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Abstract

Background Previous studies have found adverse effects on mental health following infection with SARS-CoV-2. This
study investigates whether mental health is also impaired in unknowingly infected individuals. In addition, the rel-
evance of the severity of the infection and the time since the onset of infection were analyzed.

Methods Data from the population-representative Gutenberg COVID-19 Study (GCS) were used (N=2,267). SARS-
CoV-2 infection was determined multimodally by self-report, throat swabs (acute infections) and antibody measure-
ments (previous infections). Participants completed self-report questionnaires on mental health.

Results Neither unknowing nor knowing SARS-CoV-2 infection had an impact on mental health. However, symptom
severity and previous depression or anxiety predicted higher levels of depressiveness, anxiety and somatic com-
plaints. Our results confirm findings suggesting that the severity of the initial infection and previous mental illness,
but not knowledge of the infection, are the most important predictors of negative mental health outcomes follow-
ing SARS-CoV-2 infection.

Conclusion The results suggest that mental health care should focus on individuals who suffer from a severe acute
COVID-19 infection or have a history of mental illness.
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Background

Previous studies and reviews pointed to depression
and anxiety as two of the most common psychologi-
cal symptoms after SARS-CoV-2 infection [1-7]. A
comprehensive review and meta-analysis of 173 stud-
ies also found that people with COVID-19 infection
were more likely to have depression, anxiety, stress,
sleep problems and PTSD symptoms [8]. Another
review found that people with previous mental illness
and those infected with SARS-CoV-2 are particularly
susceptible to negative mental health consequences of
the pandemic [9]. Only a few reviews have found no
elevated levels of depression or anxiety after infection
[10]. However, the prevalence rates of depression and
anxiety varied greatly depending on the hospitalization
status of the people studied. People who were treated in
the intensive care unit or people who were hospitalized
for a longer period of time were more likely to report
depressive and anxiety symptoms after infection [3, 11].
Multiple somatic complaints were largely neglected in
previous studies.

Based on data from a health registry (N=62 354),
18.1% to 33.6% had psychiatric diagnoses and 5.8% to
12.8% had initial psychiatric diagnoses after SARS-CoV-2
infection. In patients treated in the intensive care unit,
the prevalence rates of psychiatric diagnoses were up to
46.4% and 25.8% for initial diagnoses [12, 13]. In another
study, no increased risk of developing a mental illness
after infection was found in non-hospitalized patients
(N'=8,983) [14]. In a differentiated study on the mental
health of hospitalized patients (N=238), high preva-
lence rates for depression (32.9%) and anxiety (9.5%)
were found in clinical interviews, but no correlation with
the severity of COVID-19 disease [15]. Other studies
showed that the severity of symptoms during the initial
SARS-CoV-2 infection was associated with a long-lasting
symptom burden and more severe psychological distress
after recovery [11]. In particular, adults with more severe
COVID-19 symptoms reported significantly higher levels
of depression [16-18].

With regard to psychological symptoms, it was found
that a higher initial increase in depression symptoms was
predictive of a higher level of depression after infection.
In contrast, an initial increase in anxiety symptoms was
not predictive of long-lasting anxiety symptoms [19].
A French study showed that participants who believed
they had suffered an infection were more likely to report
post-infection symptoms than participants who actually
had an infection [20]. Other predictors of psychological
symptoms after infection were physical symptoms after
COVID-19, female gender, being married, child care,
occupational or financial problems or previous mental ill-
ness [18, 21, 22]. However, previous studies have not used
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a control group to compare the psychological distress of
uninfected and SARS-CoV-2-infected individuals.

In this study, psychological symptoms and distress after
SARS-CoV-2 infection in knowingly and unknowingly
infected individuals are investigated, taking into account
sociodemographic characteristics, previous physical and
mental diagnoses and various SARS-CoV-2-related char-
acteristics. The infected groups were compared with a
control group without SARS-CoV-2 infection. In a sec-
ond step, associations between aspects of SARS-CoV-2
infection and mental health outcomes within the group
of knowingly infected individuals were analyzed. Finally,
risk factors for mental health problems after a SARS-
CoV-2 were analyzed.

Methods
Our data comes from the population-representative
Gutenberg COVID-19 Study with N=10,250 people aged
25 to 88 years. The sample was stratified by gender, age,
and place of residence (Mainz/Mainz-Bingen). Data col-
lection took place from October 2020 to April 2021 (T1)
and from March 2021 to June 2021 (T2). For the present
study, participants who had been infected with SARS-
CoV-2 by T2 were included. Infections were identified
using one of the multimodal surveys described below.
Additionally, a control group, confirmed to be free of
SARS-CoV-2 by RT-qPCR and antibody measurements,
was matched for age, gender, socioeconomic status, and
migration background. Individuals who were treated in
the ICU during their COVID-19 infection (N=4) were
excluded. This resulted in a sample size of N=2,267.
SARS-CoV-2 infections were detected multimodally
through self-reporting, throat swabs analyzed by RT-
qPCR [23] to detect acute infections, or through anti-
body measurements to identify previous infections
(using two different tests). Participants were considered
knowingly infected with SARS-CoV-2 if they reported
a positive test result and the date of infection during a
computer-assisted personal interview. Participants were
considered unknowingly infected if RT-qPCR (acute
infection) or antibody tests (previous infection) were
positive without a self-report of infection. Plasma sam-
ples were analyzed for circulating antibodies against the
nucleocapsid protein using two assays: Architect SARS-
CoV-2 IgQG, Abbott, Germany, with a threshold of 1.4
relative light units, and Elecsys Anti-SARS-CoV-2 Pan-Ig,
Roche, Germany, with a cutoff index of 0.8. The occur-
rence and severity of symptoms during the infection
were retrospectively assessed in a computer-assisted tel-
ephone interview (CATI). Participants were asked about
61 symptoms according to the WHO Post-COVID cata-
logue, including fever, cough, sore throat, runny nose,
headache, shortness of breath, pain when breathing,
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wheezing, chest pain, palpitations, joint pain or swell-
ing, limb pain, nausea/vomiting, seizures, red—purple
discoloration on toes, paralysis of the body/face, fatigue,
chills, dizziness, weight loss, weakness of limbs, walk-
ing difficulties or falls, diarrhea, and smell or taste dis-
turbances. The infection was considered asymptomatic
if none of the symptoms had occurred. Moderate sever-
ity was defined as at least five symptoms of moderate or
severe intensity. Mild symptom severity was classified as
the presence of symptoms with severity between asymp-
tomatic and moderate categories. Severe symptom sever-
ity was defined as at least five symptoms of high intensity
or hospitalization with at least five symptoms of moder-
ate severity.

To measure depressiveness, we used the self-adminis-
tered Patient Health Questionnaire 9 (PHQ-9) [24]. The
GAD-2 questionnaire [25, 26] was used to quantify anxi-
ety. Somatization was assessed using the self-adminis-
tered Somatic Symptom Scale (SSS-8) [27]. The PHQ-9
and GAD-2 questionnaires refer to psychological well-
being over the past two weeks, while the SSS-8 covers
the past seven days. We also included sociodemographic
variables such as gender, age, and socioeconomic status
(SES) according to the index of Lampert and Kroll [16],
all of which were assessed in a standardized, computer-
assisted personal interview.

We distinguished between individuals who were
infected at any time before the baseline (T1) and those
who were infected between the first (T1) and the second
(T2) measurement. This distinction is important because
it has been shown that mental health symptoms are
higher shortly after infection and decrease over time [28].
For the group of individuals who were infected before or
at T1, we have two measurement points after infection,
and for those infected after T1, we have one measure-
ment point after infection.

We compared the groups using chi-square tests and
t-tests, where a p-value p<0.05 indicated a significant
difference between the groups. Additionally, we per-
formed multiple linear regression analysis for depressive-
ness, anxiety, and somatization as dependent variables.
All analyses and tests were conducted using R (R Version
4.0.3, R-Studio Version 1.3.1093).

Results

Comparison of unknowingly and knowingly infected
individuals

Table 1 shows the characteristics of the total sam-
ple, the comparison of unknowingly and knowingly
infected persons at T1, the comparison of unknowingly
and knowingly infected persons at T2 and the respec-
tive comparison with a control group without infection.
At T1, 191 people were knowingly infected, at T2 this
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applied to 81 people who reported an infection between
T1 and T2. Before or at T1, 141 people were unknow-
ingly infected and 44 people before or at T2.

People who were unknowingly infected were older
than those who were knowingly infected, regardless of
when they were infected. Participants who were infected
between T1 and T2 were older than people in the con-
trol group, reported lower SES and had cardiovascular
disease more frequently than knowingly infected people
and the control group. Unknowingly infected individuals
were more likely to report asymptomatic infections and
less likely to report moderate or severe (T1) symptoms
during infection. In addition, their pan-Ig antibody titer
was less frequently above the cut-off (T1).

Associations between aspects of SARS-CoV-2 infection

and mental health outcomes

First, the characteristics of individuals who were know-
ingly infected with SARS-CoV-2 before T1 and reported
asymptomatic infection, mild, moderate or severe
COVID-19 symptoms were compared. Individuals who
had been infected before T1 and reported asymptomatic
infection were older and had lower SES than those with
mild and moderate symptoms. Individuals with severe
symptoms were more likely to report depression (T1 and
T2), anxiety (T2) and somatization (T1 and T2). They
were more likely to have a history of anxiety than those
with moderate symptoms. Participants with moderate or
severe symptoms were more likely to have an antibody
titer above the cut-off than those with asymptomatic
infections (see Table 1 in Additional file 1 for details).

Second, the characteristics of individuals who were
knowingly infected with SARS-CoV-2 between T1 and
T2 and reported asymptomatic infection, mild, moder-
ate or severe symptoms of COVID-19 were compared.
Individuals who were infected between T1 and T2 and
reported asymptomatic infection were older than those
with mild and moderate symptoms. People with moder-
ate symptoms reported more symptoms of depression
(T1 and T2). Individuals with moderate and severe symp-
toms reported more symptoms of somatization at T2.
Asymptomatically infected participants were less likely to
have an antibody titer above the cut-off than those with
mild, moderate or severe symptoms (see Table 2 in Addi-
tional file 1 for details).

Cross-sectional regression analyses of mental health
outcomes (Table 2) were conducted using the men-
tal health scores of each individual after infection. For
individuals who were infected before T1, mental health
scores at T1 were used as outcomes. For individuals who
were infected between T1 and T2, mental health scores
at T2 were used as outcomes. Severe symptoms were
predictive of depressiveness and somatization. A history
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Table 2 Cross-sectional linear regression analyses of depressiveness, anxiety, and somatization on various aspects of SARS-CoV-2

infections with the whole sample'

Depressiveness after Infection

Anxiety after Infection N=178° Somatization after Infection

N=183? N=180¢
R?adj. o =0.176 R%adj.=0.231 R%adj.=0.287
Estimate (SE) p Estimate (SE) p Estimate (SE) p
Severity (Ref: asymptomatic)
Mild 1.655 (1.605) 0.198 -0.103 (0.448) 0.776 1.269 (1.761) 0.530
Moderate 2.576 (1.645) 0.061 0.132 (0.455) 0.724 2.960 (1.807) 0.145
Severe 4.226 (1.857) 0.014 0.083 (0.507) 0.850 5.860 (2.036) 0.014
Time since infection (Ref.: 0-12 weeks)
13-24 weeks -1.251(0.692) 0.102 -0.120 (0.185) 0.529 -0.554 (0.768) 0512
24+ weeks -1.214(0912) 0.095 -0.370 (0.249) 0.075 -1.110 (0.986) 0.284
Antibody Titer (yes)2 0.224 (1.126) 0814 -0.142 (0.313) 0.631 0486 (1.278) 0.752
History of depression (yes) 1.892 (1.051) 0.114 1.206 (0.279) 0.001 2.375(1.110) 0.065
History of anxiety (yes) 3.496 (1.289) 0.026 1.219(0.352) 0.022 3.890 (1.405) 0.014
Treatment (Ref. outpatient treatment)
Quarantine at home -0.312 (1.543) 0.840 -0.201 (0412) 0.632 -1.348(1.797) 0.621
Inpatient treatment 1.959 (2.015) 0.362 0.466 (0.540) 0.439 -0.092 (2.374) 0.978

Estimate = unstandardized regression coefficient. SE standard error. Cross-sectional regressive analyses were controlled for age, sex, SES, cancer, diabetes, chronic

obstructive pulmonary disease, and cardiovascular disease

T Outcome at baseline (T1) was used if participants were infected before or at T1; outcome at follow-up (T2) was used if participants were infected between T1 and T2

2 this factor includes the two assays: Architect SARS-CoV-2 IgG, Abbott, Germany with a threshold of 1.4 relative light units and Elecsys Anti-SARS-CoV-2 Pan-lg, Roche,

Germany with a cutoff index of 0.8

? N=130 infected before or at T1, N=53 infected between T1 and T2
b N=125 infected before or at T1, N=53 infected between T1 and T2
¢ N=127 infected before or at T1, N=53 infected between T1 and T2

of anxiety was predictive of higher scores for depressive-
ness, anxiety, and somatization, and a history of depres-
sion was predictive of higher anxiety scores. The analyses
were controlled for age, sex, cancer, diabetes mellitus,
chronic obstructive pulmonary disease, and cardiovas-
cular disease. The predictors explained 28.4% of the vari-
ance in somatization, 22.6% in anxiety, and 17.1% in
depressiveness.

Regression analyses for the longitudinal outcome of
mental health (Table 3) were conducted with individu-
als who were infected before T1. Mental health scores at
T2 were used as outcomes to analyze longitudinal effects.
Severe and moderate symptoms, an infection occurring
0-12 weeks before assessment compared to 13—24 weeks
before assessment, and home quarantine compared to
outpatient treatment were statistically significant pre-
dictors of somatization. Severe symptoms of COVID-19
were predictive of more depressiveness, and a history of
anxiety was predictive of higher anxiety symptoms. The
analyses were controlled for age, sex, SES (socioeco-
nomic status), cancer, diabetes mellitus, chronic obstruc-
tive pulmonary disease, and cardiovascular disease. The
predictors explained 27.7% of the variance in somatiza-
tion, 19.0% in anxiety, and 19.7% in depressiveness.

Discussion

A SARS-CoV-2 infection is associated with numer-
ous psychological and physical symptoms. However,
a significant proportion of infections go unnoticed by
those affected. This study adds to the existing literature
by investigating whether adverse psychological conse-
quences also occur in people who were unknowingly
infected with SARS-CoV-2. In a prospective study, we
interviewed all participants and systematically performed
antibody tests.

Group differences between knowingly and unknow-
ingly infected persons were shown in that knowingly
infected persons were more likely to be treated (outpa-
tient and inpatient), described severe symptoms and had
higher antibody titers. It is also important to note that
the effect of symptom severity stayed significant (with
the exception of anxiety) in the follow-up measurement
of the individuals who were already infected before T1. A
higher antibody titer concentration in severe cases is an
important indication for further laboratory testing and
may suggest that cut-off values for antibody titers need to
be established depending on the severity of the infection.
The described differences in treatment and symptoms
are understandable, as people with severe symptoms are
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Table 3 Regression analyses of depressiveness, anxiety, and somatization at follow-up (T2) on various aspects of SARS-CoV-2

infections with individuals infected before or at baseline (T1)

Depressiveness
N=133

R?adj. o, =0.181

Somatization
N=135

Anxiety
N=136

R%adj.;o1s =0.173 R?adj. oy, = 0.287

Estimate (SE) p Estimate (SE) p Estimate (SE) p

Severity (Ref: asymptomatic)

Mild 1.755(1.719) 0.191 -0.265 (0.481) 0.537 3.962 (2.187) 0.054

Moderate 2.678(1.797) 0.073 -0.189 (0.504) 0.692 4.715(2.289) 0.033

Severe 4.526 (1.995) 0.006 -0.035 (0.550) 0.944 6.794 (2.510) 0.004
Time since infection (Ref.: 13-24 weeks)

0-12 weeks -3.420(2410) 0.341 -0.572 (0.674) 0.588 -3.462 (3.060) 0.014

24+ weeks -0.507 (0.728) 0.504 -0.013(0.202) 0.956 0.853 (0.920) 0371
Antibody Titer (yes)? -0.726 (1.273) 0.626 00 (0.356) 0.788 -1.527 (1.617) 0478
History of depression (yes) 1.923(1.163) 0.191 0.621(0.312) 0.103 0.969 (1.420) 0.619
History of anxiety (yes) 3.070 (1.681) 0.189 1.570 (0.465) 0.004 0.125(2.109) 0.975
Treatment (Ref. outpatient treatment)

Quarantine at home -2.269 (1.715) 0.276 -0.866 (0.479) 0.250 -5915(2.174) 0.048

Inpatient treatment 0.110 (2.195) 0.971 -0.002 (0.615) 0.999 -4.756 (2.804) 0.210

Estimate = unstandardized regression coefficient. SE standard error. Cross-sectional regressive analyses were controlled for age, sex, SES, cancer, diabetes, chronic

obstructive pulmonary disease, and cardiovascular disease

2 this factor includes the two assays: Architect SARS-CoV-2 IgG, Abbott, Germany with a threshold of 1.4 relative light units and Elecsys Anti-SARS-CoV-2 Pan-Ig, Roche,

Germany with a cutoff index of 0.8; Outcome at follow-up (T2) was used

more likely to seek medical help and be informed about
their infection.

The first main finding of the study was that only symp-
tom severity, and not knowledge of the infection, was
associated with higher levels of depression, anxiety and
somatization. Importantly, the effect of symptom sever-
ity (with the exception of anxiety) remained signifi-
cant in the follow-up measurement in those who were
already infected before T1. It therefore does not appear
that the infection is the cause of increased psychological
symptoms, but rather the symptoms experienced with
COVID-109. It is conceivable that more severe symptoms
are more likely to trigger worries and fears about the
consequences of the disease. The strict civil protection
measures and the high death rates during the pandemic
have probably contributed to fears of the disease. Thus,
the perceived symptoms of the disease may have led to
psychological stress and restrictions in social life, which
ultimately also appear to be precursors for later psy-
chological symptoms. In this case, it was not the virus,
but its psychological and social consequences that trig-
gered long-lasting psychological stress. With regard
to earlier studies that differentiated between infected
and non-infected persons, it should be noted that in
most cases group membership was defined by the self-
reported infection [8, 9]. Presumably, these were mainly
people with moderate to severe symptoms, who were

consequently exposed to a higher psychological burden.
Although it was shown that belief in infection rather than
actual infection predicted psychological symptoms [20],
this fits with the hypothesis that psychological and social
stress related to the pandemic had a greater impact on
the development of psychological symptoms than viral
infection.

The second important finding was that a previous
depressive or anxiety disorder was associated with higher
levels of depression, anxiety and somatization. This is in
line with previous findings [9] In the group comparison
between the control group, the knowingly infected and
the unknowingly infected individuals, there were no dif-
ferences in terms of previous depression and anxiety.
People with pre-existing mental health conditions are
therefore not at a higher risk of becoming infected. How-
ever, if a mentally vulnerable person with a pre-existing
condition is infected with SARS-CoV-2, they are more
likely to suffer from psychological stress after infection.
It does not matter whether the person knew about the
infection or not. Fears and stress regarding the social and
health consequences of an infection could also play a role
here.

Strengths of the study were the availability of data of
a representative sample, deeply phenotyped data col-
lected in a standardized setting in a study center, and
systematic and multimodal screening of SARS-CoV-2
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in a population sample, allowing screening of those
unknowingly infected. However, the results need to
be interpreted considering the study’s limitations.
Two measurement times during the pandemic were
analyzed while data before the pandemic were not
included. It was therefore not possible to incorporate
comprehensive mental health data before the pandemic
but only use history of depressions and anxiety as pre-
dictors. At the second measurement time, the sample
size of infected individuals was quite small as only a
small number of participants were infected in the sec-
ond study period. Moreover, the usage of GAD-2 needs
to be noted as a limitation as it only consists of two
items to assess anxiety. A more comprehensive instru-
ment could have been helpful to analyze symptoms of
anxiety more nuanced.

Conclusion

In summary, it can be said that regardless of whether the
participants were unknowingly or knowingly infected
with SARS-CoV-2, it had no major effect on their men-
tal health. However, it has been shown that the severity
of the infection and a history of mental illness in par-
ticular were associated with more and longer-lasting
symptoms of depression, anxiety and somatization.
These results are particularly relevant as the study
design included several tests to detect infection (RT-
qPCR and antibody tests as well as self-reporting) and
thus enabled an accurate assessment of individual infec-
tion status. Therefore, mental health care should focus
on individuals who have suffered from severe acute
infection with COVID-19 and have a history of men-
tal illness. This means that in future pandemics, but
also when other serious illnesses occur, it is essential
to provide support and assistance for mental processes
during the acute phase and treatment of the illness. In
addition, research into mental health during the acute
phase of the illness must also be carried out in order to
identify and treat mental health problems. Both mental
health care and research therefore need to start in the
acute phase of treatment and should not rely solely on
persistent psychological distress and retrospective data
on psychological experience during the illness.
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