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a b s t r a c t
Objective: We aimed to describe post-acute sequelae of SARS-CoV-2 infection (PASC) related symptoms
3-15 months after a positive test in SARS-CoV-2 unvaccinated and vaccinated participants with a breakthrough infection.
Methods: Participants of the Norwegian COVID-19 cohort, without a positive SARS-CoV-2 test, completed
a questionnaire about PASC-related symptoms between November 2020 and January 2021. About a year
later, a second questionnaire (which also included the Everyday Memory Questionnaire [EMQ]-13) was
completed by the same participants, most still without a positive SARS-CoV-2 test, but also by unvaccinated and vaccinated participants with a positive test 3-15 months before the questionnaire. Laboratoryconﬁrmed SARS-CoV-2 status (positive or negative swab test determined by reverse transcriptase quantitative polymerase chain reaction) at the time of completing the questionnaire was ascertained from the
Mandatory Norwegian Surveillance System for Communicable Diseases.
Results: No differences were found in the self-reported PASC symptoms, dyspnea, fatigue, smell/taste
changes, concentration problems, or the EMQ-13 score between unvaccinated and vaccinated participants
3-15 months after the positive test. Fewer memory problems were reported among vaccinated than unvaccinated participants.
Conclusion: SARS-CoV-2 vaccines offer minor protection against PASC symptoms, although fewer memory
problems were reported among the vaccinated than the unvaccinated participants.
© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious
Diseases.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

Introduction
Vaccination represents the most important strategy to prevent
infection, severe complications, and death caused by SARS-CoV2 (Feikin et al., 2022). SARS-CoV-2 vaccination may also reduce
the risk of post-acute sequelae of SARS-CoV-2 infection (PASC)
(Antonelli et al., 2022; Azzolini et al., 2022; Kuodi et al., 2022), but
conﬂicting results have been presented (Taquet et al., 2022). We
aimed to describe self-reported PASC symptoms, including memory and concentration problems, changes in smell and taste, fa-
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tigue, and dyspnea, persisting 3-15 months after a positive test
in SARS-CoV-2 unvaccinated and vaccinated participants with a
breakthrough infection.
Methods
Participants of the Norwegian COVID-19 cohort (started in
March 2020) without a positive SARS-CoV-2 test (i.e., the untested
or those with a SARS-CoV-2 negative test) by the third follow-up
questionnaire (November 2020-January 2021) and who completed
a fourth follow-up questionnaire a year later were included in
the present study. Laboratory-conﬁrmed SARS-CoV-2 status (positive or negative swab test determined by reverse transcriptase
quantitative polymerase chain reaction) at the time of completing
a questionnaire was ascertained from the Mandatory Norwegian
Surveillance System for Communicable Diseases (Kjetland et al.,
2020). Both the third and fourth follow-up questionnaires (as well
as the two questionnaires distributed before that) had questions
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Table 1
Third follow-up questionnaire, before SARS-CoV-2 infection; study population and symptoms the last 3 weeks.

Third follow-up questionnaire
Characteristic
Sex, n (%)
Male
Female
Age, mean (SD) years
BMI, mean (SD) kg/m2
Chronic disease, n (%)c
No chronic disease
≥1 chronic disease
Symptoms, last 3 weeks
Dyspnea, n (%)
Yes
No
Fatigue, n (%)
Yes
No
Smell/taste changes, n (%)
Yes
No
Memory problems, n (%)
Yes
No
Concentration problems, n (%)
Yes
No

SARS-CoV-2 negative/
untested (n = 104,798)

SARS-CoV-2 positivea
Vaccinated (n = 360)

Unvaccinated (n = 1060)

P-valueb

32,354 (30.9)
72,444 (69.1)
50.9 (13.6)
26.2 (4.8)

97 (26.9)
263 (73.1)
48.3 (11.4)
25.9 (4.8)

310 (29.2)
750 (70.8)
45.7 (12.3)
26.3 (4.9)

0.40

70,421 (69.7)
30,676 (30.3)

233 (66.4)
118 (33.6)

784 (76.0)
247 (24.0)

<0.001

5720 (5.5)
99,078 (94.5)

25 (6.9)
335 (93.1)

57 (5.4)
1 003 (94.6)

0.27

17,976 (17.1)
86,822 (82.9)

60 (16.7)
300 (83.3)

207 (19.5)
853 (80.5)

0.23

1,612 (1.5)
103,186 (98.5)

6 (1.7)
354 (98.3)

12 (1.1)
1 048 (98.9)

0.43

3376 (3.2)
101,422 (96.8)

10 (2.8)
350 (97.2)

40 (3.8)
1 020 (96.2)

0.38

6360 (6.1)
98,438 (93.9)

23 (6.4)
337 (93.6)

83 (7.8)
977 (92.2)

0.37

<0.001
0.19

Missing information about BMI and chronic disease for 4.2% and 3.5% of the participants, respectively.
BMI; body mass index, n; number.
a
For the SARS-CoV-2 positive, third follow-up questionnaire was completed before the positive test; all were untested/negative at this point.
b
SARS-CoV-2 unvaccinated versus vaccinated participants, P-values reported from Pearson chi-square test (two-sample t-test for age and BMI).
c
One or more of the following chronic conditions: heart disease, hypertension, lung disease, asthma, diabetes mellitus, cancer, other or treated with immune suppressive
medications.

about key PASC symptoms (European Observatory on Health Systems and Policies et al., 2021), including memory and concentration problems, changes in smell and taste, fatigue, and dyspnea.
The fourth follow-up questionnaire also contained the Everyday
Memory Questionnaire-13 (EMQ-13). SARS-CoV-2 vaccination status was self-reported, and participants were considered fully vaccinated 14 days after the second dose. In Norway, >97% of vaccine
doses given have been messenger RNA vaccines. Participants with
only one vaccine dose, inconclusive vaccination status, ≥2 COVID19 diagnoses, or diagnosed with COVID-19 <3 months before the
fourth follow-up questionnaire were excluded from analyses.
The main outcome was self-reported symptoms in the fourth
follow-up questionnaire, comparing unvaccinated and vaccinated
SARS-CoV-2 positive participants with the Pearson chi-square test
(unadjusted) and logistic regression (adjusted for gender, age, body
mass index (BMI), chronic disease, and days since COVID-19). Other
outcomes included the mean EMQ-13 score, analyzed with a twosample t-test (unadjusted) and linear regression (adjusted for gender, age, BMI, chronic disease, and days since COVID-19). Positive
participants were also compared to what the untested/negative
participants reported in the fourth follow-up questionnaire. Patient characteristics and symptoms (before any positive tests) reported in the third follow-up questionnaire were compared with
chi-square and t-tests.

1060 were unvaccinated, and 360 were vaccinated with a breakthrough infection. In total, 104,798 were still untested/negative on
the fourth follow-up questionnaire. The unvaccinated participants
were younger with fewer chronic diseases than the vaccinated participants (Table 1). Overall, few participants were hospitalized due
to COVID-19, but signiﬁcantly more unvaccinated than vaccinated
participants were hospitalized (Table 2).
In the third follow-up questionnaire, before the positive SARSCoV-2 test, there were no differences in symptoms between unvaccinated and vaccinated participants, and only minor differences
between untested/negative and participants that would become infected with SARS-CoV-2 (Table 1).
In the fourth follow-up questionnaire, 3-15 months after the
positive SARS-CoV-2 test, there were no differences in symptoms
or EMQ-13 scores between unvaccinated and vaccinated participants with a breakthrough infection, except for memory problems
that were reported more frequently among the unvaccinated participants (Table 2). When excluding those that were hospitalized
due to COVID-19, we observed that memory problems were no
longer signiﬁcantly different between the unvaccinated and vaccinated participants (15.8% and 12.1%, respectively; odds ratio 1.5,
95% conﬁdence interval 0.83, 2.84). The other symptoms showed
similar prevalence when excluding the hospitalized participants
and for all (data not shown). Overall, signiﬁcantly more symptoms
were reported among positive than untested/negative participants.

Results
Discussion
In total, 154,050 eligible participants completed the third
follow-up questionnaire, of which 116,272 also completed the
fourth follow-up questionnaire. Participants with COVID-19 diagnosis <3 months ago (n = 9089), ≥2 COVID-19 diagnoses (n = 186),
unconﬁrmed COVID-19 disease (n = 475), and/or inconclusive vaccination status (n = 660) were excluded.
Overall, 1420 participants had a positive SARS-CoV-2 test between the third and fourth follow-up questionnaires, of which

Only minor differences in PASC symptoms, persisting 3-15
months after the positive test, were observed between SARS-CoV-2
unvaccinated and vaccinated participants with a breakthrough infection. However, fewer memory problems were reported among
the vaccinated than the unvaccinated participants.
SARS-CoV-2 vaccines offer eﬃcient protection against severe
disease (Feikin et al., 2022), also demonstrated by the higher num11
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Table 2
Fourth follow-up questionnaire, after SARS-CoV-2 breakthrough infection; days since COVID-19, EMQ-13 score, and symptoms the last 3 weeks.

Fourth follow-up questionnaire
Days since COVID-19, median (IQR)
Hospitalized, n (%)
Yes
No
EMQ-13 score, mean (95% CI)c
Symptoms, last 3 weeks
Dyspnea, n (%)
Yes
No
OR (95% CI)
Fatigue, n (%)
Yes
No
OR (95% CI)
Smell/taste changes, n (%)
Yes
No
OR (95% CI)
Memory problems, n (%)
Yes
No
OR (95% CI)
Concentration problems, n (%)
Yes
No
OR (95% CI)

SARS-CoV-2 positivea

SARS-CoV-2 negative/
untested (n = 104,798)

0.60 (0.59, 0.60)

5630 (5.4)
99,168 (94.6)

19,069 (18.2)
85,729 (81.8)

2075 (2.0)
102,723 (98.0)

3725 (3.5)
101,073 (96.5)

6141 (5.9)
98,657 (94.1)

Vaccinated (n = 360)

Unvaccinated (n = 1 060)

P-valueb

110.0 (25.0)

293.5 (85.0)

<0.001

4 (1.1)
334 (92.8)
0.80 (0.71, 0.88)

64 (6.0)
865 (81.6)
0.90 (0.84, 0.96)

<0.001

40 (11.1)
320 (88.9)
1.00

127 (12.0)
933 (88.0)
1.48 (0.77, 2.85)

0.66

110 (30.6)
250 (69.4)
1.00

320 (30.2)
740 (69.8)
0.90 (0.56, 1.43)

0.90

62 (17.2)
298 (82.8)
1.00

151 (14.3)
909 (85.8)
1.11 (0.62, 1.98)

0.17

43 (11.9)
317 (88.1)
1.00

183 (17.3)
877 (82.7)
1.91 (1.07, 3.43)

0.02

63 (17.5)
297 (82.5)
1.00

231 (21.8)
829 (78.2)
1.23 (0.72, 2.10)

0.08

0.69

0.24

0.65

0.72

0.03

0.45

Missing information about EMQ-13 score for 4.2% of the total participants and hospitalization for 12.4% and 6.1% of the unvaccinated and vaccinated participants, respectively.
CI; conﬁdence interval; EMQ-13, Everyday Memory Questionnaire 13;IQR; interquartile range, n, number; OR, odds ratio.
a
For the SARS-CoV-2 positive, symptoms were reported 3-15 months after the positive test. The SARS-CoV-2 vaccinated had ≥2 vaccine doses before the positive test.
b
SARS-CoV-2 unvaccinated versus vaccinated participants, P-values reported from Pearson chi-square test and logistic regression (OR) except for days since COVID-19
(Wilcoxon rank-sum test) and EMQ-13 score (linear regression).
c
EMQ-13 using mean score in points (lower is better).

ber of hospitalized participants among the unvaccinated than the
vaccinated participants in our study. We also observed that when
excluding those that were hospitalized due to COVID-19, the PASC
symptom memory problems were no longer signiﬁcantly higher for
the unvaccinated than the vaccinated participants. Nevertheless,
conﬂicting results have been reported regarding protection against
PASC in individuals with a breakthrough infection (Antonelli et al.,
2022; Azzolini et al., 2022; Kuodi et al., 2022; Taquet et al., 2022).
The difference between studies may be a result of temporal trends
for the PASC symptoms, which can lead to under- or overestimation of the protective effect of vaccination in studies where the
follow-up time for unvaccinated and vaccinated participants is not
adjusted for.
The deﬁnition of PASC varies in the literature regarding time
frame; it should be questioned whether symptoms are actually
post-COVID-19 symptoms or part of the acute COVID-19 disease.
The deﬁnition also varies regarding symptoms included, ranging
from one persistent symptom to many symptoms occurring at the
same time (European Observatory on Health Systems and Policies
et al., 2021; Ganesh et al., 2022). In the present study, we only examined the prevalence of typical PASC symptoms beyond the three
ﬁrst months after a positive test and not how many symptoms or
how severely participants were affected.
Strengths of our study include the design, a prospectively followed cohort with data on symptoms both before and after COVID19, and the large group of untested/negative participants with low
symptom burden at both time points, suggesting that symptoms
among the positive participants were caused by the disease. Furthermore, the use of the EMQ-13 is a complement to the selfreported symptom memory problems. In addition, our study reports the medium to long-term effects of COVID-19.
Limitations include self-reported symptoms and vaccination
status and uncertainty related to the small sample size (some of

the symptoms were experienced by few participants). Participants
were aware of their SARS-CoV-2 status, which may have inﬂuenced
the self-reporting of symptoms, in particular, the highly subjective
psychological symptoms, memory, and concentration problems, but
such bias would apply to both unvaccinated and vaccinated participants. Also, days since COVID-19 was signiﬁcantly different between the unvaccinated and vaccinated participants, and we cannot exclude the possibility that our results are due to the domination of different SARS-CoV-2 variants in the two groups (although
the logistic and linear regression analyses were adjusted for days
since COVID-19).
Conclusion
We conclude that SARS-CoV-2 vaccines offer minor protection
against PASC symptoms, including concentration problems, changes
in smell and taste, fatigue, or dyspnea, in those with a COVID19 breakthrough infection. However, fewer memory problems were
reported among the vaccinated than the unvaccinated participants.
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