 1175 (32.4) 752 (39.2) — 2.9 (0.3, 5.4) -1.7 (-5.6, 2.3)

T T T T T
-5 -10 -5 0 5
Risk Difference (95% Cl)
Comparison ~@- Omicron vs. controls -@- Omicron vs. Delta

Figure 1. Risk differences (RDs) for postacute coronavirus disease 2019 symptoms in a comparison of Omicron cases with Omicron controls and
Omicron cases with Delta cases 4 months after reverse-transcriptase polymerase chain reaction testing for severe acute respiratory syndrome
coronavirus (SARS-CoV-2) infection (n = 36 109), Denmark, July 2021-January 2022. The period of SARS-CoV-2 Delta variant predominance was July 15,
2021-November 15, 2021; the period of SARS-CoV-2 Omicron variant predominance was December 28, 2021-January 15, 2022. RDs were adjusted for
age, sex, body mass index, self-reported chronic diseases, Charlson comorbidity index, health-care occupation, and vaccination status. “Omicron vs.
controls” and “Omicron vs. Delta” refer to the comparison of Omicron cases with Omicron controls and the comparison of Omicron cases with Delta
cases, respectively. Omicron controls and Delta cases were used as the reference groups, respectively. Sample sizes for each study track by variant and
test result are included. Bars represent 95% confidence intervals (CIs). COBRA, Cognitive Complaints in Bipolar Disorder Rating Assessment; DSQ,
DePaul Symptom Questionnaire; FAS, Fatigue Assessment Scale; PEM, postexertional malaise.

fatigue (FAS; RD = —6.2%, 95% CI: -10.8 to —1.8), and reduced
strength in the legs/arms (RD = -4.2%, 95% CI: -6.5 to —1.9).

Risk of general health problems with new onset
4 months after SARS-CoV-2 testing

At least 1 postacute health problem with new onset 4 months
posttest was reported by 4991 (37.6%) cases and 4437 (29.9%)
controls during the Omicron period and 3370 (42.2%) cases during
the Delta period. When comparing cases with controls during the
Omicron period, RDs for all 5 postacute health problems with new
onset were significantly increased. The largest RDs were observed
for memory issues (RD = 7.4%; 95% CI, 6.4-8.3), followed by men-
tal exhaustion (RD = 6.3%; 95% CI, 5.1-7.5), physical exhaustion
(RD =6.1%; 95% ClI, 4.8-7.2), difficulties concentrating (RD = 5.8%;
95% ClI, 4.8-6.7), and sleep problems (RD = 1.9%; 95% CI, 0.6-3.0)
(Figure 3). When comparing cases diagnosed during the Omicron
period with cases diagnosed during the Delta period, we observed
significantly reduced RDs for all 5 new-onset health problems:
memory issues (RD = —4.4%; 95% CI, -5.9 to —3.0), mental exhaus-
tion (RD = —4.8%; 95% CI, -6.5 to —3.0), physical exhaustion (RD =
—6.7%; 95% CI,-8.6 to —5.0), difficulties concentrating (RD =-5.3%;

95% CI, 6.6 to —3.9), and sleep problems (RD =-6.4%; 95% CI,-8.3
to —4.7) (Figure 3).

We estimated RDs for postacute general health problems with
new onset 4 months after testing positive for SARS-CoV-2 during
the Omicron period, comparing participants vaccinated with 2
doses to those vaccinated with 3 doses. We observed that cases
vaccinated with 3 doses less frequently reported new-onset men-
tal exhaustion (RD = —4.2%; 95% CI, -6.6 to —1.8), memory issues
(RD = -2.5%; 95% CI, —4.5 to —0.4), and difficulties concentrating
(RD =-2.3%; 95% CI,—4.1 to —0.4) compared with those vaccinated
with 2 doses, 4 months after infection during the Omicron period
(Figure 4).

Track-specific scores and number of postacute
physical symptoms 4 months after SARS-CoV-2
testing

During the period of Omicron predominance, cases had 14% more
postacute physical symptoms than controls (RR = 1.14; 95% CI,
1.12-1.16). Conversely, Omicron cases had 11% fewer postacute
physical symptoms than Delta cases (RR = 0.89; 95% CI, 0.86-0.91)
4 months after the test date. Cases vaccinated with 3 doses before
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Omicron vaccinated cases

3 doses vs. 2 doses

Outcome 3 doses (n, %) 2 doses (n, %) RD (95% ClI)
Physical track (P) n=4313 n=2774
Runny nose 1339 (31.0) 960 (34.6) —_— 7 (-2.2,3.4)
Red runny eyes 649 (15.0) 406 (14.6) —_—— 2(-1.9,2.3)
Fever 176 (4.1) 171 (6.2) —— 1(-1.1,1.3)
Diarrhoea 346 (8.0) 282 (10.2) — -0.4 (-2.2,1.1)
Hot flushes/sweat 937 (21.7) 593 (21.4) —— -0.4(-2.7,1.9)
Sore throat 519 (12.0) 479 (17.3) — -0.8 (-2.9, 1.3)
Nausea 271 (6.3) 298 (10.7) — -0.8 (-2.4,0.9)
Dyspnea 632 (14.7) 329 (11.9) —== -0.9 (-3.1,1.4)
Fatigue/exhaustion 1892 (43.9) 1465 (52.8) S -1.5(-4.3,1.4)
Abdominal pain 445 (10.3) 406 (14.6) — -1.5(-3.4,0.4)
Reduced appetite 275 (6.4) 281 (10.1) — -1.7 (-3.4, -0.1)
Chills 244 (5.7) 231 (8.3) — -1.8 (-3.4,-0.2)
Muscle/joint pain 1774 (41.1) 1014 (36.6) —_——— -2.0(-4.9,1.1)
Dysosmia 285 (6.6) 236 (8.5) — -2.0 (-3.8, -0.3)
Cough 894 (20.7) 607 (21.9) — 2.2 (-4.7,0.4)
Sleeping legs/arms 830 (19.2) 458 (16.5) —— -2.3(-4.7,0.1)
Dysgeusia 226 (5.2) 176 (6.3) —— -2.5(-4.0, -0.9)
Chest pain 289 (6.7) 249 (9.0) — -2.6 (-4.3, -1.0)
Headache 1456 (33.8) 1297 (46.8) —_— -3.0 (-5.8, -0.3)
Dizziness 690 (16.0) 559 (20.2) — -3.3(-5.5, -0.9)
Reduced strength legs/arms 731 (16.9) 388 (14.0) —_—— -4.2 (-6.5, -1.9)
Fatigue track (F) n=1715 n=1127
Fatigue (FAS) 576 (33.6) 463 (41.1) -6.2 (-10.8, -1.8)
PEM (DSQ) 446 (26.0) 340 (30.2) —_—————— -6.6 (-10.6, —2.4)
Cognitive track (C) n=1653 n=1131
Cognitive Complaints (COBRA) 561 (33.9) 472 (41.7) —_—————— -4.5 (-9.0, -0.3)

I T T T 1
-12 -8 -4 0 4
Risk Difference (95% CI)

Figure 2. Risk differences (RDs) for postacute coronavirus disease 2019 (COVID-19) symptoms in a comparison of cases vaccinated with 3 doses of
COVID-19 vaccine to cases vaccinated with 2 doses, 4 months after infection with severe acute respiratory syndrome coronavirus (SARS-CoV-2) during
the period of SARS-CoV-2 Omicron variant predominance (n = 12 713), Denmark, December 2021-January 2022. The Omicron period was December 28,
2021-January 15, 2022. RDs were adjusted for age, sex, body mass index, self-reported chronic diseases, Charlson comorbidity index, health-care
occupation, vaccination status (timing of vaccination with second dose), and week of infection during the Omicron period. Omicron cases vaccinated
with 2 doses were used as the reference group. Sample sizes for each study track by vaccine dose are included. Bars represent 95% confidence
intervals (CIs). COBRA, Cognitive Complaints in Bipolar Disorder Rating Assessment; DSQ, DePaul Symptom Questionnaire; FAS, Fatigue Assessment

Scale; PEM, postexertional malaise.

infection during the Omicron period had 8% fewer postacute
physical symptoms than those vaccinated with 2 doses (RR = 0.92;
95% CI, 0.89-0.95) 4 months after a positive test. Results observed
when modeling track-specific scores (Table S4, Figure S2) were
consistent with the trends observed for the results obtained from
the RD models (Figure 1, Figure 2).

Discussion
Key findings
Four months after testing positive for SARS-CoV-2 during the Omi-
cron period, COVID-19 cases more frequently reported postacute
symptoms and health problems with new onset than did controls
in the same period and less frequently reported postacute

symptoms and health problems with new onset than did cases
during the period of Delta predominance. Moreover, among cases
diagnosed during the Omicron period, participants who had
received 3 doses of COVID-19 vaccine before infection reported
fewer symptoms than participants who had received 2 doses of
vaccine.

Other studies

Persistence of postacute symptoms after infection with SARS-
CoV-2 has also been reported by other investigators,?429-3? with
regard to primarily pre-Omicron variants; however, differences
in estimates of risk, time of measurement, and definitions of
long COVID vary from study to study and should be taken into
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Omicron Delta Omicron vs. controls Omicron vs. Delta
Outcome Cases (n, %) Controls (n, %)  Cases (n, %) RD (95% Cl) RD (95% Cl)
All study tracks n=13274 n=14854 n=7981
Memory issues 1733 (13.1) 1036 (7.0) 1199 (15.0) - 7.4 (6.4,8.3) -4.4 (-5.9, -3.0)
Mental exhaustion 2012 (15.2) 1490 (10.0) 1431 (17.9) L ' * 6.3 (5.1,7.5) -4.8 (-6.5, -3.0)
Physical exhaustion 2497 (18.8) 2208 (14.9) 1773 (222) . | © 6.1(4.8,7.2) -6.7 (-8.6, -5.0)
Difficulties concentrating 1667 (12.6) 1018 (6.9) 1258 (15.8) . « 5.8 (4.8,6.7) -5.3 (-6.6, -3.9)
Sleep problems 1473 (11.1) 1389 (9.4) 1205 (15.1) . 1.9 (0.6, 3.0) -6.4 (-8.3, -4.7)

T T T
-6 0 6
Risk Difference (95% ClI)
Comparison  -@®- Omicron vs. controls -@- Omicron vs. Delta

Figure 3. Risk differences (RDs) for new-onset general health problems in a comparison of coronavirus disease 2019 Omicron cases with Omicron
controls and Omicron cases with Delta cases 4 months after reverse-transcriptase polymerase chain reaction testing for severe acute respiratory
syndrome coronavirus (SARS-CoV-2) infection (n = 36 109), Denmark, July 2021-January 2022. The period of SARS-CoV-2 Delta variant predominance
was July 15, 2021-November 15, 2021; the period of SARS-CoV-2 Omicron variant predominance was December 28, 2021-January 15, 2022. RDs were
adjusted for age, sex, body mass index, self-reported chronic diseases, Charlson comorbidity index, health-care occupation, and vaccination status.
“Omicron vs. controls” and “Omicron vs. Delta” refer to the comparison of Omicron cases with Omicron controls and the comparison of Omicron cases
with Delta cases, respectively. Omicron controls and Delta cases were used as the reference groups, respectively. Sample sizes by variant and test

result are included. Bars represent 95% confidence intervals (CIs).

account in interpretation. In several studies, fatigue and dyspnea
comprised the 2 main postacute symptoms up to 4 months after
a positive test during both the Delta and Omicron periods, in
line with the findings of the present study.?** Interestingly, in
a Norwegian register-based study,* post-COVID-19 complaints in
general practice persisted to a similar extent after both Omicron
and Delta infections, in contrast to our observations that Omicron
is associated with lower risk of numerous postacute symptoms
and new-onset general health problems, when compared with
Delta. In a UK study on self-reported symptom data, Antonelli
et al® recently reported that experiencing long COVID was less
common after infection during the Omicron period compared
with the Delta period, with reported prevalences of 4.5% and
10.8%, respectively.

Postacute symptoms arising within 2-12 months of infection
with pre-Omicron variants were more frequently reported in indi-
viduals hospitalized during the acute phase of infection than in
those with mild infection.?30:3*-3¢ In a UK study on COVID-19
risk factors, vaccination was associated with reduced odds of
hospitalization.?

Omicron vaccinated cases

The latter study was also included in a recent meta-analysis® in
which vaccination with 1 or 2 doses before pre-Omicron infections
protected against long COVID in some studies, but not all (odds
ratios ranged between 0.22 and 1.93). Our results suggest that
vaccination with a third dose provides some protection against
postacute symptoms and new-onset general health conditions
after infection during Omicron, compared with being vaccinated
with 2 doses. Our finding is reassuring, since even though vacci-
nation reduces the severity of COVID-19, its impact on prevent-
ing or treating long COVID has been unclear.” Hence, reliance
on vaccination as a sole mitigation strategy may not optimally
reduce the societal risk of long COVID*—for example, due to low
vaccine uptake and no evidence of a strong preventive effect.
Therefore, adequate follow-up in future vaccine trials would be
beneficial in order to define and evaluate long COVID as an
outcome.”

In Denmark, the number of monthly referrals to specialized
long COVID clinics in major hospitals has decreased remarkably
during the Omicron period as compared with the period before the
emergence of the Omicron variant,*® consistent with the findings

3 doses vs. 2 doses

Outcome 3 doses (n, %) 2 doses (n, %) RD (95% Cl)
All study tracks n=7681 n=5032
Sleep problems 826 (10.8) 594 (11.8) —— 0.1 (-2.0, 2.3)
Physical exhaustion 1457 (19.0) 945 (18.8)  —e—- -1.5(-3.7,0.9)
Difficulties concentrating 857 (11.2) 735 (14.6) —— -2.3(-4.1, -0.4)
Memory issues 952 (12.4) 705 (14.0) —— -2.5 (-4.5, -0.4)
Mental exhaustion 1072 (14.0) 857 (17.0) —— -4.2(-6.6,-1.8)
- T T
-30 3

Risk Difference (95% ClI)

Figure 4. Risk differences (RDs) for new-onset general health problems in a comparison of coronavirus disease 2019 (COVID-19) cases vaccinated with
3 doses of COVID-19 vaccine to cases vaccinated with 2 doses, 4 months after infection with severe acute respiratory syndrome coronavirus
(SARS-CoV-2), during the Omicron period (n = 12 713), Denmark, December 2021-January 2022. The period of SARS-CoV-2 Omicron variant
predominance was December 28, 2021-January 15, 2022. RDs were adjusted for age, sex, body mass index, self-reported chronic diseases, Charlson
comorbidity index, health-care occupation, vaccination status (timing of vaccination with second dose), and week of infection during the Omicron
period. Omicron cases vaccinated with 2 doses were used as the reference group. Sample sizes by vaccine dose are included. Bars represent 95%

confidence intervals (CIs).
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of the present study observing fewer postacute sequelae 4 months
after infection.

Strengths and limitations

The key strengths of the present study were its remarkable study
population size and the inclusion of date-matched controls, which
allowed us to take the background prevalence of symptoms and
general health conditions into account. The questionnaires were
designed to minimize potential recall bias; in the 4-month follow-
up questionnaire, all questions on postacute symptoms and
new-onset general health problems referred to the past 14 days.
Furthermore, in contrast to many previous studies which
evaluated primarily unvaccinated individuals, the vast majority
of the study population were fully vaccinated with 2 or 3 doses
and nonhospitalized, thus enabling a unique long COVID study
focused primarily on persons who experienced mild disease
during the acute phase of infection with SARS-CoV-2.

The main limitations of the present study were its self-
reporting nature, potential participation bias, and the lack of
direct testing for variants. Regarding persons who underwent
testing for SARS-CoV-2 during the Omicron period, higher
response rates were reported among controls than among cases,
which reduces concern about selection bias. Regarding test-
positives, we excluded persons whose positive test referred to
reinfection with SARS-CoV-2, in order to minimize the impact of
postacute symptoms potentially caused by an earlier infection;
thus, our results are generalizable only to first-time infections.
The lack of direct variant verification at the individual level is
unlikely to have had an impact on our results given that during
the periods studied, the dominating variant accounted for more
than 95% of all cases. Furthermore, any misclassification is
likely to have been nondifferential and therefore unlikely to have
influenced our findings.

Perspectives

Postacute symptoms after infection with SARS-CoV-2 during the
Omicron period, along with the potential severity and duration
of SARS-CoV-2 infection during this period, encompass a notable
concern given the number of infections that have occurred glob-
ally. By utilizing self-reported information on health outcomes
combined with registry data, the present study provides much
needed information on the most recent and most common SARS-
CoV-2 variant causing infections during the pandemic. This can
help public health authorities better evaluate the full impact
of different pandemic strategies and help patients better under-
stand a condition about which we still have much to learn. More
research on long COVID is urgently needed, particularly on sever-
ity and duration, as well as studies attempting to identify long
COVID phenotypes consisting of multiple symptoms and health
problems.

Conclusion

In the present nationwide questionnaire study, we found that
infection with SARS-CoV-2 during the period of Omicron pre-
dominance was associated with postacute symptoms and general
health problems with new onset, 4 months after a positive test;
however, compared with infections diagnosed during the Delta
period, symptoms and health problems were reassuringly less
common. In comparison with persons with 2 doses of vaccine,
vaccination with a third dose before infection with SARS-CoV-2
during the Omicron period was associated with fewer postacute
symptoms and general health problems with new onset 4 months
after a positive test.
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