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ABSTRACT The majority of long coronavirus disease (COVID) symptoms are not
specific to COVID-19 and could be explained by other conditions. The present study
aimed to explore whether Danish individuals with a perception that they suffer from
long COVID have antibodies against the nucleocapsid antigen, as a proxy for detect-
ing previous infection. The study was conducted in February and March 2021, right
after the second surge of the COVID-19 pandemic in Denmark. All members of the
social media group on Facebook “Covidramte med senfglger” (“long COVID suffer-
ers") above the age of 17 years and living in Denmark were invited to participate in
a short electronic questionnaire about long COVID risk factors and symptoms. The
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) nucleocapsid (N) pro-
tein was detected in blood samples as a proxy for natural SARS-CoV-2 infection. The
final study population comprised 341 participants (90.6% females) who completed
blood sampling and answered the questionnaire. A total of 232 (68%) were seroposi-
tive (median age, 49.5 years; interquartile range [IQR], 41 to 55 years; 90.1% females).
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ong-term persistence of symptoms after recovery from severe acute respiratory syn-

drome coronavirus 2 (SARS-CoV-2) infection is often referred to as long COVID (1).
According to the World Health Organization (WHO), a post-coronavirus disease 2019
(COVID-19) condition occurs as a post-acute-phase consequence of COVID-19, usually
3 weeks from onset of COVID-19, with symptoms lasting at least 2 months that cannot
be explained by an alternative diagnosis (1). Clinically, it is known as post-acute-phase
sequelae of SARS-CoV-2 infection (PASC) (2). The fraction of SARS-CoV-2-infected peo-
ple developing COVID-19 and experiencing long COVID and the exact nature of the
symptoms have not been fully elucidated (3, 4).

Reported symptoms of long COVID are wide-ranging, with the involvement of
nearly all organ systems, and with post-COVID fatigue being the most common symp-
tom (5). Post-COVID symptoms have been reported among persons of all ages and in
both hospitalized and nonhospitalized COVID-19 patients (6-8) and have been found
to occur more frequently with increasing age, higher body mass index, and female sex
(9). Long COVID has the potential to reduce quality of life significantly.

Most of the reported long-COVID symptoms are not specific to COVID-19 and could
be explained by other conditions. Though focus during the pandemic primarily has
been on the direct effects of being infected, society has been exposed to other stres-
sors during the pandemic that could have affected public health independently of
infection. For example, during long periods of the pandemic, citizens have been urged
to maintain social isolation in order to avoid further spread of SARS-CoV-2. While social
isolation has been inconvenient and unfavorable for many people, it is likely that some
individuals will have experienced a large psychological impact, leading to an increased
risk of impairment to their general mental health (10-12). The present study aimed to
explore whether Danish individuals with a perception that they suffer from long COVID
have antibodies against the nucleocapsid antigen, as a proxy for detecting previous
infection.

RESULTS

Study population and characteristics. Baseline characteristics of the study partici-
pants are presented in Table 1. Of the 341 individuals who participated in blood sam-
pling and afterwards filled out the in-depth questionnaire, 32 (9.4%) were men and
309 (90.6%) were women. No significant difference was found in serostatus between
males and females (P = 0.77), with 71.8% (23 of 32) of men and 67.6% (209 of 309) of
women being seropositive. Median age was similar in seronegative and seropositive
individuals (49.5 years versus 48 years, respectively; P = 0.22). Median body mass index
(BMI) was not significantly different (P = 0.19) in the two groups. No clear difference in
serology was associated with smoking or alcohol consumption.

A total of 232 (68%) participants tested positive for SARS-CoV-2 N-protein antibodies
(Table 1), leaving 32% of the participants seronegative. Being seropositive was associ-
ated with being employed full- or part-time, though the association was not significant
(P = 0.13), while individuals who were self-employed, stay-at-home, without a job, on
leave from their job, or retired were more frequently observed in the group of seronega-
tive individuals.

Long-COVID-related symptoms and time since COVID-19 infection. Almost all
symptoms were reported to be worse after than before assumed COVID-19 for both
the seropositive and the seronegative groups. Exceptions to this were the symptoms
“vomiting” and “diarrhea,” which were reported as “better” after assumed COVID-19
(Fig. 1). Only “sensitivity to sound” was significantly worse in the group of seroposi-
tive than seronegative individuals (P < 0.05); all other symptoms were not signifi-
cantly different. Figure 2 and Fig. S1 in the supplemental material show the time
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TABLE 1 Baseline characteristics of the study cohort, stratified by seropositivity

Value for group

Characteristic Seropositive Seronegative Total P value

No. of participants 232 109 341

No. of males (%) 23(9.9) 9(8.3) 32(9.4) 0.772

No. of females (%) 209 (90.1) 100 (91.7) 309 (90.6)

Median age (in yrs) (IQR) 49.5 (41-55) 48 (41-54) 49 (41-55) 0.217

Median body mass index (IQR) 25.4(22.7-29.7) 24.5(22.0-28.1) 25.3(22.3-29.0) 0.189
No. with missing data 2 0 2

No. (%) who ever smoked 39(16.8) 21(19.3) 60 (17.6) 0.687

No. (%) reporting alcohol use

Yes 191 (82.3) 80 (73.4) 271 (79.5) 0.110
No 40(17.2) 29 (26.6) 69 (20.2)
Do not know/do not wish to answer 1(0.4) 0(0.0) 1(0.3)

No. (%) previously tested

Any test 223 (96.1) 100 (91.7) 323 (94.7) 0.154
Swab test (PCR) 216 (93.1) 98 (89.9) 314 (92.1) 0.421
Mean time (in days) since COVID-19 (SD) 213.9 (134.1) 317 (96.4) 2489 (131.8) <0.001

Previous antibody test
No. with positive result 108 (46.6) 22 (20.2) 130 (38.1)
No. with negative result 19(8.2) 35(32.1) 54 (15.8)
Do not know/missing 105 (45.3) 52 (47.7) 157 (46.0) <0.001

No. with influenza vaccination in:

2019 50 (21.6) 17 (15.7) 67 (19.7) 0.268

2020 79 (34.1) 30 (27.5) 109 (32.0) 0.280
No. (%) with health status

Excellent 17 (7.3) 8(7.3) 25(7.3) 0.130

Very good 74 (31.9) 36 (33.0) 110 (32.3)

Good 69 (29.7) 25(22.9) 94 (27.6)

Poor 60 (25.9) 26 (23.9) 86 (25.2)

Very poor 12 (5.2) 14 (12.8) 26 (7.6)
No. (%) COVID-19 vaccinated 20 (13.4) 6(7.8) 26 (11.5) 0.300
No. with missing data 83 32 115

No. (%) with work status

Full-time employee 132 (56.9) 60 (55.0) 192 (56.3) 0.126
Part-time employee 41(17.7) 9(8.3) 50 (14.7)

Self employed 14 (6.0) 11(10.1) 25(7.3)

Student 5(2.2) 4(3.7) 9(2.6)

Stay-at-home 2(0.9) 1(0.9) 3(0.9)

Out of job 2(0.9) 5(4.6) 7(2.1)

Long-term sick leave/parental leave 10 (4.3) 6 (5.5) 16 (4.7)

Retired 15 (6.5) 9(8.3) 24 (7.0)

Other 11(4.7) 4(3.7) 15 (4.4)

since the assumed first day of COVID-19 for seronegative and seropositive individu-
als. Four individuals were excluded from this part of the analysis; three because they
specified a date that was after the date on which they filled out the questionnaire,
and one because the individual specified the date on which they filled out the
questionnaire.

Time since COVID-19 was significantly longer for the group of seronegative individ-
uals (P < 0.001) with a narrow interquartile range compared to the group of seroposi-
tive (Fig. S1). The mean time since COVID-19 was 248.9 days (95% confidence interval
[CI] = 234.9 to 262.9) for the entire cohort, 317 days (95% Cl = 306.7 to 327.3) for
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FIG 1 Mean change in symptoms.

seronegative individuals, and 213.9 days (95% Cl = 199.6 to 228.2) for seropositive
individuals.

Figure 2 is a histogram showing the dispersion of the “time since the first day of
assumed COVID-19 infection” within the cohort. Two peaks appear, the first one
around 3 to 4 months after COVID-19, which is dominated by seropositive individuals.
The second peak is around 1 year after infection and consists of both seronegative and
seropositive individuals.

The individual long-COVID symptoms were not predictive for serostatus in an initial,
overfitted logistic regression model where all symptoms were included, as well as age,
sex, and time since assumed COVID-19 (Table 2). In the final model, symptom burden
was pooled into a “sum of all long-COVID symptoms,” which still had no significant
predictive value for serostatus. However, in the final model, a 1-day increase in time
since assumed COVID-19 was significantly associated with odds of a positive antibody
sample decreasing by 1.3%. Therefore, a 1-month (30-day) increase in time since
assumed COVID-19 was associated with a reduction in the odds by 32.5%.

Health impact. Participants were asked to grade how much of the time in the pre-
vious 4 weeks (prior to blood sampling and filling out of the questionnaire) they had
felt “calm and peaceful,” “full of energy,” and “downhearted and blue.” Figure 3 shows
the proportions of seronegative and seropositive participants who experienced these
feelings “none of the time,” “a bit of the time,” “some of the time,” “a great deal of the
time,” “most of the time” or “all of the time.” The experience of these feelings in the 4
weeks prior to blood sampling was similar among seropositive and seronegative
individuals.

November/December 2022 Volume 10 Issue 6

Microbiology Spectrum

Anti-nucleocapsid

|:| Negative
. Positive

10.1128/spectrum.02537-22

4


https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.02537-22

Long COVID and Antibodies in a Danish Cohort

N
o
'

Individuals in cohort

0 30 60 90 120 150 180 210 240 270 300 330 360 390
Days since COVID-19

FIG 2 Serostatus and time since COVID-19.

Previous antibody tests and influenza vaccination. In the group of seropositive
individuals, 46.6% reported a prior positive SARS-CoV-2 antibody test, while the pro-
portion was 20.2% in the group of seronegative individuals. This difference in previous
antibody test results was statistically significant (P < 0.001).

The target group for influenza vaccination was expanded in the influenza season of
2020 to include the entire adult population, due to the COVID-19 pandemic and the
fear that an extra burden of influenza could overpower hospitals. The frequency of
individuals vaccinated in 2020 against influenza was similar in seropositive (34.1%) and
seronegative (27.5%) participants (P = 0.28). The total number of individuals specifying
that they received vaccination against influenza in 2020 (32%) was higher than in 2019
(19.7%), which was a significant increase (P < 0.05).

DISCUSSION

The number of studies on long COVID is increasing rapidly, but studies based on
serostatus are still few. We included 341 participants from a social media group of
long-COVID sufferers who were tested for SARS-CoV-2 antibodies (antinucleocapsid)
and subsequently completed an electronic questionnaire. The study was conducted in
February and March 2021 right after the second surge of the COVID-19 pandemic in
Denmark. The main findings can be summarized as follows: 90.6% of participants were
women; 32% of the participants did not have detectable anti-nucleocapsid antibodies,
indicating that their symptoms were most likely not related to COVID-19; seronegative

TABLE 2 Logistic regression results based on long-COVID symptoms, age, sex and time since
assumed COVID-19¢

Predictive variable OR 95% Cl

Age 1.018 0.994-1.043
Sex (female) 0.878 0.345-2.119
Time since assumed COVID-19 (days) 0.987 0.984-0.991
Sum of long-COVID symptoms 1.000 0.999-1.001

aArea under curve, 0.79. McFadden, 0.2.
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individuals reported the longest time since COVID-19; and similar symptom burden
was observed in the seropositive and the seronegative group.

The SARS-CoV-2 genome encodes four structural proteins, including spike (S), nu-
cleocapsid (N), envelope, and membrane proteins. Development of IgG against the S
protein is believed to be a neutralizing antibody immune response and has been the
primary target for COVID-19 vaccines; therefore, detection of antibody responses
against N protein, which plays a vital role in viral transcription and assembly, is more
useful for distinguishing between serological responses to infection and vaccination
(13, 14). Studies have shown long persistent humoral responses with detectable levels
of 1gG antibodies recognizing the N protein or the receptor binding domain (RBD) of
the S protein at 8 months (15) and up to 12 months after symptom onset (16). As our
study includes analysis for antibodies against N protein, we were able to examine natu-
ral infection rather than a potential vaccine response and to compare the positive and
negative serology test results with the prevalence of symptoms.

Serostatus and time since COVID-19. For the group of seropositive individuals,
time since COVID-19 was dispersed, with one peak around 3 to 4 months after infec-
tion and a second peak around 12 months after infection (Fig. 2). These peaks are in
line with the pandemic surges in Denmark; the first surge was present 1 year before
this study, and the second surge started 4 months before this study. Time since COVID-
19 was longer for seronegative individuals (P < 0.001 in a univariate analysis) (Fig. S1).
Knowing that the humoral immune response against SARS-CoV-2 recedes after natural
infection as well as after vaccination, some of the individuals in the seronegative group
could have had COVID-19 without detectable antibodies to prove it at the time of sam-
pling. The possibility that they could have had positive serology if the blood had been
sampled closer to the time of their COVID-19 infection cannot be ruled out. In a multi-
variate data analysis, the odds of having a positive serology sample decreased by
32.5% for each month that elapsed since perceived COVID-19.

Long-COVID risk factors. A recent systematic review (preprint) (17) and a rapid
review by the National Institute for Health and Care Excellence (NICE) (1) found that
female sex increases the risk of developing persistent symptoms after initial COVID-19
infection. Slower recovery in females has also been reported (18).

In this study, 90.6% of participants were women. Members of the social media group
for long COVID sufferers were therefore more likely to be women than men (unless par-
ticipation bias alone can explain this large difference), and no statistically significant
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difference was found between sex and serostatus. It is not known why females are at
higher risk of long-COVID symptoms, and more research is needed in this area.

Long-COVID-related symptoms. Vomiting and diarrhea were reported as being bet-
ter after suspected or confirmed COVID-19 by the participants; all other symptoms
surveyed were reported as being worse, regardless of serostatus. The seasonality of respira-
tory tract infections like COVID-19 is similar to the seasonality of viral gastroenteritis, which
may explain why participants felt their burden of vomiting and diarrhea to be lower in the
time following their assumed COVID-19 infection. Worsened sensitivity to sound was the
only symptom significantly worse in the group of seropositive individuals compared to
seronegative (Fig. 1) in a univariate analysis. Sensory deficits associated with COVID-19
have been observed in both the acute and post-acute phases, and one study has demon-
strated that adult human inner ear tissue cells coexpress the angiotensin-converting
enzyme 2 (ACE2) receptor and cofactors required for SARS-CoV-2 virus entry (19).

Having persistent symptoms may lead to the belief in having had COVID-19, espe-
cially in the context of a growing concern regarding long COVID, in spite of having no
previous positive PCR or antibody test and in spite of the fact that other diseases may
underlie symptoms attributed to COVID-19 infection. The belief in having had COVID-
19 infection may have increased the likelihood of symptoms, either by directly affect-
ing perception or indirectly by prompting maladaptive health behaviors (20).

Health impact. Neurocognitive symptoms have been found to persist for up to 1 year
after COVID-19 symptom onset with psychiatric sequelae in the form of depression, anxiety,
and cognitive problems (18). In a preprinted Danish study examining post-acute-phase
symptoms and self-reported health problems 6 to 12 months following SARS-CoV-2 infec-
tion, new onset of mental and physical exhaustion was markedly overrepresented among
individuals with previous SARS-CoV-2 infection compared to controls (18). Other post-acute-
phase symptoms overrepresented among previous test-positive individuals were difficulties
concentrating, memory issues, sleep problems, chronic fatigue syndrome, depression, and
anxiety, as well as physical symptoms like taste and smell disturbance, fatigue, and dyspnea.
Studies with long follow-up times are few but have found comparable patterns of persisting
symptoms (21). This study showed a similar pattern, with a high proportion of participants
reporting lack of energy and feeling downhearted and blue a bit of the time or more fre-
quently (Fig. 3). This result, though, was not compared to a control group of the general
population. We therefore do not know what the baseline levels of these symptoms were in
the overall population at the time the study was conducted and whether this cohort dif-
fered significantly from them.

Strengths and limitations of the study. The main strength of this study is that the
electronic questionnaire was completed by participants before the result of SARS-CoV-
2 antibodies was given; therefore, serostatus did not affect the answers. Many studies
are based on prior PCR results, but in this study, participants were included regardless
of prior PCR results. Blood samples were analyzed for antibodies against nucleocapsid
antigen, whereby we could differentiate whether participants were seropositive due to
vaccination or natural infection.

Some weaknesses of this study should be mentioned. Comparison of smaller
groups within the study cohort gives rise to possible misinterpretation, since the statis-
tical power necessary to draw accurate conclusions about possible correlations might
not have been achieved in these cases. Another limitation is that self-reporting of
symptoms could be subject to recall bias, reporting bias, and misclassification, due to
the retrospective study design and a long recall period or even long-COVID cognitive
sequelae. Participants were from a social media group of long-COVID sufferers, so
symptoms that impact daily life would most likely be remembered. Symptoms dis-
cussed within the social media group would also most likely be remembered. There is
also a possibility of over- or underestimation of the reported associations; people living
or working near the three hospitals where blood sampling took place may be overre-
presented due to easier logistics. As the survey was distributed in an online social
media group and most of the participants were women, participation bias cannot be
ruled out. Written information was available only in Danish, and only participants who
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FIG 4 Consort flow diagram.

were part of the social media group at the time the survey was performed were able to
participate. The study does not include patient registry data, so results cannot be
adjusted for severity of illness or comorbidity.

Conclusion. Our study confirms that long-COVID sufferers are mostly women. A
third of the participants did not have detectable anti-N-protein antibodies, and sero-
negative individuals reported the longest time since COVID-19. Also, a similar symptom
burden was observed in the seropositive and the seronegative groups. To conclude, it
is important to verify COVID-19 early, as this study indicates an overlap between long-
COVID symptoms and symptoms that are possibly of another origin.

MATERIALS AND METHODS

Study period: the COVID-19 pandemic in Denmark. The study period spans a year from February
2020 to March 2021, including both the first and second surge of the COVID-19 pandemic in Denmark,
when the index and Delta variants were observed. In November 2020, the Danish Health Authority rec-
ommended establishment of regional clinics/departments with the specific task of treating and rehabili-
tating citizens suffering from long COVID, so-called “long-COVID clinics” (22). The first Danish individuals
were vaccinated in December 2020 (23), and test activity changed significantly over the course of the
study period. In May 2020, free access to SARS-CoV-2 testing became available for all adults in Denmark
(24). Test activity has fluctuated depending on the season, the rising vaccination status in 2021, and the
requirements for a COVID pass in public venues (25).

Study design and participation. In this retrospective cohort study, all 8,000 members of the social
media group Facebook “Covidramte med senfglger” (“long COVID sufferers") above the age of 17 years
and living in Denmark were invited to participate in a short electronic questionnaire about long COVID, of
which 926 participated. In the questionnaire, participants were offered further written information about
this observational cohort study; 696 participants consented to receive a written invitation by email.

Three hundred fifty of the invited participants came to the hospital and had a blood sample taken at
one of three geographical locations distributed across Denmark, i.e., Herlev, Odense, and Aarhus,
between 10 February and 11 March 2021. In addition to blood sampling, participants were asked to
complete an electronic questionnaire regarding symptoms, demographics, self-reported previous SARS-
CoV-2 test results, vaccination, and physical and mental health. Of the 350 participants, 341 answered
this more in-depth questionnaire (Fig. 4). The participants did not know the results of their blood sam-
ples before filling in the questionnaire. Answers to the questionnaire were registered in Research
Electronic Data Capture (REDCap), a secure web-based tool for creating and managing surveys and data.
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Detection of antibodies against the nucleocapsid antigen. Blood samples were analyzed for
SARS-CoV-2 nucleocapsid (N) protein, as a proxy for natural SARS-CoV-2 infection, as some participants
could have received one or more SARS-CoV-2 vaccines prior to blood sampling, which would result in
the formation of antibodies against the spike protein but not the N protein. The presence of SARS-CoV-2
N-protein antibodies was determined by electrochemiluminescence (Elecsys anti-SARS-CoV-2 assay;
Roche Diagnostics, GmbH, Germany) and a COBAS analyzer system (Roche Diagnostics) according to the
manufacturers’ instructions (26). A positive immune response was defined by a cutoff index (COIl) of >1,
with a specificity of 99.8%.

Outcome measures. The primary outcome of interest was to explore the proportion of the study
population with antibodies against the nucleocapsid antigen (as a proxy for previous infection) and the
association with supposed long-COVID symptoms.

Approvals, ethics, and registrations. The study was approved by the regional ethics committee of
the Capital Region of Denmark (H-20072862), complied with the Helsinki Il declaration, and was regis-
tered with the Danish data protection authorities (P-2020-1208). Participation was voluntary. Following
the guidelines for providing oral and written information, all participants gave written informed consent
to participate in the study. All personal data obtained in REDCap were kept in accordance with the gen-
eral data protection regulation and data protection law stated by the Danish Data Protection Agency.

Statistical analysis. Univariate analysis was performed on baseline characteristics of seropositive
compared to seronegative individuals; these are presented as numbers and percentages for categorical
values. Continuous values are presented as medians and interquartile ranges or means and standard
deviations (SD). The Wilcoxon rank sum test and chi-square test were used for comparisons of groups
for continuous and categorical values, respectively. Participants specified their degree of persistent
symptoms after supposed COVID-19 compared to that before supposed infection as a number between
—50 and 50, with 0 being no change in symptoms, 50 being “much better,” and —50 being “much
worse.” Therefore, a mean for each symptom was calculated for both groups (seronegative and seroposi-
tive). P values were calculated to assess whether seronegative and seropositive individuals differed sig-
nificantly in their burden of long-COVID symptom.

P values of <0.05 were considered statistically significant.

Logistic regression was used to assess the relationship between serostatus and long-COVID symptoms
while also adjusting for relevant independent variables (age, sex and time since COVID). Whenever values
of age or sex were missing, the row was excluded (n = 3). Other missing values were handled by generat-
ing 10 imputed data sets using predictive mean matching. Parameters were analyzed for each imputed
data set individually, and results were pooled (according to Rubin’s rule). Collinearity was assessed by esti-
mating the variance inflation factor (VIF) within the individual imputed data sets and, when relevant, omit-
ting one of the correlated variables from the final model. Examples of highly correlated variables were the
long-COVID symptoms vomiting and nausea. Goodness of fit was measured by testing a model for each
imputed data set using the Hosmer-Lemeshow test (P values were between 0.23 and 0.4). An initial, over-
fitted model included all long-COVID symptoms, in order to explore if certain symptoms showed predic-
tive value. Afterward, a sum of long-COVID symptoms was calculated for each person within each imputed
data set, and the means from these were used instead of the individual long-COVID symptoms. Results of
the final model are presented as odds ratios (OR) and associated 95% Cl.

Data management, statistical analyses, and figures were performed and created using R version 3.6.1.

SUPPLEMENTAL MATERIAL

Supplemental material is available online only.
SUPPLEMENTAL FILE 1, PDF file, 0.1 MB.
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