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Abstract
Objective: The aim of this study was to investigate the asso-
ciation between serological biomarkers at the acute phase 
of infection at hospital admission with the development of 
long-term post-COVID fatigue and dyspnea. Methods: A co-
hort study including patients hospitalized due to COVID-19 
in one urban hospital of Madrid (Spain) during the first wave 
of the outbreak (from March 20 to June 30, 2020) was con-
ducted. Hospitalization data, clinical data, and eleven sero-
logical biomarkers were systematically collected at hospital 
admission. Patients were scheduled for an individual tele-
phone interview after hospital discharge for collecting data 
about the presence of post-COVID fatigue and dyspnea. Re-
sults: A total of 412 patients (age: 62 years, standard devia-
tion: 15 years; 47.5% women) were assessed with a mean of 
6.8 and 13.2 months after discharge. The prevalence of post-
COVID fatigue and dyspnea was 72.8% and 17.2% at 6 
months and 45.4% and 13.6% at 12 months after hospital 
discharge, respectively. Patients exhibiting post-COVID fa-

tigue at 6 or 12 months exhibited a lower hemoglobin level, 
higher lymphocyte count, and lower neutrophil and plate-
lets counts (all, p < 0.05), whereas those exhibiting post-CO-
VID dyspnea at 6 or 12 months had a lower platelet count 
and lower alanine transaminase, aspartate transaminase, 
and lactate dehydrogenase (LDH) levels (all, p < 0.05) than 
those not developing post-COVID fatigue or dyspnea, re-
spectively. The multivariate regression analyses revealed 
that a lower platelet count and lower LDH levels were associ-
ated but just explaining 4.5% of the variance, of suffering 
from post-COVID fatigue and dyspnea, respectively. Conclu-
sion: Some serological biomarkers were slightly different in 
patients exhibiting post-COVID fatigue or dyspnea, but they 
could not explain the long-COVID problems in those pa-
tients. © 2022 S. Karger AG, Basel

Introduction

Symptoms associated to the severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) affect different 
systems e.g., respiratory, gastrointestinal, neurological, 
cardiovascular, or musculoskeletal [1]. Hematological 
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(lymphocyte count, neutrophil count), immunological 
(interleukin IL-6), inflammatory (C-reactive protein 
[CRP], erythrocyte sedimentation rate, procalcitonin), 
and biochemical (D-dimer, troponin, creatine kinase 
[CK]) biomarkers have been investigated at the acute 
phase of infection to identify patients at a risk of develop-
ing a worse prognosis. In fact, it has been reported that 
patients with severe COVID-19 exhibited higher blood 
cell count and higher levels of CRP, procalcitonin, eryth-
rocyte sedimentation rate, or IL-6 as compared to those 
with mild COVID-19 [2].

Most studies have investigated biomarker relevance 
during the acute phase of the infection; however, its role 
in the development of post-COVID (long COVID) symp-
toms is less unknown. Different meta-analyses had re-
ported that the prevalence of post-COVID symptoms 
ranges from 35% to 60%, depending on the symptom and 
the follow-up [3, 4]. Fatigue and dyspnea seem to be the 
most prevalent post-COVID symptoms reaching up to 
50% of COVID-19 survivors [5, 6]. The association be-
tween post-COVID symptoms and laboratory biomark-
ers is controversial. Mandal et al. [7] found that 30.1% 
and 9.5% of COVID-19 survivors still showed elevated 
D-dimer and CRP levels two months after hospital dis-
charge, although no association with any post-COVID 
symptom was reported. Townsend et al. [8] and Liang et 
al. [9] did not either report any association between post-
COVID fatigue and laboratory biomarkers, such as lym-
phocyte count, IL-6, and CRP, collected at two to three 
months after hospital discharge.

Previous studies included <200 patients, short-term 
follow-up periods, and collected biomarkers at follow-up 
assessments [7–9]. Accordingly, evidence supporting or 
refuting an association between laboratory biomarkers at 
the acute phase of the infection and the presence of long-
term post-COVID fatigue or dyspnea is lacking. Moni-
toring laboratory biomarkers at the acute phase of SARS-
CoV-2 infection could help for early identifying individu-
als at a risk of developing post-COVID fatigue and 
dyspnea and hence timely interventions. The current co-
hort study of previously hospitalized COVID-19 survi-
vors investigated the development of post-COVID fa-
tigue and dyspnea 6 and 12 months after hospital dis-
charge. The objective was to investigate the association 
between serological biomarkers at the acute phase of in-
fection at hospital admission with the development of 
long-term post-COVID fatigue and dyspnea in hospital-
ized COVID-19 survivors.

Methods

A cohort study including patients hospitalized due to SARS-
CoV-2 infection during the first wave of the pandemic (from 
March 20 to June 30, 2020) from an urban hospital in Madrid 
(Spain) was conducted. The study was conducted following the 
Strengthening the Reporting of Observational studies in Epidemi-
ology guidelines (online suppl. file; for all online suppl. material, 
see www.karger.com/doi/10.1159/000524042). Participants have 
been diagnosed with real-time reverse-transcription polymerase 
chain reaction assay of nasopharyngeal/oral swab sample and the 
presence of clinical and radiological findings at hospital admis-
sion. The local Ethics Committee (HUIL/092-20) approved the 
study design. Participants were informed of the study, and all pro-
vided their informed consent.

Clinical and hospitalization data including age, gender, height, 
weight, COVID-19 onset symptoms presented at hospital admis-
sion, preexisting comorbidities, intensive care unit admission, and 
days at the hospital were systematically collected at hospital admis-
sion. Additionally, serological values of hemoglobin, lymphocyte 
count, neutrophil count, platelet count, glucose, CRP, CK, lactate 
dehydrogenase (LDH), D-dimer, alanine transaminase (ALT), and 
aspartate transaminase (AST) were also systematically collected at 
hospital admission.

Participants who agreed to participate in the study and pro-
vided their informed consent were scheduled for a telephone semi-
structured interview conducted by trained healthcare clinicians. 
Participants were asked for the presence of self-reported fatigue 
and dyspnea appearing after hospital discharge and whether the 
symptom persisted at the time of the study. Fatigue was defined as 
generalized sensation of tiredness whereas dyspnea was defined as 
shortness of breath, perception of difficulty breathing, or breath-
lessness.

The Stata 16.1 program (StataCorp. 2019; Stata Statistical Soft-
ware: Release 16; StataCorp LP; College Station, TX, USA) was 
used for the analysis. Data are presented as means (standard de-
viation) or percentages as appropriate. McNemar’s χ2 test and 
paired Student t tests were conducted to compare proportions and 
means between patients with and without post-COVID fatigue or 
dyspnea at 6- and 12-month follow-up periods. A multiple hierar-
chical regression analysis was conducted to determine which vari-
ables, including serological biomarkers, contributed significantly 
to the presence of long-term post-COVID fatigue or dyspnea. The 
significance criterion of the critical F value for entry into the re-
gression equation was set at p < 0.05. Changes in adjusted R2 were 
reported after each step of the regression model to determine the 
association of the additional variables.

Results

From a total of 450 hospitalized patients who were in-
vited to participate, ten refused to participate, eight could 
not be contacted after three attempts, and twenty had de-
ceased after hospital discharge. A total of 412 patients 
(mean age: 62 years, standard deviation: 15 years old; 
47.5% women) were finally included.
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Participants were assessed at a mean of 6.8 (range 6–8) 
and 13.2 (range 12–14) months after hospital discharge. 
At the time of the study, 300 (72.8%) and 71 (17.2%) pa-
tients reported post-COVID fatigue and dyspnea 6 
months after hospital discharge, whereas 187 (45.4%) and 
56 (13.6%) reported post-COVID fatigue and dyspnea 12 
months after hospital discharge, respectively.

Clinical and hospitalization data of patients develop-
ing and not developing post-COVID fatigue and dys-
pnea at 6 months are shown in Tables 1 and 2, respec-
tively. Similar distribution at 12 months was found (on-
line suppl. Tables). Female gender was associated with 
the development of post-COVID fatigue (OR 1.25, 95% 
CI: 1.1–1.4) and post-COVID dyspnea (OR 1.8, 95% CI: 
1.15–2.95). Patients reporting dyspnea as a COVID-

19-associated onset symptom at hospital admission were 
more prone to develop post-COVID fatigue (OR 1.62, 
95% CI: 1.01–2.58) or post-COVID or dyspnea (OR 3.88, 
95% CI: 1.76–8.54) than those not presenting dyspnea as 
the onset symptom (see Tables 1, 2). Similarly, patients 
with comorbid asthma before hospitalization were also 
more prone to develop post-COVID fatigue (OR 5.44, 
95% CI: 1.27–23.26) or dyspnea (OR 2.57, 95% CI: 1.53–
4.32) than those without comorbid asthma before infec-
tion.

Patients exhibiting post-COVID fatigue exhibited 
higher lymphocyte count and lower neutrophil and plate-
lets counts (all, p < 0.05) than those not developing post-
COVID fatigue at 6 and 12 months (Table 3). In addition, 
hemoglobin levels were also lower in patients reporting 

Table 1. Demographic, clinical, and hospitalization data of COVID-19 patients according to the presence or absence 
of post-COVID fatigue 6 months after hospital discharge

Post-COVID fatigue 
(n = 300)

No post-COVID fatigue 
(n = 112)

p 
value

Age, mean (SD),* years 63.0 (15.0) 59.5 (17.0) 0.04*
Gender, male/female,* n (%) 140 (46.6)/160 (53.4) 73 (65.2)/39 (34.8) 0.023*
Weight, mean (SD), kg 74.0 (16.0) 75.5 (19.0) 0.501
Height, mean (SD), cm 163.5 (11.5) 165 (9.5) 0.523
Medical comorbidities, n 0.9 (0.8) 0.7 (0.9) 0.097
Medical comorbidities, n (%)

Hypertension 80 (26.6) 33 (29.5) 0.623
Diabetes 30 (10.0) 10 (9.0) 0.779
Cardiovascular diseases 42 (14.0) 13 (11.6) 0.569
Asthma* 27 (9) 2 (1.7) 0.008*
Obesity 15 (5) 9 (8.0) 0.270
Chronic obstructive pulmonary disease 12 (4.0) 5 (4.4) 0.814
Other (cancer, kidney disease) 48 (16) 19 (16.9) 0.816

COVID-19 symptoms at hospital admission, n, mean (SD) 2.15 (0.8) 2.2 (0.7) 0.811
Symptoms at hospital admission, n (%)

Fever 230 (76.6) 86 (76.7) 0.983
Dyspnea* 121 (40.3) 33 (29.5) 0.03*
Cough 68 (22.7) 23 (20.5) 0.695
Myalgias 80 (26.6) 33 (29.4) 0.623
Headache 56 (18.7) 28 (25) 0.212
Diarrhea 23 (7.6) 15 (13.4) 0.101
Anosmia 25 (8.3) 10 (9.0) 0.836
Ageusia 16 (5.3) 7 (6.25) 0.712
Throat pain 8 (2.7) 5 (4.5) 0.377
Vomiting 8 (2.7) 4 (3.5) 0.625

Stay at the hospital, mean (SD), days 7.0 (4.5) 7.5 (5.5) 0.214
ICU admission

Yes/no, n (%) 15 (5)/285 (95) 5 (4.4)/107 (93.6) 0.850
Stay at ICU, mean (SD), days 4.0 (2.5) 6.0 (5.5) 0.249

n, number; SD, standard deviation; ICU, intensive care unit. * Statistically significant differences between groups 
(p < 0.05).
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post-COVID fatigue at 6 months but not at 12 months 
(Table 3). The multivariate stepwise regression analysis 
revealed that only a lower platelet count (r2 adj: 0.045; Β: 
−0.226; p = 0.006) was significantly associated but just 
explaining 4.5% of the variance, of suffering from long-
term post-COVID fatigue.

Individuals exhibiting post-COVID dyspnea exhibit-
ed a lower platelet count and lower ALT, AST, and LDH 
levels (all, p < 0.05) than those not developing post-CO-
VID dyspnea at both 6 and 12 months (Table 4). The mul-
tivariate regression analysis revealed that just lower LDH 
levels (r2 adj: 0.039; Β: −0.213; p = 0.01) were significant-
ly associated but just explained 4.5% of the variance, of 
suffering from long-term post-COVID dyspnea.

Discussion

The current study observed a prevalence of 50% and 
15% for post-COVID fatigue and dyspnea during the first 
year after hospital discharge. Some serological biomark-
ers at hospital admission were slightly different in indi-
viduals suffering from post-COVID fatigue (e.g., lower 
hemoglobin level, higher lymphocyte count, lower neu-
trophil count, and lower platelets count) or dyspnea (e.g., 
lower platelet count and lower ALT, AST, and LDH lev-
els), but the multivariate analysis revealed that they could 
not explain long-COVID problems in those patients as 
only low platelet and low LDH levels were independently 
associated with post-COVID fatigue and dyspnea, re-
spectively.

Table 2. Demographic, clinical, and hospitalization data of COVID-19 patients according to the presence or absence 
of post-COVID dyspnea 6 months after hospital discharge

Post-COVID dyspnea 
(n = 71)

No post-COVID dyspnea 
(n = 341)

p 
value

Age, mean (SD), years 65.0 (14.5) 61.5 (16.0) 0.105
Gender, male/female,* n (%) 23 (32.4)/48 (67.6) 190 (55.7)/151 (44.3) 0.009*
Weight, mean (SD), kg 77.0 (17.0) 67.5 (13.0) 0.116
Height, mean (SD), cm 163.0 (9.5) 165 (11.5) 0.579
Medical comorbidities, n 0.8 (0.85) 0.85 (0.85) 0.754
Medical comorbidities, n (%)

Hypertension 14 (19.7) 99 (29.0) 0.168
Diabetes 9 (12.7) 31 (9.1) 0.381
Cardiovascular diseases 10 (14.1) 45 (13.2) 0.826
Asthma* 12 (16.9) 17 (4.9) 0.002*
Obesity 4 (5.6) 20 (5.8) 0.987
Chronic obstructive pulmonary disease 5 (4.2) 12 (3.5) 0.213
Other (cancer, kidney disease) 13 (18.3) 54 (15.8) 0.624

COVID-19 symptoms at hospital admission, n, mean (SD) 2.1 (0.7) 2.2 (0.75) 0.682
Symptoms at hospital admission, n (%)

Fever 61 (85.9) 255 (74.7) 0.330
Dyspnea* 40 (56.3) 114 (33.3) 0.006*
Cough 11 (15.5) 80 (23.4) 0.190
Myalgias 13 (18.3) 100 (29.3) 0.099
Headache 14 (19.7) 70 (20.5) 0.916
Diarrhea 5 (7.0) 33 (9.6) 0.533
Anosmia 8 (11.2) 27 (7.9) 0.382
Ageusia 4 (5.6) 19 (5.6) 0.940
Throat pain 3 (4.2) 10 (2.9) 0.567
Vomiting 2 (2.8) 9 (2.6) 0.881

Stay at the hospital, mean (SD), days 7.1 (4.3) 7.2 (4.5) 0.915
ICU admission

Yes/no, n (%) 7 (9.8)/64 (91.2) 13 (3.8)/328 (94.2) 0.153
Stay at ICU, mean (SD), days 4.3 (2.9) 4.5 (4.0) 0.901

n, number; SD, standard deviation; ICU, intensive care unit. * Statistically significant differences between groups 
(p < 0.05).
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Prevalence rates of post-COVID fatigue and dyspnea 
observed in our study agree with current meta-analyses 
on the topic [5, 6] suggesting that our sample is represen-
tative of long-COVID patients. Potential pathophysio-
logic mechanisms proposed for explaining post-COVID 
fatigue and dyspnea include a systemic immune response 
with prolonged inflammation and atypical response of 
the mast cells, persistent viral replication/toxicity, hyper-
coagulability, and the presence of residual lung injury 
[10–12].

A lower hemoglobin level, higher lymphocyte count 
(lymphocytosis), lower neutrophil count (neutropenia), 
and lower platelet count (thrombocytopenia) at hospital 
admission were associated with the development of post-
COVID fatigue. The normal response of the immune sys-

tem against a systemic inflammation is characterized by 
lower lymphocyte (lymphopenia) and higher neutrophil 
(neutrophilia) counts, and it is usually reflected by the 
neutrophil-to-lymphocyte ratio (NLR) biomarker [13]. 
In fact, an increase of one unit of the NLR has been asso-
ciated with higher odds of severity and all-cause mortal-
ity in COVID-19 [14]. Our results suggest that patients 
developing long-term post-COVID fatigue showed a bet-
ter immune response against SARS-CoV-2 infection, 
with a higher lymphocyte count and lower neutrophil 
count when compared to those not developing post-CO-
VID fatigue, biomarkers associated with lower severity of 
COVID-19. Further, the NLR tended (not significant) to 
be higher (more severe COVID-19) in those patients not 
developing post-COVID fatigue or dyspnea.

Table 3. Laboratory biomarkers of COVID-19 patients according to the presence or absence of post-COVID fatigue 
at 6- and 12-month follow-ups

Post-COVID fatigue 
(n = 300)

No post-COVID fatigue 
(n = 112)

p value

6-month follow-up period
Hemoglobin,* g/dL 13.8 (1.6) 14.3 (1.35) 0.01*
Lymphocyte,* ×109/L 1.12 (0.45) 1.00 (0.4) 0.025*
Neutrophils,* ×109/L 5.05 (2.6) 5.70 (2.9) 0.043*
NLR 4.5 (4.5) 5.65 (4.2) 0.185
Platelets,* ×109/L 225.8 (73.2) 453.7 (102.4) 0.017*
Glucose, mg/mL 118.0 (36.0) 122.0 (32.0) 0.347
CK, mg/L 103.5 (45.0) 104.0 (31.0) 0.857
ALT, U/L 47.5 (38.9) 52.0 (37.0) 0.287
AST, U/L 47.0 (32.7) 50.1 (30.5) 0.425
LDH, U/L 277.5 (95.0) 288.5 (92.5) 0.366
CRP, mg/L 79.0 (89.1) 90.4 (72.6) 0.258
D-dimer, ng/mL 971.8 (940.9) 951.0 (903.0) 0.793

Post-COVID fatigue 
(n = 187)

No post-COVID fatigue 
(n = 225)

p value

12-month follow-up period
Hemoglobin, g/dL 13.9 (1.5) 14.0 (1.4) 0.898
Lymphocyte,* ×109/L 1.13 (0.45) 1.03 (0.4) 0.045*
Neutrophils,* ×109/L 5.15 (2.6) 5.50 (2.8) 0.04*
NLR 4.5 (3.0) 5.45 (5.1) 0.195
Platelets,* ×109/L 274.5 (86.5) 425.5 (95.6) 0.01*
Glucose, mg/mL 112.0 (38.0) 121.0 (30.5) 0.445
CK, mg/L 102.3 (46.0) 107.5 (35.0) 0.317
ALT, U/L 46.1 (32.2) 50.2 (36.7) 0.322
AST, U/L 47.5 (30.5) 46.0 (24.5) 0.691
LDH, U/L 275.0 (99.0) 279.1 (89.0) 0.741
CRP, mg/L 79.5 (69.0) 90.3 (101.5) 0.320
D-dimer, ng/mL 1,020.0 (846.5) 1,027.3 (772.1) 0.855

n, number; SD, standard deviation. * Statistically significant differences between groups (p < 0.05).
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Elevated biomechanical biomarkers, e.g., ALT, AST, 
and LDH levels, have been also associated with severe 
COVID-19 [15]. We found lower levels of these biome-
chanical biomarkers in those patients developing post-
COVID dyspnea, supporting the notion that patients 
with less severe COVID-19 could develop long-term 
post-COVID dyspnea.

It should be marked that the platelet count was lower 
in patients developing post-COVID fatigue or dyspnea 
symptoms, suggesting a greater probably of coagulopathy 
[16]; however, the association of this biomarker with se-
vere COVID-19 is controversial [17]. Similarly, D-dimer 
is a biomarker also used to detect the risk of thrombosis. 
It is assumed that higher D-dimer levels are seen in severe 
COVID-19 patients [18]; although the interpretation of 

D-dimer during disease is still unclear. The current study 
found that D-dimer concentrations were not significant-
ly associated with post-COVID fatigue or dyspnea.

Other biomarkers included in the current study were 
not associated neither with post-COVID fatigue nor dys-
pnea. For instance, higher CK levels (i.e., hyperCKemia) 
have been associated with respiratory failure and a fatal 
outcome in patients with COVID-19 [19]. We did not 
find significant differences in CK levels between those de-
veloping and not developing post-COVID fatigue or dys-
pnea. Similarly, higher levels of CRP are associated with 
severe COVID-19 [20], but again, no differences were ob-
served depending on the development or not of long-
term post-COVID fatigue or dyspnea. Current results 
show that hematologic biomarkers were slightly different 

Table 4. Laboratory biomarkers of COVID-19 patients according to the presence or absence of post-COVID dyspnea 
at 6- and 12-month follow-ups

Post-COVID dyspnea 
(n = 71)

No post-COVID dyspnea 
(n = 341)

p value

6-month follow-up period
Hemoglobin, g/dL 14.0 (1.35) 14.0 (1.6) 0.896
Lymphocyte, ×109/L 1.11 (0.45) 1.09 (0.4) 0.598
Neutrophils, ×109/L 4.8 (2.5) 5.3 (2.75) 0.184
NLR 4.2 (4.1) 4.85 (4.5) 0.350
Platelets,* ×109/L 141.8 (73.2) 453.7 (102.4) 0.001*
Glucose, mg/mL 125.5 (50.5) 118.5 (30.8) 0.208
CK, mg/L 96.4 (34.0) 105.0 (43.0) 0.209
ALT,* U/L 38.5 (22.4) 51.0 (40.5) 0.017*
AST,* U/L 39.0 (20.7) 50.0 (34.0) 0.012*
LDH,* U/L 245.0 (60.5) 287.7 (98.5) 0.003*
CRP, mg/L 70.0 (67.0) 85.0 (88.5) 0.185
D-dimer, ng/mL 928.5 (849.2) 974.1 (946.4) 0.601

Post-COVID dyspnea 
(n = 56)

No post-COVID dyspnea 
(n = 356)

p value

12-month follow-up period
Hemoglobin, g/dL 13.5 (1.7) 14.0 (1.5) 0.475
Lymphocyte, ×109/L 1.15 (0.55) 1.08 (0.4) 0.402
Neutrophils, ×109/L 5.73 (3.0) 5.25 (2.6) 0.329
NLR 5.1 (3.9) 4.8 (4.5) 0.586
Platelets,* ×109/L 214.1 (74.25) 466.25 (92.8) 0.009*
Glucose, mg/mL 117.0 (25.7) 119.5 (36.3) 0.649
CK, mg/L 98.0 (41.1) 105.2 (42.0) 0.375
ALT,* U/L 38.9 (22.9) 48.8 (35.1) 0.025*
AST,* U/L 36.7 (16.2) 48.1 (29.2) 0.035*
LDH,* U/L 254.8 (75.8) 279.1 (96.5) 0.02*
CRP, mg/L 85.3 (90.7) 91.4 (86.0) 0.717
D-dimer, ng/mL 916.9 (758.7) 961.1 (882.9) 0.545

n, number; SD, standard deviation. * Statistically significant differences between groups (p < 0.05).
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between individuals developing post-COVID fatigue or 
not, whereas biochemical biomarkers were slightly differ-
ent in patients reporting post-COVID dyspnea. These 
biomarker levels suggest a more potent immune response 
against the SARS-CoV-2 infection and a lower CO-
VID-19 severity in those individuals developing post-
COVID fatigue or dyspnea [21]; however, these associa-
tions were small, after adjusting all the variables during 
the multivariate regression analyses.

It is not possible to exclude the potential role of other 
risk factors associated with post-COVID symptoms such 
as female gender, higher number of symptoms at hospital 
admission, and longer hospital stay [22]. We also ob-
served that female gender was associated with a greater 
prevalence of post-COVID fatigue and dyspnea. Interest-
ingly, dyspnea as an onset symptom at hospital admission 
was also associated with long-term post-COVID fatigue 
and dyspnea. Future studies investigating other clinical 
risk factors associated with post-COVID fatigue and dys-
pnea are needed [22].

Finally, the present data should be considered accord-
ing to limitations of the study design. First, data were ob-
tained from previously hospitalized COVID-19 patients. 
Additionally, our cohort included Caucasian partici-
pants; hence, ethnic differences were not assessed. Sec-
ond, post-COVID symptoms were collected on tele-
phone, a procedure with a potential bias in population-
based survey studies. Nevertheless, telephone interview is 
a common method used in cohort studies investigating 
post-COVID fatigue or dyspnea [3–6]. Additionally, fa-
tigue and dyspnea were self-reported by the participants. 
Future studies could use validated questionnaires, such as 
the Chalder Fatigue Scale [23], for assessing post-COVID 
fatigue. Third, although we collected data on post-CO-
VID fatigue and dyspnea symptoms at two follow-up pe-
riods, it is difficult to exclusively attribute COVID-19 to 
their development. Finally, the lack of differences in some 
of the comparisons, e.g., the NLR, could be affected by the 
sample size and may be related to a potential type II error.

Conclusions

Although some serological biomarkers were slightly 
different in individuals suffering from post-COVID fa-
tigue or dyspnea, they could not explain the long-COVID 
problems in those patients, and only weak associations 
between serological biomarkers at hospital admission 
and the development of long-term post-COVID fatigue 
or dyspnea were found.
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