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Abstract
The severe acute respiratory syndrome coronavirus 2, the agent of the ongoing 
coronavirus disease 2019 (COVID-19) pandemic, has spread worldwide since it  
was first identified in November 2019 in Wuhan, China. Since then, progress in 
pathogenesis linked severity of this systemic disease to the hyperactivation of  
network of cytokine-driven pro-inflammatory cascades. Here, we aimed to identify  
molecular biomarkers of disease severity by measuring the serum levels of inflam-
matory mediators in a Brazilian cohort of patients with COVID-19 and healthy 
controls (HCs). Critically ill patients in the intensive care unit were defined as such  
by dependence on oxygen supplementation (93% intubated and 7% face mask),  
and computed tomography profiles showing ground-glass opacity pneumonia as-
sociated to and high levels of D-dimer. Our panel of mediators included HMGB1,  
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INTRODUCTION

Since the World Health Organization officially declared 
coronavirus disease 2019 (COVID-19) as a pandemic, 
unparalleled efforts were dedicated to investigating 
the complex pathophysiology responses of the disease. 
Notwithstanding, the determinants of pathogenic outcome 

are still objects of intense debate, and further studies are 
required to identify prognostic biomarkers and potential 
therapeutic targets. COVID-19 is caused by severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) and 
present a broad range of symptoms, ranging from asymp-
tomatic and mild cases to severe and critical cases. The 
latter comprises of 10–20% of symptomatic patients; 15% 

ATP, tissue factor, PGE2, LTB4, and cys-LTs. Follow-up studies showed increased  
serum levels of every inflammatory mediator in patients with COVID-19 as com-
pared to HCs. Originally acting as a transcription factor, HMGB1 acquires pro-
inflammatory functions following secretion by activated leukocytes or necrotic 
tissues. Serum levels of HMGB1 were positively correlated with cys-LTs, D-dimer,  
aspartate aminotransferase, and alanine aminotransferase. Notably, the levels of 
the classical alarmin HMGB1 were higher in deceased patients, allowing their dis-
crimination from patients that had been discharged at the early pulmonary and  
hyperinflammatory phase of COVID-19. In particular, we verified that HMGB1  
levels above 125.4 ng/ml is the cutoff that distinguishes patients that are at higher  
risk of death. In conclusion, we propose the use of serum levels of HMGB1 as a 
biomarker of severe prognosis of COVID-19.

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
Pneumonia and acute respiratory distress syndrome are the major complications 
of coronavirus disease 2019 (COVID-19). Severe acute respiratory syndrome coro-
navirus 2 infection can activate innate and adaptive immune responses and result 
in massive inflammatory responses later in the disease. These uncontrolled inflam-
matory responses may lead to local and systemic tissue damage and co-infections 
due to intensive care unit environment. This scenario makes it difficult to admin-
ister direct treatment of the disease. It is necessary to investigate inflammatory 
biomarkers that precociously distinguish the worst prognosis.
WHAT QUESTION DID THIS STUDY ADDRESS?
We aimed to identify molecular biomarkers of disease severity in a Brazilian 
cohort of patients with COVID-19 by measuring the serum levels of inflamma-
tory mediators as high mobility group box 1 (HMGB1), ATP, tissue factor, PGE2, 
LTB4, and cys-LTs at different phases of the disease.
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
Our work confirms HMGB1 as an important endogenous danger signal during 
COVID-19 and provides evidence that high levels of HMGB1 in the circulation of 
patients with severe COVID-19 orchestrates the acute and persistent mediators 
storm, in association with several other mediators. Indeed, we demonstrated that 
HMGB1 distinguishes patients that are at higher risk of death during the early 
hyperinflammatory phase.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR 
TRANSLATIONAL SCIENCE?
The results suggest that the alarmin HMGB1 could be a severity biomarker for 
COVID-19, useful to distinguish patients that are at higher risk of death, and a 
potential target for innovative therapeutic strategies leading to a direct treatment 
for severe COVID-19.
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progress to severe pneumonia, and about 5% are admit-
ted to the intensive care unit (ICU) due to acute respira-
tory distress syndrome and sepsis/multiple organ failure.1 
The world lethality rate is 2% accounting for more than 
5 million deaths worldwide as of early January 2022.2,3 
This new disease presents a very particular feature related 
to inflammatory mediators, cell migration, and activa-
tion.1,4 In addition, long-term sequels have been described 
post-COVID-19.5–9

A series of studies have reported an interindividual 
variability regarding incidence, severity, and mortality 
rate of the COVID-19 outbreak.10 These variabilities may 
be partially explained by gender, old age, and comor-
bidities, such as chronic obstructive pulmonary disease, 
diabetes, obesity, acute kidney injury, hypertension, car-
diovascular diseases, cancer, and high levels of D-dimer.11 
Chronic comorbidities are clinical risk factors for a fatal 
outcome associated with coronavirus. Additionally, angio-
tensin converting enzyme 2 (ACE2) and trans-membrane 
protease serine type 2 (TMPRSS2) genetic polymorphisms 
might account for higher susceptibility and unexpected 
outcomes of COVID-19 infections in different popula-
tions.12 As well as individuals with a predisposition to 
lower production of type I IFN, who are also susceptible 
to aggravation of the disease.13

Furthermore, patients with severe COVID-19 present 
high levels of interleukin (IL-1β), IL-6, interferon  
γ-induced protein 10 (IP-10 or CXCL10), tumoral necrosis 
factor-α (TNF-α), C reactive protein (CRP), lactate dehy-
drogenase (LDH), and D-dimer, which are well-known 
markers of massive inflammation.14 An overwhelming 
immune response aggravates COVID-19 evolution and 
worsens clinical outcome, eventually leading to death. 
Among the broad range of endogenous mediators of in-
flammation, high mobility group box 1 (HMGB1) is a 
classic example of an alarmin, that is a nuclear protein 
released to interstitial spaces following leukocyte activa-
tion or cell death-necrosis.15,16 HMGB1 has a major role in 
chronic inflammation, being implicated in inflammasome 
assembly,17 production of lipid mediators as prostaglan-
din E2 (PGE2), leukotriene B4 (LTB4), and cys-LTs,18 and 
recruitment of monocytes expressing tissue factor (TF), 
which contribute for neutrophil extracellular trap forma-
tion and consequently to immunothrombosis.19 In addi-
tion, another relevant alarmin adenosine triphosphate 
(ATP) induces the release of HMGB1 during inflamma-
tion, which contributes to amplifying the inflammatory 
signals.20

To date, it has been reported that HMGB1 levels in 
the blood of patients with COVID-19 have increased, 
providing circumstantial evidence that this alarmin 
might contribute to disease outcome.21–23 Interestingly, 
HMGB1 increased ACE2 expression on Calu-3, HepG2, 

Caco2, and RT4 cells via an end-product specific recep-
tor (AGER). A different pathway, using TLR4 signaling, 
is responsible for TNF release by HMGB1.22,24 Added to 
this, elevated serum levels of S100A8/A9 and HMGB1 
correlated with COVID-GRAM risk scores in critical 
hospitalized patients.21

Awareness that HMGB1, lipid mediators, ATP, and TF 
are implicated in the pathogenesis of vascular and tissue 
damage during long-term inflammation has led us to in-
vestigate their potential role as biomarkers of disease se-
verity in COVID-19.

SUBJECTS AND METHODS

Study design and patient selection

This is a prospective and qualitative study in collaboration 
with Biomedical Research Institute at Marcílio Dias Naval 
Hospital (MDNH, Rio de Janeiro, Brazil). The Biomedical 
Research Institute is responsible for the biorepository of 
COVID-19's severe cases’ samples. This biorepository is 
a facility that stores samples of biological materials just 
for laboratory research. The sera from health donors and 
patients were collected from March 2020 until December 
2020, which are related to the first (SARS-CoV-2 Beta vari-
ant) and second waves (SARS-CoV-2 Gamma variant) of 
COVID-19 in Rio de Janeiro city.25,26

The COVID-19 cohort was established by samples col-
lected from 73 patients randomly chosen (convenience 
sampling) from the MDNH repository of patients with se-
vere cases of COVID-19 (322 total cases), with at least two 
samples collected in different hospitalization days (except 
for a few patients that we were able to collect three sam-
ples), which ranged between 6 and 168 days of hospitaliza-
tion. The 45 healthy controls (HCs) consisted of volunteer 
participants recruited by public divulgation of the study, 
from the community outside the Academy and hospital 
setting.

All serum samples had the levels of the inflammatory 
mediators measured. As the timing of COVID-19 sample 
collection was very heterogeneous, we decided to analyze 
the data in two ways. First, for the analysis of the inflam-
matory mediator levels between HC and COVID-19 co-
horts, we plotted the highest value obtained among the 
2–3 samples analyzed from each patient, regardless of the 
collection time. These data were used for Figures 3 and 4.  
Second, in order to better understand the timing and 
amount of cytokine production during the COVID-19 
progression, we evaluated and plotted the cytokine levels 
according to the course of the disease, determined as fol-
lowing: pulmonary phase with hypoxia from 2 to 11 days 
after hospitalization; hyper inflammatory early phase from 
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12 to 25 days after hospitalization; and hyper inflammatory 
late phase from 26 to 168 days after hospitalization (data in 
Figure 5).

Demographic data, comorbidities, clinical treatments, 
and biological parameters for patients with COVID-19 
were obtained from medical records. For HCs, these data 
were collected by anamnesis.

The inclusion criteria for the HC cohort were patients 
over 18 years old that did not present any flu symptoms 
in the last 15 days before blood collection. We randomly 
recruited patients without or with comorbidities. The 
inclusion criteria for the COVID-19 cohort were patients 
over 18 years old that tested positive for SARS-CoV-2 by 
reverse transcriptase-polymerase chain reaction (RT-
PCR) for at least one respiratory sample. According to 
the sixth edition of Guidance for Coronavirus Disease 
2019: Prevention, Control, Diagnosis, and Management, 
issued by China's National Health Commission, our co-
hort is composed only of patients with severe COVID-19 
admitted in the ICU with oxygen supplementation (93% 
intubated and 7% with face mask), pneumonia with 
ground-glass opacity, and high levels of D-dimer. About 
the exclusion criteria, the HC participants who revealed 
detectable levels of anti-SARS-CoV-2 IgM or IgG were 
excluded from our cohort. Meanwhile, 12 patients 
with COVID-19 were excluded because they acquired 
COVID-19 after hospitalization for other reasons, such 
as cancer, risk pregnancy, car, knife, or gun accidents, 
or for absence of medical records. Thus, the amount of 
serum samples from patients with COVID-19 in our co-
hort was 61 out of 73, as initially randomly chosen from 
the biorepository of severe cases of COVID-19.

The clinical treatments of the patients in the ICU 
consisted of corticoids (dexamethasone and/or meth-
ylprednisolone and/or hydrocortisone), anticoagulant 
(enoxaparin), hydroxychloroquine, antibiotic cocktail 
(ceftriaxone, azithromycin, linezolid, moxifloxacin, mero-
penem, vancomycin, teicoplanin, cefepime, levofloxacin, 
amikacin, piperacillin, and polymyxin B), and sedative 
drugs for invasive ventilation. The treatment was per-
formed individually according to the disease evolution; 
about hydroxychloroquine, it was used in the treatment of 
about 21 patients out of 61 in total.

Ethics statement

The present study was performed in accordance with 
regulation guidelines and approved by the Institutional 
Review Board of Ethics Committee of MDNH, where the 
serum samples analyzed in the present work were col-
lected (32382820.3.0000.5256), and by the Institutional 
Review Board of Clementino Fraga Filho University 

Hospital (CFFUH), regulatory body responsible for ap-
proving clinical trials conducted in the Federal University 
of Rio de Janeiro (FURJ) (41002720.7.0000.5257). The 
written informed consents were obtained from all partici-
pants or their legal representatives.

Nucleic acid extraction and 
cDNA synthesis

Total nucleic acid extractions from nasopharyngeal swab 
samples were performed using the automated Maxwell 
System platform (No. AS4500; Promega, Madison, WI). 
Twenty-five microliters of total RNA was submitted to 
cDNA synthesis with high-capacity cDNA reverse tran-
scription kits (No. 4368814; Thermo Fisher Scientific, 
Waltham, MA) and stored under −20°C. The extracted 
RNA was submitted to real-time RT-PCR for SARS-CoV-2 
with of E and RP genes detection using the Fiocruz kit 
(Biomanguinhos, Rio de Janeiro, Brazil). Reverse tran-
scription and amplification were performed in the 
QuantStudio 5 real-time PCR system (Thermo Fisher 
Scientific).

Clinical samples and isolation of 
patient sera

Blood samples were collected from hospitalized patients 
with severe COVID-19 (SARS-CoV-2-positive by RT–
qPCR and serology) admitted to the ICU at MDNH and 
from HCs (SARS-CoV-2-negative by serology). Whole 
blood was collected using vacutainer and processed at the 
day of the collection. Serum samples were collected after 
centrifugation of whole blood at 1200 g for 10 min at 4°C. 
The undiluted serum was then transferred to 0.5 ml poly-
propylene conical tubes, aliquoted, and stored at −80°C 
for subsequent analysis. Repeated freeze–thaw cycles 
were avoided.

Enzyme-linked immunosorbent assay 
for HMGB1

This assay was performed as described previously.27 
Briefly, the wells of a 96-well microtiter plate (Greiner 
Bio-One, Austria) were coated overnight at 4°C with 
anti-HMGB1 mouse monoclonal antibody (No. H9537; 
Sigma-Aldrich, St. Louis, MO) in phosphate-buffered sa-
line (PBS) buffer (8.06 mM sodium phosphate, 1.94 mM 
potassium phosphate, 2.7 mM KCl, and 137 mM NaCl) 
at pH 7.4. The plates were blocked for 2 h at 37°C with 
1% bovine serum albumin (BSA) in PBS-Tween (0.05% 
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Tween 20 in PBS), then washed five times with PBS-T 
buffer. Similar washing steps were performed at the end 
of each incubation period. The wells were then incu-
bated with serial dilutions of rHMGB1 (standard curve) 
ranging from 4000 to 6.25 ng/ml or with patient sera (1:2 
in PBS), for 2  h at 37°C. Subsequently, the wells were 
incubated with rabbit anti-human rHMGB1 polyclonal 
antibody diluted in PBS buffer for 1 h at 37°C, and then 
incubated for 1  h at the same temperature with anti-
rabbit IgG antibody conjugated to horseradish peroxi-
dase (No. W4011; Promega, Madison, WI). The reactions 
were visualized with OPD (No. P9187; Sigma-Aldrich) 
and H2O2 as substrates and 12.5% H2SO4 as quencher. 
Reactions were monitored by measuring the absorbance 
at 490 nm in a SpectraMax M5/M5e Multimode Plate 
Reader (Molecular Devices, San José, CA). The standard 
curve calculation was performed using the mass value 
of the serial dilution of rHMGB1 protein against its re-
spective optical density (OD) measurement. The OD 
measurements were normalized using the mean value 
of the negative control replicates. Each patient sample 
was tested just once.

Dosage of systemic levels of ATP

ATP circulating levels were measured in the serum of pa-
tients with COVID-19 and HCs using a luciferase-based 
assay kit. The Molecular Probes ATP Determination Kit 
(No. A22066; Thermo Fisher Scientific) was used accord-
ing to the manufacturer's instructions. The luminescence 
of samples plated onto black 96-well plates was read in a 
SpectraMax M5/M5e Multimode Reader, and results were 
expressed as pmol of ATP.

Measurement of lipid mediators

Lipid mediators present in the serum of HCs or SARS-
CoV-2 infected patients were measured by commercial 
enzyme-linked immunosorbent assay (ELISA) kits, ac-
cording to the manufacturer's instructions (PGE2 No. 
514010, LTB4 No. 520111, and cys-LTs No.501070; Cayman 
Chemical, Ann Arbor, MI).

Western blot analysis of TF and transferrin

Serum from HCs and patients with COVID-19 were 
reduced with β-mercaptoethanol in sample buffer. 
Samples were subjected to 10% polyacrylamide gel elec-
trophoresis followed by transfer to nitrocellulose mem-
brane. The immunoblot was performed using anti-TF 

(1:1000, No. ab104513; Abcam, Cambridge, UK) and 
anti-transferrin as load control (1:10000, No. 82411; 
Abcam). The bands corresponding to both proteins were 
quantified using Image J software (National Institutes 
of Health, Bethesda, MD) and the ratio between TF and 
transferrin was calculated. The uncut gels images were 
included as Figure S1.

Measurement of serum anti-SARS-
CoV-2 antibodies

For quantitative analysis of anti-SARS-CoV-2 spike pro-
tein IgM and IgG antibodies, we performed the S-UFRJ 
test, as described previously.28 Briefly, high binding ELISA 
plates were coated with 50 μl of SARS-CoV-2 spike protein 
(4 μg/ml in PBS) and incubated overnight. The coating so-
lution was removed and 100 μl of PBS 1% BSA (blocking 
solution) was added and the plate was incubated at room 
temperature (RT) for 1–2 h. The blocking solution was re-
moved and 50 μl of patient sera (1:40 in PBS 1% BSA) were 
added, subsequently, incubated at RT for 2 h. Then, the 
plate was washed with 150 μl of PBS (5×) and 50 μl of goat 
anti-human IgM and IgG (Fc)-horseradish peroxidase 
antibody (1:10000; Southern Biotech, Birmingham, AL) 
were added, and the plate was incubated for 1.5 h at RT. 
The plate was washed again with 150 μl of PBS (5×) and 
then treated with tetramethylbenzidine (TMB; 3,3′, 5,5; 
−tetramethylbenzidine; Scienco Biotech, Brazil) until the 
reaction was stopped with 50 μl of HCl 1 N. The OD was 
measured at 450 nm with 655 nm background compensa-
tion in a microplate reader (Bio-Rad Laboratories).

Statistical analysis

A descriptive study of the cohort was conducted, pre-
senting measures of central tendency and dispersion for 
continuous variables, or relative frequencies for each cat-
egorical variable. The Kolmogorov–Smirnov test was used 
to assess whether the variables were normally distributed. 
Continuous variables were presented as means ± SDs if 
normally distributed or as medians with 95% confidence 
interval (95% CIs) and interquartile ranges in a non-
normally distributed sample. Categorical variables were 
defined according to better- or worse-expected prognos-
tic values. Continuous variables were compared among 
multiple groups using analysis of variance followed by 
the Student–Newman–Keuls test for normally distributed 
variables or the Kruskal–Wallis test if variables were non-
normally distributed. The nonparametric Mann–Whitney 
U test was used for univariate comparisons of selected 
variables according to primary outcomes (discharged vs. 
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deceased). The ability of HMGB1 to predict the final clini-
cal outcome was analyzed using the receiving operating 
characteristic (ROC) curve and the area under the curve, 
accompanied by the 95% CI. The optimal cutoff value was 
determined by the point of maximal sensitivity and speci-
ficity, and then used to calculate the associated relative 
risk and 95% CI of the worst outcome (death). All p values 
reported are from two-sided tests. The threshold for sig-
nificance was set at p = 0.05 and highlighted in the tables 
and figures. Statistical analyses were performed in R ver-
sion 3.1.1.

RESULTS

Cohort characteristics

Serum samples from COVID-19 (n  =  61) and HC 
(n  =  45) subjects were obtained between March 23 
and December 3, 2020, which were related to the first 
(SARS-CoV-2 Beta variant) and second waves (SARS-
CoV-2 Gamma variant) of COVID-19 in Rio de Janeiro 
city as previously described.25 Our group did not per-
form the virus genotyping, we trusted the data released 
by groups specialized in genotyping circulating viruses. 
Sixty-one patients with COVID-19 admitted to the ICU 
after 1 to 14 days of symptom onset participated in this 
study. All subjects in the COVID-19 cohort looked for 
medical attention reporting COVID-19 symptoms for 
the first time, and they were tested positive for SARS-
CoV-2 by RT-PCR (Figure S2). We observed a mean of 
6 days of symptoms onset until hospital admission and 
38 days of hospitalization, similar data to those observed 
in the literature (Table 1).29,30 The initial symptoms re-
ported by our patients with COVID-19 agreed with other 
studies with a predominance of fever, cough, dysp-
nea, fatigue, and myalgia (Table 1). HCs did not differ 
from patients with COVID-19 related to age (patients 
with COVID-19  =  28–86 years old, mean  =  62.8 years 
old; and HCs =  28–79 years old, mean =  65 years old), 
although, the gender and comorbidity frequencies 
showed statistical differences between cohorts, despite 
the comorbidities being similar (Table 1). As expected, 
our COVID-19 cohort was mainly composed of male 
patients (Table  1), corroborating a greater probability 
of men progressing to a more serious outcome.12 The 
most common underlying diseases in our cohort were 
hypertension (patients = 72.1% vs. HCs = 33.3%), obe-
sity (patients  =  44.3% vs. HCs  =  17.8%), and diabetes 
(patients = 29.5% vs. HCs = 13.3%). It is worthy to state 
that a significant number of patients presented two or 
more comorbidities (Table 1). The comorbidity frequen-
cies of hypertension, diabetes, chronic lung disease, and 

vascular disease showed significant differences between 
the HC and COVID-19 cohorts, whereas comorbidity fre-
quencies of obesity and chronic heart disease were not 
statistically different (Table 1). The comorbidities were 
denied by seven patients in the COVID-19 cohort and 
by 14 subjects in the HC group. Patients with COVID-19 
included in our cohort were categorized as severe/criti-
cal patients because all were in the ICU, presenting 
pneumonia and were under mechanical ventilation (57 
patients [93%] or oxygen mask support 4 patients [7%]), 
whereas 60.7% of the patients died (Table 1).

The humoral response of patients with COVID-19 
was evaluated, and as demonstrated, SARS-CoV-2 infec-
tion caused an enhancement of anti-S protein IgM and 
IgG levels above the threshold limit (OD ratio above 2; 
Figure 1a,b), besides the positive PCR test (Figure S2). 
The HCs, in addition to the statement of not having 
contracted COVID-19, presented low levels (OD ratio 
under 2) of IgM and IgG anti-S protein. HCs present-
ing OD ratio above 2 were excluded from our cohort. 
Interestingly, we observed some positive PCR-test pa-
tients with COVID-19 presenting low levels of anti-S 
antibodies. This finding was already observed in other 
studies and probably is due to poor antibody producing 
individuals, in the same way as elders which have low 
humoral response. The quantitative antibody response 
was also evaluated among discharged and deceased 
patients with severe COVID-19. The antibody levels 
were reduced, despite not being statistically different, 
in the deceased patients compared to discharged pa-
tients, but it is still higher than non-COVID-19 subjects 
(Figure 1c,d – bottom graphs). Of note, the few patients 
with COVID-19 with low levels of IgM and IgG (values 
of OD under 2, Figure 1c,d) died, suggesting that they 
were unable to present a humoral response due to their 
critical condition.

Patients with COVID-19 present altered 
biochemical parameters

To further confirm the systemic commitment of patients 
with COVID-19 and to correlate with the target inflam-
matory mediators, we analyzed the data of several organ 
dysfunction markers from medical records between 
discharged and deceased patients. The values of the 
COVID-19 cohort were evaluated regarding the reference 
values detached as dashed red lines (Figure 2). One limi-
tation was the fact that all patients with COVID-19 were 
critically ill, thus most biochemical markers of severity 
were similar between discharged and deceased patients. 
Nevertheless, deceased patients with COVID-19 presented 
reduced values of platelets and PO2/FIO2 and increased 
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lactate and CRP levels, compared with discharged pa-
tients (Figure 2b,i,j,l). With respect to lactate levels, we did 
not observe high levels above reference, probably because 
both groups of patients were being closely monitored to 
avoid the lactic acidosis.

Regarding other systemic parameters, although they 
were not significantly different between groups, the 
number of red blood cells and lymphocytes were below 

the reference values, whereas total leukocytes and gran-
ulocytes were above (Figure  2a,c,d,e). Aspartate ami-
notransferase (AST), alanine aminotransferase (ALT), 
and creatinine levels were in the normal range in 
most patients, having some patients with higher levels 
(Figure  2f,g,h). D-dimer and LDH levels of both dis-
charged and deceased patients were way over the refer-
ence levels (Figure 2k–m).

Healthy 
controls, n = 45

Severe COVID-19, 
n = 61 p value*

Age, years, mean ± SD (range) 64.5 ± 14.4 
(28–79)

64.3 ± 13.2 (29–86) ns

Sex

Women, n (%) 27 (60) 22 (36.1) 0.014

Men, n (%) 18 (40) 39 (63.9) 0.014

Death, n (%) – 37 (60.7)

Onset of symptom to hospital 
admission, days

– 6 ± 3.4 (1–14) –

Hospitalization period, days – 38 ± 26.17 (6–168) –

Invasive ventilation, n (%) – 57 (93.4) –

Presenting symptoms, n (%)

Fever – 41 (67.2) –

Cough – 37 (60.7) –

Dyspnea – 32 (52.5) –

Myalgia – 19 (31.2) –

Fatigue – 18 (29.5) –

Rhinorrhea – 10 (16.4) –

Loss of smell – 10 (16.4) –

Hyperoxia – 6 (9.8) –

Headache – 6 (9.8) –

Loss of taste – 5 (8.2) –

Diarrhea – 5 (8.2) –

Nausea and vomiting – 3 (4.9) –

Chest pain – 3 (4.9) –

Sore throat – 2 (3.3) –

Comorbidities, n (%) 31 (69) 54 (88.5)

Hypertension 15 (33.3) 44 (72.1) <0.0001

Diabetes 6 (13.3) 27 (44.3) <0.0001

Obesity 8 (33.3) 18 (29.5) ns

Vascular disease 1 (2.2) 11 (18.0) <0.0001

Chronic lung disease 1 (2.2) 10 (16.4) 0.018

Chronic kidney disease – 9 (14.8) –

Chronic heart disease 2 (4.4) 5 (8.2) ns

Malignancy 3 (6.7) 4 (6.5) ns

Chronic liver disease – 1 (1.6) –

Abbreviations: COVID-19, coronavirus disease 2019; ns, not significant.
*p < 0.05 was considered statistically significant compared with healthy controls and patients with severe 
COVID-19.

T A B L E  1   Demographics 
characteristics and outcomes of subjects
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High serum levels of HMGB1, ATP, PGE2, 
LTB4, and cys-LTs, and TF in patients with 
COVID-19

Inflammatory storm is well-described and is one of the 
main causes of tissue damage and worst prognosis of 
COVID-19.14 Among several mediators involved, we 
demonstrated that alarmins, as HMGB1 and ATP, were 
significantly increased in the serum of patients with 
COVID-19, compared to HCs (Figures 3a,b). In order to 
characterize vascular activation, we detected higher lev-
els of TF in patients with COVID-19 compared to HCs 
(Figures  3c and S1). Lipid mediators play important 
roles in acute and late immune response during sepsis.29 
Thus, we also demonstrated increased levels of PGE2, 
LTB4, and cys-LTs in the serum of patients with severe 
COVID-19 (Figure 3d–f).

Higher levels of HMGB1 in deceased 
patients with COVID-19

Further, we correlated those mediators with the primary 
outcome. HMGB1 was the only mediator showing higher 
levels (3.6-fold change) in the deceased group compared to 
the discharged group (Figure 4a). Even though we could 
not find statistical differences of cys-LTs levels between 
discharged and deceased patients, apparently, patients 
with fatal outcomes presented higher levels of this lipid 
mediator; however, the number of patients was not big 
enough to demonstrate statistical difference (Figure 4e). 
No differences were noted between discharged and de-
ceased patients regarding serum ATP, TF, PGE2, and LTB4 
levels (Figures 4b–d,f).

Higher levels of HMGB1 during distinct 
phases of COVID-19: Pulmonary and 
hyperinflammatory early phases

Looking for a specific marker that could predict the worst 
prognosis and considering the long period of hospitaliza-
tion that could direct influence inflammatory response, 
we stratified the samples of patients with COVID-19 ac-
cording to the different phases of the disease in order to 
evaluate the kinetic of inflammatory mediators, as fol-
lowing: (1) pulmonary phase with hypoxia - from onset 
of the disease until day 11; (2) hyperinflammatory early 
phase – period of 12–25 days; and (3) hyperinflammatory 
late phase period of 26–168 days. These phases were al-
ready described in the literature.30,31 HMGB1 was the sole 
mediator with significantly higher levels in the serum of 
patients who died compared with discharged patients dur-
ing the pulmonary phase with hypoxia and in the hyper-
inflammatory early phase (Figure 5a). None of the other 
mediators analyzed showed differences.

HMGB1 predicts disease progression

Next, we examined whether the high serum level of 
HMGB1 correlates with the biochemical data obtained 
from patient records, or even with the other mediators 
evaluated in this work. Interestingly, we observed a signif-
icant correlation between HMGB1 and cys-LT (Figure 6a). 
Furthermore, HMGB1 also correlates with AST and ALT 
levels (Figures  6b,c), which are markers of hepatic dys-
function. A positive correlation trend between HMGB1 
and D-dimer was observed but did not reach significance 
(p = 0.09; Figure 6d). We also analyzed correlation with 
several other markers in our study, but we could not find 
statistical differences (Figure S3).

F I G U R E  1   Anti-S protein immunoglobulin profile of patients 
with COVID-19 and HCs. (a, b) Serum IgM and IgG levels of HCs 
and COVID-19 groups. We plotted the highest value obtained after 
analysis of two or three samples received from each patient with 
COVID-19. (c, d) Serum IgM and IgG levels from discharged or 
deceased patients. The data were presented as the median with 
interquartile range and were analyzed by Mann–Whitney test 
(b, c) and Kruskal-Wallis test (d, e). Any p < 0.05 was considered 
statistically significant compared to HCs. COVID-19, coronavirus 
disease 2019; HCs, healthy controls; ns, not significant; OD, optical 
density
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To explore the exact impact of HMGB1 levels on the 
disease progression, we examined the ROC curves with 
our data. The ROC cutoff value of serum HMGB1 levels 
that distinguishes discharged and deceased patients was 
125.4  ng/ml. The diagnostic sensitivity and specificity 
for deceased patients was 81.6% and 87.5%, respectively 
(Figure  6e). These data demonstrated that values above 
125.4 ng/ml predicted disease progression and worst out-
come. This finding suggested that serum HMGB1 levels 

until the twelvth day after hospital admission could be 
regarded as a biomarker for distinguishing patients with 
COVID-19 outcomes.

DISCUSSION

A wide range of host immune responses is triggered 
by SARS-CoV-2, from appropriate and protective to 

F I G U R E  2   Patients with COVID-19 display alterations in biochemical parameters according to clinical outcome. Routine laboratory 
values in the circulation of discharged and deceased patients with COVID-19. (a–e) Number of red blood cells, platelets, and white blood 
cells. (f–i) Serum levels of hepatic (AST and ALT), kidneys (creatinine), and lungs (P/F) as injury biomarkers. (j–m) Systemic inflammatory 
biomarkers (lactate, D-dimer, CRP, and LDH). The range of references values for all parameters was marked as dashed red line. The data 
were presented as the median with interquartile range and were analyzed by Mann–Whitney test. Any p < 0.05 was considered statistically 
significant compared to discharged patients' group. ALT, alanine aminotransferase; AST, aspartate aminotransferase; COVID-19, 
coronavirus disease 2019; CRP, C reactive protein; ns, not significant; LDH, lactate dehydrogenase
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uncontrolled and highly dysfunctional reactions. 
Regarding the severe cases, the acute phase of COVID-19 
is characterized by immune alterations and a decoupling 
of the innate and adaptive immunity, which are associ-
ated with endothelium dysfunction and uncontrolled 
inflammatory responses, including lymphopenia and 
cytokine storm, affecting tissue integrity.1,4,14,29 These 
are characteristic of the disease mostly during the first 
and second waves of the pandemic, due to the fact that 
it was a new virus and the immune response was not 
yet trained to respond to this insult.32 Indeed, the high 
mortality and disease evolution was resembled among 
several clinical studies, independently of the circulat-
ing SARS-CoV-2 variant.11 Intriguingly, increasing 
evidence suggest that phenotypic and functional alter-
ations of the immune system persist for a long period 
after recovery from COVID-19.33,34 To note, during the 
same period, when there is no existing antiviral efficient 
drugs and vaccines, just dexamethasone and tocilizumab 

have been shown to reduce mortality in patients with 
COVID-19.35–37

Thus, our work is a prospective and qualitative study using 
a convenience sampling from patients with severe COVID-19 
referring to the first year of the pandemic in Rio de Janeiro 
city. The main goal of this study was to identify specific mo-
lecular biomarkers of disease severity in a Brazilian cohort 
with COVID-19. In this report, we provided evidence of high 
levels of HMGB1, ATP, TF, cys-LTs, PGE2, and LTB4 in the 
circulation of patients with severe COVID-19 compared to 
HCs. Still, patients who died from COVID-19 showed higher 
serum levels of HMGB1, compared to discharged patients, 
which led us to consider HMGB1 a biomarker of mortality 
risk in a cohort of hospitalized patients.

The innate immune response, as the first line of de-
fense against the infection, in specific situations may play 
an outsized role in promoting inflammatory dysfunction, 
changing metabolic processes, and promoting malfunc-
tion of the adaptive immune response, such as T cell 

F I G U R E  3   Patients with COVID-19 present high serum levels of HMGB1, ATP, TF, PGE2, cys-LT, and LTB4 compared to HCs. (a–f) 
We plotted the highest serum value obtained after analysis of two or three samples received from each patient with COVID-19. Mediators 
were evaluated as described in Methods section. Data were presented as the median with interquartile range and were analyzed by Mann–
Whitney test. Any p < 0.05 was considered statistically significant compared to HCs. COVID-19, coronavirus disease 2019; HCs, healthy 
controls; TF, tissue factor
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exhaustion and inadequate B cells/antibody response.1,38 
HMGB1 and ATP stand out among the alarmins increased 
during COVID-19 infection.21–23,39 Although the patho-
genic role of HMGB1 in COVID-19 remains to be explored 
in animal models, studies in culture systems demon-
strated that HMGB1 upregulates ACE2 expression, the 
main SARS-CoV-2 entrance on cellular membrane.22,24 
Interestingly, ATP may favor increased levels of HMGB1 
during COVID-19, because ATP triggers HMGB1 re-
lease by P2X7 receptor activation in a monosodium urate 
crystals-induced model of sterile inflammation.40 In the 
same line, eicosanoids such as cys-LTs, PGE2, and LTB4 
are also released by ATP and HMGB1 stimuli.18,41–43 In 
agreement, some data in the literature demonstrated that 
lipid mediators were increased in patients with severe 
COVID-19 and may be associated with poor outcomes.31,44 

Meanwhile, the role of eicosanoids in COVID-19 remains 
to be characterized. Our data place the lipid mediators, 
mainly the cys-LTs, as an interesting target in COVID-19 
in association with ATP and HMGB1. As well-described, 
COVID-19 is a multi-mediated disease, and we attempt to 
characterize not just one mediator but the main scenario 
responsible for promoting the disease.

Molecular analysis revealed that HMGB1 forms 
complexes with LPS or IL-1β to enhance immune re-
sponses45,46 and ACE2 expression.24 Although admitting 
that clinical studies cannot provide conclusive answers to 
this question, there is an urgent need to identify markers 
of disease severity in COVID-19. Following the first report 
that HMGB1 levels were increased in patients with severe 
COVID-19, another study suggested that serum HMGB1 
and IL-6 high levels may serve as prognostic biomarkers, 

F I G U R E  4   HMGB1 serum levels discriminate deceased from discharged patients with COVID-19. (a–f) HMGB1, ATP, TF, PGE2, 
cys-LT, and LTB4 levels were stratified between discharged and deceased in patients with COVID-19 and compared to HCs. We plotted the 
highest serum value obtained after analysis of two or three samples received from each patient with COVID-19. The data were presented as 
the median with interquartile range and were analyzed by Kruskal-Wallis test. Any p < 0.05 was considered statistically significant compared 
to HCs or discharged groups. COVID-19, coronavirus disease 2019; HCs, healthy controls; ns, not significant; TF, tissue factor
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distinguishing patients of unfavorable clinical outcomes.23 
Along similar lines, the serum levels of ATP and activa-
tion of CD39/CD73 axis may aggravate COVID-19 by har-
nessing cytokine production, inflammasome activation, 
cell death, and tissue damage.47

The detection of high TF levels in the serum of patients 
with severe COVID-19 raised the possibility that HMGB1 
might be implicated in TF-driven hyperactivation of plate-
lets, perhaps contributing to the thromboembolic com-
plications observed in severe cases. Our cohort studies 
confirmed that cases of severe COVID-19 presented high 
levels of HMGB1, D-dimers, CRP, low ratio of PO2/FiO2, 
and lymphopenia. At first sight, these findings suggest 
that HMGB1, presumably acting as a pleiotropic driver of 
inflammation, may potentiate TF-dependent activation of 
platelets and circulating monocytes.48

Extending our analysis, we reorganized the data of 
cytokine levels according to the patient's hospitalization 

period. This strategy would allow us to evaluate if there 
was a cytokine release kinetic during the disease, and if 
the long hospitalization would interfere with this process. 
We did not observe significant differences of cytokine lev-
els according only to the phases of the disease. But nota-
bly, we did observe differences regarding discharged and 
deceased patients. HMGB1 was the sole cytokine present-
ing high serum levels during the pulmonary phase with 
hypoxia and during the hyperinflammatory early phase of 
patients who died. The implication of this finding must 
be emphasized because HMGB1 levels measured at the 
early inflammatory phase of the disease have predictive 
value for the worst outcome. This may be extremely valu-
able at the timepoint in which patients are hospitalized 
showing signs of cytokine storm. Our findings suggest 
that serum values of HMGB1 above 125.4 ng/ml in criti-
cally ill patients with COVID-19 correlate with the worst 
outcome and that those patients may be at higher risk of 

F I G U R E  5   Higher HMGB1 serum levels were observed in the pulmonary phase with hypoxia and hyperinflammatory early phase 
according to clinical outcome. (a–f) The mediator values were stratified among three temporal phases after hospital admission: pulmonary 
phase with hypoxia (2–11 days), hyperinflammatory early phase (12–25 days), and hyperinflammatory late phase (26–168 days). Data were 
presented as mean ± SEM and were analyzed by Kruskal-Wallis test. ns, not significant. Any p < 0.05 was considered statistically significant 
compared to the indicated phases
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death. Thus, measurements of serum HMGB1 levels may 
help to instruct pharmacological and medical interven-
tions at early stages of the disease. So, the inhibition of 
HMGB1 effects during the pulmonary and inflammatory 
early phases of COVID-19 could revert ongoing processes 
skewing the innate and acquired immune response to an 
efficient and pro-resolution mode, instead of overwhelm-
ing inflammation and immune dysfunction.

Still a positive correlation was observed with high cys-
LTs and ALT/AST levels in the circulation. An exacerbated 
HMGB1-cys-LT axis probably contributes to endothelial 
cell activation, inflammatory cells recruitment, and long-
term cytokine production by activated leukocytes, leading 
to systemic complications. These data probably explain 
the positive correlation between HMGB1 and ALT/AST, 
which was expected because our group already demon-
strated the liver as one of the main sources of systemic 
HMGB1 during infections.49 Together, it could partly ex-
plain the hepatic dysfunction and alterations in immune 
metabolism during COVID-19.

Remarkably, our study suggests a relevant role of 
HMGB1 in the COVID-19 evolution. This cytokine 
stimulates the innate system either by itself or in associ-
ation with endogenous and exogenous molecules.46 For 
example, S100A8/A9 is another host molecule that acts 
as alarmin, it is also released from dead cells as HMGB1 

and ATP. Overproduced S100A8/A9 and HMGB1 in 
the serum of patients with COVID-19 were associated 
with distinct signatures for cytokine storm, and both 
are poor prognostic indicators.21 In parallel, we also 
believe in a partnership between HMGB1 and hypoxia-
inducible factor-1α (HIF-1α) favoring the pathogene-
sis of COVID-19. As previously demonstrated, HIF-1α 
and HMGB1 are released by monocyte and endothelial 
cells, respectively, under hypoxic conditions observed 
during COVID-19.50 However, whereas HMGB1 pro-
motes inflammatory cytokine production, elevated 
levels of HIF-1α repress IRF3 and IRF5 leading to low 
levels of type I IFN, exactly the undesirable scenario 
but it is what we observe during SARS-CoV-2 infec-
tions. Those mediators (S100A8/A9 and HIF-1α) may 
act in synergism with HMGB1, and these aspects are 
under investigation in our clinical trial and in experi-
ments with animal models.

In conclusion, this scenario could explain the patho-
physiology initiated by SARS-CoV-2 and place HMGB1 as 
one of the major mediators in triggering an overwhelm-
ing inflammatory cascade which impairs the host to wipe 
out the virus. Therefore, our work suggests that high lev-
els of HMGB1 in the circulation of patients with severe 
COVID-19 orchestrates the acute and persistent media-
tors' storm, in association with several other mediators, 

F I G U R E  6   Positive correlations of HMGB1 with cys-LTs, AST, ALT, and D-dimer in patients with COVID-19. (a–d) Spearman's 
correlation analyses between HMGB1 serum levels peak versus cys-LTs, AST, ALT, and D-dimer levels. We plotted the highest value 
obtained for HMGB1 after analysis of two or three samples received from each patient with COVID-19. The values for cys-LT, AST, ALT, 
and D-dimer were paired exactly with the same sample chosen for analysis of HMGB1. (e) ROC curve analysis determines the HMGB1 
cutoff value (125.4 ng/ml) that predicts the worst clinical outcome (death). The AUC is 0.8311 ± 0.06 and the 95% CI is 0.7185–0.9437. The 
diagnostic sensitivity and specificity are 81.6% and 87.5%, respectively. ALT, alanine aminotransferase; AST, aspartate aminotransferase; 
AUC, area under the curve; CI, confidence interval; COVID-19, coronavirus disease 2019; ROC, receiving operating characteristic
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which certainly prompts the long-term consequences al-
ready well-described. ATP, cys-LTs, PGE2, LTB4, and TF 
appear to act collaboratively to form an inflammatory 
platform, a process that is under investigation to better 
understand the molecular mechanism behind COVID-19 
pathophysiology.

The association of HMGB1 and COVID-19 has already 
been documented before by two independent groups. 
Although, our work adds and ratifies this mediator as a 
promising biomarker in the Brazilian cohort. This is a 
pertinent point, because it validates and assures HMGB1 
as a promising target to control the immune response in 
COVID-19. The well-done characterization of HMGB1 as 
a specific biomarker of worst prognostic is necessary to 
correctly predict relevant clinical outcomes across a vari-
ety of diseases and populations.

Limitations

It is important to state that the limited number of partic-
ipants from a convenience sample provided by MDNH 
and the inclusion of only severe cases of COVID-19 in 
this study did not allow for an expanded robust analy-
sis of different comorbidities, sex, age, or therapeutic 
treatment. Therefore, larger samples and multicenter 
studies will be important to corroborate with our initial 
observations.
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