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Abstract: Blood profiling data in athletic populations and their respective responses to SARS-CoV-2
infection are lacking. Thus, this exploratory pilot study aimed to analyze and compare clinical blood
markers in previously infected trained athletes (ATH; 30 m/29 f) and a not previously infected healthy
athletic control group (HC; 12 m/19 f). The ATH group undertook a sports medical examination
which included extended blood analyses. Blood profiles with a total of 74 variables were assessed
(blood counts, pro-/inflammatory and immunological markers, and micronutrients), and the ATH
group was compared to the age-matched, vaccinated HC group with comparable athletic back
grounds, though without previous SARS-CoV-2-infections. The ATH group showed lower IgG,
Troponin-T levels, and they had a lower complement/acute-phase protein activation. Furthermore,
Vitamin D levels were lower and electrolyte/micronutrient concentrations were higher in ATH.
Soluble transferrin receptor as a marker of erythrocyte turnover was decreased whereas PTT as a
coagulation marker was increased. Subgroup analyses according to sex revealed more differences
between the women of the ATH and HC groups (for 25 different variables) than between the men (for
5 different variables), especially for immunological and metabolic variables. In particular, the immune
system and electrolyte/micronutrient status should be observed frequently and sex-specifically in
this athletic cohort.

Keywords: blood analysis; COVID-19; inflammation; physical activity; athletes; reference values;
long-term changes; sex differences

1. Introduction

SARS-CoV-2 infection can lead to several long-lasting complications which have been
summarized by post-COVID studies and can have different physiological and psychologi-
cal outcomes [1]. Symptoms include fatigue, general pain or discomfort, attention disorders,
sleep disturbances, hair loss, shortness of breath, and anxiety or depression, with up to
32 additional different complications having been observed [2,3]. The sheer quantity of
these volatile symptoms underlines that there is not one “common denominator” causing
the long-term adverse health effects. The proposed mechanisms include a hyperinflamma-
tory immune response, a so-called cytokine storm, mitochondrial damage, and decreased
red blood cell rheological function [4–8]. Furthermore, it has been shown that altered blood
parameters correlate with depressive symptoms and that an individual’s perception of
recovery may be impaired over a longer period of time after COVID-19 infection [9,10].
The different virus variants, as well as individual health and vaccine statuses, make the
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prognosis of disease severity even more difficult. Therefore, robust and valid clinical blood
or saliva markers would be very useful for healthcare advisers/physicians for monitoring
the health statuses of their patients or for intervening to reduce the detrimental results of
SARS-CoV-2 infections.

Although the positive health effect of regular physical exercise on immune function is
well known [11], the “athletic population” compromises only a minor percentage of the
world-wide population [12]. As consequence, the pandemic has led to medical studies
mostly focusing on the general population, which has tendencies toward highly sedentary
lifestyles, obesity, and cardiovascular disease burdens, and this generalizes study results for
COVID-19 without discriminating between regular exercising individuals and sedentary
ones. However, the responses observed in athletes may reveal phylogenetic—currently
defined “normal”—human responses after a SARS-CoV-2 infection, while routinely used
thresholds of clinical blood markers and cardiovascular features such as heart frequency
differ in athletes. This may result in medical advice that is not suitable or relevant for this
specific population [13–15].

Blood profiles in acutely infected COVID-19-patients without comorbidities have
shown that the blood markers interleukin-6 (IL-6) and tumor-necrosis-factor-alpha (TNF-α)
are strong predictors for disease severity and death [16], while there are also non-cytokine
biomarkers such D-dimers, C-reactive protein (CRP), and ferritin that are also elevated in
COVID-19-infected patients compared to non-COVID-19-infected people [17,18].

Furthermore, increased T-cell activation has been observed and is indicated by the
level of soluble interleukin IL-2 receptor (sIL-2R), regardless of age, in children and adults
with severe COVID-19 infection [19]. Regarding the virus variants before Omicron, Conti
et al. observed that in addition to the cytokine IL-6, IL-1β contributes to disease severity by
driving inflammation [20].

As all these results have been determined in different study populations without
connections to physical activity level and regular exercise, and the possible transfer of these
data to individuals with high degrees of physical fitness is still largely unknown.

Thus, the aim of this pilot study was to examine the blood profiles of physically
active individuals post-COVID-19 infection and compare them with the blood levels of
non-infected control athletes to identify abnormalities in blood markers due to COVID-19.

2. Materials and Methods
2.1. Recruitment

Participants were recruited from consecutive athletic patients after previous SARS-CoV-2
infection at the Department of Sports and Rehabilitation Medicine, University Ulm, during
March 2020 and July 2021, and they provided informed consent to participate in extended
blood profiling. Some individuals were also part of the national study CoSmo-S (COVID-19
in German Competitive Sports [21]) while attending physical examinations after COVID-19
infection for the evaluation of their exercise capacity and physical resilience. Subjects in the
age-matched healthy control group were recruited during presentations for their annual
routine check-ups at the same facility, but they were not participating in another study and
their clinical data were analyzed retrospectively. To avoid inclusion of individuals with a
previous, non-detected subclinical SARS-CoV-2 infection in the control group, the analysis
included mainly individuals with at least two to three negative SARS-CoV-2 PCR tests over
the preceding three months before inclusion.

2.2. Study Population

The inclusion criteria for the enrolled participants were: athletes aged ≥ 18 years
with a previous SARS-CoV-2 infection and a proof of such previous infection by (1) pos-
itive SARS-CoV-2 PCR or (2) antibody detection against SARS-CoV-2 with typical symp-
toms and (3) extensive blood profiling during the study visits. Athletes were defined
as such if they exercised at least three times per week, with a metabolic equivalent of
>20 h/week (e.g., cycling at 20 km/h = 7.1 metabolic equivalents [22]). Athletes with a pos-
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itive SARS-CoV-2 PCR test within the preceding two weeks, insufficient German language
skills, refusal of venous blood collection, and current diseases (acute and chronic) that did
not allow for admission as estimated by the study physician were excluded [21].

The blood profiles of the included athletes (ATH) were compared to the blood profiles
of age-matched, vaccinated, healthy controls (HC; N = 31, 12 m/19 f, aged 31.1 ± 10.4 years,
body mass of 72.8 ± 13.9 kg, body height of 176.1 ± 8.93 cm, and BMI of 23.4 ± 3.5 kg/m2)
without prior SARS-CoV-2 infection and fitness statuses as well as anthropometric variables
(sex, age, body mass, height, and BMI) that were comparable to those of the ATH group.
Table 1 shows detailed information about the study population.

Table 1. Anthropometric data, training volume before disease, symptoms during acute phase, and
persistent symptoms of the study population.

ATH HC

Sex (f/m) 29/30 19/12
Mean (±SD) Mean (±SD)

Age (years) N (59) 34.5 ± 12.2 N (31) 31.9 ± 10.4
Body mass (kg) N (59) 73.9 ± 15.2 N (18) 72.8 ± 13.9

Height (cm) N (59) 175.6 ± 9.3 N (21) 176.1 ± 8.93
BMI (height/(body mass)2) N (59) 23.9 ± 3.9 N (18) 23.4 ± 3.5

Time since infection (months) N (59) 3.8 ± 2.68
Sport type * Frequency Frequency
Endurance 42 (60.0%) 12 (29.3%)
Resistance 11 (15.7%) 11 (26.8%)

Team or combat sports 16 (22.9%) 3 (7.3)%
Technical sports 1 (1.4%) 0

Missing 0 15 (36.6%)
Training volume (before

infection) Number Number

0–3 h/week 0 2 (6.5%)
3–5 h/week 28 (47.5%) 6 (19.4%)

6–10 h/week 16 (27.1%) 7 (22.6%)
10–15 h/week 8 (13.6%) 0
>15 h/week 5 (8.5%) 1 (3.2%)

Missing 2 (3.4%) 15 (48.4%)
Symptoms during acute phase * Frequency Frequency

Fever (missing) 25 (7)
Cough (missing) 30 (7)

Ageusia/anosmia (missing) 16 (22)
Rhinitis (missing) 28 (7)

Throat pain (missing) 25 (7)
Dyspnea under load (missing) 24 (7)
Dyspnea during rest (missing) 18 (7)

Diarrhea (missing) 7 (22)
Headache (missing) 19 (22)

Persistent symptoms * Frequency Frequency
Fatigue and performance

decreases 33

Sleeping disorders 15
Neurocognitive disorders 15

Respiratory disorders 20
Autonomic disorders 12

Muscle pain 11
Psychological-related items 2
Immunological disorders 3

No symptoms 21
Missing 2

* multiple choice possible.
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2.3. Blood Sampling and Analysis

For the blood profiling, 9 mL of EDTA-anticoagulated and 9 mL of serum blood sam-
ples (Sarstedt, Nümbrecht, Germany) were taken from veins in the participants’ forearms.
Blood sampling was conducted before the patients were physically active. Fasting state
and sampling in the morning were preferred, but there were no prerequisites for sampling.
In total, 74 individual blood variables were determined and analyzed by clinical standards
with a DXH Coulter or a Sysmex system (based on resistance measurement principles
(impedance measurements and the Coulter measurement principle), photometric measure-
ments, and differentiation in flow cells by means of laser via VCSn technology (volume,
conductivity, and scatter)), as well as ECLIA (Roche Immunoassay Analyzer Cobas 8000,
Cobas t 711, and Cobas t 511, Rotkreuz, Suisse) and ELISA measurements.

For providing a reasonable overview, we grouped the respective 74 variables in the fol-
lowing subcategories: (1) blood cell system, (2) inflammation/immunology, (3) coagulation,
(4) damage markers, (5) electrolytes/micronutrients, and (6) metabolism.

2.4. Statistical Analysis

Data analysis was performed with R, version 4.1.1 (2021-08-10; Non Profit/Open
Access), and IBM SPSS Statistics, version 28.0.0.0 (IBM Deutschland GmbH, Ehningen,
Germany). The graphics and figures were created with GraphPad PRISM (Version 9.3,
La Jolla, CA, USA). To investigate whether there were differences in the blood parameters
of athletes who suffered from COVID-19 compared to the fit healthy controls, two-tailed
unpaired Wilcoxon tests were conducted. To detect possible differences between the
anthropometric data and the training volumes before COVID-19 infection, Mann–Whitney
U-tests and a Pearson chi-square test were conducted. Robust linear regression models
were performed to analyze the influence of the time that had passed between infection and
blood-taking on the concentrations of the blood parameters (R-package: “Robust” [23]).
For IL-1β, IL-6, IL-8, IL-10, TNF-α, CRP, Troponin-T, Folic acid, D-dimers, and CH50,
values below the limit of detection were replaced by half of the corresponding detection
limit. Separately conducted subgroup-analyses for the control variables (age, sex, and
time passed between infection and blood-taking) were performed additionally. For all
analyses, an α-level of 0.050 was considered as significant. The adjusted significance level
was p < 0.0007 when considering multiple testing (Bonferroni correction). All data are
presented as means ± standard deviations if not otherwise stated.

2.5. Ethics, Consent, and Permissions

All participating athletes took part voluntarily and provided informed consent prior
to inclusion. The study was performed in accordance with the Declaration of Helsinki. The
study was approved by the ethics committee of Ulm University (EK 408/20). The study
has been registered in the German Clinical Trials Register (DRKS00023717). The study
reporting adheres to the CONSORT guidelines for reporting clinical trials.

3. Results
3.1. Blood Variables: Comparison between the Athletes and the Healthy Athletic Control Group
3.1.1. Blood Cell System

Regarding the sub-group of white blood cells, the leukocyte concentration was de-
creased in the ATH group compared to the HC group (p = 0.034), as well as the absolute
lymphocyte concentration (p = 0.023) which was also decreased in the ATH group. Re-
garding differences in the red blood cell system, the soluble transferrin receptor (p < 0.001)
showed decreased values in the ATH group compared to the HC group (Figure 1).
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Figure 1. Blood cell system-specific differences between the previously COVID-19-infected ath-
letes (ATH) and the healthy controls (HC) with comparable fitness statuses. Of the 27 variables
grouped in the blood cell system, in the sub-group of white blood cells, significant differences for
(A) leucocyte (HC 6.3 ± 1.0 vs. ATH 5.9 ± 1.5 109/L) and (B) absolute lymphocyte (HC 2.0 ± 0.4 vs.
ATH 1.8 ± 0.5 109/L) concentrations were observed. In the sub-group of red blood cells, the specific
variable (C) soluble transferrin receptor (HC 4.3 ± 1.7 vs. ATH 2.8 ± 0.6 mg/L) concentration was
significantly different between the ATH and HC groups. * p ≤ 0.05 and **** p ≤ 0.0001 for the ATH
group compared to the HC group.

3.1.2. Inflammation/Immunology

Lower values for the SARS-CoV-2 spike antibody (p < 0.001), CRP (p = 0.012), IgG
(p = 0.013), and LBP (p = 0.004) were determined for the ATH group compared to the HC
group (Figure 2A–C, Table S1). The complement-specific analyte CH50 (p = 0.045) and
complement C3c (p = 0.030) showed decreased values in the ATH group (Figure 2D,E).
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Figure 2. Differences in the variables regarding immunology/inflammation (A–C) and complement
system (D,E) between the previously infected athletes (ATH) and the healthy controls (HC) with
comparable fitness statuses. Of the 17 variables grouped for inflammation/immunology, the (A) CRP
(HC 1.3 ± 2.2 vs. ATH 0.6 ± 0.6 mg/L), (B) IgG (HC 12.0 ± 2.7 vs. ATH 10.5 ± 1.6 g/L), and (C)
LBP (HC 5.0 ± 1.4 vs. ATH 4.1 ± 1.1 µg/mL) concentrations were significantly different between the
ATH and HC groups. The levels of (D) complement C3c (HC 1.1 ± 0.2 vs. ATH 1.0 ± 0.2 g/L) and (E)
CH50 (HC 54.6 ± 4.4 vs. ATH 50.4 ± 5.9) and sub-grouped from immunology, differed between the
ATH and HC groups. * p ≤ 0.05 and ** p ≤ 0.01 for the ATH group compared to the HC group.
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the previously COVID-19-infected athletes (ATH) and the healthy controls (HC) with comparable
fitness statuses. PTT (HC 28.3 ± 2.2 s vs. ATH 30.1 ± 3.2 s) was significantly different between the
ATH and HC groups. Troponin-T concentrations in the ATH group (4.4 ± 4.1 ng/L) were significantly
decreased compared to the HC group (7.4 ± 8.0 ng/L), whereas there were no differences for the
other seven variables grouped as damage markers (e.g., creatine kinase, urea, and NT-Pro BNP). Of
the six variables grouped under coagulation, * p ≤ 0.05, ** p ≤ 0.01.

3.1.3. Coagulation

The PTT levels (p = 0.008) were increased in the ATH group compared to the HC group
(Figure 3c). A trend was observable where there were lower D-dimer levels in the ATH
group (p = 0.054).

3.1.4. Damage Markers

Of the eight variables grouped in the cardiac/muscular damage markers, only troponin-
T was decreased in the ATH group compared to the HC group (p = 0.034) (Figure 3B).

3.1.5. Electrolytes/Micronutrients

Regarding electrolytes and micronutrients, potassium (p < 0.0001) and sodium (p = 0.039),
as well as zinc (p = 0.015), were increased in the ATH group compared to the HC group (Figure 4).
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3.1.6. Metabolism

In the ATH group, ALT (p = 0.031) was increased and its coenzyme vitamin B6
(p = 0.005) was increased compared to the HC group. Triglyceride (p = 0.022) concen-
trations were also increased in the ATH group compared to the HC group as well as
the thyroid-stimulating metabolic hormone TSH (which stimulates the thyroid gland)
(p = 0.026). Vitamin D 25OH (an antioxidant with immunostabilizing, calcium homoeosta-
sis, bone metabolism, and muscle functions; p = 0.001), as well as the total protein content
(p = 0.009), were lower in the ATH group. (Figure 5).
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Figure 5. Differences in the variables grouped under metabolism between the previously COVID-
19-infected athletes (ATH) and the healthy controls (HC) with comparable fitness sta-tuses. Of the
elven variables grouped under metabolism, (A) ALT (HC 19.7 ± 8.1 vs. ATH 26.1 ± 13.6 U/L),
(B) vitamin B6 (HC 108.4 ± 51.2 vs. ATH 165.3 ± 169.7 nmol/L), (C) TSH (HC 1.5 ± 0.6
vs. ATH 1.9 ± 0.8 mlU/L), (D) Triglyceride (HC 1.0 ± 0.6 vs. ATH 1.2 ± 0.6 mmol/L), (E)
Protein (HC 76.0 ± 4.8 vs. ATH 73.4 ± 3.6 g/L) and (F) Vitamin D 25OH (HC 34.6 ± 9.9 vs.
ATH 28.3 ± 14.2 µg/L) concentrations were significantly different between the ATH and HC groups.
* p ≤ 0.05, ** p ≤ 0.01 and *** p ≤ 0.001 for the ATH group compared to the HC group.

A detailed grouping and the results of the analyses of all variables can be found
in Table S1.

3.2. Blood Variables: Changes in the Variables Depending on Sex

A subgroup analysis of the women between the ATH and HC groups revealed differ-
ences in the Hb content reticulocytes (p = 0.034), leukocyte (p = 0.024), soluble transferrin
receptor (p < 0.001), absolute lymphocyte (p = 0.026), MCH (p = 0.045), MCHC (p = 0.021),
MTV (p = 0.046), Neutrophile absolute (p = 0.035), SARS-CoV-2 Spike Antibody (p = 0.002),
CRP (p = 0.038), FT3 (p = 0.033), FT4 (p = 0.015), IgE (p = 0.044), complement C3c (p = 0.009),
TNF-α (p = 0.021), LBP (p = 0.002), D-dimer (p = 0.015), PTT (p = 0.023), calculated GFR
CKD EPI (p = 0.023), potassium (p < 0.001), sodium (p = 0.032), vitamin B6 (p = 0.011),
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vitamin D25OH (p = 0.016), total protein content (p = 0.022) and thyroid-stimulating hor-
mone (TSH) (p = 0.005) concentrations.

A subgroup analysis of the men between the ATH and HC groups showed significant dif-
ferences in the soluble transferrin receptor (TSH) (p = 0.018), uric acid (p = 0.019), troponin-T
(p = 0.003), potassium (p = 0.020), and vitamin D25OH (p = 0.028) concentrations.

A detailed analysis of the results of all the variables is provided in Tables 1 and
Table 2 of S2.

3.3. Blood Variables: Changes in the Variables Depending on the Time since Infection

Testing on the contribution of the variable time since infection was performed, and
significant differences were observed for the ALT (p = 0.05), AST (p = 0.02), erythropoietin
(p = 0.01), Reticulocyte absolute (p = 0.03), folic acid (p = 0.05), and TNF-alpha (p = 0.02)
concentrations in the ATH group.

A detailed analysis of the results of all the variables is provided in Table S3.

4. Discussion

In this exploratory pilot analysis, blood profiles of previously COVID-19-infected
professional and recreational athletes (ATH) of both sexes were compared to a healthy
control group of comparable training statuses (HC). HC maintained their training volume
in the weeks before the examination, which was not possible for several ATH individuals
due to a prolonged recovery period after the disease. In general, ATH were not vaccinated
against COVID-19, whereas HC were vaccinated.

Although there are manifold variations in symptoms and their respective severity
during and after a SARS-CoV-2 infection [2], recent reviews have estimated that negative
long-term health effects affect up to 80% of all COVID-19-infected people, with symptoms
persisting for 4 weeks and longer [3,24].

However, it is not only individuals with comorbidities or previous disease burdens
that have been hospitalized as even elite athletes with high levels of physical fitness can
suffer from the effects of infection. Martinez et al. [25] screened 789 professional athletes
that had tested positive for SARS-CoV-2 before returning to their sports. In total, 30 athletes
had abnormal screenings (elevated troponin, abnormal ECG, and abnormal echocardiogra-
phy) [25]. As athletes normally exhibit cardiovascular health with normal BMIs and less
life-style associated disease burdens than the so-called general population [13,14,26], the
transferability of “abnormal values” in this underrepresented group remains questionable.

After the blood profile analysis, we observed a presumably still-increased immune
response in the ATH group, which was underlined by the decreased total leucocyte and
the lower number of SARS-CoV-2 spike antibodies, as well as the lower CRP and LPB
concentrations, compared to the HC group. In contrast to the study’s finding, an altered
and persistent immune response following COVID-19 infection has been observed in
different studies, with a high prevalence of increased circulating immune cells in individuals
suffering from long COVID [27–29]. We did not test for immune cell subpopulations in our
exploratory study, and so no conclusions could be drawn for, e.g., altered T-cell or B-cell
activities in the ATH group, but the thresholds for leucocyte and lymphocyte concentrations
in athletes may not be generally applicable due to acute [30] and/or long-term training
changes, because aerobic training leads to an altered immune system reaction [31]. CRP
and LBP as acute-phase proteins were decreased in the ATH group compared to the HC
group. Increased CRP may be related to higher training load, and also LBP, as marker of
leaky gut, may increase after training [32,33]. The moderately elevated levels in HC may be
explained by high intensity exercise or competition, which can cause high CRP levels above
the reference range [34,35]. HC individuals may exercise without persistent symptoms,
allowing them to engage in more intense training during the period of blood sampling.

A published work by Phetsouphanh et al. [36] examined 28 especially pro- and anti-
inflammatory and immunologic serum biomarkers in 31 long COVID patients and com-
pared them with age-matched, previously SARS-CoV-2-infected but asymptomatic indi-
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viduals as well as 16 healthy controls at three different time points up to 8 months after
infection. They identified six biomarkers associated with long COVID and proposed a
panel of these pro-inflammatory cytokines (interferon β (IFN-β), IFN-λ1, IFN-γ, CXCL9,
CXCL10, IL-8, and soluble T cell immunoglobulin mucin domain) [36]. In contrast, in our
study, the ATH group’s pro- or anti-inflammatory cytokine concentrations did not differ
from those of the HC group. Instead, the immune systems of the ATH groups showed
lower complement activations (CH50 and complement C3c levels), as well as the lower IgG
levels. This is in line with the results of the decreased inflammation markers and decreased
leucocytes compared to the HC group which were found in this study.

The activation of the complement system represents a fast and efficient response of
the innate immune system to pathogenic invasion and is a reasonable immune adaptation
to the SARS-CoV2 infection in healthy individuals [37]. In the long-term, however, the
immune response might be weakened in ATH, sup-ported by the lower concentrations
of IgG-antibodies and lower SARS-CoV-2 antibodies in the ATH group compared to the
SARS-CoV-2-uninfected but vaccinated HC group. A pediatric study showed that children
who repeatedly contracted the same disease had lower antigen-specific immunoglobulin G
concentrations [38], although a different adaptation in active adult individuals should be
kept in mind. This inability for a sufficient long-term immune response may increase the
risk for further infections leading to persistent or recurrent exercise failure. It is known that
consistent moderate exercise can improve innate immune function and has beneficial effects
on the body’s defense against pathogens [39], and so perhaps long-term adaptations of the
innate immune system are reasonable effects of the continuous training of the HC group.
We previously showed that athletes’ immune responses differ in response to training and
competition compared to those of a normal population, and an immunological matrix
appears to be advisable for monitoring immune status [40].

However, there are also non-cytokine biomarkers, for example D-dimers that is also
elevated in acutely infected COVID-19 patients compared to non-COVID-19-infected
individuals [17]. However, this elevation seems to persist for a longer period of time.
Mandal et al. [18] observed increased D-dimers in individuals suffering from long COVID [18].
In contrast, in our study, a trend for decreased D-dimers could be observed in the ATH
group, assuming a reversed effect compared to the study by Mandal et al. [18]. In that
study, our respective colleagues examined a study population with a mean age of 59.9 years
compared with the mean age of the ATH group of 34.5 years, which showed differences in
physical fitness status and age distribution compared with our study population.

Physical exercise is known to decrease iron, magnesium, and phosphorus concen-
trations in erythrocytes, which may have a detrimental effect on performance [26]. The
observed increase in vitamin B6, zinc, potassium, and sodium in the ATH group might be a
further indication that the turnover of these micronutrients is reduced during a period of
lower training volume when symptoms persist. However, this could also be influenced by
dietary habits, as it can be assumed that individuals who stop exercising do not immedi-
ately change their diet. Consequently, an excess of micronutrients could be a possible result.
These results of a health-oriented diet are consistent with the fact that a micronutrient
deficiency is often observed in the general populations of developing and even industrial-
ized countries with potential health and socioeconomic consequences [41,42] and that the
athletic fitness also depends on sufficient macro- and micro-nutrient concentrations.

In addition, hypoproteinemia was observed during infection, and an association be-
tween COVID-19 infection and a hypercatabolic state was shown [6]. We also observed
lower protein contents and vitamin D concentrations in the ATH group compared to the
HC group, which confirms that the hypercatabolic state persists. A possible explana-
tion for the hypercatabolic state is the persistence of symptoms in some patients and the
following physical inactivity. Unfortunately, we did not have data on the athletes’ nutri-
tion/supplementation behaviors during and after infection, which may have provided
further insights into the different eating habits and training distributions. However, the
observed data underline that regular exercise as prevention and/or adjuvant therapy may—
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outside of COVID-19 infection—exert positive effects on immune system function, and
thus, it can presumably lower virus-induced complications [43,44].

Given the beneficial effects of regular exercise and high levels of cardiovascular fitness,
together with increasing evidence for lowered COVID-19 severity and mortality in ath-
letes [44,45], more focus on COVID-19 treatments should pertain to preventive measures
such as physical exercise and maintaining a normal body weight and be prescribed and
advised by all health care practitioners. As we observed in the sex-divided analyses, more
differences were observed between the ATH and HC groups for the women (25 different
variables, for example: absolute lymphocyte, MCH, TNF-alpha, potassium, and vitamin B6)
than for the men (five different variables: TSH, uric acid, troponin-T, potassium and vitamin
D 25OH), and sex-specific differences should always be kept in mind. Now, increasing
numbers of studies have shown greater long-term symptom susceptibility in women after
COVID-19 infection [46], and explanatory approaches have included differences in immune
responses and cardiovascular comorbidities, as well as androgenic responses [47,48]. More-
over, female athletes have additional micronutritional needs and hormonal differences
compared to men and their peers in the general population, and these can affect their health
and performance [49]. Thus, the focus of further research and treatment decisions should
always include sex-specific differences.

Strengths and Limitations

Based on the 74 different blood variables analyzed in the athletes, a first database
containing information about the long-term effects of COVID-19 in physically active in-
dividuals was obtained. Due to the comparable control group, which may also have had
abnormal variable values due to physical activity, small changes in the immune and blood
systems of the previously infected athletes could be detected. However, the training vol-
umes differed slightly but not significant between the study and control groups. These
small differences may have influenced the blood variables to a small extent. Moreover,
the recruited study population included athletes of different sport types with a relatively
heterogeneous distribution and exercise experience. In addition, this exploratory pilot was
performed using the blood profiles of only 90 participants, which have may contributed to
non-significant statistical results when we considered multiple testing. Attention should
also be paid to the implementation period. The data were collected from March 2020
to July 2021, when the SARS-CoV-2 Alpha to Delta variants were the most prevalent.
Therefore, the results are not directly applicable to populations infected with other virus
variants. In addition, the effect of vaccination prior to infection may have had an impact
on the changes in the blood variables. Nevertheless, further evaluation is ongoing, and
this exploratory design has provided first insights into post-COVID-infection status in an
up-to-now underrepresented athletic population.

5. Conclusions

We compared the blood profiles of athletes with and without persistent symptoms post
COVID-19 with previously uninfected but vaccinated individuals. Previously SARS-CoV-2-
infected athletes had lower C3c complement and lower IgG, lower Vitamin-D levels and
increased electrolyte/micronutrient concentrations. The observed values may be inter-
preted as a different immune response in such athletes. In conclusion, more differences in
immune response were found between ATH and HC in female athletes than in men. Several
differences in the blood markers were related to the exercise restriction after COVID-19-
infection in ATH. As this study did not aim to identify so-called post-COVID conditions or
long COVID disease states, the determined values may be helpful in further examinations
of such patients and in hypothesis-building for further research.



Biomedicines 2023, 11, 1911 11 of 13

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/biomedicines11071911/s1, Table S1: Differences between the
ATH and HC groups regarding blood values; Table 1 and Table 2 S2: Differences between the women
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