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Abstract: (1) Background: Better understanding of post-/long-COVID and limitations in daily life due
to the symptoms as well as the preventive potential of vaccinations is required. It is unclear whether
the number of doses and timepoint interrelate with the trajectory of post-/long-COVID. Accordingly,
we examined how many patients positively screened with post-/long-COVID were vaccinated and
whether the vaccination status and the timepoint of vaccination in relation to the acute infection
were related to post-/long-COVID symptom severity and patients’ functional status (i.e., perceived
symptom severity, social participation, workability, and life satisfaction) over time. (2) Methods:
235 patients suffering from post-/long-COVID were recruited into an online survey in Bavaria,
Germany, and assessed at baseline (T1), after approximately three weeks (T2), and approximately four
weeks (T3). (3) Results: 3.5% were not vaccinated, 2.3% were vaccinated once, 20% twice, and 53.3%
three times. Overall, 20.9% did not indicate their vaccination status. The timepoint of vaccination was
related to symptom severity at T1, and symptoms decreased significantly over time. Being vaccinated
more often was associated with lower life satisfaction and workability at T2. (4) Conclusions: This
study provides evidence to get vaccinated against SARS-CoV-2, as it has shown that symptom
severity was lower in those patients who were vaccinated prior to the infection compared to those
getting infected prior to or at the same time of the vaccination. However, the finding that being
vaccinated against SARS-CoV-2 more often correlated with lower life satisfaction and workability
requires more attention. There is still an urgent necessity for appropriate treatment for overcoming
long-/post-COVID symptoms efficiently. Vaccination can be part of prevention measures, and there
is still a need for a communication strategy providing objective information about the usefulness and
risks of vaccinations.

Keywords: SARS-CoV-2; breakthrough infections; perceived symptom severity; social participation;
workability; life satisfaction; timepoint; number of doses; age; sex

1. Introduction

Post-/long-COVID is a collective term referring to different physical and psychological
symptoms following a former acute SARS-CoV-2 infection [1]. Long-COVID can be at-
tributed to symptoms remaining more than four weeks after the acute infection. In contrast,
post-COVID refers to symptoms that develop within two months after the infection and
last at least two months [2]. The most common post-/long-COVID symptoms include
neurological symptoms, such as fatigue, memory, or concentration problems; respiratory
symptoms, such as shortness of breath; or physical symptoms, such as muscle pain [2-5].
Additionally, the symptoms are not only diverse in their expression but also their severity.
Patients perceive symptoms differently, with varying trajectories over time [6,7].

Patients who experience severe post-/long-COVID symptoms are affected in their
functional status, including impairments to their ability to engage in daily activities and
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participate in social life and work [3,8-10]. Severe symptoms correlate with patients” health
and functional status [7]. Furthermore, it was noted that patients perceive their neurological
or cognitive symptoms as debilitating or embarrassing, so the respective symptoms keep
them from being part of social activities and their ability to work [11].

Similarly, research on life satisfaction found a bidirectional association between clini-
cal and psychological factors, indicating that post-/long-COVID symptoms affect mental
well-being but also the other way around, illustrating a vicious circle [12] in terms of
that experiences feed back into setting goals towards adopting and maintaining behav-
iors [13]. This is especially important in patients who suffer from post-/long-COVID
fatigue, associated with subsequent mental health issues, and if patients do not recover
well (e.g., [3,14]).

Consequently, post-/long-COVID symptoms can lead to disability and a long-term
burden for the individual and society. This is particularly significant for the healthcare system,
as previous research has determined that approximately 10-20% of all infected individuals
suffer from post-/long-COVID symptoms and require support [6,15-18]. Therefore, studies
are needed that examine post-/long-COVID symptoms and potential management options
regarding public health policies and strategies to prevent and manage future outbreaks.

An important strategy to manage the impact of acute infections and prevent the long-
term effects of COVID-19 in the first place is vaccinations. Some previous research on
SARS-CoV-2 has shown that vaccinations can help to reduce infection severity or prevent
severe symptom developments over time [19]. This can also lower the risk of hospitalization
and death. In a systematic review, however, insufficient evidence (e.g., from cohort and
case-control studies) was found that vaccination before the acute SARS-Cov-2 infection can
reduce the subsequent risk of developing post-/long-COVID [20].

Other research compared individuals with breakthrough SARS-CoV-2 infections (BTI;
i.e., individuals who were previously vaccinated) with people who had SARS-CoV-2 infec-
tions and who were not vaccinated using an extensive US database [21]. The researchers
found that BTI had lower mortality and morbidity risk (post-acute sequelae), which shows
the usefulness of vaccinations against a SARS-CoV-2 infection.

Accordingly, vaccination before infection appears to be a partial protection in the
post-acute phase of the disease [21]. However, the current evidence is ambiguous, as not
all previous studies found a relationship between post-/long-COVID and vaccination
status [22], but rather individual behavior prior to the SARS-Cov-2 infection [23], former
social-cognitive beliefs [13,24] or pre-existing cognitive and neurological vulnerabilities [25].

The effect of the vaccination concerning the timepoint relating to the acute SARS-Cov-2
infection is largely unclear. Additionally, the relationship between the vaccination after de-
veloping post-/long-COVID symptoms remains unclear [20]. Further research [26] showed
no change in post-/long-COVID symptoms after an additional vaccination. This experience
can persuade patients not to uptake additional vaccinations. However, there are also other
potential reasons why people do not take part in vaccinations. For example, it was reported
that the main reasons against a second vaccine were the fear of worsening symptoms
(55.9%) and the belief that the vaccination was not indicated after the manifestation of
post-/long-COVID symptoms [27].

Different theories, such as the compensatory carry-over action model and health beliefs,
explain irrational decisions by considering different facets [13,24]. This is imperative for
adequate communication strategies that provide objective information about the usefulness
of vaccinations and when to get vaccinated. Taking vaccination status into account is crucial
to target the psychological determinants of behavior [23]. Additionally, previous studies
called for tailored immunization campaigns as rewards appear relatively ineffective in
motivating unvaccinated individuals but could motivate those with previous vaccination
attempts [23], especially if they are convinced about their effectiveness.

Moreover, it was discovered that specific SARS-Cov-2 vaccinations could be associated
with more physio-affective post-/long-COVID symptoms, that is, fatigue, anxiety, depres-
sion, and an autoimmune response [28]. Thus, it is essential not only to look at physical
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symptoms but also at affective and neurological impairments. Equivalent to the latter,
other research found effects in post-/long-COVID patients, i.e., that social participation,
workability, and life satisfaction were decreased even if patients were vaccinated [29].
The results seem to depend on the type of vaccination, number of doses, and timepoints
concerning the acute SARS-CoV-2 infection.

Regarding the type of vaccination, being vaccinated 2+ times with specific vaccinations
(BNT162b2, BioNTech/Pfizer) was associated with a decreased risk of reporting post-/long-
COVID symptoms [30]. The researchers who conducted this study concluded that the
vaccination could have a protective impact on symptoms. However, it is unclear what
caused this protective impact—vaccination with BNT162b2 or the study methodology, i.e.,
that a selective sample was drawn of only RT-PCR positively tested patients in three major
government hospitals in Northern Israel between July and November 2021. Additionally,
the authors compared the group who received more than two vaccinations to unvaccinated
and not previously infected groups.

The descriptive differences between vaccinated once and infected vs. those without
vaccination appear pessimistic. Only if patients were vaccinated twice did a protective
effect occur. Following this line of thought, the number of doses seems relevant for the
protective effects of vaccinations against post-/long-COVID. In some studies, participants
had more severe symptoms after a single vaccination than participants who received more
doses, with no differences for the vaccination type [27,31,32].

Following the gaps in current literature, examined post-/long-COVID patients’ vac-
cination status and the timepoint of their infection regarding different outcomes, namely
social participation, workability, and life satisfaction over time. In previous research, higher
age, female sex, and the severity of the acute illness were associated with a worse trajectory
of post-/long-COVID [33], so these variables should be statistically controlled. In more
detail, we aim to answer the following research questions:

(1) How many patients positively screened with post-/long-COVID were vaccinated
once or completely (2 or 3 times)?

(2) Is the timepoint of vaccination (before vs. during/after the COVID-19 infection)
related to the post-/long-COVID symptom severity development over time?

(3) To what extent do differences in post-/long-COVID patients’ functional status (i.e.,
perceived symptom severity, social participation, workability, and life satisfaction)
relate to whether they are vaccinated?

2. Materials and Methods
2.1. Participants and Procedure

The current study with patients suffering from post-/long-COVID symptoms was
a state-wide, regional online survey in Bavaria (Germany). Patients were recruited for
an intervention study targeting the patients’ health and well-being. Recruitment was
performed via medical doctors, outpatient clinics, social media, and press releases.

After providing informed consent at the T1 measurement point (baseline), participants
answered the survey questions. At the end of the T1 questionnaire, all participants were
thanked and were given the opportunity to leave their e-mail addresses on a different
website to remain in the study. The follow-up surveys took place 3—4 (T2) and 4-5 (T3)
weeks after the initial screening survey at baseline (see Figure 1).

The patients were provided a “personal pilot” for individual contacts, and they were
enrolled in a structured study program [34]. Additionally, they received personal coaching
sessions with their personal pilot to learn how to utilize the German healthcare system
better and get support to deal with their symptoms in everyday life, return to work, and
improve their health and well-being sustainably [34]. The personal pilots also interviewed
the participants regarding their vaccination status. The pilots reminded the patients to
participate in the online surveys from which we analyzed the data to test the research
questions.
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T1 (N =225)
* Baseline measures
* Regional survey

(Bavaria, Germany)
* Recruited via social
media, press releases etc. 1 = 57 not reached, not
meeting the study criteria
[34], or not interested in the
v study anymore

T2 (n=148)
¢ 3-4week after T1
* Contacted via e-Mail

> n =9 not reached
A 4

T3 (n=162)
¢ 4-5weeks after T1
* Contacted via e-Mail

Figure 1. Flow chart with study participant flow over the three measurement timepoints [34].

Participants remained in the study if they screened positive for post-/long-COVID
and met the study criteria (see Figure 1 for the drop-out flow chart). To determine whether
participants were eligible to take part in the study, patients were asked to fill out a screening
tool with symptoms of post-/long-COVID described in a previous publication [34]. Within
this screening, the criteria to be diagnosed with post-/long-COVID were: (1) having at
least three out of 14 common post-/long-COVID symptoms (such as fatigue, brain fog, etc.)
that are rated with a severity greater than 3 (on a scale of 1 = no problem to 5 = extreme
problem); (2) which must not be explainable by the patient by other causes. Furthermore,
(3) the symptoms should either be new or existing and should have worsened due to the
COVID-19 infection.

Additionally, (4) the COVID-19 infection must have been more than four weeks ago,
and (5) out of four options that ask for the overall improvement of the general state of
health, patients were excluded if they indicated that they are already doing well and that
they are optimistic that they would fully recover soon. Moreover, (6) regarding their daily
lives, patients were included only if they indicated limitations related to their post-/long-
COVID symptoms. Furthermore, the screening assessed whether patients (7) had received
previous treatment such as medical rehabilitation and (8) worked in health care/laboratory
(because these individuals get special health care treatment in Germany). Patients were
excluded from the study if criteria 7 or 8§ were positive.

The included participants were predominantly female (71.9%) and aged M = 44.19 years
(SD = 11.84, range: 20-61). Data were collected between March and October 2022 using the
survey tool UNIPARK. Personal pilots worked with a regular landline or mobile phone
and video conferencing systems (MS TEAMS).

2.2. Measurements

Symptoms were measured at all timepoints [34]. Participants were asked to indicate
their symptoms. They were presented with 14 common post-/long-COVID symptom
categories (such as fatigue, brain fog, etc.) and were asked to rate them on a scale of 0 = no
problem to 3 = extreme problem. An overall mean scale was calculated.

Life satisfaction was assessed with four questions. One example question is, “How
satisfied are you with your life in general at the moment?” [35,36]. Participants could
answer on a scale from 1 (very unsatisfied) to 5 (very satisfied). Cronbach’s alpha was 0.731.
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Social participation was measured using a 12-item questionnaire [37]. The questionnaire
asked how participants were able to perform specific activities over the past week (e.g.,
doing things that require the use of hands and fingers, such as picking up small objects
or opening containers, etc.). Participants could answer these questions on a scale from
1 (never) to 5 (always). Cronbach’s alpha was 0.891.

Workability was measured with one item from the WAI “Assume that your workability
at its best has a value of 10 points: How many points would you give for your current
workability?” Patients could answer these questions on a scale from 0 (means that currently
cannot work at all) to 10 (work ability at its best) [38].

The vaccination status was assessed via computer-assisted telephone interviews (CATI).
The interviewer (personal pilot) asked the patient openly for his/her vaccination status and
coded the answers into the following scheme: 1 = No, 2 = Yes, but with a vaccine that has
not been licensed in the EU, 3 = Yes, with the Johnson and Johnson vaccine, 4 = Yes, with
the Johnson and Johnson vaccine plus another vaccination, 5 = Yes, with another vaccine
that has been licensed in the EU, e.g., from BioNTech, but only once, 6 = Yes, twice with
another vaccine that has been approved in the EU, e.g., from BioNTech, 7 = Yes, I have had
more than two vaccinations, 8 = Other.

The timepoint of infection was assessed during the CATI. The interviewers coded the
answer to the question when the patient was infected—before vaccination, at the same time
as the vaccination or more than two weeks after vaccination.

Socio-demographics such as sex and age were measured by self-report in the online
questionnaires.

2.3. Data Analysis

To test RQ1 (How many patients positively screened with post-/long-COVID were
vaccinated once or completely (2 or 3 times)?), we conducted frequency analyses. To test
RQ2 (Is the timepoint of vaccination [before vs. during/after the COVID-19 infection]
related to the post-/long-COVID symptom severity development over time?), repeated
measurement analysis of variances (RM ANOVA) was conducted using the timepoint of
the infection (before vs. during or after the vaccination) as the independent variable and
symptom severity as a repeated measurement factor. Lastly, to test RQ3 (To what extent
do differences in post-/long-COVID patients’ functional status [i.e., perceived symptom
severity, social participation, workability, and life satisfaction] relate to whether they are
vaccinated?), we conducted a MANOVA to test whether the reported time of infection
(T1) was related to the functional status of individuals (i.e., their symptom severity, social
participation, life satisfaction, and workability) at T2. The analyses took the sex and age of
individuals as covariates.

3. Results
3.1. Testing RQ1: How Many Patients Positively Screened with Post-/Long-COVID Were
Vaccinated Once or Completely (2 or 3 Times)?

Regarding RQ1, results show that of those who provided information about their
vaccination status (n = 225), most participants were vaccinated at least once (n = 170,
75.55%), and only n = 8 (3.56%) were not vaccinated at all, see Table 1.

Table 1. Vaccination status.

Vaccination Status n % Cumulative %
0 Not vaccinated 8 3.56 3.56
1 Vaccinated once 5 2.22 5.78
2 Vaccinated twice 45 20.00 25.78
3 Vaccinated >3 times 120 53.33 79.11
4 Not indicated 47 20.89 100.0
Total 225 100.0

Note. Group 4 did not provide any information on their vaccination status.
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Recapping findings regarding RQ1, three out of four patients positively screened with
post-/long-COVID were vaccinated once or completely (2 or 3 times), and one out of five
did not indicate their vaccination status. The minority indicated not being vaccinated;
every fifth patient (20%) indicated being vaccinated twice, and every second participant
indicated being vaccinated three times (53.3%). The descriptives for patients with different
vaccination statuses are presented in detail in the supplements in Table S1.

3.2. Testing RQ2: Is the Timepoint of Vaccination (before vs. during/after the COVID-19 Infection)
Related to the Post-/Long-COVID Symptom Severity Development over Time?

Regarding the timepoint of the vaccination, of those who answered this question
(n > 172), n = 43 (25%) of the patients were vaccinated before their infection, n = 11 (6.4%)
were vaccinated around the same time as their acute infection, and the majority of the study
participants, i.e., n = 118 (68.6%) received their vaccinations more than two weeks before
they got infected.

An RM ANOVA was conducted by considering symptom severity over time as the
dependent variable and the timepoint of the infection (before vs. during/after the vacci-
nation) as a between-subject factor. Results reveal a main effect of time F (2,270) = 50.96,
p < 0.001, npart® = 0.274. Repeated contrast effects show that for the study sample answering
the question regarding vaccination status, the symptoms decreased significantly from T1
to T2 with F (1,135) = 59.45, p < 0.001, npart2 = 0.306, but not between T2 and T3 with
F(1,135)=1.93, p = 0.167, T]part2 = 0.014. Furthermore, the RM ANOVA shows no main
effect of the timepoint of the infection with F (1,135) = 0.55, p = 0.459, npartz =0.004, but an
interaction of time and timepoint of the infection F (2,270) = 3.61, p = 0.028, npartz =0.026.
The results are reported in Figure 2. Means and standard deviations are displayed in the
supplements in Table S2.

3
n.s
?
g
2
1

T1 T2 T3
Before the vaccination

«++++« During/after the vaccination

Figure 2. Symptom severity at T1, T2, and T3 as a function of the timepoint of the infection. Note.
Nt1 =225, N1p =167, N13 = 159, N11.T3 = 137; * p = 0.017, n.5. = not significant, error bars represent
standard errors of the means (To examine differences in symptom severity at certain timepoints,
we ran three independent t-tests with the timepoint of infection as the independent variable and
symptom severity at T1, T2, and T3, respectively, as the dependent variable. The results show that
perceived symptom severity differs at T1 between the groups with ¢ (169) = 2.40, p = 0.017, d = 0.426,
but not at T2 with #(149) = 0.35, p = 0.972, d = 0.006, or at T3 with ¢ (140) = 0.138, p = 0.890. d = 0.027.).
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Summarizing findings regarding RQ2, the timepoint of vaccination (before vs. dur-
ing/after the COVID-19 infection) interacted with the main trend over time. Those patients
getting infected before getting vaccinated reported higher symptom severity than the ones
being infected during or after their vaccination. This difference was only significant at the
measurement point T1 but not at T2 or T3. However, the symptoms decreased significantly
over time in both groups.

3.3. Testing RQ3: To What Extent Do Differences in Post-/Long-COVID Patients’ Functional
Status (i.e., Perceived Symptom Severity, Social Participation, Workability, and Life Satisfaction)
Relate to Whether They Are Vaccinated?

To test RQ3, a MANOVA was conducted with the vaccination status and sex of the
participant as the independent variable, mean symptom severity at T2, social participation
at T2, life satisfaction at T2, and workability at T2 as the dependent variables, and age as
a covariate (The MANOVA was replicated by additionally including BMI as a covariate
validating the results and revealing no significant effect of BML). The results are displayed
in Figure 3. The multivariate tests show that the overall effect of vaccination status was
significant with F (16,596) = 2.29, p = 0.003, npartz = 0.058. No other multivariate test
revealed significance with p > 0.121.

10

9
8
7
6
: I
I
4
I ke
i ' : x I I : x
1
)

I
Symptom severity (T2)  Social participation (T2) Life satisfaction (T2) Workability (T2

N

m Not vaccinated (n=4) m Vaccinated once (n=5)
Vaccinated twice (n=39) Vaccinated 3 times or more (n = 106)

No indication (n=9)

Figure 3. The relationship between patients” self-reported vaccination status and their perceived
functional status indicated by symptom severity, social participation, life satisfaction, and workability.
Note. Error bars represent standard errors of the mean scores.

Single comparisons revealed that there were significant differences in life satisfaction
between the different groups with F (4,149) = 3.89, p = 0.005, npartZ = 0.094 and workability
with F [4,149] = 4.10, p = 0.003, npartz = 0.099. However, there were no further differences,
neither regarding social participation (F [4,149] = 1.78, p = 0.136, Tlpart2 = 0.046) nor symptom
severity (F [4,149] = 0.07, p = 0.990, npart> = 0.002).

To understand the relationship between the frequency of vaccination and life satis-
faction and workability better, we first ran bivariate correlation analyses with vaccination
status from 0 (no vaccination) to 3 (three or more vaccinations) and life satisfaction, as
well as workability. The results revealed that vaccination status and life satisfaction, as
well as vaccination status and workability, are negatively correlated with r (156) = —0.311,
p <0.001, and r (155) = —0.278, p < 0.001, respectively. This demonstrates that the patients
being vaccinated more often reported more limited life satisfaction and workability.
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To check the relationships further, we examined which groups’ life satisfaction statisti-
cally differs. Thus, we ran a univariate ANOVA with vaccination status as the independent
variable and life satisfaction as the dependent variable. The main effect of vaccination
status was again significant with F (1,156) = 4.87, p < 0.001, npartz =0.111. The Bonferroni
post hoc test shows significant differences between individuals vaccinated twice (M = 2.45,
SD =0.50) compared to those vaccinated three or more times (M =2.07, SD = 0.63, p = 0.021).
Additionally, the patients vaccinated twice differed significantly from those who did not
indicate their vaccination status (M = 1.75, SD = 0.62, p = 0.043).

We used a similar ANOVA as described above to check between-group differences in
workability. The results showed a main effect of vaccination status with F (1,155) = 3.88,
p = 0.005, npartz = 0.091 again. Here, Bonferroni post hoc analyses show no differences
between the groups with p > 0.057. Descriptive statistics for the MANOVA are reported in
the supplements in Table S3.

Exploratory qualitative analyses from the telephone interviews revealed that four
of the eight patients not being vaccinated had consulted an alternative practitioner for
their symptom treatment. Those patients reported receiving alternative medical treatment
against their symptoms, such as taking globules, natrium chloratum, infusions, “ampoules”,
and vitamin B.

Concluding findings regarding RQ3, there were significant differences in post-/long-
COVID patients’ life satisfaction and workability regarding whether they were vaccinated.
No differences concerning vaccination status were revealed regarding perceived symptom
severity and social participation.

4. Discussion

This study incorporated 225 post-/long-COVID patients and sought to understand
the relationship between their vaccination status and functional status (workability, social
participation, and life satisfaction) over time. In doing so, we examined how many post-
/long-COVID patients were vaccinated and whether the timepoint of infection (i.e., before
vs. during/after the vaccination) was related to the symptom severity over time. It also
investigated whether there were differences in the functional status of patients depending
on whether they were vaccinated once, twice, or three times, or not vaccinated at all.

The results are discussed based on the current literature to give implications for future
research and to prevent and overcome pandemics and the aftermath of the COVID-19 pan-
demic, i.e., post-/long-COVID. However, it should be considered that some patients did
not answer the question regarding their vaccination status, which could have been caused
by different reasons (e.g., some were not vaccinated but were not willing to report this).
This aligns with previous research results, indicating that social-psychological mechanisms
such as intergroup mechanisms can occur. Vaccination status seems to change the perspec-
tive of intergroup situations, and participants perhaps wanted to avoid stigmatization or
discrimination if they revealed that they belonged to the “outgroup” of non-vaccinated
people [39].

However, this group of non-responders was intentionally added to the analytical
procedure to inspect their symptom severity, social participation, life satisfaction, and
workability compared to all other groups. In the past, it was found that individuals with
specific beliefs may subjectively rate the benefits of vaccination as insufficient in comparison
to other behaviors [24]. To keep all patients in the picture, even if they do not provide data
regarding their vaccination status, it is vital not to exclude them. However, it would be
interesting to investigate this group further, especially as their life satisfaction appeared
lowest and their workability was reported as limited compared to those who stated being
not vaccinated.

Regarding the findings of this study, we found that almost all post-/long-COVID
patients who indicated their vaccination status were vaccinated at least twice, and a majority
received more than two vaccinations. Only 3.5% of patients who indicated their vaccination
status reported not being vaccinated. As of 9 January 2023, the basic immunization in
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Germany was 75.1% in Bavaria [40]. Even though the official authorities (the Robert Koch
Institute, RKI) assume that actual rates might be up to 5% higher, it is still below the
recommended vaccination rate and the level in the sample of this study. If we assume
that all patients who did not indicate their vaccination status also were not vaccinated,
the rate in this sample of 77.6% is comparable to the overall vaccination rate in Bavaria.
Nevertheless, all participants in this study suffered from post-/long-COVID (as this was
an inclusion criterion to become a study participant). The current study results indicate
that even with high immunization rates, the long-term symptoms of the infection still pose
a critical challenge to the healthcare and insurance systems.

About two-thirds (68.6%) of the participants in this study received three vaccinations
before they were infected. This aligns with previous studies that found no clear relationship
between post-/long-COVID and the previous vaccination status [22]. On the other hand,
previous evidence (e.g., [20]) concluded from six articles that vaccination could reduce
the risk of post-/long-COVID, suggesting that every additional dose is more effective
(see also [41,42]) in reducing the risk for post-/long-COVID. Overall, there is an agree-
ment [2-9,15-22] that vaccination cannot entirely avoid the risk of breakthrough infections
and, thus, long-term symptoms.

Our study only looked at patients suffering from post-/long-COVID and found differ-
ences regarding the timepoint of the vaccination only at the baseline measurement point.
However, symptom severity decreased in both groups at the follow-up measurement points,
and no differences were detectable at the follow-up measurement points. This general
trend of symptom trajectory in our study complies with previous findings regarding a
likely recovery overall [3,14,31,43-48]. On the one side, the trend in symptom reduction
is positive, i.e., symptom reduction takes place over time. On the other side, the question
remains why patients with at least two vaccinations appear more limited in their life satis-
faction. In our sample, most individuals were vaccinated at least twice, and alarmingly,
their life satisfaction was lower than all other vaccinated groups.

Surprisingly, workability was also negatively correlated with vaccination status. It is
possible that the participants in our sample perceived a higher need for another vaccination
after experiencing higher symptoms, which aligns with the finding that people who were
infected before their first vaccination show higher symptoms. Other studies also discussed
whether lower symptom severity scores are related to the vaccination status, indicating that
specific SARS-Cov-2 vaccinations can worsen physio-affective post-/long-COVID symp-
toms [28]. However, the patients in this study did not differ significantly regarding their
symptom severity and social participation based on their vaccination status. Accordingly,
Wisnivesky et al. found no relationship between vaccination status and mental health or
quality of life [22]. This contrasts previous research in which vaccination was associated
with fewer reported symptoms [22]. Nevertheless, the association between vaccination
status and long-/post-COVID symptoms or mental health status has not been sufficiently
investigated and needs more attention in the future.

As indicated above, patients who were infected before receiving their first vaccination
also reported higher symptoms at T1 than the ones who were infected at the same time
or after their vaccination. This underlines the potential of vaccination as a preventive
measure, especially since there was a significant interaction effect between the timepoint
of vaccination and symptom reduction over time. This result is in line with a previous
literature review which has found very heterogenous results from improvements over
stagnation to worsening of post-/long-COVID conditions [20].

Future interdisciplinary research needs to establish whether there are biological, behav-
ioral, and psychological predictors that determine the effect of vaccination after infection
on functional immune response and recovery processes [23,25]. Although both cognitive
behavioral therapy and graded exercise therapy appear rather ineffective and have poten-
tial side effects, some lifestyle changes, such as plant-based diets, have been found to be
promising in supporting post-/long-COVID management [49,50].
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Consequently, vaccinations could be more targeted to alleviate symptoms and support
post-/long-COVID patients, combined with these other disease prevention measures and
management strategies [5]. It seems especially important to give such patients confidence
that there are active options for managing and improving their post-/long-COVID symp-
toms severity (e.g., [2,3,6,8]), to return to work and social life and to regain life satisfaction.

Limitations and Future Research Directions

Open questions remain from this study, such as whether the type of vaccination
would impact the outcomes. While we collected this basic information, we focused on
the number of doses to ensure statistical power. Regarding the analyzed number of
doses and timepoints, the results are ambiguous. In future studies, systematic research is
needed regarding:

the number and type of vaccinations,

comparing samples of people without post-/long-COVID symptoms but various
vaccination states,

replicating the results with those from larger patients’ samples [27-32], or

validate the current findings with studies with samples from other states and coun-
tries, cultures, and continents, as the effects we found might have been specified for
this cohort.

Previous studies tested a selective sample with only RT-PCR positively tested patients
in three major government hospitals in Northern Israel in 2021 [30]. In comparison, our
study contained positively screened patients based on self-reported data in Bavaria, Ger-
many, who were recruited in 2022. Whether our results differ from those of other researchers
due to these aspects remains open and calls for systematic reviews and meta-analyses.

This study is limited by its uncontrolled nature. In future studies, the patients with
long-/post-COVID should be compared to matched patients without such a disease tra-
jectory but who rather recovered and tested for the effect of the different vaccinations.
Ideally, prospective data should be used for that. Furthermore, we need more experimental
studies in which different interventions help people decide on indicative vaccinations [24]
and recover from symptoms and constraints [34]. Potential vicious circles and maladap-
tive processes should be addressed [12], and corresponding interventions need testing in
randomized controlled trials.

Moreover, studies should validate the subjective nature of the measures with ob-
jective assessments to overcome biases and measurement errors. Finally, more in-depth
interviews can improve understanding of patients” demands and constraints and develop
interventions that are well-matched to patients’ needs. This would be especially needed to
understand and address the reasons individuals decide against vaccination, including the
fear of worsening symptoms and the belief that the vaccination was not indicated after the
manifestation of post-/long-COVID symptoms [27].

Research on the connection between immunological findings and the severity of long-
/post-COVID [50,51] calls for future investigations since studies suggest that a novel pheno-
type of proliferative-exhausted CD8-T-Cells is strongly associated with the severity of acute
COVID-19 [52]. Furthermore, long-/post-COVID could be exacerbated by autoimmune-
related self-reactive T cells, which may be able to control KIR+ CD8 T cells [51]. Moreover,
previous studies (such as [52,53]) investigated the connections between levels of SARS-
CoV-2 antibodies and autoantibodies, as well as post-/long-COVID. Findings (e.g., [26,51])
demonstrate that the antibody levels of the patients change after vaccination. In the current
study, the antibody titer information was not assessed and, accordingly, cannot be analyzed.
Future research should investigate whether the antibody level induced by vaccination
differs from the one due to the real virus infection to validate earlier research (e.g., [52,53])
and fill this gap with the current study, as antibody titer data were unavailable.

Implications to prevent post-/long-COVID can only partially be drawn from this study.
However, reviewing the current evidence, we can conclude that vaccinations are just one
strategy to prevent severe infections and the long-term, post-acute sequelae of infection [26].
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Attempts to overcome post-/long-COVID should take more options than vaccinations into
account, such as behavioral interventions and medical rehabilitation treatments addressing
the coping mechanisms, and appropriate, safe patient behavior is required [13,24,34]. This is
especially important because limited workability is problematic not only for the individual
(because of limited social participation and economic demands) but also for society (because
of limited productivity and skills shortage, and costly reintegration demands to be covered
by the social welfare system). This needs to be addressed based on theories and evidence,
including psychological and behavioral approaches (e.g., [49]), immune phenotypes [54],
and adaptive-like NK cell phenotype [55,56].

5. Conclusions

Most of the patients in this study were vaccinated at least twice. However, approx-
imately one out of five did not disclose their vaccination status. While the vaccination
status and timepoint concerning the infection were not related to symptom severity over
time, many vaccinated patients still suffer from post-/long-COVID in terms of limited life
satisfaction and workability. The latter is important for the individual but also the society.
Vaccination cannot entirely prevent the aftermath of the pandemic in terms of breakthrough
infections and post-/long-COVID; it can just be a part of different primary and secondary
prevention measures working as a general strategy in terms of public health.

Vaccinations should be available and accessible to the whole population to improve
herd immunity. Additionally, there is a need for a communication strategy providing
information about the usefulness of vaccination, especially as our study has shown that
symptom severity was lower in those patients who were vaccinated prior to infection
compared to those getting infected prior to or at the same time of the vaccination. However,
the finding that being vaccinated was more often correlated with lower life satisfaction,
and lower workability requires more attention.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/vaccines11030691/s1, Table S1: Descriptives for vaccination
status in detail; Table S2: Descriptives of the repeated measurement ANOVA to examine RQ2;
Table S3: Descriptives of the MANOVA to examine RQ3.

Author Contributions: Conceptualization, S.L. and A.D.; methodology, S.L.; software, R.R.; valida-
tion, C.D., A.D. and S.L.; formal analysis, R.R.; investigation, R.R.; resources, S.L.; data curation, R.R.
and C.D.; writing—original draft preparation, S.L.; writing—review and editing, R.R., C.D. and A.D.;
visualization, R.R.; supervision, A.D.; project administration, S.L.; funding acquisition, S.L. and A.D.
All authors have read and agreed to the published version of the manuscript.

Funding: The current study is funded by the Bavarian State Office for Health and Food Safety (Gesamt-
2490-PC-2021-V7-D56613/2021) (Férderung durch den Freistaat Bayern, Bayerisches Staatsministerium fiir
Gesundheit und Pflege, Forderinitiative Post-COVID-Syndrom des Bayerischen Staatsministeriums
fiir Gesundheit und Pflege, Projekt: ASAP—Assistierter Sofortiger Augmentierter post-/long-COVID
Plan, https:/ /www.lgl.bayern.de/kontakt/index.htm). The funding source had no role in the design
of this study and will not have any role during its execution, analyses, interpretation of the data, or
decision to submit results.

Institutional Review Board Statement: Ethics approval and consent to participate: Before any
participants were recruited, ethical clearance was obtained from the Jacobs University Bremen Ethics
Committee (Application No: 2021_08). The research project was registered with ClinicalTrials.gov
(NCT05238415). Before participants could participate in the study, it was ensured that all potential
patients had read the study participation information and given their written consent (informed
consent). All data is evaluated pseudonymously.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to confidential patient information
being used.


https://www.mdpi.com/article/10.3390/vaccines11030691/s1
https://www.mdpi.com/article/10.3390/vaccines11030691/s1
https://www.lgl.bayern.de/kontakt/index.htm

Vaccines 2023, 11, 691 12 of 14

Acknowledgments: We thank all involved individuals and institutions for helping with data collec-
tion and patients for their participation. We especially appreciate the help of Petra Becker, Carina
Kolb and Franziska M. Keller with funding acquisition and project management. We would like to
thank Mathew Perez for proofreading and editing the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Rabady, S.; Altenberger, J.; Brose, M.; Denk-Linnert, D.-M.; Fertl, E.; Gotzinger, F.; de La Cruz Gomez Pellin, M.; Hofbaur, B.;
Hoffmann, K.; Hoffmann-Dorninger, R.; et al. Leitlinie S1: Long COVID: Differenzialdiagnostik und Behandlungsstrategien
[Guideline S1: Long COVID: Differential diagnosis and treatment strategies]. Wien. Klin. Wochenschr. 2021, 133, 237-278.
[CrossRef]

World Health Organization. Coronavirus Disease (COVID-19): Post COVID-19 Condition. Available online: https:
/ /www.who.int/news-room/questions-and-answers/item/coronavirus-disease-(covid-19)-post-covid-19-condition?gclid=
CjwKCAiAk--dBhABEiwAchIwkRmIcHA8DGVkY2JGhWBe5WO0ZpbehqxVYZ_QUbaaNO-a9pneEpi42axoCkhcQAvD_BwE
(accessed on 14 January 2023).

Davis, H.E.; Assaf, G.S.; McCorkell, L.; Wei, H.; Low, R.J.; Re’em, Y.; Redfield, S.; Austin, J.P.; Akrami, A. Characterizing long
COVID in an international cohort: 7 months of symptoms and their impact. eClinicalMedicine 2021, 38, 101019. [CrossRef]

Han, Q.; Zheng, B.; Daines, L.; Sheikh, A. Long-term sequelae of COVID-19: A systematic review and meta-analysis of one-year
follow-up studies on post-COVID symptoms. Pathogens 2022, 11, 269. [CrossRef]

Yang, T.; Yan, M.Z.; Li, X.; Lau, E.H.Y. Sequelae of COVID-19 among previously hospitalized patients up to 1 year after discharge:
A systematic review and meta-analysis. Infection 2022, 50, 1067-1109. [CrossRef]

Alkodaymi, M.S.; Omrani, O.A.; Fawzy, N.A.; Shaar, B.A.; Almamlouk, R.; Riaz, M.; Obeidat, M.; Obeidat, Y.; Gerberi, D.; Taha,
R.M.; et al. Prevalence of post-acute COVID-19 syndrome symptoms at different follow-up periods: A systematic review and
meta-analysis. Clin. Microbiol. Infect. 2022, 28, 657-666. [CrossRef]

Sivan, M.; Parkin, A.; Makower, S.; Greenwood, D.C. Post-COVID syndrome symptoms, functional disability, and clinical
severity phenotypes in hospitalized and nonhospitalized individuals: A cross-sectional evaluation from a community COVID
rehabilitation service. J. Med. Virol. 2022, 94, 1419-1427. [CrossRef]

Baum, P; Do, L.; Deterding, L.; Lier, J.; Kunis, I.; Saur, D.; Classen, J.; Wirtz, H.; Laufs, U. Cardiac function in relation to functional
status and fatigue in patients with post-COVID syndrome. Sci. Rep. 2022, 12, 19575. [CrossRef]

Holmes, E.A.; O’Connor, R.C.; Perry, V.H.; Tracey, I.; Wessely, S.; Arseneault, L.; Ballard, C.; Christensen, H.; Cohen Silver, R.;
Everall, I; et al. Multidisciplinary research priorities for the COVID-19 pandemic: A call for action for mental health science.
Lancet Psychiatry 2020, 7, 547-560. [CrossRef]

Poudel, A.N.; Zhu, S.; Cooper, N.; Roderick, P; Alwan, N.; Tarrant, C.; Ziauddeen, N.; Yao, G.L. Impact of COVID-19 on
health-related quality of life of patients: A structured review. PLoS ONE 2021, 16, €0259164. [CrossRef]

Lerer, L.; Cherney, L.; Roth, E. Characterizing symptoms and impact of “Long COVID”: A qualitative perspective. Arch. Phys.
Med. Rehabil. 2022, 103, e49. [CrossRef]

Ocsovszky, Z.; Otohal, J.; Berényi, B.; Juhdsz, V.; Skoda, R.; Bokor, L.; Dohy, Z.; Szabé, L.; Nagy, G.; Becker, D.; et al. The
associations of long-COVID symptoms, clinical characteristics and affective psychological constructs in a non-hospitalized cohort.
Physiol. Int. 2022, 109, 230-245. [CrossRef]

Deselaers, C.; Dahmen, A.; Lippke, S. Impact of the COVID-19 pandemic on CSR activities of healthcare providers. Int. |. Environ.
Res. Public Health 2022, 20, 368. [CrossRef]

Mazza, M.G.; Palladini, M.; Villa, G.; de Lorenzo, R.; Rovere Querini, P.; Benedetti, F. Prevalence, trajectory over time, and risk
factor of post-COVID-19 fatigue. J. Psychiatr. Res. 2022, 155, 112-119. [CrossRef]

Ballering, A.V.; van Zon, S.K.R.; Olde Hartman, T.C.; Rosmalen, ].G.M. Persistence of somatic symptoms after COVID-19 in the
Netherlands: An observational cohort study. Lancet 2022, 400, 452-461. [CrossRef]

Perlis, R.H.; Santillana, M.; Ognyanova, K.; Safarpour, A.; Lunz Trujillo, K.; Simonson, M.D.; Green, J.; Quintana, A.; Druckman,
J.; Baum, M.A ; et al. Prevalence and correlates of long COVID symptoms among US adults. JAMA Netw. Open 2022, 5, €2238804.
[CrossRef]

Righi, E.; Mirandola, M.; Mazzaferri, F; Dossi, G.; Razzaboni, E.; Zaffagnini, A.; Ivaldi, F; Visentin, A.; Lambertenghi, L.; Arena,
C.; et al. Determinants of persistence of symptoms and impact on physical and mental wellbeing in Long COVID: A prospective
cohort study:. J. Infect. 2022, 84, 566-572. [CrossRef]

Tran, V.-T.; Perrodeau, E.; Saldanha, J.; Pane, I.; Ravaud, P. Efficacy of COVID-19 vaccination on the symptoms of patients with
long COVID: A target trial emulation using data from the comPaRe e-cohort in France. SSRN Electron. |. 2021, 12, 2057. [CrossRef]
Tofarides, A.G.; Christaki, E.; Milionis, H.; Nikolopoulos, G.K. Effect of vaccination against SARS-CoV-2 on long COVID-19: A
narrative review. Life 2022, 12, 2057. [CrossRef]

Notarte, K.I; Catahay, J.A.; Velasco, ].V,; Pastrana, A.; Ver, A.T.; Pangilinan, F.C.; Peligro, PJ.; Casimiro, M.; Guerrero, J.J.; Gellaco,
M.M.L; et al. Impact of COVID-19 vaccination on the risk of developing long-COVID and on existing long-COVID symptoms: A
systematic review. eClinicalMedicine 2022, 53, 101624. [CrossRef]


http://doi.org/10.1007/s00508-021-01974-0
https://www.who.int/news-room/questions-and-answers/item/coronavirus-disease-(covid-19)-post-covid-19-condition?gclid=CjwKCAiAk--dBhABEiwAchIwkRmIcHA8DGVkY2JGhWBe5W0ZpbehqxVYZ_QUbaaNO-a9pneEpi42axoCkhcQAvD_BwE
https://www.who.int/news-room/questions-and-answers/item/coronavirus-disease-(covid-19)-post-covid-19-condition?gclid=CjwKCAiAk--dBhABEiwAchIwkRmIcHA8DGVkY2JGhWBe5W0ZpbehqxVYZ_QUbaaNO-a9pneEpi42axoCkhcQAvD_BwE
https://www.who.int/news-room/questions-and-answers/item/coronavirus-disease-(covid-19)-post-covid-19-condition?gclid=CjwKCAiAk--dBhABEiwAchIwkRmIcHA8DGVkY2JGhWBe5W0ZpbehqxVYZ_QUbaaNO-a9pneEpi42axoCkhcQAvD_BwE
http://doi.org/10.1016/j.eclinm.2021.101019
http://doi.org/10.3390/pathogens11020269
http://doi.org/10.1007/s15010-022-01862-3
http://doi.org/10.1016/j.cmi.2022.01.014
http://doi.org/10.1002/jmv.27456
http://doi.org/10.1038/s41598-022-24038-3
http://doi.org/10.1016/S2215-0366(20)30168-1
http://doi.org/10.1371/journal.pone.0259164
http://doi.org/10.1016/j.apmr.2022.08.553
http://doi.org/10.1556/2060.2022.00030
http://doi.org/10.3390/ijerph20010368
http://doi.org/10.1016/j.jpsychires.2022.08.008
http://doi.org/10.1016/S0140-6736(22)01214-4
http://doi.org/10.1001/jamanetworkopen.2022.38804
http://doi.org/10.1016/j.jinf.2022.02.003
http://doi.org/10.2139/ssrn.3932953
http://doi.org/10.3390/life12122057
http://doi.org/10.1016/j.eclinm.2022.101624

Vaccines 2023, 11, 691 13 of 14

21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Al-Aly, Z.; Bowe, B.; Xie, Y. Long COVID after breakthrough SARS-CoV-2 infection. Nat. Med. 2022, 28, 1461-1467. [CrossRef]
Wisnivesky, ].P.; Govindarajulu, U.; Bagiella, E.; Goswami, R.; Kale, M.; Campbell, K.N.; Meliambro, K.; Chen, Z.; Aberg, J.A.; Lin,
J.J. Association of vaccination with the persistence of post-COVID symptoms. J. Gen. Intern. Med. 2022, 37, 1748-1753. [CrossRef]
Paul, E.; Fancourt, D. Health behaviours the month prior to COVID-19 infection and the development of self-reported long
COVID and specific long COVID symptoms: A longitudinal analysis of 1581 UK adults. BMC Public Health 2022, 22, 1716.
[CrossRef]

Ernsting, A.; Schwarzer, R.; Lippke, S.; Schneider, M. ‘I do not need a flu shot because I lead a healthy lifestyle’: Compensatory
health beliefs make vaccination less likely. J. Health Psychol. 2013, 18, 825-836. [CrossRef]

Heneka, M.T,; Golenbock, D.; Latz, E.; Morgan, D.; Brown, R. Immediate and long-term consequences of COVID-19 infections for
the development of neurological disease. Alzheimer’s Res. Ther. 2020, 12, 69. [CrossRef]

Tsuchida, T.; Hirose, M.; Inoue, Y.; Kunishima, H.; Otsubo, T.; Matsuda, T. Relationship between changes in symptoms and
antibody titers after a single vaccination in patients with Long COVID. J. Med. Virol. 2022, 94, 3416-3420. [CrossRef]
Scherlinger, M.; Pijnenburg, L.; Chatelus, E.; Arnaud, L.; Gottenberg, ] .-E.; Sibilia, J.; Felten, R. Effect of SARS-CoV-2 vaccination
on symptoms from post-acute sequelae of COVID-19: Results from the nationwide VAXILONG study. Vaccines 2021, 10, 46.
[CrossRef]

Maes, M.; Al-Rubaye, H.T.; Almulla, A.F.; Al-Hadrawi, D.S.; Stoyanova, K.; Kubera, M.; Al-Hakeim, H.K. Lowered quality of life
in long COVID is predicted by affective symptoms, chronic fatigue syndrome, inflammation and neuroimmunotoxic pathways.
Int. |. Environ. Res. Public Health 2022, 19, 10362. [CrossRef]

Tabacof, L.; Tosto-Mancuso, J.; Wood, J.; Cortes, M.; Kontorovich, A.; McCarthy, D.; Rizk, D.; Rozanski, G.; Breyman, E.; Nasr, L.;
et al. Post-acute COVID-19 syndrome negatively impacts physical function, cognitive function, health-related quality of life, and
participation. Am. J. Phys. Med. Rehabil. 2022, 101, 48-52. [CrossRef]

Kuodi, P; Gorelik, Y.; Zayyad, H.; Wertheim, O.; Wiegler, K.B.; Abu Jabal, K.; Dror, A.A.; Nazzal, S.; Glikman, D.; Edelstein, M.
Association between BNT162b2 vaccination and reported incidence of post-COVID-19 symptoms: Cross-sectional study 2020-21,
Israel. NPJ Vaccines 2022, 7, 101. [CrossRef]

Ayoubkhani, D.; Bermingham, C.; Pouwels, K.B.; Glickman, M.; Nafilyan, V.; Zaccardi, F.; Khunti, K.; Alwan, N.A.; Walker, A.S.
Trajectory of long COVID symptoms after COVID-19 vaccination: Community based cohort study. BMJ Clin. Res. 2022, 377,
€069676. [CrossRef]

Strain, W.D.; Sherwood, O.; Banerjee, A.; van der Togt, V.; Hishmeh, L.; Rossman, ]J. The impact of COVID vaccination on
symptoms of long COVID: An international survey of people with lived experience of Long COVID. Vaccines 2022, 10, 652.
[CrossRef]

Kedor, C.; Freitag, H.; Meyer-Arndt, L.; Wittke, K.; Hanitsch, L.G.; Zoller, T.; Steinbeis, E.; Haffke, M.; Rudolf, G.; Heidecker,
B.; et al. A prospective observational study of post-COVID-19 chronic fatigue syndrome following the first pandemic wave in
Germany and biomarkers associated with symptom severity. Nat. Commun. 2022, 13, 5104. [CrossRef]

Dahmen, A.; Keller, EM.; Derksen, C.; Rinn, R.; Becker, P.; Lippke, S. Screening and assessment for post-acute COVID-19
syndrome (PACS), guidance by personal pilots and support with individual digital trainings within intersectoral care: A study
protocol of a randomized controlled trial. BMC Infect. Dis. 2022, 22, 693. [CrossRef]

Beierlein, C.; Kovaleva, A.; Laszld, Z.; Kemper, C.J.; Rammstedt, B. Kurzskala zur Erfassung der Allgemeinen Lebenszufriedenheit
(L-1); GESIS—Leibniz-Institut fiir Sozialwissenschaften: Koln, Germany, 2015.

Mergenthal, K.; Giithlin, C. Einflussgroien auf die Arbeitszufriedenheit von Medizinischen Fachangestellten. Z. Evid. Fortbild.
Qual. Gesundhwes. 2021, 167, 78-85. [CrossRef]

Lembhofer, C.; Gutenbrunner, C.; Schiller, J.; Loudovici-Krug, D.; Best, N.; Bokel, A.; Sturm, C. Assessment of rehabilitation needs
in patients after COVID-19: Development of the COVID-19-rehabilitation needs survey. J. Rehabil. Med. 2021, 53, jrm00183.
[CrossRef]

Ilmarinen, J. The Work Ability Index (WAI). Occup. Med. 2006, 57, 160. [CrossRef]

Jagodics, B.; Szabé, E. Is intergroup discrimination triggered by vaccination status? Exploring some social aspects of vaccinations
during the COVID-19 pandemic. J. Soc. Psychol. 2022, 8, 1-15. [CrossRef]

Robert Koch Institut. Digitales Impfquotenmonitoring zur COVID-19-Impfung. Available online: https://www.rki.de/DE/
Content/InfAZ/N/Neuartiges_Coronavirus/Daten/Impfquoten-Tab.html (accessed on 16 March 2023).

Antonelli, M.; Penfold, R.S.; Merino, J.; Sudre, C.H.; Molteni, E.; Berry, S.; Canas, L.S.; Graham, M.S.; Klaser, K.; Modat, M.; et al.
Risk factors and disease profile of post-vaccination SARS-CoV-2 infection in UK users of the COVID Symptom Study app: A
prospective, community-based, nested, case-control study. Lancet Infect. Dis. 2022, 22, 43-55. [CrossRef]

Taquet, M.; Dercon, Q.; Harrison, PJ. Six-month sequelae of post-vaccination SARS-CoV-2 infection: A retrospective cohort study
of 10,024 breakthrough infections. Brain Behav. Immun. 2022, 103, 154-162. [CrossRef]

Wu, Q.; Ailshire, J.A.; Crimmins, E.M. Long COVID and symptom trajectory in a representative sample of Americans in the first
year of the pandemic. Sci. Rep. 2022, 12, 11647. [CrossRef]

Fancourt, D.; Steptoe, A.; Bu, F. Psychological consequences of long COVID: Comparing trajectories of depressive and anxiety
symptoms before and after contracting SARS-CoV-2 between matched long- and short-COVID groups. Br. J. Psychiatry J. Ment.
Sci. 2022, 222, 1-8. [CrossRef]


http://doi.org/10.1038/s41591-022-01840-0
http://doi.org/10.1007/s11606-022-07465-w
http://doi.org/10.1186/s12889-022-14123-7
http://doi.org/10.1177/1359105312455076
http://doi.org/10.1186/s13195-020-00640-3
http://doi.org/10.1002/jmv.27689
http://doi.org/10.3390/vaccines10010046
http://doi.org/10.3390/ijerph191610362
http://doi.org/10.1097/PHM.0000000000001910
http://doi.org/10.1038/s41541-022-00526-5
http://doi.org/10.1136/bmj-2021-069676
http://doi.org/10.3390/vaccines10050652
http://doi.org/10.1038/s41467-022-32507-6
http://doi.org/10.1186/s12879-022-07584-z
http://doi.org/10.1016/j.zefq.2021.09.006
http://doi.org/10.2340/16501977-2818
http://doi.org/10.1093/occmed/kqm008
http://doi.org/10.1080/00224545.2022.2085074
https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Daten/Impfquoten-Tab.html
https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Daten/Impfquoten-Tab.html
http://doi.org/10.1016/S1473-3099(21)00460-6
http://doi.org/10.1016/j.bbi.2022.04.013
http://doi.org/10.1038/s41598-022-15727-0
http://doi.org/10.1192/bjp.2022.155

Vaccines 2023, 11, 691 14 of 14

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Fernandez-de-Las-Pefias, C.; Martin-Guerrero, J.D.; Cancela-Cilleruelo, I.; Moro-Lépez-Menchero, P.; Rodriguez-Jiménez, J.;
Pellicer-Valero, O.]. Exploring the trajectory recovery curve of the number of post-COVID Symptoms: The LONG-COVID-EXP-
CM Multicenter Study. Int. |. Infect. Dis. 2022, 117, 201-203. [CrossRef]

Fernandez-de-Las-Pefias, C.; Martin-Guerrero, J.D.; Cancela-Cilleruelo, I.; Moro-Lépez-Menchero, P.; Rodriguez-Jiménez, J.;
Pellicer-Valero, O.]. Trajectory curves of post-COVID anxiety/depressive symptoms and sleep quality in previously hospitalized
COVID-19 survivors: The LONG-COVID-EXP-CM multicenter study. Psychol. Med. 2022, 201-203. [CrossRef]
Fernandez-de-Las-Penas, C.; Palacios-Cefia, D.; Gomez-Mayordomo, V.; Rodriuez-Jiménez, J.; Palacios-Cefia, M.; Velasco-Arribas,
M.; Guijarro, C.; de-la-Llave-Rincén, A.IL; Fuensalida-Novo, S.; Elvira-Martinez, C.M.; et al. Long-term post-COVID symptoms
and associated risk factors in previously hospitalized patients: A multicenter study. J. Infect. 2021, 83, 237-279. [CrossRef]
Jacobson, K.; Balasubramanian, V.; Bonilla, H.F.; Madrigal, M.; Hack, I.; Purington, N.; Singh, U.; Hedlin, H.; Jagannathan, P.
Clinical associations and trajectory of “Long COVID”. Open Forum Infect. Dis. 2021, 8, S753. [CrossRef]

Vink, M.; Vink-Niese, F. Is it useful to question the recovery behaviour of patients with ME/CFS or Long COVID? Healthcare 2022,
10, 392. [CrossRef]

Storz, M.A. Lifestyle adjustments in long-COVID management: Potential benefits of plant-based diets. Curr. Nutr. Rep. 2021, 10,
352-363. [CrossRef]

Li, J.; Zaslavsky, M.; Su, Y.; Guo, ].; Sikora, M.]J.; van Unen, V.; Christophersen, A.; Chiou, S.-H.; Chen, L.; Li, J.; et al. KIR+CD8+ T
cells suppress pathogenic T cells and are active in autoimmune diseases and COVID-19. Science 2022, 376, eabi9591. [CrossRef]
Su, Y.; Chen, D.; Yuan, D.; Lausted, C.; Choi, J.; Dai, C.L.; Voillet, V.; Duvvuri, V.R.; Scherler, K.; Troisch, P.; et al. Multi-omics
resolves a sharp disease-state shift between mild and moderate COVID-19. Cell 2020, 183, 1479-1495.€20. [CrossRef]

Su, Y; Yuan, D.; Chen, D.G.; Ng, RH.; Wang, K.; Choi, J.; Li, S.; Hong, S.; Zhang, R.; Xie, J.; et al. Multiple early factors anticipate
post-acute COVID-19 sequelae. Cell 2022, 185, 881-895.e20. [CrossRef]

Lee, JW.; Su, Y.; Baloni, P.; Chen, D.; Pavlovitch-Bedzyk, A.J.; Yuan, D.; Duvvuri, VR,; Ng, R H.; Choi, ].; Xie, J.; et al. Integrated
analysis of plasma and single immune cells uncovers metabolic changes in individuals with COVID-19. Nat. Biotechnol. 2022, 40,
110-120. [CrossRef]

Shemesh, A.; Su, Y.; Calabrese, D.R.; Chen, D.; Arakawa-Hoyt, J.; Roybal, K.T.; Heath, J.R.; Greenland, J.R.; Lanier, L.L. Diminished
cell proliferation promotes natural killer cell adaptive-like phenotype by limiting FceRIly expression. J. Exp. Med. 2022, 219,
€20220551. [CrossRef]

Kramer, B.; Knoll, R.; Bonaguro, L.; ToVinh, M.; Raabe, ].; Astaburuaga-Garcia, R.; Schulte-Schrepping, J.; Kaiser, K.M.; Rieke, G .J.;
Bischoff, ].; et al. Early IFN-« signatures and persistent dysfunction are distinguishing features of NK cells in severe COVID-19.
Immunity 2021, 54, 2650-2669.e14. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1016/j.ijid.2022.02.010
http://doi.org/10.1017/S003329172200006X
http://doi.org/10.1016/j.jinf.2021.04.036
http://doi.org/10.1093/ofid/ofab466.1522
http://doi.org/10.3390/healthcare10020392
http://doi.org/10.1007/s13668-021-00369-x
http://doi.org/10.1126/science.abi9591
http://doi.org/10.1016/j.cell.2020.10.037
http://doi.org/10.1016/j.cell.2022.01.014
http://doi.org/10.1038/s41587-021-01020-4
http://doi.org/10.1084/jem.20220551
http://doi.org/10.1016/j.immuni.2021.09.002

	Introduction 
	Materials and Methods 
	Participants and Procedure 
	Measurements 
	Data Analysis 

	Results 
	Testing RQ1: How Many Patients Positively Screened with Post-/Long-COVID Were Vaccinated Once or Completely (2 or 3 Times)? 
	Testing RQ2: Is the Timepoint of Vaccination (before vs. during/after the COVID-19 Infection) Related to the Post-/Long-COVID Symptom Severity Development over Time? 
	Testing RQ3: To What Extent Do Differences in Post-/Long-COVID Patients’ Functional Status (i.e., Perceived Symptom Severity, Social Participation, Workability, and Life Satisfaction) Relate to Whether They Are Vaccinated? 

	Discussion 
	Conclusions 
	References

