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Serum biomarkers associated 
with SARS‑CoV‑2 severity
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Guilherme S. Ribeiro15,16, Moacyr Jesus Barreto de Melo Rêgo7, Rosemary J. Boyton17,18, 
André Machado Siqueira19, Daniel M. Altmann20 & Julio Croda1,21*

Immunity with SARS‑CoV‑2 infection during the acute phase is not sufficiently well understood to 
differentiate mild from severe cases and identify prognostic markers. We evaluated the immune 
response profile using a total of 71 biomarkers in sera from patients with SARS‑CoV‑2 infection, 
confirmed by RT‑PCR and controls. We correlated biological marker levels with negative control 
(C) asymptomatic (A), nonhospitalized (mild cases‑M), and hospitalized (severe cases‑S) groups. 
Among angiogenesis markers, we identified biomarkers that were more frequently elevated in severe 
cases when compared to the other groups (C, A, and M). Among cardiovascular diseases, there were 
biomarkers with differences between the groups, with D‑dimer, GDF‑15, and sICAM‑1 higher in the S 
group. The levels of the biomarkers Myoglobin and P‑Selectin were lower among patients in group M 
compared to those in groups S and A. Important differences in cytokines and chemokines according 
to the clinical course were identified. Severe cases presented altered levels when compared to group 
C. This study helps to characterize biological markers related to angiogenesis, growth factors, heart 
disease, and cytokine/chemokine production in individuals infected with SARS‑CoV‑2, offering 
prognostic signatures and a basis for understanding the biological factors in disease severity.

COVID-19 has a broad spectrum of clinical manifestations. Studies estimate that 30 to 60% of COVID-19 cases 
are asymptomatic or mildly symptomatic, and 5% of symptomatic cases are seriously  ill1, which is a reflection of 
complex interactions, including immunological, inflammatory, and coagulative  cascades2.
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Differences in host responses to severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) play a 
decisive role in COVID-19 with respect to differential clearance of viral infection but also have the potential for 
immunopathological damage to the  host2. Immunological dysregulation and an increase in the level of cytokines 
(proinflammatory, profibrotic, and regulatory of the immune response) are responsible for tissue  damage3–5.

Vascular alterations are other characteristics associated with COVID-195,6 with changes in the extremities, 
suggesting thrombotic  microangiopathy7. Coagulation-related factors have also been associated with multisystem 
organ failures, such as diffuse intravascular coagulation and large-vessel  thrombosis8,9.

The severity of COVID-19 appears to be related to an exacerbated immune response and events associated 
with vascular  injury1,3,10,11 Several studies have documented the association between COVID-19 severity and 
circulating levels of C-reactive protein (CRP), interleukin-6, and D-dimer12–16. A better understanding of the 
broad spectrum of immune responses that differentiate mild from severe cases is critical for identifying future 
biomarkers and developing new, specific therapies for COVID-19. Also, it is important to understand if the 
variation in immunological response against the infection differs among populations with distinct genetic pro-
file. In this the first study in Brazil, we evaluated three panels (Angiogenesis and growth factor, Cardiovascular 
Diseases, Cytokines/Chemokines) giving a total of 71 biomarkers in sera from asymptomatic, mild and severe 
COVID-19 patients.

Results
From individuals eligible according to the selection criteria, we selected 48 participants using non-probability 
sampling, for convenience, divided into four groups: 9 Negative Control (C), 14 Asymptomatic (A), 13 Non-
hospitalized (Mild Cases-M), and 12 Hospitalized (Severe cases-S) (of these, five were admitted to the Intensive 
Care Unit and one died).

The majority were female (67%), had a median age of 47 years and 50% to the black ethnic group. (Table 1). 
The most common signs and symptoms were headache, fever, runny nose, cough, anosmia, and dysgeusia 
(Table 2).

We sequenced 12/48 samples, and the variants were identified as nine Zeta (P2), 2 Gamma Subvariant (P.1.7 
and 1 N.9) and one B.1.1.

Cytokines/chemokines. Of the 44 cytokines/chemokines evaluated, 9 showed a statistically significant dif-
ference between the groups (IL-6, IL-7, IL-18, IP-10, M-CSF, MDC, MIP-1 beta, PDGF-AA and TNF alpha). 
This study identified important differences in cytokines and chemokines according to clinical evaluation: IL-6, 
IP-10, M-CSF, MDC and MIP-1 beta were higher in severe cases than in the C group. MDC biomarkers from 
hospitalized participants presented at a lower level compared to the control group. When comparing C with A, 
there were lower levels of PDGF-AA in the A group. The M group had lower levels of MDC and higher levels of 
IP-10 than the C group (Fig. 1).

Cardiovascular disease markers. Among the 10 cardiovascular disease markers tested, 7 showed sig-
nificant differences between groups (D-dimer, GDF-15, myoglobin, sICAM-1, MPO, P-selectin and lipocalin-2/
NGAL). This study identified differences in biomarkers according to the clinical disease outcome: D-dimer, and 
sICAM-1 biomarkers from severe case group participants were the highest. Myoglobin and P-selectin biomark-
ers from M were the lowest compared with S and A. There was no difference between biomarkers from C and 
A (Fig. 2).

Angiogenesis and growth factor markers. Among the 17 angiogenesis markers evaluated, we identi-
fied 6 that showed significantly different levels between groups (EGF, IL-8, HGF, HB-EGF, VEGF-C, VEGF-A), 
always with higher levels of these biomarkers in the most severe group that progressed to hospitalization com-
pared to the others (C, A and M). The EGF biomarker from mild cases was the lowest compared to the S, A, and 
C groups (p < 0.05). Comparing A to C, there was a significant difference for VEGF-C (p < 0.05). The VEGF-C 
biomarker from C was the lowest (Fig. 3).

Table 1.  Sociodemographic characteristics according to clinical outcome in individuals with SARS-CoV-2 
infection and negative controls (n = 48). y years: IQR Interquartile Range: Mild Cases-M: Non-hospitalized; 
Severe cases-S: Hospitalized. a  Fisher’s exact test. b  Kruskal–Wallis test.

Variables Controls-C N = 9 Asymptomatic-A N = 14 Mild Cases-M N = 13 Severe Cases-S N = 12 p-value

Gender

Female 4 (44.4%) 10 (71.4%) 11 (84.6%) 7 (58.3%)
0.234a

Male 5 (55.6%) 4 (28.6%) 2 (15.4%) 5 (41.7%)

Age y

Median (IQR) 43 (32.0–49.0) 49.5 (21.50–54.25) 40 (33.0–44.0) 62.5 (58.5–66.5) 0.005b

Ethnicity

White 1 (11.1%) 6 (42.9%) 4 (30.8%) 10 (83.3%)

0.010aBlack 8 (88.9%) 7 (50.0%) 7 (53.8%) 2 (16.7%)

Others 0 (0.0%) 1 (7.1%) 2 (15.4%) 0 (0.0%)
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Discussion
Of the 71 serum biomarkers analyzed here, 22 (EGF, IL-8, HGF, HB-EGF, VEGF-C, VEGF-A, D-dimer, GDF-
15, Myoglobin, sICAM-1, MPO, P-Selectin, Lipocalin-2/NGAL, IL-6, IL-7, IL-18, IP-10, M-CSF, MDC, MIP-1 
beta, PDGF-AA and TNF alpha) showed significant differences in their levels when comparing patients with 
SARS-CoV-2 infection to controls. We found that most of these biomarker alterations were present in severe 
cases. The S group was skewed to the elderly, with a median age of 62.5 (p = 0.005), and for the white ethnicity 
group with 83.3%. The most common symptoms were cough (75.0%; p < 0.001), sore throat (41.7%; p = 0.014) 
and dyspnea (75.0%; p < 0.001). These findings suggest that dysregulation of the immune response, especially in 
the elderly population, contributes to worsening of the disease in the acute phase.

The occurrence of the intense inflammatory process, generated in response to infection by SARS-CoV-2, 
damages the tissues, in which the patient may have respiratory distress, kidney failure, or heart problems, caus-
ing serious complications, with a worsening of the clinical condition, that may progress to  death1,15,17. In this 
study, most participants in the severe cases group showed important changes in the biomarkers that are part of 
the inflammatory process, making it possible to analyze them together with the clinical course of COVID-19 
and the severity of the disease.

Cytokines, proteins that modulate the function of other cells or the cells they are generated, play important 
roles during COVID-19 and are related to the severity of viral infection when  hyperstimulated18,19. A inflamma-
tory network associated with the severity of COVID-19 is formed by cytokines (IP-10, IL-6, IL-7 and VEGF-α), 
that are in significantly elevated concentrations in cases of severe pneumonia compared to mild  symptoms20.

In this study, it was possible to verify that the EGF was elevated in severe cases when compared to the M 
group (p = 0.002). Considering that EGF is a ligand of the epidermal growth factor receptor (EGFR), it initiates 
an intracellular signaling cascade by linking the extracellular domains of these receptors. Therefore, this signal-
ing increases the potential for cell proliferation, angiogenesis, and resistance to  apoptosis2. Other ligands for this 
receptor are heparin-binding growth factor (HB-EGF) and  amphiregulin21–23. HB-EGF is among the markers of 
angiogenesis and growth factor; therefore, it is inferred that the change in EGF is closely linked to the change in 
angiogenesis as part of the process that leads to the severity of the infection.

The action of the immune response causes an acute inflammatory reaction by the action of macrophages, 
which secrete cytokines, such as interleukin-6 (IL-6) and induced protein 10 (IP-10)24. Both the proinflammatory 

Table 2.  Signs and symptoms according to clinical outcome in individuals with SARS-CoV-2 infection and 
negative controls (n = 48). Mild Cases-M Non-hospitalized; Severe Cases-S Hospitalized. a  Fisher’s exact test. b  
Kruskal–Wallis test. *Median of days between symptom onset and recruitment date (IQR, interquartile range).

Variables Controls-C N = 9 Asymptomatic-A N = 14 Mild cases-M N = 13 Severe cases-S N = 12 p-value

Fever

Yes 0 (0.0%) 0 (0.0%) 8 (61.5%) 7 (58.3%)  < 0.001a

Median (IQR)* 0 (0–0) 0 (0–0) 3 (0–4.0) 3.5 (0–5.5)  < 0.001b

Cough

Yes 0 (0.0%) 0 (0.0%) 7 (53.8%) 9 (75.0%)  < 0.001a

Median (IQR)* 0 (0–0) 0 (0–0) 3 (0–6.0) 3.5 (2.25–5.0)  < 0.001b

Sore throat

Yes 0 (0.0%) 0 (0.0%) 2 (15.4%) 5 (41.7%) 0.009a

Median (IQR)* 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–5.0) 0.014b

Nasal congestion

Yes 0 (0.0%) 0 (0.0%) 9 (69.2%) 7 (58.3%)  < 0.001a

Median (IQR)* 0 (0–0) 0 (0–0) 4 (0–7.0) 3.5 (0–5.0)  < 0.001b

Dyspnea

Yes 0 (0.0%) 0 (0.0%) 1 (7.7%) 9 (75.0%)  < 0.001a

Median (IQR)* 0 (0–0) 0 (0–0) 0 (0–0) 4 (1.5–5.25)  < 0.001b

Chest pain

Yes 0 (0.0%) 0 (0.0%) 1 (7.7%) 1 (8.3%) 0.690a

Median (IQR)* 0 (0–0) 0 (0–0) 0 (0–0) 0 (1.5–5.25) 0.598b

Headache

Yes 0 (0.0%) 0 (0.0%) 9 (69.2%) 4 (33.3%)  < 0.001a

Median (IQR)* 0 (0–0) 0 (0–0) 4 (0–7.0) 0 (0–1.75)  < 0.001b

Loss of smell

Yes 0 (0.0%) 0 (0.0%) 8 (61.5%) 3 (25.0%)  < 0.001a

Median (IQR)* 0 (0–0) 0 (0–0) 2 (0–3.0) 0 (0–0.25) 0.003b

Loss of taste

Yes 0 (0.0%) 0 (0.0%) 8 (61.5%) 3 (25.0%)  < 0.001a

Median (IQR)* 0 (0–0) 0 (0–0) 2 (0–4.0) 0 (0–0.25) 0.003b



4

Vol:.(1234567890)

Scientific Reports |        (2022) 12:15999  | https://doi.org/10.1038/s41598-022-20062-5

www.nature.com/scientificreports/

cytokines IL-6 and IP-10 are activators of interferon-gamma (IFN-γ), and IL-27 and IL-17  production25. IL-6 
stimulates acute phase protein synthesis, neutrophil production and B lymphocyte growth and inhibits the 
generation of regulatory T cells. IP-10 also regulates innate and adaptive immune responses, being an impor-
tant signaler, through the increase in calcium inside the cell, and the more this happens, it increases phagocytic 
action, liberating more  cytokines26. High levels of IL-6, and IP-10 were found in severe cases when compared 
to the negative control group (p = 0.029, 0.001, respectively). This result suggests the presence of signals for an 
excessive inflammatory process in patients with COVID-19 and more commonly in critically ill patients than 
in nonsevere patients. A higher concentrations of IL-6 were associated with ward and ICU patients, it might 
contribute to use alternative therapeutic intervention with anti-IL6 in the clinical  course27.

The proinflammatory cytokines IL6, IL8 and TNF-alpha may be related to the D-dimer elevation. This study 
found high levels of IL-6, IL-8 and TNF-alpha in the severe cases when compared to the M, A and C groups. 
Furthermore, we identified higher levels of cytokines with direct roles in the adaptive immune response (IL-7, 
and IL-18) among severe cases and M groups. IL-7 is essential for the survival of mature and memory T cells, 
and and IL-18 promote and proliferate T lymphocytes,  respectively25,28. IL-6 is an important marker of disease 
severity and is a mortality predictor. However, IL-6 also plays an important role in monitoring the therapeutic 
 response29. Another study also showed that IL-6 levels are higher in patients with sepsis than in COVID-19 cases; 
however, IL-6 levels are still elevated in severe cases of COVID-19 compared to healthy  patients30. Despite this, 
it is not possible to confirm if the IL-6 was elevated due to the severity of the disease. The severe group has a 
higher median age (p = 0.005), that can contribute to elavated IL-631,32.

MDC cytokines were reduced in hospitalized COVID-19 patients in this study, which was observed by Ling 
et al. (2021). This chemokine is responsible for maintaining the homeostasis of the mucosal barrier and has a 
protective function in inflammatory diseases, attracting macrophages to phagocytosis. Therefore, we can sug-
gest that there was a decrease in the presence of macrophages or that only their functionality could have been 
inhibited, causing a breakdown in the homeostasis of the epithelium and leading to an inflammatory profile. 
Ling et al. (2021) suggested that the biomarker with the best performance in the late phase (8–12 days after the 
onset of the disease) to predict severity is the  MDC33.

Figure 1.  Box plot representation of the serum concentration (pg/mL) of cytokines/chemokines. Levels of IL-6 
(A), IL-7 (B), IL-18 (E), IP-10 (G), M-CSF (H), MDC (I), MIP-1 beta (K), PDGF-AA (L), and TNF alpha (M). 
The top and bottom lines of boxes are the 25th and 75th percentiles, respectively, and the band in the middle 
of the box is the median. analysis. Statistical analysis was performed using the Mann–Whitney U test between 
the negative control (C), asymptomatic (A), nonhospitalized (mild cases-M), and hospitalized (severe cases-S) 
groups.
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This study found that heart disease markers such as D-dimer, and sICAM-1 were elevated in severe cases. 
Measuring D-dimer levels has been used to predict disease severity. D-dimer has been widely used as a bio-
marker for thrombotic disorders, once as a fibrin degradation  product19,34. D-dimer levels were higher when 
comparing the severe cases versus mild cases, asymptomatic and the negative control groups (p < 0.001). Some 
studies describe D-dimer as a predictive biomarker of mortality, which can be an easy-to-perform and low-cost 
laboratory indicator for prognosis and pretreatment to avoid thrombosis  episodes35,36.

Figure 2.  Box plot representation of serum concentration (pg/mL) of cardiovascular biomarkers. Levels of 
D-Dimer (A), GDF-15 (B), Mylglobin (C), sICAM-1 (D), MPO (E), P-Selectin (F), and Lipocalin-2/NGAL (G). 
The top and bottom lines of boxes are the 25th and 75th percentiles, respectively, and the band in the middle of 
the box is the median. Statistical analysis was performed using the Mann–Whitney U test between the negative 
control (C), asymptomatic (A), nonhospitalized (mild cases-M), and hospitalized (severe cases-S) groups.

Figure 3.  Box plot representation of the serum concentration (pg/mL) of angiogenesis biomarkers. Levels 
of EGF (A), IL-8 (B), HGF (C), HB-EGF (D), VEGF-C (E), and VEGF-A (F). The top and bottom lines 
of the boxes are the 25th and 75th percentiles, respectively, and the band in the middle of the box is the 
median. Statistical analysis was performed using the Mann–Whitney U test between the negative control (C), 
asymptomatic (A), nonhospitalized (mild cases-M), and hospitalized (severe cases-S) groups.
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Although the levels of GDF-15 were lower in the asymptomatic and non-hospitalized (mild) cases com-
pared to the control group, these differences were not statistically significant (p = 1.00). Thus, it is not possible 
to ascertain whether there is a downregulation of the GDF-15 production among subjects with asymptomatic 
or mild SARS-CoV-2 infection compared to subjects in the control group. In contrast, the GDF-15 levels were 
statistically greater among the subjects with severe COVID-19 compared to the asymptomatic and mild groups, 
but not in the comparison with the control group. The non-significant higher levels of GDF-15 among subjects 
with severe COVID-19 compared to controls may be due to insufficient power, given that increased levels of 
GDF-15 have been associated with an increased risk of ICU admission and mortality among COVID-1937,38, and 
with postponing withdrawal of mechanical ventilation and late recovery (Ebihara et al. 2021)30. Our findings, 
together with those from other studies suggest that GDF-15 is increased in patients with severe COVID-19, but 
not in asymptomatic or mild infections.

Soluble intercellular adhesion molecule 1 (sICAM-1) represents a circulating form of ICAM-1. The interaction 
between ICAM-1, present in endothelial cells, and LFA-1 facilitates the adhesion and migration of leukocytes 
through the endothelium. ICAM-1 and its circulating form have been implicated in the development of numer-
ous  diseases39. In this study, we found that this molecule presented high levels in group S compared to groups C, 
A and M and obtained significant differences, suggesting that sICAM-1 is involved in the inflammatory process 
of severe cases of SARS-CoV-2 infection. According to our study, group S presented high levels of TNF-alpha, 
which contributes to endothelial activation processes and vascular occlusion, suggesting that sICAM-1 is a 
predictor for severe cases of COVID-19.

Vascular endothelial growth factor (VEGF-A) presented significantly higher levels in the samples of the severe 
cases (S) than in the samples of the asymptomatic cases (A) and negative controls (C) (; p = 0.030 and p = 0.036, 
respectively). Yin et al.40 suggested that VEGF may be a notable target for the treatment of patients with SARS-
CoV-2. This growth factor is related to increased vascular permeability at the pulmonary level, causing plasma 
extravasation and, later, pulmonary  edema41. Anti-VEGF therapy has also been investigated for patients with 
neurological signs, since VEGF is related to the stimulation of an inflammatory response in the central nervous 
system (CNS) through lymphocyte recruitment and increased release of proinflammatory cytokines such as 
IL-6 and TNF-α42.

Vascular endothelial growth factor type C (VEGF-C) presented a different profile from that observed for 
VEGF-A. VEGF-C showed differences in concentrations between all groups when compared with the Nega-
tive Control (C). The levels in C were lower than those in A (p = 0.009), M (p = 0.002) and S (p = 0.001)40,41. The 
data suggest that the concentration of this glycoprotein increases with the severity of the disease, as they are 
related to the lymphatic system and endothelial cells, and the high levels cause increased vascular permeability 
and worsening of endothelial damage. Studies addressing VEGF-C in the context of COVID-19 are still quite 
uncommon, which reinforces the importance of deepening the investigation of the role of this biomarker in the 
immunopathology of COVID-19.

Similar to VEGF-A, hepatocyte growth factor (HGF) presented significantly higher levels in group S than in 
the other groups (M, A, and C), with even more pronounced differences (p < 0.001). Other studies have shown 
that the concentrations of this cytokine are higher in symptomatic patients or those with more severe clinical 
conditions than in groups of asymptomatic patients or those with fewer cases of COVID-1924,43. According to 
them, HGF elevation is a counterregulatory immune mechanism in response to the elevation of CXCL13 and 
other proinflammatory cytokines during SARS-CoV-2  infection44. In addition, Guo et al.45 identified a positive 
and significant correlation between high levels of HGF and IL-1β and the severity of COVID-19 determined by 
the APACHE II (Acute Physiology and Chronic Health Evaluation) score based on the dosage of these analytes 
in the peripheral blood of nine patients.

The evaluation of heparin-binding EGF-like growth factor (HB-EGF) showed an interesting profile in the 
study groups: although a significant difference in protein levels was obtained between groups S and M (with S 
presenting higher values), HB-EGF levels in the C and A groups were much lower compared to the two groups 
with symptomatic patients. The largest difference was between groups S and A (p = 0.001). There were no sig-
nificant differences between the C and A groups. The data then suggest that it is a macromolecule that may be 
related to the development of symptoms in COVID-19 or that its elevation is due to some counterregulatory 
mechanism and that, like HGF, it can be used as a biomarker of severity. This protein has biological functions in 
several tissues, and among its activities are endometrial maturation and the protection of endometrial stromal 
 cells46,47. The soluble form (sHB-EGF) is a potent mitogen and chemoattractive to a wide variety of cells, including 
vascular smooth muscle cells, fibroblasts and keratinocytes. HB-EGF has been implicated in different patho-
logical processes, such as cardiac  hypertrophy48,49, smooth muscle cell hyperplasia and atherosclerotic plaque 
 formation50–52, oncogenic  transformation53,54 and even hypertension and pulmonary  fibrosis55–57.

There are some limitations to this study. The number of participants were similar among black (n = 24) and 
white (n = 21) ethnicity. However, there is differences in severe group (83.3% were white; p = 0.010). This results 
differ from previous studies which black ethnicity had higher risk for infection and  hospitalization58 and prob-
ably related to convenience selection using no-probability sampling. Biomarker analysis was performed in the 
blood sample collected at patient enrollment, and no additional samples were obtained during the follow-up of 
the participants for comparative analysis. Another important limitation is that we do not have complete data on 
disease severity in patients who were hospitalized (i.e., use of mechanical ventilation, vasoactive drugs, dialysis, 
length of stay in an intensive care unit, and other aspects related to severity). The multiple comparisons may 
have led to the identification of casual differences, which do not necessarily represent reality, but rather a type 
II error related to sample variability, which may reflect in the lower levels of EGF in the mild cases than in the 
control group. Although this study analyzed a large number of biomarkers (71biomarkers) and suggested a cor-
relation of some with the severity of COVID-19, we did not analyze other markers associated with the severity 
of COVID, such as CHI3L1 and  IGFALS59, CXCL8, CXCL10, and  CCL2060. Finally, this study is underpower 
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and is not intended to be definitive or conclusive on the subject, but to contribute to the investigation of the 
relationship between biomarkers and disease severity.

Due to the rapid spread of COVID-19 and the high capacity of mutation of the SARS-COV-2 virus, it is 
necessary to better understand the biomarkers that describe the immune response associated with infection and 
how they correlate with disease severity. This is the first compressive study in Brazil that identified and described 
the immune response and biological markers related to angiogenesis and infection factors, heart disease, and 
cytokine production in SARS-CoV-2-infected individuals.

Materials and methods
Study population, eligibility criteria and data collection. This study is part of the Multicentric study 
of the Natural History of the Novel Coronavirus SARS-CoV-2 in Brazil (REBRACOVID). We included partici-
pants from four Brazilian cities (Campo Grande-MS, Dourados-MS, Maringá-PR and Recife-PE) with labora-
tory and analytical approaches from October 2020 to June 2021. Individuals over 18 years of age with clinical 
suspicion of flu-like symptoms (defined by the presence of flu-like symptoms for up to 11 days) and confirmed 
COVID-19 by quantitative reverse transcription polymerase chain reaction (RT-qPCR) were included (index 
cases). We collected swabs and blood samples from index cases and household contacts of index cases, regardless 
of whether the contacts had symptoms. The index cases and contacts were categorized according to RT-qPCR 
results and outcomes into four (4) groups: negative control (C), asymptomatic (A), nonhospitalized (mild cases-
M), and hospitalized (severe cases-S).

For this study, we analyzed the data for participants who met the following criteria: (1) had RT-qPCR results; 
(2) had sufficient blood samples for all tests; (3) had complete data on symptoms and sociodemographic char-
acteristics, and (4) fit into one of the four study groups (C, A, M and S).

Biological samples and laboratory procedures. Nasopharyngeal swabs were collected for the detec-
tion of infection by SARS-CoV-2 by RT-qPCR using a mix of GoTaq Probe 1-Step RT-qPCR Systems, Promega, 
and specific primers and probes (IDT). Biomarker analysis was performed on serum samples. Aliquots with 
500 μL of serum, stored in a − 20 °C freezer, were obtained from 15 mL of blood collected in Gel SST tubes and 
centrifuged at 2,000 rpm. Multiplex bead-based assays were performed using MAGPIX  Luminex®  xMAP® tech-
nology on serum samples from these participants using three different  MILLIPLEX® Map panels: (1) Human 
Cytokine/Chemokine/Growth Factor Panel A Magnetic Bead Panel, (2) Human Cardiovascular Disease (CVD) 
Magnetic Bead Panel 2 and (3) Human Angiogenesis/Growth Factor Magnetic Bead Panel 1. A total of 74 dis-
tinct bead populations were evaluated, these being analytes related to cytokines/chemokines (47), cardiovascular 
diseases (10), and angiogenesis and growth factor (17) (Supplementary Table 1).

Data analysis. The values obtained through the Multiplex test were analyzed in R version 4.2.1 and RStudio 
2022.02.2 software. The Kruskal–Wallis test was applied, and markers that presented p < 0.05 were selected and 
later analyzed through post hoc analysis by the Mann–Whitney U test and Bonferroni correction for multiple 
comparisons between groups. We used simple descriptive statistics to characterize the participants according to 
sex, age group, ethnicity, signs and symptoms.

Ethics statements. This study was carried out with the approval of the Research Ethics Committee of the 
Federal University of Mato Grosso do Sul, under protocol number 4,383.724 CAAE 32874720.8.2001.0021. All 
research was performed in accordance with relevant guidelines and regulations. The Informed Consent Term 
was obtained from all participants.

Data availability
The raw data supporting the conclusions of this article will be made available by the authors, without undue 
reservation. To request the data can be made directly with the corresponding author Dr. Julio Croda.
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